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Abstract

Study purpose. This study aims to investigate the effect of the peer teaching model on improving the physical literacy

of pencak silat athletes.

Materials and methods. This study applied a mixed method. Participants were pencak silat male athletes (n=30) who
studied at elementary schools in Cianjur district (Indonesia). Participants were divided into an experimental group
(n=15) that carried out the peer teaching model and a control group (n=15) that carried out daily teaching routines
without participating in any activities. After implementing the peer teaching model, 15 participants were interviewed
about the implementation of peer teaching in school model and the benefits of peer teaching. The quantitative
research instrument involved physical literacy-movement competence, cognitive and affective domains. Meanwhile,
the qualitative research instrument involved in-depth interviews for 30 minutes. Analysis of quantitative data used

IBM SPSS. Analysis of qualitative data used thematic analysis.

Results. The quantitative study results showed that there was a significant increase in physical literacy in the
experimental group (p<0.05) but there was no increase in the control group (p>0.05). The qualitative study results
showed that most of participants gave diverse perceptions and all agreed that the peer teaching model could improve

the physical literacy of athletes with poor condition.

Conclusions. This study concluded that peer teaching is an alternative teaching that can be used during COVID-19

to improve the physical literacy of pencak silat athletes.

Keywords: Peer Teaching, Physical Literacy, Pencak Silat athletes, Mixed Method.

Introduction

Nowadays, most of the world are facing a high risk
pandemic that has a huge negative impact on all areas
including physical education in elementary schools to
universities (Lopez-Valenciano, Sudrez-Iglesias, Sanchez-

© Muzakki, A., Setiawan, E., Winarno, M.E., Gani, R.A., Yanti,
N., Syamsudar, B., & Hofmeister, M., 2023.
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Lastra & Ayan, 2021; Roe, Blikstad-Balas & Dalland,
2021; Fang, Teng & Wang, 2021). Data reported that the
COVID-19 pandemic caused athletes and teachers to
carry out offline teaching while some people claimed that
online teaching had various obstacles and did not provide
optimal results (Jumareng et al., 2021; Sortwell & Ramirez-
Campillo, 2022), which could led to a significant decrease
in their talent related to physical literacy (Duclos-Bastias,
Vallejo-Reyes, Giakoni-Ramirez & Parra-Camacho 2021;
Young, O’Connor, Alfrey & Penney, 2021). According to Liu
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& Chen (2021) (2021), physical literacy in the context of
physical education and sports has a concept as knowledge,
motivation, self-efficacy and physical competence for active
and sustainable involvement in lifelong physical activity
(see Fig. 1).

Motivation

—

Physical

\Literacy

Q)wledge

Fig. 1. Physical Literacy Conceptual Model

The benefits of physical literacy that have been well-
documented, for example the potential to help children
(Pambudi, Sugiyanto, Hidayatullah & Purnama, 2021) and
adolescents to improve healthy lifestyles throughout life
(Lundvall, 2015; Irmansyah et al., 2021; Rihatno & Nuraini,
2021), promote levels of physical activity and higher physical
fitness during the current COVID-19 pandemic crisis (Kwan,
Graham, Healey, Paolucci & Brown, 2020). However, until
now research on physical literacy is scarce (Edwards et al.,
2018) particularly in physical education and sports settings
(Warner et al., 2021), so that it becomes an urgency in this
research. According to Silverman & Mercier, (2015) the best
way to improve physical literacy is teaching that involves the
psychomotor, cognitive and affective domains. The teaching
method that has the potential to develop the three domains
simultaneously is the peer teaching method.

Peer teaching is an athlete-centered instructional
which help each other to achieve common goals in teaching
activities (Farias, Mesquita, Hastie & Toni O’Donovan,
2018). According to Whipp, Jackson, Dimmock & Soh
(2015) peer teaching is a peer or paired teaching model
(Thurston, Cockerill & Chiang, 2021), in which athlete
who become tutor must teach other athletes to complete a
learning task. The tutor is chosen from one athlete who has
better abilities than other athletes (Klavina & Rodionova,
2015). While teacher has a task to oversee the teaching
process between tutor and athletes. It is expected that by
using this model, tutor and athletes could interact with each
other, actively involved and work together to develop their
potential in teaching activities (Gunduz & Uner, 2019).
According to previous studies, peer teaching was claimed
to have benefits in improving performance (Lowton-Smith
et al., 2019; Kastrena, Setiawan, Patah & Nur, 2020 2020).
However, other studies reported that there was still a gap,
which showed that peer teaching was less effective because it
had several problems such as the feedback provided by tutors
might be partially correct, completely wrong or misleading
for other athletes (Trabelsi, Gharbi, Masmoudi & Mrayeh,
2020). Therefore, it is highly needed to follow up research on
peer teaching models.

Research on peer teaching models has been well
documented internationally (Moliner & Alegre, 2020; Tan &
Gevera, 2020; Bores-Garcia, Hortigiiela-Alcala, Gonzalez-
Calvo & Raul Barba-Martin, 2020). However, there is still
limited research on peer teaching models that related to
physical education. In addition, this study presents a novelty
from previous studies, namely applying the peer teaching
model to improve the physical literacy of pencak silat
athletes through mixed method analysis. Therefore, this
study aims to investigate the effect of peer teaching model
to improve the physical literacy of pencak silat athletes in
physical education at schools.

Materials and methods

Study participants

This research adopted a mixed method, which combined
quantitative and qualitative research to solve the problems in this
research (Gani et al., 2022). Thirty participants of pencak silat
athletes from elementary schools in Cianjur district (Indonesia)
had agreed to participate in this study. Ethics clearance was
granted by the elementary school committee (approval number:
E 277/C-3/2022) prior to any data collection.

The participants were recruited by sending invitation
letters via email to schools. From several number of schools
that had been received invitation letters, only 30 male athletes
responded and showed interest to be further involved in
this study and 10 female athletes withdrew. The recruitment
activity was carried out in March 2022. The characteristics
of participants were: male gender, age: 11-12 years, height:
110-130 cm, weight: 30-40 kg. Participants were divided
in 2 groups, half of participants (n=15) allocated to the
experimental group who received treatment in the form of
a peer teaching model and the rest allocated to the control
group (n=15) who did their daily teaching or did not
participate in any program.

Instrument

Quantitative Instruments

The physical literacy literature has a multi-dimensional
concept, therefore the researcher adopted instruments from
previous studies (Bremer, Graham & Cairney, 2020) along
with the program leaders (n = 7), including:

Physical Literacy-Movement Competence Domain.
Children’s movement competence was assessed using
locomotor, object-control and balance tests. The criteria
for this assessment was the ability of athletes to run, leap
or other movements correctly according to the assessment
norms then they would get score between 1 to 4 and if it
was not according to the assessment norms, then the score
would be 0 (Behan, Belton, Peers, O’Connor & Issartel,
2020). As for object control, there were three performance
criteria namely: a) the preparatory phase : hands were put in
front of the body and the elbows are bent, b) the arms were
outstretched when reaching for the ball which enters the
field, and, ¢) the ball was caught by hand only. Each child was
evaluated against these criteria. If they met the performance
criteria, then they would get score 1 to 4. If they could not met
performance criterion, then the score would be 0 (Juliantine,
Setiawan, Jumareng, Gani & Asnaldi 2022). The assessment
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Table 1. Peer Teaching Model Program

Role

Activities

Duration

The teacher conveys the physical activities that will be carried out on that day.

Teacher Warm-up

10 min

The teacher selects a tutor from one of the athletes.
Teachers provide motivation and self-efficacy to tutors.

Tutors take on the role of teachers to teach athletes to perform physical activities,

such as:

Team plays with hula hoop
Jumping games

Push-up games

Tutor

45 min

Training punches and kicks in pencak silat

Evaluation

Teacher and Tutor Cooling-down

5 min

for stability component balance was conducted by assessing
how long the child can walking straight line, and standing on
one leg. Each child tried two trials for each movement skill
and was assessed on the performance criteria (Vernadakis,
Papastergiou, Zetou & Antoniou, 2015). The total score of the
children (the sum of their individual scores) was calculated.

Physical Literacy-Cognitive Domain. Physical Literacy-
Cognitive Domain. The knowledge level of children can
be measured using a questionnaire with 10 question items
(Bremer, Graham & Cairney, 2020). Examples: “how to do an
effective physical activity or exercise during the COVID-19
pandemic (knowledge and understanding). This instrument
was assessed using a Likert scale from 1 = has a very low
knowledge to 7 = has a very high knowledge. Scores were
calculated by averaging the ratings for each item to produce
scores on a scale from 1 until seven.

Physical Literacy-Affective Domains. (1) Motivation. The
measurement of children’s motivation to involve in physical
activity and sports during the COVID-19 pandemic could
be carried out by using the effort subscale from an intrinsic
motivation inventory which consists of 5 question (Bremer,
Graham & Cairney, 2020). Likert scale from 1 = Definitely
false 7 = Definitely true were applied to assess the questions.
An example of an item is: “T try my best to do physical activity
and sports during the COVID-19 pandemic”. The motivation
score was calculated by averaging the ratings for each item to
obtain a score on a scale of one up to seven. (2) Self-Efficacy.
The measurement of children’s self-efficacy could be carried
out by using a questionnaire with 16 questions (Bremer,
Graham & Cairney, 2020). For example: “I believe I can run
2 kilometers” To assess this question, you can use a Likert
scale from 0 = not sure to 10 = considerably sure. Self-efficacy
scores were calculated by averaging the ratings for each item
to obtain a score on a scale of one up to 10.

Qualitative Instruments

The instrument used in qualitative research was in-
depth interviews with participants with a duration of 30
minutes per individual. Interviews were conducted directly
via Whatsapps in Bahasa language (Gani et al., 2022).

Study organization

This research was conducted from April to May 2022
in Cianjur district (Indonesia). The research follows the
guidelines of the World Medical Association Code of Ethics

(Helsinki Declaration for humans) which is intended for
research with human subjects. In quantitative research, there
wereseveral meetingsheld, namelythe first meetingon April 1,
2022, all participants carried out a pre-test (physical literacy
test). The second meeting on April 4, 2022, the experimental
group carried out the peer teaching model program while
the control group only carried out their usual daily activities
(traditional learning) until the 17th meeting (May 9, 2022).
At the 18th meeting (11 May 2022), all participants carried
out a final test activity, namely a physical literacy test. The
peer teaching method program was conducted on Monday,
Wednesday and Friday at 08.00-09.00 am. This research was
carried out strictly by implementing the COVID-19 health
protocol, including: all participants and the research team
must be checked for body temperature, used hand sanitizers
and were required to have a vaccine card to participate in this
intervention program. While the qualitative research was
conducted on May 20, 2022, the peer teaching model group
was interviewed for 30 minutes in Bahasa language. The peer
teaching model program is presented in Table 1.

Statistical analysis

Quantitative analysis

Data from quantitative research were analyzed using
IBM SPSS version 25.0 (Armonk, NY: IBM Corp). First,
analyzed the descriptive statistics (meantstandard deviation)
and the normality of the data (Kolmogorov-Smirnov).
Paired sample t-test was used to test differences in physical
literacy scores pre-test and post-test in the experimental and
control groups (Gani et al,, 2022). This study used level of
significance p<0.05

Qualitative analysis

Qualitative research data were analyzed using qualitative
thematics, namely the results of in-depth interviews with
participation wereanalyzed and discussed among researchers,
then it would be coded and categorized into three main
themes (Gani et al., 2022; Essiet et al., 2022), namely: theme
1 relates to implementing the peer teaching model in school
and theme 2 relates to the benefits of peer teaching.

Results

The quantitative results in this study showed that the
normality test was normal (p=0.181>0.05). While the results
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of the statistical descriptive test are presented in Table 2.
Table 3 shows that the experimental group (peer teaching
model) has a significant effect on increasing physical
literacy-movement competence domain (p<0.05), physical
literacy-cognitive domain (p<0.05) and physical literacy-
affective domain (p<0.05). While the control group showed
no increase in physical literacy (p>0.05).

While the qualitative research through in-depth
interviews with the experimental group obtained the
following answers:

Theme 1: Implementing metode peer teaching in school

The application of a teaching method in elementary
schools is very important (Jumareng et al., 2022), because it
cause the teaching process much more fun and not boring for
athletes. Therefore, this theme 1 resulting two sub-themes,
namely: (i) Implementation of peer teaching methods and
(ii) obstacles.

Table 2. Descriptive Statistics between EG and CG

EG (n=15) CG (n=15)
Dep e.ndent Pretest Posttest Pretest Posttest
Variable
M(SD) M(SD) M(SD) M(SD)
PLMCD
Locomotor 2.33(0.617) 3.87(0.352) 2.33(0.617) 2.27(0.799)

Object-control  2.00(0.535) 3.60(0.507) 2.00(0.535) 2.20(0.862)

Balance 2.33(0.488) 3.47(0.516) 1.60(0.07) 1.73(0.704)
PLCD 22.00(2.07) 39.67(2.66) 21.60(2.74) 21.73(2.73)
PLAD

Motivation 13.27(1.38) 23.00(2.07) 13.27(1.38) 13.607(2.02)
Self-efficacy ~ 44.80(3.36) 73.40(9.18) 37.80(6.36) 38.007(6.31)

M: Mean, SD: Standard Deviation, EG: Experimental Group,
CG: Control Group, PLMCD: Physical Literacy-Movement
Competence Domain, PLCD: Physical Literacy-Cognitive
Domain, PLAD: Physical Literacy-Affective Domain

Subtheme 1: Implementation

Participants shared their experiences on how to succeed in
implementing the peer teaching model in elementary schools.
In this regard, participants expressed their opinion that:

This is a valuable experience for us as tutors, because we are re-

quired to be responsible for providing subject matter to other

athletes or friends. Based on our opinion, this peer teaching

model is a positive teaching for the development of the poten-

tial of tutors and athletes simultaneously, so that peer teaching

must be taken into account to be implemented in the educa-

tion curriculum in Indonesia (Participant 1).

Indonesia applied a teacher-centered curriculum,
in which athletes are less active in teaching activities.
Therefore, integrating the peer teaching model in physical
education and sports learning is appropriate method as an
innovation in physical education learning in elementary
schools (Participant 2). Participant 7 further explained that:

However, in our opinion, to optimally apply the peer teach-

ing model in grade 6 elementary school, a tutor must have

learning motivation, self-confidence and broad insight, thus
the application of peer teaching will be more effective (Par-

ticipant 7).

Of course, although the peer teaching model is claimed to have

good effectiveness, the knowledge, skills and psychological

factors of the tutor will greatly determine the final outcome of

learning achievement (Participant 3).

Regarding this, another participant explained that:

At the beginning of the implementation of the peer teaching

model, we felt anxious and did not have the confidence to be-

come a tutor, but the teacher continued to motivate me so that I

succeeded in carrying out my duties as a tutor (Participant 10).

In addition, teacher has an important role in implementing the
peer teaching model, because the teacher acts as a facilitator to
explain the subject matter to the tutor, and the teacher must be
able to motivate and increase the self-confidence of the tutors
and athletes so they willing to learn (Participant 8). Participant
11 gave his perception that:

I agree that the teacher has a role in guiding tutors as the main
tool to achieve success in implementing the peer teaching
model in elementary schools (Participant 11).

Subtheme 2: Barriers

Barriers are the main problems that often arise in physical
education and sports learning activities in elementary schools,

Table 3. Differences values in pre-test and post in the EG and CG groups

EG (n=15) CG (n=15)
D“;E:;ﬁf:t Pretest-Posttest . . Pretest-Posttest . .
M(SD) M(SD)

PLMCD

Locomotor 1.53(0.743) 7.990 0.000 0.067(.799) 0.323 0.751
Object-control 1.60(0.632) 9.798 0.000 0.200(.775) 1.000 0.334
Balance 1.13(0.640) 6.859 0.000 0.133(.834) 0.619 0.546
PLCD 17.66(3.71) 18.412 0.000 0.133(1.846) 0.280 0.784
PLAD

Motivation 9.73(2.43) 15.488 0.000 0.333(1.234) 1.046 0.313
Self-efficacy 33.60(8.74) 14.888 0.000 0.200(1.26) 0.612 0.550

M: Mean, SD: Standard Deviation, EG: Experimental Group, CG: Control Group, p<0.05, PLMCD: Physical Literacy-Movement
Competence Domain, PLCD: Physical Literacy-Cognitive Domain, PLAD: Physical Literacy-Affective Domain

10
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and these should be evaluated so that the learning process can

run effectively (Participant 4).

Participants gave their perceptions regarding the obstacles
in peer teaching, namely:

According to me, the obstacle that often occurred was a dis-

pute between tutors who have arrogant personalities and the

athletes which causes unconducive learning activities (Par-

ticipant 5).

Dispute between tutors and athletes often occur in the teach-

ing process of physical education in elementary schools, there-

fore the teacher as a facilitator and mentor must be able to

provide an understanding to the tutor to preven overacting in

teaching (Participant 6).

Participant 9 argued that:

I agree, many tutors behave fiercely or often joke around. But

after the teacher giveng them understanding, they started to

behave much better and we started to feel comfortable and

excited to learn (Participant 9).

Theme 2: Benefits of peer teaching

Although there were obstacles in the process of peer
teaching models, the benefits for tutors and athletes
were greater, so that theme 2 resulting three sub-themes,
including: (i) benefits of peer teaching for physical literacy-
movement competence, (ii) benefits of peer teaching for
physical literacy-cognitive and benefits of peer teaching for
physical literacy-affective (iii).

Subtheme 1: Benefits of peer teaching for Physical Literacy-
Movement Competence

The first benefit that can be obtained from the application
of peer teaching is related to the domain of movement
competence of tutors and athletes. In this case, participant
13 gave the perception that:

After participating in this peer teaching method program, my

movement skills experienced a positive increase, it was be-

cause the teachers and tutors provided fun physical activity

programs. (Participant 13)

Even when the tutor was demonstrating a movement or physi-

cal activity to athletes, the physical literacy-movement compe-

tence could develop indirectly (Participant 14).

Subtema 2: Benefits of peer teaching for Physical
Literacy-Cognitive

Ithas been proven that peer teaching model has provided
some beneficial for the development of physical literacy-
cognitive athletes. Participant 7 further explained that:

Our cognitive domain is gradually increasing, because at the

beginning of learning the teacher always explains the subject

matter to the tutor first, and then the tutor teaches the mate-
rial to the athletes. This means that in these activities there is

a knowledge transfer process from teacher to tutor and from

tutor to athlete (Participant 7).

Peer teaching activities started with the teacher providing an

understanding to the tutor about the material or motion task

that would be studied that day and continues with the tutor’s
activities explaining and demonstrating the subject matter to
athletes. Thus, this cycle indirectly increase our knowledge

(Participant 15).

Subtheme 3: Benefits of peer teaching for Physical
Literacy-Affective

The third benefit from the application of peer teaching
is the increase in the physical literacy-affective domain.
Participant 1 expressed his opinion that:

11

I think our effective domain also increases, it proves that we
are more motivated to study physical education (Participant 1).
The peer teaching model is a learning that has the potential
to trigger motivation and self-confidence to learn, because
the teacher at the beginning of learning always motivates and
instills confidence in tutors and athletes (Participant 15). Fur-
thermore, Participant 10 argued that:

When I became a tutor, I was required to be motivated in
learning and had to believe in my own abilities to teach our
other friends. I believe it promotes our motivation and our
self-confidence continues to increase gradually (Participant 5).
The characteristics of peer teaching model are the role of tutors
who contribute to help other athletes who have learning dif-
ficulties. Peer teaching has a student centered learning system
and active learning, in this learning process athletes have more
active opportunities to obtain information and provide infor-
mation (Participant 10).

Discussion

Our study aims to investigate the effect of applying the
peer teaching method to improve the physical literacy of
pencak silat athletes.

The first quantitative finding in our study showed that
the application of the peer teaching method was proven
to improve the physical literacy of athletes gradually. This
is because the peer teaching method has characteristics,
learning stages and learning objectives that lead to the
development of the three domains between movement
competence, cognitive (Thurston, Cockerill & Chiang, 2021)
and affective simultaneously (Metzler, 2011; Iserbyt, 2015).
This is in accordance with the opinion of (Silverman &
Mercier, 2015) that the effective strategy to improve physical
literacy is through learning that presents and transfers
cognitive, affective and psychomotor domains. The results
of previous studies also reported that student-centered
learning has the potential to positively improve physical
literacy (Choi, Sum, Leung & Ng, 2018). The results of this
study support previous studies which explain that peer
teaching is conducive to promote a positive and attractive
learning environment for both tutors and learners (athletes).
The clear impact of implementing peer teaching is the
development of cognitive, psychosocial, affective and motor
skills (Jenkinson, Naughton & Benson, 2014; Mirzeoglu,
2014). Meanwhile, different findings occurred in the control
group, and there was no significant change in the physical
literacy aspect of the athletes.

The second qualitative finding in this study shows
that most of the athletes who received the intervention
program gave diverse and positive perceptions towards the
implementation of peer teaching models to improve physical
literacy aspect. Finally, our research has implications for
being a solution for teachers to improve physical literacy
during the COVID-19 pandemic crisis and our research
can provide information for lecturers, coaches, teachers and
athletes about the importance of using the peer teaching
method.

Conclusions

Based on the results and findings in this study, we can
conclude that the peer teaching method program has an effect



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 1

on improving the physical literacy of pencak silat athletes.
However, the scope of this study was limited in term of the
small number of participants who came from one area in
Indonesia, so further studies are needed by involving a large
number of pencak silat athletes from other regions. Future
studies are interesting to follow up, for example comparing
the peer teaching method with the sport education model.
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Marepiam Ta MeTogu. Y IIbOMY IOCTI/PKEHH] 3aCTOCOBYBa/IN 3MillIaHMIT METOf. Y YaCHMKAMM JOC/Ii/IKeHHA 6ym/1 CIIOPTCMEHN
40710Bi40i cTati (n=30), AKi 3a/iMaIICs TeHYaK-CUTATOM | HABYa/IVCS B TOYATKOBYX IIKO/IAX B 0Kpy3i Unanmxyp (Ingonesis). Yuac-
HMKIB PO3ILUIN/IN Ha eKCIIepUMeHTa/IbHY IpyIly (n=15), siKa 3ajiManacs 3a MOJIe/UII0 B3a€MOHABYAHH, 1 KOHTPO/IbHY Ipymy (n=15),
sIKa BUKOHYBa/Ia IOBCAKIEHHY HaBYa/IbHY IIporpamy 6es ydacTi B >KofHMX 3axopax. Ilic/ia peanisanii Mofiesti B3aeMOHaYaHHA OY/I0
IIPOBEJIEHO ONMTYBAHHA 15 y9aCHMKIB i3 IMTaHb peasisallii B3a€MOHAaBYaHHA B IIKiJIbHIM MOJENi Ta IepeBar B3acMOHaBYaHHS.
[HCTPYMEHT Ki/IbKiCHOTO aHa/Ii3y BKIIOYaB (DisMYHy IPaMOTHICTD, PyXOBY KOMIIETEHTHICTb, KOTHITUBHY Ta eMouiltHy chepu. Toxi
K IHCTPYMeHT sIKICHOTO aHali3y repen6adaB poBefeHHs HOIMNOIeHNX iHTeps’to npotsiroM 30 xBuinH. [jist aHai3y KilTbKiCHUX
JaHUX BUKOPMCTOBYBaIM IporpaMue 3abesnedenHs IBM SPSS. 711 anasi3y AKiCHUX TaHUX BUKOPUCTOBYBA/IM TEMAaTMIHWIT aHAI3.

PesynbraTi. Pe3ynbraTti KiTbKiCHOTO JOCTKEHHSA IOKa3aay CTATUCTUYHO 3Ha4ylle MigBUIIEHHA piBHA disudHOI rpa-
MOTHOCTI B eKcliepuMeHTa/IbHil rpymi (p<0,05), ane B KOHTPO/bHIN rpymi minBuieHHs He 6yno (p>0,05). Pesynpraru skicHOro
IOCITi/KEHHST [TOKA3aJIM, 110 O1/IbIIICTD yIaCHMKIB BIC/IOBIIA Pi3HI IYMKM i1 yCi OTOAMINCS, 11O MOJie/Ib B3AEMOHABYAHHS MOXKe
HOKpAIuTH Pi3NIHy IPaMOTHICTb HEZOCTATHBO IIiITOTOB/IEHNX CIIOPTCMEHIB.

BucHoBKM. 3a pes3braTaMi IIbOTO JOCTIIKEHH:A OY/I0 3p06JIEHO BICHOBOK, 10 B3a€EMOHABYAHHA € a/IbTePHATUBHOI (op-
MO0 HaBYaHHSI, SIKy MOXXHA BUKOPMCTOBYBaTH Iift 4ac manpemii COVID-19 i3 MeToro migBuineHHs piBHs (PisMIHOI PaMOTHOCTI
CIIOPTCMEHIB, SKi 3a/IMalOTbCA ITeHYaK-CUTATOM.
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Abstract

The study purpose was to improve the cognitive abilities, fighting power and sportivity on the Physical Education

Students Study Program at Universitas Nusantara PGRI Kediri.

Materials and methods. This study used the Research and Development method. A small-scale field trial was carried
out in the sports building of the Universitas Nusantara PGRI Kediri, which implemented volleyball courses. Practical
large-scale trials were carried out at STKIP Trenggalek which implemented volleyball courses, Kahuripan University

which implemented volleyball courses, and STKIP Pacitan which implemented volleyball courses. The instruments
used to collect data were observation, interviews, and assessment of the effectiveness of the test results as regards
increasing cognitive abilities, fighting power and sportsmanship; for the validity of the cognitive abilities assessment
instrument, validity was 0.865 and reliability was 0.836, for the fighting power assessment instrument, validity was
0.836 and reliability was 0.700, for the sportivity assessment instrument, validity was 0.897 and reliability was 0.824.
The data analysis technique used was quantitative descriptive analysis and normality test analysis, and t-test.
Results. Based on the obtained results, the pretest and posttest values have a significant difference with the
significance value for all variables being 0.000 < 0.05. For the cognitive ability variable, it was 0.000 < 0.05, for the
fighting power variable, it was 0.000 < 0.05, and for the sportivity variable, it was 0.000 < 0.05.

Conclusions. Based on the results of the study, it was shown that the development of TENDA 10T174 volleyball
learning improves cognitive ability, fighting power and sportivity in college students.

Keywords: volleyball learning, Tenda IOT174, cognitive ability, fighting power, sportivity.

Introduction

Human life today is much influenced by the development
of technology, and in using this technology is accompanied
by a pattern of behavior from the community towards
today’s technology (Cahyono, 2016). New discoveries related
to technology have appeared in various fields or groups of
science, including sports science (Ellapen & Paul, 2016).
Sport is one of the sciences that can be linked to today’s
technology and is believed to be able to support progress
or facilitate sports activities (Ratten, 2020). It can be said

© Muharram, N.A,, Suharjana, Irianto, D.P,, Suherman, W.S.,
Raharjo, S., & Indarto, P, 2023.
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that technology in sports activities is expected to be able
to get information more quickly and the level of truth can
be accounted for (Giblin et al., 2016). The development of
technology in information and communication systems
is closely related to people’s lives in the current era of the
industrial revolution 4.0 (Ellitan, 2020). This is evidenced by
the communication technology and information technology
commonly referred to as mobile phones which have made it
easier for people to find information (Chhanabhai & Holt,
2010). This technology can be an alternative for people
to search for information and this technology has the
characteristics of being able to be carried anywhere or more
practical, because today’s cellphones are supported by the
internet network, where there are already various sources
of information (Daeng, Mewengkang, & Kalesaran, 2017).
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Mobile phones or communication tools in the current era
are device operating systems that can support sophistication,
so they are commonly called smart communication tools
(Srivastava, 2005). In Indonesia, a communication device that
hasbeen widely used by the people of Indonesia has circulated,
namely an operating system called Android (Setiawan et
al,, 2017). From various studies it has been proven that this
communication tool gets the first rank or rank in Indonesian
society with a percentage of 73.81% in 2015 Startcounter in
(Brian Cusack, 2015). Linux-based mobile devices in which
there is an operating system and applications are called
Android (Cardoso, 2015). In developing and initiating an
application that can allow an open platform or commonly
referred to as Android (Lee, 2011). There are two types
contained in this system, the first is a system that can support
Google or Google Mail. The second type is one that does not
have full support from Google or OHD (Safaat, 2015).

Based on observations or observations in the field
aimed at students who have received volleyball courses at
the Nusantara University, PGRI Kediri, Physical Education
Study Program which states that almost students show
difficulties in understanding the cognitive abilities of basic
volleyball techniques or are in the “don’t understand”
category with a percentage of 85% of level 1, level 3, level
5 and level 7 who have received volleyball learning courses.
This is because the basics of each student are different,
so that when they are presented with the basic technical
material in the volleyball game, the student still has difficulty
implementing it in practical activities, because students only
practice when learning volleyball takes place, there is no
such theory or guide book. which becomes a reference or
additional reference about volleyball courses. The results of
this observation are very helpful in finding a new approach
to volleyball cognitive abilities when students do a practical
learning. It also takes fighting power and sportivity.

Students who have cognitive abilities can activate
and utilize their knowledge effectively to solve problems
(Turner, 2010). Cognitive ability can also be referred to
as intelligence and the term intelligence has a broad and
complex meaning. The concept of experts on intelligence
is different, the difference in this concept mainly lies in the
emphasis on certain aspects of mental abilities which are
seen as qualities of intelligent behavior. In learning students
who have a cognitive level in the low category, will have
difficulty learning it and take a longer time to achieve
learning outcomes because it is constrained by the ability to
grasp the learning material (Awali, 2018).

Fighting power is a person’s ability to use his intelligence
to direct, change his way of thinking and actions when facing
obstacles and difficulties that can make him miserable.
In short, fighting power is a person’s ability to deal with
problems (Nashori & Kurniawan, 2006). Fighting power
is not only visible from a physical point of view, but also
from a psychological perspective. Therefore, carrying out
the task requires perseverance and thoroughness in a long
time to measure a child’s fighting power from non-physical
aspects. Non-physical fighting power will affect physical
fighting power (Suparno, 2002). The learning method used,
for example by implementing applications in learning,
can certainly affect fighting power (Sari & Sylvia, 2014).
Meanwhile, sportivity is an attitude of appreciating the noble
values in a sport. The beginning of the term sportivity or
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can also be called sportsmanship is a term used in the world
of sports (Raharja, 2019). In increasing cognitive ability,
fighting power and sportivity appropriate efforts are needed.
One of them is by following technological developments that
are applied in learning.

However, the application of the latest technology
in assisting learning is still limited. Therefore, with the
technology that wants to be developed, it is hoped that it can
help learning, especially in volleyball courses for students to
improve cognitive abilities, fighting power, and sportivity in
volleyball learning that has been given in accordance with
the concept of the semester learning design that has been
given. Field observations state that handbooks or modules
for students have not been able to make students understand
this, so researchers have the idea that in this era of the
industrial revolution 4.0, students are more likely to hold
cellphones than books related tolearning, especially cognitive
abilities of basic volleyball techniques, where one of the of
these students do not really understand the instructions
from the lecturer of the course. From the problems above,
the researcher has the idea to develop a learning media
related to basic techniques in technology-based volleyball
games in the 4.0 industrial revolution era, namely using the
Android application. Where later the technology can provide
knowledge related to cognitive abilities, fighting power, and
sportsmanship of basic volleyball techniques for students so
that later with the learning video using the IOT174 tent it can
help how to understand cognitive abilities, fighting power,
and sportivity in basic techniques with movements correct.

Materials and Methods

Study participants

This research was The Research and Development which
produces a product. Based on explanation (Borg & Gall,
2010) that research and development uses research findings
to design new procedures and products, which are then sys-
tematically tested in the field, evaluated, and refined until
they meet certain criteria of effectiveness, quality, or the same
standard. The resulting product can later be used to facili-
tate the delivery of material in learning basic volleyball tech-
niques through the Tenda IOT174 application. Small-scale
trials amounted to 30 samples, large-scale trials amounted to
146 samples, and effectiveness tests totaled 40 samples.

Study organization

This research used the TENDA I0T174 application
which was adapted to the characteristics of physical education
students taking volleyball courses. TENDA IOT174 is a
learning media developed to improve cognitive and affective
abilities in volleyball learning which is adjusted to the
semester implementation plan at private universities under
the PGRI foundation. The development of this learning
media is application-based which is in accordance with
the volleyball learning material in the PGRI college. This
application serves to analyze every movement of students
when implementing a basic technical movement in volleyball
games, namely upper passing, lower passing, smash, and also
serving. Analysis into the application appears that the angle
of motion has been adjusted to the basic technical movements
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in accordance with the theory in the volleyball game. This
application makes it easier for students to find out the extent
of the movements that have been implemented by students
in the field, so that students will improve every corner of the
basic volleyball technique movement if there is something
wrong in that corner. The TENDA I0T174 application has
features in it related to basic volleyball techniques, when
analyzed students can also download the results of the
analysis of each of these movements so that students can
re-observe the movement at every angle starting from the
upper body corner (upper corner) and lower body (bottom
corner). This TENDA IOT174 application is android based
and requires an internet network to use it.

Assessment of basic volleyball techniques using the
TENDA I0T174 application which was carried out for 4
meetings with a duration of 1 meeting for 120 minutes.
The assessments taken include 3 assessment domains,
namely cognitive, fighting power and sportivity. The data
of this study consisted of pretest and posttest data from
each assessment. The instruments used to collect data are
observation, interviews, assessment of the effectiveness
of the test results of increasing cognitive ability, fighting
power and sportsmanship, for the validity of the cognitive
assessment instrument validity 0.865 and reliability 0.836,
fighting power validity 0.836 and reliability 0.700, sportivity
validity 0.897 and reliability 0.824.

Statistical analysis

Statistical analysis using software Statistical Package for
Social Science (SPSS) version 21 (SPSS Inc., Chicago, IL,
USA). The first analysis is normality test uses the Chi-Square
test, while the difference test used the Paired Sample t-Test.
All statistical analyzes used a significant level (p < 0.05).

The study was conducted in accordance with the ethical
principles of the Helsinki Declaration for human research
and was approved by the Research Ethics Committee of the
Universitas Negeri Yogyakarta.

Results

The first test carried out is a prerequisite test in the form
of a normality test as follows:

Table 1. Normality Test

Variabel Significance  Information

Pretest 0.255 Normal
Cognitive ability

Posttest 0.363 Normal

Pretest 0.096 Normal
Fighting power

Posttest 0.636 Normal

Pretest 0.979 Normal
Sportivity

Posttest 0.139 Normal

Based on the data in the table 1 above, the calculation
of the normality test used Chi Square. The significance value
on all variables > 0.05, this indicates that all research variable
data has a normal distribution. Furthermore, hypothesis
testing will be conducted to determine the difference
between the data before and after the study.
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Paired Sample T Test

The Paired Sample T Test results and basic volleyball
techniques using the TENDA I0T174 application.

Table 2. Paired Sample T Test

Field of
Volleyball Mean tcount Difference Sig. %
Learning
82.166
Cognitive ability -7.043  9.067 0.000 11.03%
91.233
78.166
Fighting power -9.840  9.434 0.000 12.06%
87.600
81.333
Sportivitas -10.751 11.067 0.000 13.60%
92.400

Based on Table 2 above, the pretest and posttest values
have a significant difference with the significance value on
all variables 0.000 < 0.05. The increase in the pretest and
posttest of the cognitive domain was indicated by the t-value
of -7.043 at a significance of 0.000, so it can be concluded
that the increase in cognitive scores before and after learning
experienced a significant increase. The increase in the pretest
and posttest in the realm of fighting power is indicated by
a t-value of -9.840 at a significance of 0.000, so it can be
concluded that the increase in the value of fighting power
before and after learning has a significant increase. The
increase in the pretest and posttest in the realm of sportivity
is indicated by the t-value of -10,751 at a significance of
0.000, so it can be concluded that the increase in the value of
sportivity before and after learning experienced a significant
increase. The contribution of basic volleyball techniques
using the TENDA I0T174 application for the cognitive
ability aspect is 11.03%, the fighting power aspect is 12.06%,
and the sportivity aspect is 13.60%.

Discussion

Based on results that the pretest and posttest values have
a significant difference with the significance value on all
variables 0.000 < 0.05. Based on these results indicate that the
use of the TENDA IOT174 application can increase cognitive
ability, fighting power and sportivity on college students. This
is probably because the TENDA I0T174 application is very
effective to use and its features are very supportive.

In the era of the industrial revolution 4.0, a lecturer is
required to be able to develop something with the intention
that students can understand and apply the learning without
any obstacles in understanding, analyzing and also practicing.
The basic technique of android-based volleyball is TENDA
IOT174 which combines movement analysis and also the
anatomy of motion and angles when performing basic volleyball
technical movements, ranging from upper body and lower
body movements. So that the basic techniques of volleyball
through the TENDA I0T174 application can be used properly
as a support or material in learning, especially volleyball for
students and can improve cognitive abilities, fighting power and
sportivity. TENDA I0T174 application is a development tool.
Based on the results obtained, it shows that the development
of the TENDA I0T174 application is successful, so that it can
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improve Cognitive Ability, Fighting Power and Sportivity on
College Students. Development is needed to keep up with the
times so that learning can be more optimal.

Development in general means a pattern of growth,
gradual change (evolution) and gradual change. Sumarno
argues that development means the process of translating or
elaborating design specifications into the form of physical
features. Development specifically means the process of
producing learning materials (Sumarno, 2012). Meanwhile,
according to (Sumarno, 2012) development focuses not
only on needs analysis, but also on broad issues of early-
late analysis, such as contextual analysis. Development aims
to produce products based on the findings of field tests. In
essence, development is an educational effort both formal
and non-formal which is carried out consciously, planned,
directed, regularly and responsibly in order to introduce,
grow, guide, develop a personality basis that is balanced,
intact, aligned, knowledge, skills according to talent, desires
and abilities, as a provision on their own initiative to add,
improve, develop themselves in the direction of achieving
optimal human dignity, quality and abilities as well as
independent individuals (Wiryokusumo, 2011).

The TENDA IOT174 application used in volleyball
learning can increase students cognitive ability. This is
probably because learning volleyball using the TENDA
application can be followed and understood by students well,
because students who have high cognitive abilities will easily
accept the learning material presented (Taub, Floyd, Keith,
& McGrew, 2008). Cognitive abilities are thought processes,
such as problem solving, comparing, evaluating and
creativity. In addition, cognitive aspects include intellectual
functions such as understanding, knowledge and thinking
skills (Sujiono, 2010). Cognitive abilities related to receiving
and reintroducing material are needed because every
thought process must use previously learned facts and ideas
(Munandar, 2014). Students who have high cognitive abilities
in the learning process look faster than the group of students
who have low cognitive abilities. This is because factors such
as cognitive originating from students, (cognitive strategies)
can significantly affect learning abilities and the quality of
learning outcomes in physical education. This means that
students who have high cognitive abilities tend to be more
optimal in the learning process that follows (Paulina, 1997).

The TENDA IOT174 application used in volleyball learn-
ing can increase students’ fighting power. Previous research
shows that there are 11 soccer athletes or 29% have fighting
power in the high category, 18 soccer athletes or 47% have
fighting power in the medium category and as many as 9 soccer
athletes or 24% in the low category. So from these results it can
be seen that the highest level of fighting power is in the me-
dium category, the rest in the high and low categories (Susila,
2018). Fighting power affects academic achievement, this is
evidenced by students who have high scores, have high fighting
power, while students with low scores have low fighting power
(Huda & Agus, 2017). Students’ efforts in overcoming learning
difficulties are called fighting power (Stoltz, 2006). Students
who have high fighting power will direct all their potential to
achieve achievements or can provide the best results (Fahmi &
Rachmahana, 2008). Fighting power is an internal factor of stu-
dents that needs to be considered (Sari & Sylvia, 2014), because
fighting power can give encouragement to students to always
achieve learning success and get the best learning achievement.
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Fighting power is an intelligence or ability to change, or process
a problem or difficulty and make it a challenge that must be
solved so as not to hinder the ideals and achievements to be
achieved. Strength will also determine student success (Diana,
2008). Someone who has fighting power is able to respond to a
situation with a positive response (Pool & Sewell, 2007). In ad-
dition, fighting power is able to give one’s self-confidence and
positive behavior (Arifin, 2020), fighting power can increase
student motivation in learning (Aulia et al., 2019; Mayangsari
et al,, 2021). But, many factors affect fighting power, it is ex-
plained that fighting power is influenced by one’s self-concept
and self-efficacy (Ipriani & Nugroho, 2015).

Volleyball learning by using the TENDA IOT174
application can increase spotivity. This shows that the
learning provided through the TENDA I0T174 application
can provide a useful experience according to the level of
development. This is because sports education is designed
to provide an authentic and rewarding sports experience
for students. So that the application used can provide real
experience to students in participating in sports and can assess
not only movement skills but also the attitudes shown during
learning activities. A person’s attitude is also influenced by his
social development. A person’s social development will not go
well if it is not trained and taught, school is one of the factors
that also influences the personality and social behavior of
individuals. Therefore, learning needs to be presented
in accordance with the needs of the level of development,
and covers all aspects of both cognitive, affective, and
psychomotor, so that it can shape the character of students
to be physically and mentally healthy, and foster a sense of
sportivity (Raharja, 2019). Sportivity is ethically appropriate
which is made manifest by following the rules of the game,
respecting opponents, and committing to fair play, while
fair play is identified with certain behaviors characterized
by respect for the rules, maintaining equal opportunity and
impartiality (Gémez & Sanchez, 2014). Sportivity involves an
intense struggle to succeed, a commitment to the spirit of play
so that ethical standards will take precedence over strategic
advantage when conflict (Weinberg & Gould, 2007).

Based on the explanation above, it shows that in today’s
learning technology is needed to keep up with the times. In
volleyball learning by using the TENDA IOT174 application,
it can improve cognitive ability, fighting power and sportivity
on college students.

Conclusion

Based on the results of the study, it was shown that
the basic volleyball technique using the TENDA 10T174
application have a significant difference with the significance
value on all variables 0.000 < 0.05. On the cognitive ability
variable was 0.000 < 0.05, on the fighting power variable
was 0.000 < 0.05, and on the sportivity variable was 0.000
< 0.05. The contribution of basic volleyball techniques used
the TENDA IOT174 application for the cognitive aspect
is 11.03%, the fighting power aspect is 12.06%, and the
sportivity aspect was 13.60%.
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PO3POBKA 3ACTOCYHKY AJ191 HABYAHHSA BONENBONY
«TENDA 10T174» ANA NIABULLEHHA KOTHITUBHUX
301HOCTEW, ®I13MYHOI NIArOTOBJIEHOCTI TA
CMOPTUBHOI MAICTEPHOCTI CTYAEHTIB KONMEIKY

Hyp Axmag Myxappam'*?, Cyxapmxkana'®, [lxoko ITekik Ipianto'AS,

Basan CynpaBan Cyxepman'“P, Cramer Paxapmxko®®?, ITynki Ingapro®®?

!TI>KOK’ IKapTCHKWIL iep>KaBHMI YHIBEpCUTET
*MaJTaHTCbKUII IepKaBHMIL YHIBEpCUTET
*YuiBepcurer Myxammanis B Cypakapri

ABTOpCBHKNMIT BKIAM: A — FU3aitH JOCTIIKeHHsT; B — 36ip manux; C - crarananis; D - migroroska pykomucy; E - 36ip xomTis

Pedepar. Crarts: 7 c., 2 Tab1., 38 mKeperL.

Meroro gocmimkeHHs 6yI0 MOKpallleHHsT KOTHITUBHUX 34i6HOCTelt, (Di3MYHOI MATOTOBNIEHOCT] Ta CIIOPTUBHOI MAICTEPHOCTI
B paMKaxX HaBYa/IbHOI IIPOTpaMU CTYHeHTIB ¢isnunoro BuxosaHHA B Kepipilicbkomy yHiBepcuteTi Hycanrapa Aconianii Bunresis
Iumonesii (Cxigua SBa, Ingonesis).

Martepiamu Ta MeTopu. Y IIbOMY HOC/IIIKEeHHI BUKOPYCTOBYBA/IM METOJ HAyKOBOTO JOCIIPKEHH Ta po3pobKy. MaoMaciTabHi
HObOBI BUIPOOYBaHHA IPOBOAVIIN B CIIOPTUBHII 6y/iBmi Ha Tepuropii Kemipilicbkoro yHiBepcntery HycanTapa Acouiarii Bunrernis
InpoHesil, AKuil ynpoBaguB Kypcu 3 Bosnesibony. IIpakTidHi moBHOMAcCIITaOHI BUIPOOYBAHHS MPOBOAMIN B TpeHraeKCbKOMY Iie-
maroriunomy konmemki (IngoHesis), YuiBepcureri Kaxypinman (Ingonesis), i [Tauntancbkomy meparorivaomy konemki (IngoHesis), sxi
YIPOBafWI Kypcu 3 Bonertborny. SIk iHcTpyMeHTI A1t 360pY JaHMX BMKOPUCTOBYBA/IN CIIOCTEPE)KEHHs, ONMUTYBAHH T OLliHIOBAHHS
eeKTMBHOCTI pesy/IbTaTiB TECTiB LIOO MifBUIEHHs KOTHITUBHUX 37i6HOCTeL, (pisMYHOI MIATOTOBIEHOCTI Ta CIOPTUBHOI MalicTep-
HOCTi; CTOCOBHO BaJIiTHOCTi IHCTPYMeHTa /I OLIIHKYM KOTHITMBHUX 3[i0HOCTeI, OKa3HUK BaTiIHOCT] cTaHOBMB 0,865, a HafiltHOCTI
- 0,836, CTOCOBHO Ba/IifHOCTI iHCTpyMeHTa [/1s1 OLiHKM (i3MYIHOI MiITOTOBIEHOCT], HOKa3HUK BaTifHOCTi cTaHOBUB 0,836, @ Ha#iTHOCTI
- 0,700, cTOCOBHO BasliTHOCTi iHCTpyMeHTa JI/Is1 OLIiHKM CHOPTUBHOI MaliiCTEPHOCTI, TOKa3HMK BaTigHOCTi craHoBuB 0,897, a HafliliHOC-
Ti — 0,824. fIx MeTOf aHa/i3y JaHMX BUKOPMCTOBYBA/IV KiZTbKiCHIIT ONMCOBUI aHasIi3 Ta aHasli3 TIepeBipKM HOPMA/IbHOCTI PO3IOZTY, a
TaKoX t-kputepiit CTbIofieHTa.

Pesynbratu. Ha mifcrasi ofiep>kaHMX pe3ynbTaTiB yCTaHOB/IEHO, IO 3HAYEHHA MIONEPEJHbOrO Ta IiJICyMKOBOIO TECTYBaHHs
CTaTMCTUYHO 3HAYYLIO Pi3HATHCA, IPU IbOMY piBeHb 3HAYYLIOCTi 3a BCiMa 3MiHHMMY nipuitMae sHadeHHA 0,000 < 0,05. [I1 sminHOL
KOTHITMBHUX 37i6HOCTei BiH mopiBaoBaB 0,000 < 0,05, oyt 3mMiHHOI (isndHOI migroToBneHocTi Bin gopisaooBas 0,000 < 0,05, msa
3MiHHOI CIIOPTMBHOI MalicTepHOCTi BiH fopiBHIOBaB 0,000 < 0,05.

BucHoBku. Ha mifcraBi pe3ynbraTiB JOCTIIKEHHS OY/I0 MiITBEPIPKEHO, 0 PO3POOKaA 3aCTOCYHKY J/IsI HABYAHHS BO/IEIOOTY
«TENDA 10T174» mifiBuiye oKasHMKY KOTHITUBHUX 3[i6HOCTeI!, (i3MIHOI MiITOTOBIEHOCT] Ta CIOPTUBHOI MaliCTePHOCT] CTy-
JEHTIB KOJIEIKY.

KnouoBi coBa: HaBIaHHs Bojeit60ony, 3acTocyHOK «Tenda IOT174», korHiTuBHi 3416HOCTI, (isnyHa MiATOTOBIEHICTS.
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Abstract

Background. It is known that all sports require dynamic balance and more specifically towards contact sports such as
basketball which puts players through array of perturbation and collision during the game. The purpose of this study
was to find out the effectiveness of six-week balance training with perturbation in enhancing dynamic balance of

basketball players.

Materials and methods. The study participants were ten basketball players who volunteered and were randomly
distributed into an Experimental Group (N=5) and a Control Group (N=5). The Experimental Group received

a six weeks balance training intervention with perturbation for a total of 18 sessions, while Control Group kept
regular training. The Y-balance test was used in pre-test and post-test to measure dynamic balance of both groups.
Independent sample t-test was used for the analysis of results.

Results. The study findings revealed that the Experimental Group improved significantly in dynamic balance at
p=0.000 after having undergone the 18 sessions of intervention with perturbation, while there was no significant

improvement in the Control Group.

Conclusions. This study concluded that the six-week balance training with perturbation is effective in enhancing
dynamic balance control in basketball players. This intervention can be modified or integrated into a neuromuscular
training program to further improve dynamic balance of basketball players, hence, may help in reducing injury risk.
This intervention also can be suggested as a training regime for other contact sports that require excellent balance

control.

Keywords: basketball, dynamic balance, perturbation, proprioception.

Introduction

It is known that all sports requires dynamic balance and
more specifically towards contact sports such as basketball
which puts players through array of perturbation and
collision during the game. Basketball continues to increase
in popularity at all levels of play, from recreational to
professional (Caine et al., 1996) and remains immensely
popular, not just in the United States, but throughout the
world (Cantwell, 2004). The basketball game place packed
emphasize on the speed and power of athletes (Starkey,
2000). As stated by Meeuwisse (Meeuwisse et al., 2003),

© Lee, A.C., Sankaravel, M., & Chen, Z.X., 2023.

o [ Coroper

&

g TMOB
@@ 1o

é
=

=]

games were responsible for the majority of injuries causing
more than seven sessions of time loss, resulting in a rate of
severe injury 3.69 times greater than that of during practices.
Hence, it can be foreseen that the frequency of injury during
game was two times higher than during practices (9.9 versus
4.3 injuries per 1000 athlete-exposures) (Dick et al., 2007),
According to Ferretti and colleagues (Ferretti et al., 1992)
the frequency of injuries during a game is much higher than
during a practice. It can be attributed to the high level of
competition and the amount of effort that the players put into
the game. They also noted that the increased risk of getting
injured is caused by the high intensity of the competition.
In games, fewer players generally participate, but the
activity is usually at a very high level of intensity. This high
intensity physical effort and its associated fatigue, combined
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with a more unpredictable, competitive environment, may
predispose game participants to acute injury compared with
practice participants. As such, injuries during games were
more likely to be due to player contact or other contact than
were injuries occurring during practice (Starkey, 2000).

It is noted that unpredictable physical contact and
perturbation isafactor to acute injuries when players are fatigue
during intense games, also, they loss focus and their ability to
maintain dynamic balance to resist the perturbation. Hence,
this is when the injuries incidence rate increase. Furthermore,
referring to Yde and Nielsen (1990), contact with other player
was the main reason for time loss injuries; followed by non-
contact injuries. As stated by Dick et al. (2007), half of the
game injuries were coupled with player contact whereas nearly
one fifth of game injuries were from contact with the floor.

Lee and Lee (2018) in their study indicated that great
frequency of ankle and knee injuries in contact-sports among
Malaysian athletes. A probable cause for the susceptibility of the
ankle to be injured was its close proximity to the contact surface
(e.g. equipment and opponent’s body), which is the focus of
activity in the contact-sports. They also found that the lower
extremities (65.5%) were the common location for injuries
in contact-sports. These findings were also similar with other
studies (Choo et al., 2018; Lee et al., 2017). The researchers were
also asserted that the lower extremities (51.1%) appear to be the
most frequent site for the injuries as well (Choo et al., 2018).
Injuries to the lower extremities especially knee and ankle
regions were exposed to injuries at any time when the athletes
with poor balance control required to run, turn, change of
direction, and jump during weight bearing sporting activities.
Consequently, they proposed that lack of balance control
perhaps a contributory factor for lower extremity injuries
(Choo et al., 2018; Lee et al., 2017). According to Cumps et al.
(2007), rate of injury for player with poor balance was two to
seven times compared with rate of injury for player with good
balance. Poor balance ability has been significantly associated
with an increased risk of ankle injury in a number of sports.

Generally sensorimotor or balance training programs
are prescribed to improve balance ability. According to
Teichmann et al. (2018), when sensorimotor or balance
training has been incorporated into rehabilitation programs
which canimprove staticand dynamicbalancein both athletic
and non-athletic populations. However, these rehabilitative
exercises often represent relatively slow perturbations to
human sensorimotor function (>350 ms), while empirical
observations suggest that injuries occur in a time span of
between 17 and 50 milliseconds after initial ground contact.

Fitzgerald et al. (2000) studied on efficacy of
perturbation training in non-operative anterior cruciate
ligament rehabilitation programs for physically active
individuals. A group of subjects were received standard
rehabilitation program and other group received the
standard program augmented with a balance training with
perturbation. Although both the standard program and the
balance training with perturbation may allow individuals to
return to high-level physical activity, the balance training
with perturbation appears to reduce the risk of continued
episodes of giving way of knee during athletic participation,
and it allows individuals to maintain their functional status
for longer periods.

Yom et al. (2014) conducted a study based on lateral in-
flight perturbation during drop landings. They determined

that lateral in-flight perturbations affect both frontal
plane and sagittal plane lower-extremity biomechanics.
Developmentally, these outcomes indicated that the athletes
characteristically adjust their mechanics to land carefully
after a semi-anticipated frontal plane perturbation, such as
a push or a bump sideways by an opponent while in the
air. Generally, the ability to generate sufficient, eccentric
extensor and adductor moments about the lower extremity
joints is of primary importance. Consequently, these
researchers has demonstrated the importance of developing
a proper dynamic balance and landing mechanics are crucial
in reducing the risk of being in abnormal or excessive
movement of biomechanics at the lower extremities. As a
result, the reduced moment in hip abduction and adduction
can decrease the shearing force and loading on the soft tissue
causing less strain and hence reduce the likelihood of getting
injured during in-flight lateral perturbation during games.
Therefore, this study was conducted to determine the
effectiveness of six weeks balance training with perturbation
in improving dynamic balance of university basketball
players. The researcher is hoping that if this intervention is
effective in improving dynamic balance, study finding may
be beneficial and referred to basketball coaches and players
to include this intervention into basketball training regime.
With improved dynamic balance ability, it may reduce the
risk of lower extremities injuries among basketball players.

Materials and methods

Study Design

This study used an experimental design to investigate the
effectiveness of six weeks balance training with perturbation
on dynamic balance among university basketball players.
All ten eligible subjects who satisfied the inclusion norms
were randomly allocated to either Experimental Group (EG)
or Control Group (CG) by drawing an envelope indicating
either EG or CG in order to eliminate bias.

Sampling Method

Purposive sampling method was utilized to recruit
eligible subjects. The population in this study are Sultan
Idris Education University Basketball players’ age ranging
from 20 to 25 years old. There were total of 60 Basketball
club members with ten state representatives or advanced
level players and ten intermediate or high school team
representatives previously and five players with three years’
experience and training and competing for UPSI Hystrix
Basketball club. Besides the above mentioned basketball club
members, there were non-club members i.e. recreational
basketball players also volunteered in this study. The eligible
subjects were screened using self-reported questionnaire.
After the screening process, ten basketball players who
fulfilled the inclusion criteria were recruited in this study as
study subjects.

Inclusion and Exclusion Criteria

The subjects must be free from any lower extremities
injuries and possess normal musculoskeletal functions
in all joints within six months of participation. These
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volunteers must have at least two years’ experience in playing
basketball. Subjects were included only if their vestibular
and neurological functions were normal. University
basketball players who had injuries within six months prior
to this study and had impaired vestibular and neurological
functions were excluded because these impaired functions
would affect balance control.

Research Procedure

A total of ten subjects were randomly assigned into
two groups i.e. Experimental Group and Control Group.
The subjects in Experimental Group were undergone six
weeks of balance training with perturbation while Control
Group remained their normal training routine without any
intervention. A written informed consent was distributed
and subjects were required to fully understand the research
procedures before participating in the study. They were
allowed to withdraw in anytime without any reason given.
The balance training with perturbation intervention
consisted of 31 training variations. The experimental group
was trained three sessions per week for six weeks with a total
of 18 sessions. The control group remained their normal
training without any additional intervention. Before starting
the balance training with perturbation intervention (pre-test)
and after balance training with perturbation intervention
(post-test), all subjects were required to undergo Y-balance
test for dynamic balance pre-test and post-test measures. The
subjects in control group were also undergone pre and post-
test procedures. Every subject from experimental group and
control group was given one practice trial for familiarization
of testing protocols. During the testing sessions, all subjects
performed two trials and the average score was recorded for
data analysis to avoid measurement error that may influence
study results.

Balance Training with Perturbation Intervention

In this study, the experimental group was undergone
the balance training with perturbation intervention
while maintaining their normal training routine. Each
intervention session lasted about 30 to 45 minutes. Warming
up and cooling down sessions were involved before and
after the training sessions. The balance training with
perturbation intervention were designed to alter or modify
vestibular input, and proprioception input to enhance
sensorimotor integration in Central Nervous System (CNS).
Proprioception input was modified with varies stances i.e.
a) tandem stance, b) split squat stance, c) single leg stance,
d) bilateral jumping and landing, e) single leg jumping and
landing. Apart from progression in varies stances, vestibular
input was challenged with various unexpected disturbance
i.e. perturbation. Types of perturbation were differentiate by
a) numbers, b) speed and c) predictability (i.e. constant or
random). The intervention variations were progressed with
the combination of various stances and types of perturbation
on basis of simple and less challenging to complex and more
challenging (Table 1). All training variations were progressed
gradually as to challenge the vestibular and proprioception
inputs which are important factors in improving dynamic
balance to enhance the sensitivity of sensorimotor integration
in CNS.
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Table 1. Combination of Training Variations

Visual

Vestibular Proprioception
Eyes Types of perturbation Stance
condition P P
numbers Tandem
b. speed Split squat
c. predictability Single leg
Open -constant Bilateral jumping and landing
-random Single jumping and landing

Research Measurement Instrument

The Y-Balance Test was utilized in this study as it is
considered a useful tool in detecting injury susceptible
subjects Gonell et al. (2015). Besides that, it has proven
excellent levels of inter-rater test-retest reliability as
reported in a study conducted by Lee and Ong (2012). The
study revealed excellent test-retest reliability using Intraclass
Correlation Coeflicients i.e. 0.98, 0.98, and 0.99 on anterior,
posteromedial, and posterolateral directions respectively.

The Y-Balance Test required subjects to balance on
one leg while concurrently reaching as far as possible
with the other leg in three different directions i.e. anterior,
posterolateral and posteromedial (Figure 1). This test is used
to measure the subject’s strength, stability and balance in
various directions. The subjects did a practice trial before
testing sessions started. The subjects repeated the test with
same leg for two successful reaches. After completed two
successful reaches, they repeated this process with the other
leg. Once subjects completed two successful reaches with
each leg, they progressed to next test directions.

Fig. 1. Y- Balance Test

Statistical Analysis

Dynamic balance measures using Y-Balance Test were
recorded and analyzed using independent sample t-test and
paired sample t-test in Statistical Package for Social Science
version 22. Independent sample t-test was used to compare
the difference in dependent variable between Experimental
Group and Control Group. The paired sample t-test was used
to compare the difference on dynamic balance before and
after intervention within Experimental Group to determine
the effectiveness of balance training with perturbation
intervention. The level of significance was predetermined
at p<0.05.
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The study was conducted in accordance with the ethical
principles of the Helsinki Declaration for human research
and was approved by the Research Ethics Committee of the
Universiti Pendidikan Sultan Idris.

Results

The demographic data of both Experimental Group
and Control Group are similar in age, height and weight
indicating that they were recruited from homogeneous
group. The descriptive characteristics for these ten subjects
in this study were shown in Table 2.

Table 2. Demographic Data of Experimental Group and
Control Group

Experimental Group (n=6) Control Group (n=6)

Variables (1£SD) (£SD)
Age (years) 224+1.34 23.6 +0.894
Height (cm) 169.8 £ 5.58 170.6 £ 5.72
Weight (kg) 64.0 + 14.17 67.6+ 11.41

Table 3 and Figure 2 portrayed the result of comparison
between Experimental Group and Control Group for
dynamic balance on absolute reach before the intervention.
The pre-test value of dynamic balance on absolute reach
between Experimental Group (79.44 + 3.94 cm) and
Control Group (78.66 + 9.43 cm) revealed that there was
no significant difference, indicating both groups were in
homogeneous group (p = 0.869) before the balance training
with perturbation intervention. After Experimental Group
undergone 18 sessions of balance training with perturbation
intervention, the result indicated there was significant
difference for dynamic balance on absolute reach (p =
0.000*) between the Experimental Group (88.62 + 4.51 cm)
and Control Group (78.87 £ 9.05 cm).

Table 3. Pre-Test and Post-Test Between Experimental
Group and Control Group for Dynamic Balance on
Absolute Reach using Y-Balance Test Before and After
Intervention

Control Group Experimental Group

(p£SD) (p£SD)

Pre test 78.66 + 9.43 79.44 + 3.94 0.869
Post test 78.87 +9.05 88.62 + 4.51 0.000*
Dynamic Balance

100
C
3 50
s
0

Experimental Group Control Group

M Pre-test m Post-test

Fig. 2. The Mean of Experimental Group and Control Group
for Dynamic Balance on Absolute Reach in Centimetres using
Y-Balance Test Before and After Intervention
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For the result before and after intervention of
Experimental Group, after the 18 sessions of balance training
with perturbation intervention, the mean of dynamic
balance on absolute reach had increased from 79.44 cm to
88.62 cm (increased 9.18 cm). Study finding indicated that
there was a significant improvement in dynamic balance on
absolute reach (p = 0.000%) after intervention (Refer Table 4
and Figure 2).

Table 4. Pre-Test and Post-Test of Experimental Group for
Dynamic Balance on Absolute Reach using Y-Balance Test
Before and After Intervention

Pre test Post test
(p+SD) (p+SD)
Experimental Group ~ 79.44+3.94  88.62+4.51 0.000*

Discussion

The study finding indicated that the six weeks of balance
training with perturbation intervention was effective in
improving the dynamic balance of university basketball
players. The Experimental Group obtained improvement in
their dynamic balance after undergoing the balance training
with perturbation while Control Group did not indicate any
improvement because they only followed normal training
routine without undergone any intervention. Withal, the
dynamic balance improvement of Experimental Group was
due to the progression of perturbation variations on different
level of intensity to prevent plateauing. The progressively
designed variations has challenged the proprioceptive input
and vestibular input of the subjects by pushing on the subjects’
shoulder with and without their knowledge which resulted in
different forms of physiological stress that induced different
neural and muscular adaptation (Lesinski et al., 2016).

In consequences, this finding has demonstrated that
proprioception is an important factor in maintaining
dynamic balance and sensing the position of limbs in space
when vestibular and visual aspects of balance component
is altered as proposed from a previous study by Irrgang
et al. (1994), the vestibular system itself functions as an
important apparatus that assists in maintaining the body
upright against force of gravity. Whereas the visual aspects
provide input to assist in balance control by counteracting
the effect of head movement and the proprioception aspect
receive inputs from the joints and surrounding structures
and receptors to provide sensation of limbs in spaced. All
these units must function optimally or dynamic balance will
be affected after the postural perturbation.

This is in agreement with Lee and Lim (2020), as
they trained Wushu players on trampoline to alter their
proprioception. Their intervention were improved the
dynamic balance of the subjects because of the repeated
sensory feedback and continuous exposure to perturbation.
In addition to that, the subjects were continuously challenged
their postural changes and center of gravity trajectory while
using trampoline. These things provided more challenging
environment to proprioceptive input and vestibular input.
By the rebounding nature of trampoline the vestibular input
were also challenged and altered during perturbation.

The improvement of dynamic balance in Experimental
Group is also due to the improved ability to maintain



Lee, A.C,, Sankaravel, M., & Chen, Z.X. (2023). The Effectiveness of Six Weeks Balance Training With Perturbation Intervention on
Enhancing Dynamic Balance of Basketball Player

dynamic balance in response to the balance disrupting
force by perturbation or external forces, since the human
body is not statically stable even during quiet double-limb
stance, the Central Nervous System is constantly making
adjustments to keep the center of mass over the base of
support (Han et al., 2009). In previous studies, it is suggested
that the Central Nervous System utilizes a “throw and catch”
pattern to generate joint torques on opposite sides of the joint
to maintain balance while standing. Henceforth, subjects
were required to maintain dynamic balance while resisting
against the balance disturbing force caused by the tension
in the elastic tubing perturbation which will impose an
accentuated neural training effect that can improve dynamic
balance ability (Loram & Lakie, 2002).

Meanwhile, the manipulation of proprioceptive input
and vestibular input through 31 combinations of variations is
believed to be able to enhance the sensitivity of sensorimotor
integration. Rapid sensorimotor integration from Central
Nervous System indicating one has excellent dynamicbalance
ability. As stated by Piegaro, A (Piegaro, 2003), a four weeks
balance training program is effective in improving dynamic
balance significantly. Consequently, this explained that six
weeks of balance training with perturbation is sufficient in
inducing significant improvement in the dynamic balance of
the experimental group in this study.

Furthermore, Cumps and colleagues (Cumps et al.,2007)
reported that an improvement in balance ability is essential
in reducing injury risk of basketball athletes. Therefore, when
the experimental group displayed significant improvement
in dynamic balance, it is a precursor in reduction of injury
risk during game contacts.

Implications of Study

Study finding may help to explain the importance of
dynamic balance on basketball players and other contact
sports that required good dynamic balance control to reduce
the risk of sustained lower extremities injuries. Therefore,
it is suggested that this balance training program with
perturbation can be considered to implement as one part
of training regime for contact sports, hoping to improve
dynamic balance of the players.

Conclusion and Recommendations

Dynamic balance ability is inversely proportional to risk
of sustained lower limb injury and is important in improving
sports performance in athletes especially basketball players.
The six weeks balance training with perturbation revealed
significantimprovement in dynamic balance of Experimental
Group. Hence, this intervention is essential for basketball
players to improve their dynamic balance. It is suggested
that this intervention could be modified or integrated into
a training program to further improve dynamic balance of
basketball players and other contact sports, indirectly, it may
help in reducing risk of injury.

Imminent research may include larger sample size
and longer intervention period. Stance variations and base
of support may change to foam mats, tilt boards, seesaw
apparatus such as tilting platforms and movable platforms to
provide more difficult and challenging proprioceptive input
and vestibular input. Intervention variations may design
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by considering the level of subject population and sports
specific in order to challenge dynamic balance ability.
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EQEKTUBHICTDb LLECTUTUXKHEBUX TPEHYBAHb HA 3BEPEXKEHHA
PIBHOBAI'N 3 IHTEPBEHLI,II7IH!(IM 11 30OBHIWHIM MOPYLWWEHHAM
Y NOKPALLEHHI ANHAMIYHOI PIBHOBAI'Y BACKETBOJICTIB

Ait Yy JTi'ABCPE, Moxancynmap Cankapasen' 5P, Ui Croen Yen?ABPE

"YuiBepcuret ocBitu imeni Cynrana Ingpica
“LlenTp ¢isiorepanii DBC
ABTOpPCHKMIT BKTAJ;: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip komtis

Pedepar. Crartst: 7 c., 4 Tabm., 2 puc., 22 mxepena.

IcTopisa muranna. Bigomo, 110 BCi BuaM criopTy BMMaraloTb JMHAMiyHOI piBHOBaryu, a 0COOMMBO KOHTAKTHI BUAM CIIOPTY,
TaKi sk 6acKkeTOOI, KM 3MYIIY€e TPaBIIiB IIPOXOANTH L[y HM3KY HOPYIIEeHb PiBHOBATY Ta 3ITKHEHb IIPOTATOM I'py. MeTOI0 11b0ro
mocmimKeHHA 6yno 3’AcyBaTy eeKTUBHICTD IIECTUTIDKHEBMX TPEHYBaHb Ha 30epeXXeHHs PiBHOBAry B yMOBax ii 30BHILIHBOTO
HOpYIICHHA B IOKpAalljeHHi [HaMi4HOI piBHOBaryu 6acKeTOOMICTIB.

Marepianu ta MeTogu. Y ZOCTifKEHHI Opanu y4acTh AecaTh 6ackeTOOMCTIB, sKi JOOpOBIIBHO mOropumcs ta 6ynu Bu-
HaJKOBUM YMHOM PO3IOJi/TIeH] Ha eKclepuMeHTanbHy rpyny (N=5) ta koHTponpHy rpymy (N=5). ExcriepuMeHTanbHa rpyma
OTpUMyBaJIa iHTepBeHLiHI 3axoy y $GOpMi IIeCTUTVIKHEBIX TPEHYBaHb Ha 30epeXXeHHs piBHOBAry B yMOBaXx ii 30BHILIHBOTO
MIOpPYLIeHHA NPOTATOM 3aranaoM 18 3aHATH, a KOHTPOJIbHA TPyIIa IPOJOBXYBajla 3BMYaliHi TpeHyBaHHA. [l/11 BUMiploBaHHA T10-
KasHMKIB IMHaMi4HOI piBHOBArM IIifj Yac MONepeSHbOTO Ta MifICYMKOBOIO TECTYBAaHHA B 000X IPYIIaxX BUKOPUCTOBYBA/IM TECT HA
36epe)xeHHs piBHOBAry Ha 6asi mijmorosoi mwiardopmu y popmi nitepu Y. Iy aHami3y pe3ynbTaTiB BUKOPUCTOBYBAIN t-KpUTepii
CrpIofieHTa [I/1s1 He3a/IeXXHUX BUOIPOK.

PesynpraTu. 3a pesyabraraMu TOCTiKEHHs OY/I0 BCTAHOB/ICHO, 1[0 IIOKa3HMKM AMHAMIYHOI PIBHOBArM B eKCIEPUMEHTAIb-
HiVl TPy Mic/A NPOXOIKeHHA 18 3aHATh Y paMKax iHTepBEeHLIIHMX 3aXO0/iB i3 30BHIIIHIM IOPYIIEHHAM PiBHOBAary CTaTUCTUYHO
3HAYYILO IOKPAIMIKCA 3a PiBHA H0ocTOBipHOCTI p=0,000, TOAI AK y KOHTPO/IbHII IPYIi CTATUCTUYIHO 3HAYYLIOrO MOKPALIeHHs
He CriocTepiranocs.
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BucHoOBKM. 3a pesyabTaTaMi LbOTO JOCTIIKEHHs 3p06/IeHO BICHOBOK, IO IIECTUTIDKHEBI TPeHYBaHHA Ha 30epe>KeHHs
piBHOBary B yMOBaX il 30BHIIIHBOrO MOPYLIEHHA € e(peKTUBHUMM /IS HOKPAIIeHH:A KOHTPOJIIO AMHAMIYHOI PiBHOBAru B 6acker-
6omicris. 1i iHTepBeHIiiHI 3aX0/1 MO>KHA 3MiHIOBaTY ab0 iHTErpyBaT O IPOrpaMi HEPBOBO-M A30BUX TPEHYBaHb i3 METOIO
HO/ja/IBIIIOTO OKPAIIeHHs AMHAMIYHOI piBHOBaru 6ackeTOOMCTIB, OTXKe, 3 il [JOIOMOT00 MOYKHA 3HU3UTHU PUSUKYU TPABMYBaHH:.
LIi inTepBeHLiliHi 3aX0y TaKOXX MOXKHA PEKOMEH/IyBaT! K PEXMM TPEHYBaHb I iHIIMX KOHTAKTHUX BUJIB CIOPTY, AKi BU-
MararxTb BiJMiHHOTO KOHTPOJIIO piBHOBAIu.
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Abstract

Study purpose. The study was conducted to examine the effects of Visual Motor Behavior Rehearsal (VMBR)
Training on sports anxiety and mental toughness of table tennis players after six weeks of the training.

Materials and methods. Fifty male state-level table tennis players within the age group of 17 to 23 years were selected
from Inspire Table Tennis Academy, Secunderabad, Telangana and divided randomly into two groups, the Control
and Main Groups, each one consisting of 25 subjects. The Main Group underwent VMBR Training for six weeks,
three times a week, and the Control Group was not involved in any kind of training program except for their daily
practice. Measurements of anxiety of all table tennis players with the use of Sports Anxiety Scale-2 (SAS-2) with three
dimensions which were somatic, worry and concentration disruption developed by Ronald E. Smith, Frank L. Smoll,
Sean P. Cumming, and Joel R. Grossbard in 2006 and Sports Mental Toughness Questionnaire (SMTQ) with three
dimensions which were confidence, consistency and control developed by Michael Sheard, Jim Golby, and Anna Van
Wersch in 2009 were taken at the beginning of and after the experimental period of six weeks.

Results. Significant effect was found in the Main Group at a significance level of 0.05 for dimensions which were
sports mental toughness and somatic, worry and concentration disruption from anxiety scale dimensions of table

tennis players.

Conclusions. The visualization and imagery has been used as an effective tool for enhancing performance. Visual-
Motor Behavior Rehearsal is a systematic psychological technique that helps table tennis players in overcoming

psychological factors.

Keywords: visual motor behavior rehearsal, sports anxiety scale, sports mental toughness.

Introduction

The definition of Cognitive anxiety is as “negative
expectations and cognitive concerns about oneself, the
situation at hand and potential consequences’, and somatic
anxiety defines as “one’s perceptions of the physiological
affective elements of the anxiety experience, that is,
indications of autonomic arousal and unpleasant feelings
states such as nervousness and tension” (Soundarapandiyan
Dhinakaran et al., 2020)

Visual Motor Behavioural Rehearsal serves as the
cornerstone of all programmed mental skill training in
applied sports psychology. The primary goals of VMBR

© Sharma, A., & Prasad, B.K., 2023.
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are to make players feel more confident and perform better
while also reducing stress, negative emotions, and anxious
thoughts (Singh & Bhowmik, 2020).

Cognitive restructuring strategy used in Cognitive
Behavioural Therapy assists athletes in locating the root of
their stress, comprehending their emotional reactions, and
empowering them to respond more positively. Players begin
to see challenges as opposed to dangers as a result, leading to
an increase in positive feelings and performance satisfaction
(Oelberger, 2020). The use of visualisation and imaging
as a method for improving performance has proven to be
successful. Visual-Motor Behaviour Rehearsal, however, is a
methodical psychological strategy that aids athletes from a
variety of sports in overcoming psychological challenges and
improving performance. The technique known as Visual-
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Motor Behaviour Rehearsal (VMBR) involves mentally
recording an event and playing it again piece by piece.
Technique improvement, mistake analysis and repair, and
completion preparation are all phases in VMR that help
athletes perform better. raise psychological thresholds and
skill development (Chauhan et al., 2020). The foundation of
VMBR is the idea that using imagination before doing a task
may make it simpler and more precise. It is also feasible to
achieve intellectual and physical feats by using imagination
in ways that go beyond what is achievable for athletes.
Through visualization exercises, VMBR training enables
athletes to become aware of their motor performance flaws,
which helps them to reduce errors and enhance performance
(Chaudhary, 2018). VMBR is proven as one of the methods
that can help novice learning process became faster and
more accurate. Combining VMBR training with physical
practice help in skill performance enhancement become
more efficient (Saari & Isa, 2018)

One of the most popular sports in the world is Table
Tennis. Table Tennis, which has been around for just over
a century, has steadily risen to become the seventh-largest
sport in the world (Jiangzhou et al., 2020). By concentrating
on high degrees of achievement, it is possible to comprehend
self-confidence in sports. According to scientists, self-assured
athletes are those that are both physically and intellectually
capable of using their current abilities to win (Ontiirk &
Asma, 2020)

Mental imagery can be defined as a “quasi-perceptual
experience” that “resembles perceptual experience, but
occurs in the absence of appropriate external stimuli”
(Nanay, 2021). It occurs regularly in everyday life, be it
while recalling past experiences, projecting ourselves into
the future, or picturing the path someone is explaining to
us. It should be emphasized that the term imagery refers
to more than just visual elements. When imagining spatial
relationships, motions of things and their components, and
spatial transformations such mental rotation, it is possible to
use object imaging, which involves perceiving the specifics
of particular items and situations in terms of shape, colour,
brightness, and texture (Blazhenkova, 2016).

Similar neural activity in the brain are triggered by
perception and imagery (Dijkstra et al., 2017). If we can
conjure up accurate mental representations, our brain will
respond as if we had actually seen that image (Maier et al.,
2021) similar brain regionsbecomeactive. Yet, the time course
and mechanisms with which imagery engages perceptual
networks remain to be better understood. An emerging
view holds that imagery and perception follow distinct
dynamics during early visual processing with similarities
arising only during later, high-level visual processing.
However, confounds of visual stimulation and paradigms
favoring observation of high-level processes associated with
subjective imagery strength may have precluded evidence of
earlier shared mechanisms. We therefore manipulated prior
knowledge that informs early-stage top-down predictions
and tracked electrophysiological brain responses while
fully controlling visual stimulation. Participants saw and
imagined objects associated with varying amounts of
semantic knowledge. Imagery and perception were equally
influenced by knowledge at an early stage (P1 component).
Additionally, research indicates a link between vividness of
images and perception in the visual regions. These findings
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suggest that improving visual perception is necessary to
enhance imagery’s vividness (Dijkstra etal.,2017). It is likely
that by enhancing our perception in the visual domains, we
will be able to execute imaging better.

In a sporting context, imaging has been defined as the
mental state in which athletes envision themselves as they
prepare for a task or work to enhance performance. Both
deliberate and unintentional recall processes can result
in imagery, which is when a person perceives an image
or experiences a movement as an image without really
witnessing the real thing. In this setting, imagery has a key
role in enhancing motor task performance (Di Corrado et
al,, 2014)

On the basis of reviews related to literatures, available
research findings, and researchers own understanding, it was
hypothesized that there would be a significant improvement
in selected psychological dimensions of state level male Table
Tennis players after the 6 weeks Visual Motor Behaviour
rehearsal training programme.

Therefore, an investigation into the effects of training
in Visual Motor Behaviour Rehearsal was conducted in
this study on selected psychological dimensions of sports
anxiety that were somatic anxiety, worry and concentration
disruption and mental toughness dimensions that were
confidence, consistency, control. Through some previous
studies on Visual Motor Behaviour Rehearsal training it, it
was observed that, the intervention was conducted among
athletes with a majority of team sports like Hockey, Football,
Handball and closed skill sports where the movements were
pre-defined like Archery (Saari & Isa, 2018). Considering
the inherent demands of such intense and emotional
activities, racket sports place a special emphasis on the
mental component of performance (Cece et al., 2020)
athletes, parents. The researchers thought to conduct Visual
Motor Behaviour Rehearsal training to examine its effect on
selected psychological dimensions of Table Tennis players.

Material and methods

Study participants

To attain the purpose of the study, 50 male Table Tennis
player of state level were selected as subjects from Inspire
Table Tennis Academy, Secunderabad (Telengana). The
age of the subjects was ranged between 17 to 23 years. For
administration feasibility two intact groups were formed,
one was Control Group and second group was Main Group.

Study organization

On the basis of the available literature, the age group 17-
23 wasselected on the basis of few researches which suggested
for the application of cognitive intervention or psychological
skill training to the subjects. In a study where 20 male
players were selected age ranging from 17-23 years from
LNIPE, Gwalior for the application of VMBR training, the
result was found that there was significant difference found
in sports competition anxiety of treatment group is less
than control group with a 4 weeks of training (Ashish et al.,
2017). As per the findings of the related research studies,
variables selected for the present study were Somatic anxiety,
Worry and Concentration disruption under Sports anxiety
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and Confidence, Consistency and Control under Mental
Toughness.

Research design used for this study was Pre-Test Post-
Test randomized group Design.

Training protocols:

1. Control Group:

The participants of the Control Group undertook only
regular Table Tennis practice.

2. Main Group:

Fig. 1. Main Group players giving responses to the questionnaires

The participants of the Main Group went through the
Visual motor Behaviour rehearsal training programme. This
was scheduled for three days (Monday, Wednesday and
Friday) per week in the morning between 6.30 a.m. to 7:10
a.m. for six weeks. The visual motor Behaviour rehearsal
training programs consisted of warm up for 5-8 minutes
of stretching and jogging. In evening they went for their
regular Table Tennis practice.

The training protocol of Visual Motor Behaviour
Rehearsal Training (Cox, 2012) involves the following
procedure:

A: Phase 1- Players of Main Group takes part in the
Progressive muscle relaxation technique that involved
systematically tensing and relaxing specific muscle groups
in a predetermined order of forehead and scalp, neck and
shoulder, upper chest, thighs and calves for 5-8 minutes.

Figure 2 Main group players experiencing VMBR Training
session
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B: Phase 2- Players of Main Group takes part in the
Visual presentation of game related contents like motivation,
skills, technique and matches shown with help of projector
for the duration of 5 to 7 Minutes. Then they were instructed
to step into Visualization to recreate the mental image and
see every detail through successful visualization for 5 to 7
minutes.

C: Phase 3- Players of Main Group takes part through
Imagery technique, whatever they had seen during
second phase, they reconnected the skills with their own
involving somatic sensations, sound of audience, colleagues’
motivation, sights and emotions which they had experienced
during actual game conditions for 5 to 8 minutes.

Theabove specified information canalso be implemented
with the reproduction of training by others researchers/
followers with slide modification in the frequency and
duration of the technique. As the present training schedule
was set on the basis of supportive literatures available on the
previous conducted studies, (Singh & Bhowmik, 2020). The
results are likely to be approximately same if conducted with
same procedure with the similar age group among male table
tennis players.

The tools used for the purpose of the study to examine
Sports Anxiety, (SAS-2) Sports Anxiety Scale-2 with an al-
pha coefficient for the Somatic, Worry, and Concentration
Disruption scales were 0.89, 0.91 and 0.84, respectively, and
the total score alpha was 0.91. Thus, the SAS-2 exhibits ac-
ceptable internal consistency (Smith et al., 2006, p. 2) devel-
oped by Ronald E. Smith, Frank L. Smoll, Sean P. Cumming,
and Joel R. Grossbard with 15 statements on a 4 point likert
scale anchored by Not at all, A Little Bit, Pretty Much, Very
Much was used. To examine Mental Toughness, (SMTQ)
Sports Mental Toughness Questionnaire with Cronbach’s
alpha showed acceptable internal consistency for each of the
three factors: Confidence = 0.80, Constancy = 0.74 and Con-
trol = 0.71. Constancy, and Control developed by Michael
Sheard, Jim Golby, and Anna Van Wersch with 14 statements
on a 4-point likert scale anchored by Very true, mostly true,
A Little true and not at all was used (Sheard et al., 2009).

Administration of the Test:

Players were instructed to fill the questionnaires with
their honesty and clearly understanding each statement.
They were also instructed to ask for any doubt if necessarily
required for the statement’s understanding. There was no
time limit to fill the questionnaires. The questionnaires were
filled twice, pre and post, i.e., before and after 6 weeks of
VMBR Training for both Control and Main Group of the
selected Table Tennis players.

Statistical Analysis

First, normality assumption of data was checked
by Shapiro-Wilk test, after that Levene’s test was used to
test the Homogeneity of Variances between experimental
and Control Group. The assumptions of normality and
homogeneity was not violated, thus parametric test was
implemented where data obtained from the Control and
Main Group, before and after the experimental period were
statistically analyzed with dependent ¢’ test with the help of
SPSS Version 20.

The study was conducted in accordance with the ethical
principles of the Helsinki Declaration for human research
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and was approved by the Research Ethics Committee of the
Lakshmibai National Institute of Physical Education.

Results

Table 1. Descriptive Statistics (Mean and Standard
Deviation) of Psychological Variables

T Control Group Main Group

Mean SD Mean SD

Pre-Confidence 1636 1.46 1692 1.35
Post-Confidence 16.52 150 17.32  1.60
Pre-Consistency 09.04 136 9.680 1.34
Post-Consistency 09.28 127 10.08 1.52
Pre-Control 09.12 145 0944 147
Post-Control 0944 135 0992 1.18
Pre-Somatic 11.84 1.28 11.68 1.51
Post-Somatic 11.80 1.41 11.04 1.36
Pre-Worry 1236 143 11.84 1.65
Post-Worry 11.80 1.35 1092 1.49
Pre-Concentration Disruption 1044  1.55 10.96 1.61
Post-Concentration Disruption  10.76 ~ 1.56  10.28  1.30

Table 1 showed the descriptive statistics (mean and
standard deviation) of Control Group and Main Group
before 6 week of training and after 6 week of training on
selected psychological variables (Confidence, Consistency,
Control, Somatic Anxiety, Worry and Concentration
Disruption).

Table 2. Dependent sample t-test of Anxiety and Mental
Toughness between Control and Main Group of Table
Tennis players

Control Group Main Group
Variables
t- Value p-Value t-Value p-Value

Confidence 0.778 444 1.852 .076
Consistency 0.901 376 1.922 .067
Control 1.034 311 2.071 .049
Somatic 0.101 921 2.268 .033
Worry 1.593 124 3.016 .006
Concentration 0.902 .376 2.652 .014
Disruption

Table 2 showed the inferential statistics (dependent t-
test) of Control Group and Main Group before 6 week of
training and after 6 week of training on selected psycho-
logical variables (Confidence, Consistency, Control, Somatic
Anxiety, Worry, and Concentration Disruption). No sig-
nificant effect was found among players of Control Group
at 0.05 level of significance. Significant effect was found in
Main Group for Control, Somatic Anxiety, Worry and Con-
centration Disruption from sports mental toughness and
anxiety scale dimensions of Table Tennis players at 0.05 level
of significance. It also showed that, there was No significant
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effect found in Main Group for Confidence and Consistency
from sports mental toughness dimensions at 0.05 level of
significance.

Discussion

Table Tennis is an example of an open skill sport
where it is challenging to manage a player's emotions and
where anxiety and negative thoughts are swiftly elevated
(Martinent & Decret, 2015). Table Tennis is one of the most
challenging sports for an athlete to constantly perform at
their best. Martinent and Decret (2015) discovered that
the psychological variables most reflected in Table Tennis
include self-confidence, optimistic thinking, and the
capacity to relax and manage emotions. The mental skills
capable of satisfying psychological needs can make Table
Tennis student-athletes mentally tough. The dynamic link
that exists among the skills calls sports practitioners to be
judicious in developing mental toughness (Maranan &
Lopez, 2021).

The present study evaluated the effect of six (6) weeks
Visual Motor Behaviour Rehearsal training to examine its
effect on Anxiety and Mental Toughness of Table Tennis
players. To achieve the purpose of the study dependent t-test
was applied. As per the previous studies that were conducted
with more frequency and duration of the VMBR Training
has shown significant effect on psychological variables con-
ducted with 8 and 12 weeks of training as well (Chaudhary,
2018; Choudhary et al., 2018; Saari & Isa, 2018; Singh &
Bhowmik, 2020). In a research study, which was conducted
on Table Tennis players, where 20 male players were selected
age ranging from 17-23 years from LNIPE, Gwalior for the
application of VMBR training, the result was found that
there was significant difference found in sports competition
anxiety of training group is less than control group with a
4 weeks of training (Ashish et al., 2017). Considering Table
Tennis as an open skill sport, it was necessary to conduct the
training with other psychological dimensions such as men-
tal toughness, to check whether 6 weeks of VMBR Training
could be beneficial to the dimensions of anxiety and mental
toughness or not. Visual Motor Behaviour Rehearsal has its
origin in the techniques used in Behaviour therapy, which
rely upon imagery and visualization rehearsal for anxiety
reduction. Desensitization and anxiety management train-
ing both being with relaxation training, followed by im-
agery related to anxiety to phobic situations. The goal of
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each is to train the client to be in anxiety related settings but
with the, achievement of a relaxed, rather than anxiety state.
In essence, these Behaviour therapies emphasize retraining
of emotional aspects of situations (Chauhan et al., 2020)
Visual-Motor Behaviour Rehearsal research initially grew
from case study illustration to more recent sophisticated
research design. Visual-Motor Behaviour Rehearsal train-
ing contributes to the enhancement of sports performance
across a wide variety of different sports, besides its approach
to mental practice seems to require the synergistic involve-
ment to both relaxation and mental imagery. A significant
decrease in sports competition anxiety was also observed
for Visual-Motor Behaviour Rehearsal Group (Alrahamneh
& Elbokai, 2011). A study of the effects of Visual Motor Be-
haviour Rehearsal on athletes with special needs where 63
male and female athletes of national team age ranging from
20 to 35 years participated in the study. Based on a pre as-
sessment of subject’s anxiety and self-control the subjects
were the assigned to experimental conditions. Visual Motor
Behaviour Rehearsal post-assessment data for experimental
performance was analyzed by means of two groups. Pre- to
post-assessment data indicated that the Main Group had
a significant main effect, indicating a significant improve-
ment in self-concept and low anxiety (Alrahamneh & El-
bokai, 2011). The Effectiveness of Visual-Motor Behaviour
Rehearsal (VMBR) to Reduce the Anxiety and to Improve
Self Concept for Athletes with Special Needs. The VMBR
includes imagery and breathing techniques that also allowed
participants to significantly affect several of the dependent
variables' subfactors of Mental Toughness. The belief that
visual-motor behaviour rehearsal improves self-confidence,
emotions, negative thoughts, and primarily anxiety of the
players can be used to explain the marginally significant im-
provement. Participants are taught breathing techniques as a
relaxation technique, which helps the players stay calm and
react to situations positively and to remain calm under pres-
sure. Negative energy control helps to ignore the negative
thought, and distraction helps to refocus attention (Singh &
Bhowmik, 2020). Psychology skill-training programme has
positive impact on the performance of national Table Tennis
players (Lim et al., 2018).

In the present study, there was no significant difference
seen in other dimensions like Confidence and Consistency
from Mental Toughness to enhance these parameters. The
reason may be due to the fact that the duration, i.e., 6 weeks,
as well as frequency wasn't sufficient, or with just a fraction
of score, i.e., with 0.026 for confidence and 0.017 for consis-
tency which was above 0.05, it was found insignificant at 0.05
level of significance. The reason may be due to the fact that
the participants were required with more consistent seri-
ous account in training session and the duration specifically
considering the dimensions of confidence and consistency.
But still, it’s also a debatable matter of fact for showing in-
significant with very less score considering the sample size
which was taken in the Main Group. In fact, according to
a research, it was stated that in order to attain significant
improvement in self-confidence, subjects attended 24 ses-
sions of self-talk and imagery training under psychological
skill training to get significant effect in self-confidence (Hey-
dari et al., 2018). The proven effectiveness if provided with
the continuation of third slice after 6 weeks with one more
post-test, the result may vary and could have a possibility of
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getting significant effect among all the selected psychologi-
cal variables. The study could also be conducted on playing
ability and other psychological dimensions of Table Tennis
players to reach performance effects based on the interven-
tion technique.

Conclusion

The study gives us an understanding of various
psychological components that affect performance.
Previous literature also indicated that the visualization and
imagery has been used as an effective tool for enhancing
performance. However, Visual-Motor Behaviour Rehearsal
is a systematic psychological technique helps Table Tennis
players in overcoming psychological factors. VMBR
(Visual-Motor Behaviour Rehearsal) involves replaying
an event step by step based on a mental video. The steps
of Visual Motor Behaviour Rehearsal that contribute to
improved performance are; Technique enhancement,
error analysis & correction, preparation for completion
improve psychological parameters. Thus, future research
could be undertaken with a long duration to understand
the effectiveness of Visual Motor Behaviour Rehearsal on
psychological parameters and applied as per the athlete’s
requirement, thus helping an athlete to enhance his/
her performance and improve psychological parameters.
Research has shown mental toughness and anxiety have
significant impact through cognitive intervention technique.
More research is needed to understand the relationship
between cognitive intervention with players’ ages anxiety
and mental toughness, gender differences in anxiety and
mental toughness, individual versus team sports, and sexual
diversity in anxiety and mental toughness.
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BNANB TPEHYBAHHA HABUYKU BMPI HA MCUXONOTI4YHI ACNEKTHU
TPUBOTU TA NCUXIYHOI BUTPUBANIOCTI TPABLIB Y HACTUUIbHUI TEHIC

HaB M , bpi i
Apnas Illapma'*®°PE, Bpimx Kimope ITpacap'A¢
'Hanionanbamit incTuTyT ismuHOro BuxopaHH: iMeHi Jlakmmi baii

ABTOpPCHKMIT BRI A — am3aiis gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E — 36ip komtis

Pedepar. Crarsi: 7 c., 2 Tabi., 3 puc., 24 mxepena.

Mera gocnimkenHs. Lle gocmimkenHs 6yo mpoBeeHe /st BUBYEHHS BIUIMBY TPEHYBaHHS HABMYKY Bi3ya/bHO-MOTOPHOI
penerunii noseginku (BMPII) Ha cHOpTUBHY TPUBOTY Ta IICUXiYHY BUTPUBAICTb I'PaBLiB y HACTI/IBHUIT TEHIC MiC/IA IeCTH TUXK-
HiB TaKOTO TPEHYBaHHA.

Marepianu Ta MeTogu. [ yaacTi B ocifpkenHi 6ynu BifjibpaHi I ATAECAT rpaBLiB y HACTI/IBHUII TEHIC lep>KaBHOTO PiBHSA
40710Bi40i cTari y BiKoBiit rpymi Bif 17 fo 23 pokis 3 Akafemil HacTinbHOTO Tenicy «IHcmarte», micro CekyHpaepaban, wrar Teman-
rana (IHpisg), i po3pineHi BUIafKOBMM YMHOM Ha JBi TPYyIN, KOHTPOJIbHY Ta OCHOBHY, KOKHA 3 AKUX CK/Iafja/acs 3 25 yYaCHUKIB.
OcHoBHa rpyma npoxopguia TpenysanHss BMPII mpotsrom mecty TIOKHIB, TpUYi Ha TVOKIEHD, @ KOHTPOJIbHA I'PyIla He Opara
y4acTi B YKOfIHiil Tporpami TpeHyBaHb, OKPiM CBOIX NMOBCAKJEHHMX BIIpaB. BuMipioBaHHA TPUBOXKHOCTI BCiX I'PaBLIiB y HACTi/b-
Huit TeHic 3a gornomoroo [Mkamn Crioprusnoi Tpusorn-2 (SAS-2) i3 TppoMa acrieKTaMu, AKUMHU Oy/Ii COMaTHYHMI KOMIIOHEHT,
3aHEIIOKOEHH Ta IIOPYLIEHH KOHLeHTpalii, podpobnenoi Ponanbnom E. Cymitom, Pperkom JI. Cymomnnom, llonom I1. Kamminrom
i xoen P. Ipoccbapp y 2006 poui, Ta OnuTyBanbHMKa Ha IPefMET CIIOPTUBHOI IICHXivHOI cTifikocTi (SMTQ) i3 Tppoma acrek-
TaMM, AKUMU Oy/IU BIIEBHEHICTb, MOCTIIOBHICTD 1 KOHTPOIIb, po3pobnenoro Marikiaom Illeappom, [xumom Tonbi Ta AHHOIO Ban
Bepu y 2009 poui, poBofyIN Ha IIOYATKY Ta Mic/iA 3aBePLIEHH eKCIIePMMEHTaIbHOTO IIepiofly TPMBAIICTIO WICTh TV KHIB.

PesynpraTi. CTaTiCTMYHO 3HAYyIUIT BIUIMB Oy/I0 BCTAHOB/ICHO B OCHOBHII rpymi Ha piBHI 3Hauymiocti 0,05 /s Takmx
aCIIeKTiB, K CIOPTUBHA IICMXiYHAa BUTPUBAMICTh i COMAaTMYHMII KOMIIOHEHT, 3aHEIIOKOEHHA Ta IOPYIIE€HHA KOHIIEHTpalil, 3a
acIleKTaMy IIKa/Iy TPUBOXKHOCTI IPaBLiB Y HACTi/IbHMII TEHIC.

BucHoBku. Bisyarizaliis Ta yaBineHHA 00pa3iB Oyiu BUKOPUCTaHI AK eeKTUBHUI IHCTPYMEHT /1A MiABUIIIeHH:A IIOKa3HMKIB.
BisyanpHO-MOTOpHA peneTnIiis NOBENiHKM — Ile CMCTEMaTUYHa IICMXOJIOTiYHA TEXHiKa, AKa JIOIIOMAara€ rpaBlisAM y HaCTiIbHUI
TEeHiC JOMaTy IICUXOIOTiYHI YMHHUKA.
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Abstract

The study purpose was to prove the effect of acute moderate-intensity endurance and strength exercise on increasing

IL-6 levels in obese females.

Materials and methods. A total of 21 obese women aged 20-25 years were recruited from among university students
and given two modes of acute exercise intervention, namely moderate-intensity endurance and strength exercise
carried out for 35 minutes/session. Subjects were divided randomly into three groups, namely K, (control group
without intervention; n = 7), K, (Acute moderate-intensity endurance exercise; n = 7), K; (Acute moderate-intensity
strength exercise; n = 7). ELISA was used to analyze serum IL-6 levels before and after exercise. The data analysis
technique used the One-way ANOVA test and continued with the Tukey HSD post-hoc test with a significance level

of 5%.

Results. The results of the One-way ANOVA test showed that there was a significant difference between serum IL-6
levels after exercise and delta (A) in the three groups (p < 0.01). The results of the Tukey HSD post-hoc test showed
that there was a significant difference between serum IL-6 levels after exercise and delta (A) at K; with K; (p < 0.01),
K; with K, (p < 0.01), while there was no significant difference in serum IL-6 levels (p > 0.05) at K, with K.
Conclusions. Overall, our study concluded that 35 min/session of acute moderate-intensity strength exercise was
effective in increasing anti-inflammatory cytokines, such as IL-6, in obese females.

Keywords: endurance exercise, anti-inflammatory, cytokines, obesity, strength exercise.

Introduction

Obesity is a health problems that occur in developed
and developing countries (Friedman, 2009). Currently,
around 13% of the adult population worldwide was obese
in 2016 and the prevalence rate has almost tripled from
1975 to 2016 (WHO, 2021). The trend of obesity prevalence
continues, it is estimated that by 2030 20% of the world’s
adult population will be obese (Kelly et al., 2008). The
increase in the prevalence of obesity is directly proportional
to the increases in morbidity and mortality worldwide
(Abdelaal et al., 2017; Hruby & Hu, 2015). It is because
obesity risk of chronic disease morbidities, like disability,
depression, diabetes mellitus, hypertension, kidney failure,
cardiovascular disease, and several types of cancer (Piché
et al., 2020; Hruby & Hu, 2015; Friedman, 2009), so it can
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reduce the quality of life of obese people (Ogden et al., 2014;
Hotamisligil, 2006), and increase the risk of death (Abdelaal
etal., 2017; Hruby & Hu, 2015).

Obesity is a condition of increased accumulation of
excess fat that can interfere with health (Panuganti et al,,
2022). Increased adipose tissue can induce increased pro-
inflammatory cytokine secretion and result in the initiation
of low-grade chronic inflammation (Petersen & Pedersen,
2005; Ellulu et al., 2017; Zatterale et al., 2020). Increased
pro-inflammatory cytokines are associated with metabolic
dysfunction and glucose homeostasis (Raman et al., 2018).
Exercisecanbeused asphysical therapyinimproving systemic
metabolic disorders caused by obesity in peripheral tissues,
including muscle, liver (Starkie et al., 2003; Pereira et al.,
2017), and central nervous system, including hypothalamus
(Ropelle et al., 2010). Besides that, exercise can as will be
used to maintain homeostasis of pro and anti-inflammatory
cytokines (Docherty et al., 2022; Ross et al., 2021).
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Exercise performed acutely has a positive effect on
inhibiting the development of chronic disease through the
post-exercise inflammatory response (Kramer & Goodyear,
2007). One of the inflammatory responses that increase
post-exercise is muscle interleukin-6 (IL-6) levels (Fischer,
2006; Pedersen & Febbraio, 2008). Muscle IL-6 levels
increase up to 100-fold during exercise and decrease rapidly
after exercise (Docherty et al., 2022). The magnitude of the
increase in muscle IL-6 levels during exercise depends on the
mode of exercise, intensity of exercise, duration of exercise,
and capacity of exercise in each individual (Ostrowski et
al. 1999; Febbraio & Pedersen, 2002; Mendham et al.,
2011). The American College of Sports Medicine (ACSM)
explain that appropriate exercise doses can improve
several health-promoting parameters, such as decreased
systemic inflammation, by decreasing the secretion of
proinflammatory cytokines (Garber et al., 2011; Theodorou
et al., 2016; Dieli-Conwright, 2018).

Exercise has an anti-inflammatory effect by increasing the
secretion of IL-6 in muscle to stimulate increased secretion of
IL-10 (Starkie etal., 2003; Ropelle et al., 2010) hence inhibiting
pro-inflammatory secretion, like TNF-a (Docherty et al.,
2022). However, several studies reported inconsistent results
(increase, decrease or no significant change) in IL-6 levels
following moderate-intensity exercise (Mendham et al., 2011;
Dimitrov et al., 2017; Windsor et al., 2018; Andarianto et al.,
2022; Sugiharto et al., 2022). Factors that might influence the
inconsistency of results at the IL-6 level, namely differences
in exercise mode, exercise intensity, and duration of exercise
(Fischer et al., 2006; Nindl et al., 2009; Mendham et al., 2011;
Hennigar et al., 2017; Cerqueira et al., 2020; Andarianto et al.,
2022). Therefore, the aim of this study was to prove the effect
of acute moderate-intensity endurance and strength exercise
on increasing IL-6 levels in obese females.

Materials and Methods

Research design

The design of this research is a randomized pretest-
posttest control group design. A total of 21 obese female
with inclusion criteria aged 20-25 years, body mass index
(BMI) 27-35 kg/m?, normal blood pressure, normal resting
heart rate, normal oxygen saturation (SpO,), normal fasting
blood glucose (FBG), and normal hemoglobin (Hb) were
recruited from among students and randomly divided
into three groups, namely K, (n = 7, control group without
intervention), K, (n =7, acute moderate-intensity endurance
exercise), dan K; (n = 7, acute moderate-intensity strength
exercise). The Health Research Ethics Commission, Faculty
of Medicine, Airlangga University, Surabaya has reviewed
and approved all these research procedures with the
registration number: 284/EC/KEPK/FKUA/2021.

Endurance and strength exercise program

The exercise program implemented in this study used
two different exercise modes, namely endurance and strength
exercise. Endurance exercise is running on a treadmill with an
intensity of 60-70% HRmax for 35 minutes (Rejeki etal., 2022).
Strength exercise was carried out using gym equipment with
an intensity of 60-70% 1-RM which was carried out for 5 sets
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@12-15 reps and active rest between sets of 30 seconds. The
exercise method used in strength exercise is circuit exercise
which is divided into 2 (upper body and lower body). Upper
body include, chest press, shoulder press, and tricep push-
down, while lower body include leg extension, leg press, and
leg curls. Warming up and cooling down out for 5 minutes
each (Rejeki et al., 2022; Rejeki et al., 2021).

Anti-inflammatory cytokine measurement

Analysis of IL-6 levels before and after exercise was car-
ried out using the ELISA kit (Catalog Number: E-EL-H6156;
Elabscience, Inc., USA) method with a sensitivity level of
0.94 pg/mL and detection range 1.56-100 pg/mL.

Statistical analysis

The data in tables 1-2 are shown with mean + SD. Paired
Sample T-Test was applied to evaluate differences in serum
IL-6 levels between before and after exercise in each group,
while the One-way ANOVA test and Tukey’s HSD post-hoc
test were used to determine differences in levels intergroup
serum IL-6. The level of significance applied in the statistical
analysis used p < 0.05. SPSS software versi 21.0 was used in
the overall statistical analysis.

Results

Baseline data on the characteristics of study subjects
between groups can be seen in Table 1.

The results of the One-way ANOVA test showed was
no significant difference in the mean baseline data for the
characteristics of study subjects between groups (p = 0.05).

Table 1. The results of descriptive statistical analysis of the
characteristics of research subjects

Parameter K, (n=7) K, (n=7) K; (n=7) p-value
Age (years) 22.14+1.68 21.29+1.50 21.71+1.38 0.584
BW (kg) 76.88+6.42 74.39+7.07 74.88+£8.35  0.799
BH (m) 1.58+0.06 1.57£0.07 1.55£0.07 0.566
BMI (kg/m?)  30.56+3.36 30.22+2.52  30.98+2.90  0.890
M (kg) 33.32+5.74 32.77+4.51 33.33£4.62 0.971
FM (%) 40.57£5.36  43.90+2.36  44.46%+3.47 0.164
FMI (kg/m?) 12.89+£2.51 13.32+1.79  13.9242.33  0.691
FFM (kg) 44.67+£2.47 41.63£2.95 41.55£5.13  0.226
FFMI (kg/m?) 17.82+1.17 16.90+0.90  17.22+0.96  0.257
SMM (kg) 20.11£1.36  18.52+1.45 20.08%£5.30  0.590
SBP (mmHg) 114.00+7.35 109.72+9.23 114.29+10.27 0.579
DBP (mmHg) 76.86+7.38 77.86%8.19  82.14+8.53  0.443
RHR (bpm) 76.86x10.90 76.86+£5.18  82.29+8.26  0.400
SpO2 (%) 98.26+0.49 98.00+0.82  98.00+1.15 0.777
FBG (mg/dL) 89.00+6.16 93.43t4.24  90.00+6.81  0.352
Hb (g/dL) 15.19£1.73  15.23+1.33  15.79+1.43  0.712

Description: Data are presented with mean + SD. One-way
ANOVA test was used to obtain the p-value.
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Table 2. Results of analysis of mean serum IL-6 levels between groups

IL-6 (pg/mL)

Period of Time p-value
K, (n=7) K, (n=7) K; (n=7)
Before exercise 246.06£99.59 276.07+146.83 257.26£75.71 0.879
After exercise 263.33+127.32 327.67+61.16 527.89+122.03*t 0.001
Delta (A) 17.27+122.25 51.60+138.85 270.63+144.85*t 0.005

Description: Data are presented with mean + SD. One-way ANOVA test and followed by Tukey’s HSD post-hoc test was used to obtain
the p-value. (*) Significant with K1 (p < 0.01). (t) Significant with K2 (p < 0.05).

800+
* 3 Before execise
E After exercise
600
=
E
2 400-
2
=
2004
0 T T T
K,y K, K,

Fig. 1. The results of the analysis of IL-6 levels between before and
after exercise intervention. Description: Data are presented with
mean * SD. Paired Sample T-Test was used to obtain the p-value.

(*) Significant with before exercise (p < 0.01).

The analysis of the mean serum IL-6 levels between before
and after endurance and strength exercise are presented in
Figure 1.

The results of the Paired Sample T-Test showed was
significant difference mean serum IL-6 levels between before
and after exercise at K; (p < 0.01), whereas at K, and K,
there was no significant increase (p = 0.05). The results of
the analysis of the mean serum IL-6 levels based on the time
period presented in Table 2.

Based on the One-way ANOVA test, there was no
significant difference in the mean serum IL-6 levels before
exercise (p 2 0.05), while after exercise and delta (A) showed
a significant difference (p <0.01). The Tukey’s HSD post-hoc
test showed was a significant difference in the mean serum
IL-6 levels after exercise between K; and K, (p=0.001), K,
with K, (p=0.007), while K, and K, did not show a significant
difference (p=0.516). The results of Tukey’s HSD post-hoc
test showed was a significant difference in mean delta (A)
serum IL-6 levels between K; and K, (p=0.007), K, and
K, (p=0.019), while K, and K, did not show a significant
difference (p=0.516).

Discussion

The aim of this study was to prove the effect of acute
moderate-intensity endurance and strength exercise on in-
creasing IL-6 levels in obese females. The results showed that
strength exercise significantly increased serum IL-6 levels,
while endurance exercise did not show a significant. Griffen
etal. (2021) reported that markers of systemic inflammation
decreased after strength versus endurance exercise. Another
study revealed that serum IL-6 levels were higher in strength
exercise compared to endurances (Sabag et al., 2017). Do-
cherty et al. (2022) in their research explained that strength
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exercise can increase muscle-derived (myokine), such as IL-6
which can help regulate anti-inflammatory responses. IL-6
can act as a pro-inflammatory and anti-inflammatory cyto-
kine (Nara & Watanabe, 2021). Exercise has complex benefits
for the body (Ruegsegger & Booth, 2018). This is because ex-
ercise involves not only skeletal muscle contraction but also
systemic activity of the respiratory and circulatory systems
(Nara & Watanabe, 2021). During exercise, muscle contrac-
tion increase so that it can stimulate myocytes to produce the
myokines involved in autocrine regulation of metabolism in
muscles as well as in paracrine/endocrine regulation of other
organs and tissues, including the brain, liver, and adipose
tissue through their receptors (Lee & Jun, 2019; Pedersen,
2019; Carson, 2017). This is one of the pleiotropic functions
of IL-6 in various tissues and organs (Muioz-Cénoves, et
al,, 2013). Muscles that move during exercise create stress-
ors and secrete myokines, such as IL-6 (Lira et al., 2017).
Increased IL-6 triggers the release of anti-inflammatory cy-
tokines that will balance inflammation after exercise (Abd
El-Kader & Al-Shreef, 2018). Muscle contraction will trigger
the hypothalamic—pituitary-adrenal axis (HPA-axis) to be
active so that cortisol levels (Bonato et al., 2017), and potent
anti-inflammatory hormones in the blood increase (Ruijters
etal., 2016). Muscle contractions also trigger activation of the
sympathetic nervous system to increase catecholamine levels.
Catecholamines can suppress the production of lipopolysac-
charide (LPS) producing TNF-a and IL-1p (Gleeson et al.,
2011), thereby reducing levels of pro-inflammatory cytokines
(Cerqueira et al., 2020; Gleeson et al., 2011).

Obesity is the accumulation of excess fat in adipose tissue
that can interfere with health (Panuganti et al., 2022). Obesity
can be caused by an imbalance between caloric intake and
long-term energy expenditure (Fan & Evans, 2017; Hruby &
Hu, 2015). In addition, lifestyle, unhealthy eating patterns,
and lack of physical activity can also trigger obesity (Rejeki
et al,, 2021; Sugiharto et al., 2022; Kim et al., 2015). Lifestyle
modification recommended in obesity management (Gadde
etal., 2018). Controlling energy expenditure and energy intake
is one of the main mechanisms in regulating energy balance
(Sugiharto et al.,, 2021; Gadde et al., 2018). Exercise can be
used as an effective method of increasing energy expenditure,
so exercise can be used as physical therapy in overcoming
and preventing obesity (Rejeki et al., 2021, Sugiharto et al.,
2021; Tsuchiya et al., 2014; Wiklund, 2016). Acute exercise
can trigger an increase in the release of IL-6 (Andarianto et al.,
2022) to activate the extracellular signal-regulated kinase 1/2
(ERK1/2) pathway, leading to increased lipolysis in visceral
fat (Yang et al., 2020). Continuous increase in lipolysis can
suppress adipose cell proliferation, resulting in a decrease in
visceral fat tissue (Wedell-Neergaard et al., 2019). In addition,
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exercise is suspected to have an anti-inflammatory effect by
increasing the secretion of IL-6 to stimulate an increase in IL-
10 secretion (Starkie et al., 2003; Ropelle et al., 2010), so that it
will inhibit the secretion of pro-inflammatory, such as TNF-a
which will have an impact on reducing chronic systemic
inflammation (Docherty et al., 2022; Ellingsgaard et al., 2019).

IL-6 is one of the most popular myokines being
discussed in several previous studies (Zunner et al,
2022; Karstoft & Pedersen, 2016; Pedersen & Febbraio,
2012). IL-6 has a dual role namely, it can act as a pro-
inflammatory cytokine, and act as an anti-inflammatory
when released by contracting muscles (Zunner et al., 2022;
Pedersen & Febbraio, 2008). IL-6 has regenerative and
anti-inflammatory functions, especially when secreted by
skeletal muscle during exercise (Kistner et al., 2022; Fischer
2006). As an anti-inflammatory cytokine, IL-6 has been
reported to inhibit pro-inflammatory effects, like inhibiting
TNF-q, increasing M2 macrophage polarization, and insulin
sensitivity (Sindhu et al. 2015; Pedersen et al., 2001; Mauer
et al,, 2014). Increased levels of IL-6 mediated by exercise
can reduce the risk of non-communicable diseases, such as
diabetes mellitus, cardiovascular disease, and some types of
cancer (Severinsen & Pedersen, 2020). This has proven that
exercise has many health benefits, one of which can improve
the body’s metabolism (Thyfault & Bergouignan, 2020).

The limitation of this study is the number of subjects
used in the study only amounted to 21 people, if the number
of subjects used was greater it could describe the condition
of obese women in Indonesia. This study did not observe the
molecular mechanisms involved in increasing serum IL-6
levels, so only the results of increasing serum IL-6 levels were
obtained without knowing the mechanism involved. During the
intervention period, the subjects were not quarantined, so we
could not control the activities of the research subjects in detail.

Conclusion

In general, it can be concluded that the 35 min/session
acute moderate-intensity strength exercise was effective in
increasing anti-inflammatory cytokines, like IL-6 in obese
female. This study can be used as a basis in the management
of preventing the increase in the prevalence of obesity and
as an effort to reduce the impact of morbidity, mortality and
improve the quality of life of obese.
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CUNOBI BMPABU CEPEQHbOI IHTEHCUBHOCTI I3 CUJIbHUM
OIBNYHUM HABAHTAXKEHHAM NIABULLYIOTb PIBEHDb
MPOTU3ANANIbHUX LUNTOKIHIB Y XKIHOK I3 OXKUPIHHAM

dancax Agima'*®?, ITypso Cpi Pemxexi'*®P, Jlinik XepaBati'A“P

"YuiBepcutet AtipraHra

ABTOpCHKIMIT BKIAJ: A — nu3aiiH gocnimpkenHs; B — 36ip ganux; C - cratananis; D - migrotoska pykormcy; E — 36ip komtis

Pedepar. Crartst: 7 c., 2 Tabi., 1 puc., 66 mxeper.

MeTo¥0 OCTimKeHH: 0y/I0 JOBECT BIUIMB CHIOBUX BIIPAB i3 Cu/IbHUM (isSMYHNM HaBaHTKEHHSM 1 BIIPaB Ha BUTPUBAICTD
cepeHbOi iHTEHCUBHOCTI Ha MiIBUILIeHHSA PiBHA iHTepIeliKiHy-6 (IL-6) y )KiHOK 3 OXXMPiHHAM.

Marepianu Ta MeTopm. /1714 y4acTi B focmimkeHHi 6y}1a 3ajlydeHa 3arajoM 21 >KiHKa 3 oXKupiHHAM BikoM 20-25 pOKiB 3i cTy-
IEHTOK YHIBepCUTETY, BOHU OTPMMAJIM [{BA PEKUMM iHTepBeHIil y GpopMi BIIpaB i3 CHIbHIM (Qi3NYHUM HaBaHTKEHH:AM, a caMe:
BIIPaBJ Ha BUTPUBAJICTD i CMJIOBI BIPaBM CEPEHbOI iHTEHCMBHOCTI, IKi BUKOHYBA/IMCSA IPOTATOM 35 XBU/IMH/3aHATTA. Y YaCHUIb
BUIIaJIKOBVM YMHOM PO3JIiINIIN Ha TP IpyIiy, a came: K, (koHTposbHa rpyma 6e3 intepsenii; n = 7), K, (BpaBu Ha BUTPUBATICTDb
i3 cupHUM Qi3MYIHNM HaBaHTAKEHHSIM CepelHbOI iHTeHcnBHOCTI; n = 7), K; (cnmoBi BripaBu i3 cunpHuM (isnvHNM HaBaHTa-
JKEHHAM CepelHbOI IHTeHCUBHOCTI; n = 7). [I/1st aHai3y piBHIB IHTEp/IeiKiHy-6 Y CHPOBATI /1O Ta Mic/IA BUKOHAHHSA BIIPaB BUKO-
pucroByBamu pepmeHTHMII iMyHOCOpOenTHMIT aHami3 (ELISA). Y MeTopuui aHasi3y faHUX BUKOPUCTOBYBAIM OFHO(DAKTOPHIMIT
IMCTIepCifiHMIT aHAIi3 i3 HACTYIIHUM PO3PaXyHKOM cepeHboro Thioki 3a ofiepsKaHMMM pe3ynbTaTaMM 3a PiBHA 3HAIYIIOCTi 5%.

PesynbraTu. Pesynpratu ofHO(GAaKTOPHOTO AMCIIEPCITHOTO aHaIi3y MOKasaay HAsSBHICTb CTATUCTUYHO 3HAUYYLIOl pisHMIN
MDK piBHSIMM iHTep/IeliKiHy-6 y cupoBarTLi Mic/s BUKOHAHHSA BIpaB Ta Aeabroio (A) y Tppox rpymax (p < 0,01). PesynbraTn pos-
PaxyHKy cepeinboro ThIoKi 3a ofiepKaHMMM pe3y/lbTaTaMM IT0Ka3aay HasBHICTb CTATUCTUYHO 3HAYYIOI PisHMII MK piBHAMMK
iHTepIIeliKiny-6 y cpOoBaTIi IIiC/Is1 BUKOHAHHS BIIPaB Ta #enbroio (A) y mapax K; 3 K, (p <0,01), K; 3 K, (p <0,01), Toai six y mapi
K, 3 K, craTucTuyHO 3Hauymol pisHUII MK piBHAMU iHTepIeiikiHy-6 y cupoBaTii He 6y7o (p = 0,05).

BucHoBKu. 3arasoM, Ha IiACTaBi pe3y/IbTaTiB HALIOTO JOCTIIKEHHs 6y/I0 3p06/IeHO BUCHOBOK, 110 CUJIOBI BIIPABM i3 CHJIb-
HUM (isVYHNMM HaBaHT)KEHHAM CepeIHbOI IHTEHCUBHOCTI 110 35 XBU/INH/3aHATTA Oynu eeKTUBHUMY JyIA HiBUIIEHHA PiBHA
MPOTU3ANAJIBHNX INUTOKiHIB, TAKMX AK iHTEpJ/IENKiH-0, Y )KiHOK 3 O)KMPiHHAM.
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Abstract

The study purpose was to prove the effectiveness of a plyometric jumping jack, countermovement jump, and tuck
jump training in increasing speed, strength, and limb muscle power in adolescent males.

Materials and methods. A total of 33 subjects from Santri Pondok Pesantren An-Nur 2 Al-Murtadlo Malang
Regency, males, aged 18-22 years voluntarily participated in the study. The subjects were divided into 3 intervention
groups, namely PJJ (n = 11, plyometric - jumping jacks), PCJ (n = 11, plyometric - countermovement jump), and
PTJ (n = 11, plyometric - tuck jump). Plyometric jumping jacks, countermovement jump, and tuck jump training
was conducted for 30 minutes/session, intensity 70-90% 1-RM, frequency 3x/week for 6 weeks. Measuring limb
muscle power used the Jump Meter Digital (MD) Test, measuring limb muscle strength used the Back & Leg
Dynamometer, and measuring speed used the 30 m running test. The data analysis technique used the Paired Sample

T-Test with a significance level of 5%.

Results. The results obtained were as follows: mean speed between pretest and posttest on PJJ (4.56+0.16 vs.
4.36%0.15 second, (p < 0.001)), PCJ (4.61£0.15 vs. 4.5440.14 second, (p < 0.001)), PTJ (4.55+0.19 vs. 4.48+0.18 second,
(p <0.001)), limb muscle strength between pretest and posttest in PJJ (111.45+18.94 vs. 139.27+20.23 kg, (p < 0.001)),
PCJ (117.73%21.03 vs. 129.55+19.24 kg, (p < 0.001)), PTJ (115.46+17.66 vs. 125.91+18.62 kg, (p < 0.001)), limb muscle
power between pretest and posttest in PJJ (422.86+34.61 vs. 493.12+49.24 joule, (p < 0.001)), PCJ (410.70+38.25 vs.
462.20+38.55 joule, (p < 0.001)), PTJ (404.20+45.63 vs. 441.78+46.90 joule, (p < 0.001)).

Conclusions. Based on the results of the study, it was concluded that plyometric jumping jacks, countermovement
jumps, and tuck jumps performed for 30 minutes/session, with an intensity of 70-90% 1-RM, frequency 3x/week for
6 weeks are effective in increasing limb muscle power, strength and speed.

Keywords: plyometric training, speed, limb muscle strength, limb muscle power.

Introduction

Plyometrics is one type of strength training that is
widely used in team and individual sports to improve sports
performance (Ramirez-delaCruz, et al., 2022; Davies et al.,
2015; Sammoud et al., 2019). Plyometrics involves multi-
joint movements (i.e., jumping, jumping, jumping) that
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utilize a stretch-shortening cycle, where muscles are rapidly
stretched (eccentric phase) and then immediately shortened
(concentric phase) (Marzouki etal., 2022; Ramirez- Campillo
etal,, 2018; Granacher et al., 2015). Plyometrics can improve
motor skills and body composition, such as optimizing bone
health and reducing fat mass when combined with a daily
training routine (Wang & Zhang, 2016).

To achieve good health conditions and good perfor-
mance in sports, having the good physical condition is a
major component (Malm et al., 2019). Physical condition is
the basis for achieving optimal skills (Adams et al., 2018).
Without good physical condition, it will be difficult to carry
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out an training program and attain skills. Physical condition
is one of the requirements to achieve achievement. Limb
muscles are an integral part of generating strength, so they
are an important component for athletes to express high
levels of strength in dynamic movements (power = Force
velocity) (Falch et al., 2022; Haff & Stone, 2015).

Strength training can induce neuromuscular adaptation,
withincreased sprint, and agility, in both adolescents and adults
(Hammami et al., 2018; Brito et al., 2014; Keiner et al., 2014).
Plyometric training usually involve stopping, starting, and
changing direction explosively. This movement isa component
that can help in developing agility (Miller et al. 2006; Craig
2004; Miller et al., 2001). Several studies have confirmed that
plyometrics can improve muscle strength and power, speed,
and agility (Slimani et al., 2016; Ramirez-Campillo et al., 2015;
Michailidis et al., 2013). Therefore, this study aims to prove the
effectiveness of a plyometric jumping jack, countermovement
jump, and tuck jump training in increasing speed, strength,
and limb muscle power in adolescent males.

Materials and Methods

Research design

This research is a quasi-experimental research design
with factorial designs. A total of 33 Santri Pondok Pesantren
An-Nur 2 Al-Murtadlo Malang Regency, males, aged 18-22
years, have a normal body mass index (19-24 kg/m?), blood
pressure (systolic and diastolic) normal (110/70-120/80
mmHg), normal resting heart rate (60-80 bpm), normal oxy-
gen saturation (Sp0O,)(95-100%) voluntarily participated in
the study. Subjects were divided into 3 intervention groups,
namely PJJ (n = 11, plyometric - jumping jacks), PCJ (n =11,
plyometric - countermovement jump), and PTJ (n = 11, ply-
ometric - tuck jump). Our research protocol complies with
the Helsinki World Medical Association Declaration on the
ethical conduct of research involving human subjects.

Study participants

Plyometric jumping jacks, countermovement jump, and
tuck jump training are conducted for 30 minutes/session,
intensity 70-90% 1-RM, frequency 3x/week for 6 weeks, so
the total training is 18 meetings. Warming up and cooling
down are each carried out for 5 minutes with an intensity of
50-60% HRmax (Sugiharto et al., 2022; Rejeki et al., 2022).
Heart rate monitoring during training using a polar heart rate
monitor (Polar H10 Bluetooth Heart Rate Sensor & Fitness
Tracker, Polar, Kempele, Finland) (Andarianto et al., 2022).

The data collection process was carried out by taking
anthropometric measurements which included height using
a Stadiometer (Seca Corporation, CHINO, California, USA)
(Rejeki et al., 2021), body weight using a digital scale (OMRON
HN-289, Osaka, JAPAN) (Sugiharto etal., 2022). The calculation
of body mass index (BMI) uses the formula of body weight (kg)
divided by height (m?*) (Raharjo et al., 2021). Blood pressure
(systolic and diastolic) was measured using an OMRON
Deluxe Model HEM-8712 BASIC digital blood pressure meter
(Puspodari et al., 2022). Measurement of limb muscle power
using the Jump Meter Digital (MD) Test, measuring limb
muscle strength using the Back & Leg Dynamometer, and
measuring speed using the 30 m running test. Measurements of
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speed, strength, and limb muscle power were carried out before
the intervention and after the last intervention for 6 weeks.

Statistical Analysis

The data analysis technique used the Statistical Package
for Social Science (SPSS) version 23 software. The normality
test used the Shapiro-Wilk test, while the homogeneity test
used the Levene Test. Different tests using Paired Sample
T-Test and One-way ANOVA then followed by Least
Significant Difference (LSD) post-hoc test. All statistical
analyzes used a significant level of 5%. All data displayed
Mean =+ Standard Deviation (SD).

Results

Based on the results of the One-way ANOVA analysis
showed that there was no significant difference in the
characteristics of the subjects between groups (p = 0.05).
The results of the analysis of the average speed, strength,
and limb muscle power between pretest and posttest in each
group is shown in Figure 1-3 below.
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Fig. 1. The results of the analysis of the average limb muscle
power between the pretest and posttest in the three groups.
Description: (*) Significantly different from the pretest
(p £0.001). Presentation of data with mean+SD. p-value obtained
by analysis of Paired Sample T-Test.
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Fig. 2. The results of the analysis of the average limb muscle
strength between the pretest and posttest in the three groups.
Description: (*) Significantly different from the pretest
(p £0.001). Presentation of data with mean+SD. p-value obtained
by analysis of Paired Sample T-Test.
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Fig. 3. The results of the analysis of the average speed between
the pretest and posttest in the three groups. Description: (*)
Significantly different from the pretest (p < 0.001). Presentation
of data with mean+SD. p-value obtained by analysis of Paired
Sample T-Test.

Based on the results of the Pearson’s Correlation
Coefficient Test analysis in Figure 4 shows a strong
correlation between limb muscle power and limb muscle
strength (r = 0.552, p-value=0.001) and speed (r = 0.516,
p-value=0.001) with a positive correlation direction.
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Fig. 4. Results of correlation analysis between limb muscle power
with limb muscle strength and speed. Description: p-value was
obtained by pearson’s correlation coeflicient test (p < 0.001).

Discussion

This study aims to prove the effectiveness of a plyometric
jumping jack, countermovement jump, and tuck jump
trainingonincreasing speed, strength,andlimb muscle power
in adolescent males. Based on the results of the study, it was
found that there was asignificantincreasein thelevel of speed,
strength, and limb muscle power after plyometric jumping
jack, countermovement jump, and tuck jump training. These
results are in line with the results of the meta-analysis by
Ramirez-Campillo et al. (2022) revealed a significant effect
of plyometric training on increasing muscle mass, total limb
muscle volume, thigh muscle volume, thigh circumference,
calf circumference, and muscle pennation angle without
intervention-related side effects and injuries. Results by Kim

Table 1. The characteristics of research subjects

Parameter PJJ (n=11) PCJ (n=11) PTJ (n=11) p-value
Age (yrs) 19.64+1.12 19.73+1.11 19.55+1.04 0.926
Body height (m) 1.66+0.05 1.64+0.03 1.65+0.06 0.395
Body weight (kg) 58.73+6.69 57.36%5.12 57.27£3.58 0.772
Body mass index (kg/m?) 21.19+1.37 21.43+1.65 20.85+0.73 0.582
Systolic blood pressure (mmHg) 115.64+3.56 114.36+7.71 115.55+4.37 0.834
Diastolic blood pressure (mmHg) 75.82+3.43 75.45+4.55 75.00+4.56 0.901
Resting heart rate (bpm) 63.91+£5.22 64.36+4.88 65.09+£5.96 0.874
Oxygen saturation (%) 97.36+1.43 97.18+1.54 97.09+1.58 0.912

Description: PJJ: Plyometric - jumping jacks; PCJ: Plyometric - countermovement jump; PTJ: Plyometric - tuck jump. Presentation of

data with mean+SD. p-value obtained by analysis of One-way ANOVA.

Table 2. Results of pre, post, delta (A) analysis of speed, strength, and limb muscle power in the three groups

Parameter PJJ (n=11) PCJ (n=11) PTJ (n=11) p-value
Pre-Speed (second) 4.56+0.16 4.61+0.15 4.55+0.19 0.636
Post-Speed (second) 4.36+0.15%F 4.54+0.14 4.48+0.18 0.038
A-Speed (second) -0.20+0.12*F -0.07+0.04 -0.06+0.02 0.000
Pre-Limb muscle strength (kg) 111.45+18.94 117.73421.03 115.46+17.66 0.744
Post-Limb muscle strength (kg) 139.27420.23 129.55+19.24 125.91+18.62 0.263
A-Limb muscle strength (kg) 27.82+7.63*F 11.82+6.34 10.46+5.59 0.000
Pre-Limb muscle power (joule) 422.86+34.61 410.70+38.25 404.20+45.63 0.542
Post-Limb muscle power (joule) 493.12+49.24* 462.20+38.55 441.78+46.90 0.039
A-Limb muscle power (joule) 70.26+24.83%+ 51.50+7.99*% 37.58+15.00 0.001

Description: (*) Significantly different from PCJ (p < 0.05). () Significantly different from PTJ (p < 0.05). p-value was obtained by One-
way ANOVA analysis and followed by Least Significant Difference (LSD) post-hoc test. Presentation of data with mean+SD.
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et al. (2022) showed that plyometric training for 8 weeks
had a positive impact on increasing physical fitness, such as
strength, agility, and muscle power, and reducing the risk of
muscle damage. Most of the previous studies discussed the
effects of plyometric training on adolescent athletes, such
as baseball, soccer, and basketball (Kim et al. 2022; Beato et
al., 2018; Arede et al., 2019). Marzouki et al. (2022) found
that a plyometric training program induces improvements
in physical fitness, which may have a transfer to health status
during childhood therefore, in this study we will discuss the
benefits of plyometric training on increasing speed, strength,
and leg muscle power and the benefits that will be obtained
in improving the quality of daily life in adolescents who are in
school. Regular physical exercise has a very positive impact
on the body (Pranoto et al., 2020), while a lack of physical
activity can cause a decrease in muscle mass (Distefano &
Goodpaster, 2018). Low muscle mass is associated with a
risk of cognitive impairment and dementia (Oudbier et al.
2022).

Plyometric training has been shown to improve strength,
speed, and agility performance (Hariyanto et al., 2022).
Plyometric training use a stretch-shortening cycle that
involves eccentric stretching to the muscle and is directly
followed by concentric contraction (Munshi et al., 2022).
Examples of plyometric training, such as explosive jumps,
hops, bounds, and skips (Morris et al., 2022). Plyometric
training shows that strength training under unstable
conditions results in a significant performance increase in a
measure of muscle strength, possibly due to higher muscle
activation when exercising on an unstable surface (Negra et
al,, 2017; Behm & Colado, 2013). There are as many strength
and conditioning programs as there are individual doctors
who develop programs. Rehabilitation programs have
changed dramatically over the last few years. Regardless
of program objectives, whether they are used in the final
phase of rehabilitation, for strength and conditioning, or
performance enhancement, plyometric training should
play an integral part in the program (Davies et al., 2015;
Chmielewski et al., 2006).

Plyometrics is a very popular form of physical
conditioning of healthy individuals which has been studied
extensively over the last few decades (Slimani et al., 2016).
Marzouki et al. (2022) explained that the application of a
four-week plyometric program during physical education
sessions instead of some physical education training led to
higher jumps, linear running speed, agility, balance, and
endurance than non-plyometric training among untrained
schoolchildren. In particular, short-distance sprinting
ability, agility, and vertical jump are discriminatory in terms
of elite and sub-elite youth soccer players (Aloui et al., 2022;
Reilly et al., 2000). In many courts and field sports such as
basketball, rugby, and football, elite versus sub-elite athletes
are characterized by better muscle strength and power,
balance, linear sprints, and reactive change of direction
(COD) appearance (Makhlouf et al., 2018; Asadi et al.,
2017). Regular physical activity and training can improve an
individual’s quality of life (for example, having more energy
reserves in muscles, better mood, feeling more relaxed,
sleeping more soundly, improving cognitive function, and
improving body metabolism) (Park & Park, 2022). Therefore,
plyometric training as a form of physical training has many
health benefits and regular plyometric training in this study
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has been shown to significantly increase limb muscle power,
limb muscle strength, and speed.

Conclusion

In general, our findings show that plyometric jumping
jacks, countermovement jumps, and tuck jumps performed
for 30 minutes/session, with an intensity of 70-90% 1-RM,
frequency 3x/week for 6 weeks is effective in increasing limb
muscle power, strength and speed. limb muscles, and speed.
However, jumping jacks plyometric training is more optimal
in increasing limb muscle power, limb muscle strength, and
speed compared to countermovement jump and tuck jump
plyometric training.
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Marepianu Ta MeTOgu. Y JOCII/PKEHH] JOOPOBIIBHO B35UINM y4aCThb 3arajioM 33 40j10BiKM BikoM 18-22 poKiB 31 cTyAeHTIB 1ep-
koBHoi mkomu Canrpi [Tongoxk [Mecanten, An-Hyp 2 Anb-Mypraio, pereHTcTBo Mananr (IHgoHesis). YyacHMUKIB po3ainmim Ha
3 excriepuMenTanbHi rpymu: PJJ (n = 11, mriomerpuka — crpubKm Ha Micui Horu pasoM, Horu HapisHo), PCJ (n = 11, miomeTprka
- cTpubok y Bucory 3 npucigy) ra PTJ (n = 11, mriomerpuka — CTpOOK y BUCOTY 3 MATATYBaHHAM KOJIiH 10 rpyfeit). TpeHyBaHHA
3 BUKOHAHHM CTPUOKIB Ha MiCIli HOTY pasoM, HOT'M Hapi3HO, CTpMOKA y BUCOTY 3 IIPUCIAY Ta cTpuOKA y BUCOTY 3 HIiATATYBaHHAM
KOJIiH 110 Tpyzielt mpoBofumy 10 30 XBU/INH/3aHATTA, 3 iHTeHcuBHIcTIO 70-90%, 1 IOBTOP MaKCUMYM, i3 9aCTOTOXO 3 pasy/TVDKEHb
HpOTAroM 6 TVOKHIB. [I/Is1 BUMIpIOBaHHS HOTY>KHOCTI M’513iB KiHIIIBOK BUKOPUCTOBYBa/IN L(POBIIT BUMIpIOBAaY BUCOTI CTPUOKA,
I/1s1 BUMIPIOBaHHS CIIU M 5A31B KiHIIIBOK BUKOPVCTOBYBA/IU AMHAMOMETP /IS CIIMHM Ta HIT, a Ji/IsI BUMIPIOBAHHS LIBUAKOCTI BU-
KopuctoByBau 6ir Ha 30 MeTpiB. Y MeTOAMI aHA/I3y JaHUX BUKOPUCTOBYBaM t-Kputepirt CThIOfieHTa /sl HapHUX BUOIpOK i3
piBHeM 3HauymocTi 5%.

Pesynpratn. Opiep>kaHi pe3ynbTaTu Oy/IM TaKMMU: TIOPiBHAHHA CepeHbOI IIBUAKOCTI MK pe3y/lIbTaTaMy HOIEPeFHbOrO Ta
nigcymkoBoro tectyBaHHs fist PJJ (4,56+0,16 mpotu 4,36+0,15 cexyuau, (p < 0,001)), PCJ (4,61+0,15 nmpotn 4,54+0,14 cexyHnmn,
(p £0,001)), PTJ (4,55+0,19 npotn 4,48+0,18 cexynmu, (p < 0,001)), cunu M’A3iB KiHIIBOK MK pesy/braTaMi ITONEPeIHbOTO Ta
nigcymkoBoro tectyBanHs B PJJ (111,45+18,94 mpotn 139,27+20,23 k1, (p < 0,001)), PCJ (117,73+21,03 mpotn 129,55+19,24 kr,
(p £0,001)), PTJ (115,46+17,66 nporu 125,91+18,62 k1, (p < 0,001)), IOTY>KHOCTI M’A3iB KiHIIIBOK MK pe3y/IbTaTaMy Ioliepe-
IHBOTO Ta IiICYyMKOBOTro TecTyBaHHs B PJJ (422,86+34,61 nporu 493,12+49,24 mxoyns, (p < 0,001)), PCJ (410,70+38,25 npotn
462,20+38,55 mxoyi, (p < 0,001)), PT] (404,20+45,63 mpotu 441,78+46,90 mxoyrs, (p < 0,001)).

Bucnosku. Ha mifcraBi pesynbraTiB gocmimKkeHHsa 6yn0 3p006JIEHO BMCHOBOK, IO ITIOMETPUYHI CTPMOKM Ha MIcCIii HOrM
PasoM, HOI'M Hapi3HO, CTPUOKM Y BMCOTY 3 IIPUCIAY Ta CTPMOKM y BUCOTY 3 IIATATYBaHHAM KOJIH [0 IPy/iell, AKi BUKOHYBa/IN IO
30 XBWINMH/3aHATTA 3 iHTeHCUBHICTIO 70-90%, 1 ITOBTOpP MaKCMMYM, i3 4aCTOTOIO 3 pa3u/TIDKAEHb MPOTATOM 6 TIDKHIB, € edek-
TUBHUMM J/Is1 301/IbIIIEHHS IIOTY>KHOCTI M 5I31B KiHI[iBOK, CV/IM Ta IIBUKOCTI.

KrouoBi cmoBa: mrioMeTpuyHi TpeHyBaHHSA, MIBUAKICTD, CUJIA M A3iB KiHIIiBOK, TOTYXXHICTb M’A3iB KiHIIiBOK.
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Abstract

Background. Physical inactivity is the fourth leading risk factor contributing to the rapid increase in global mortality.
The number is increasing in all sectors, with higher education institutions no exception. As university lecturers and
students’ issues related to health and well-being are becoming more prevalent, the need to engage more time in doing

physical activity becomes more important.

The purpose of this study is to estimate the current physical activity level of students and lecturers across faculties

and majors.

Materials and methods. A cross-sectional study was conducted among 2698 students and 355 lecturers in November
2021. They completed an online Global Physical Activity Questionnaire (GPAQ) and reported the number of days
and duration of activities they spent on studying or working, travelling, and recreational activities. All responses as

to the duration were converted from hours into METS. Statistical analysis and data entry was performed using SPSS

version 21.

Results. A significant difference was found in METs scores between lecturers and students in three majors:
Economics, Sports Science, and Science Education (p < 0.05). Other findings showed that the PA level among
students and lecturers was found in the moderate category, although the low level of physical activity was also higher.
Lack of physical activity is a major risk factor for non-communicable diseases and has a negative effect on the quality

of life and mental health.

Conclusions. Therefore, the university needs to carefully design policies and strategies to promote and enhance the
physical activity and well-being of students, lecturers, staff, and all people involved.

Keywords: physical fitness, METSs, lecturer, student, college.

Introduction

Previous studies have well-documented numerous
health benefits of physical activity (PA) and exercise, with
participation in moderate-intensity of physical activity on
a daily basis is proved to enhance both the physical (Lee,
Shiroma, Lobelo, Puska, Blair, Katzmarzyk, et al., 2012) and
mental health (Chu et al., 2014; Kim et al., 2012), besides
maintaining fitnesslevel toimprove quality oflife (Rodriguez-
Ferndndez & Ramos-Diaz, 2017). It is reiterated with a study
conducted by Elmagd (2016), which states that physical
activity and exercise can reduce anxiety and stress, increase

© Hariyanto, A., Mustar, Y.S., Sholikhah, A.M., Rusdiawan, A.,
Susanto, I.H., & Purnomo, M., 2023.
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self-confidence, sharpen brain memory and increase muscle
and bone strength. Regular physical activity is also found to
lower the risk of non-communicable diseases such as type 2
diabetes, cardiovascular diseases, musculoskeletal disorders,
prevent depression, and cancers (Anderson & Durstine,
2019; Harvey et al., 2018; Moore et al., 2016; Safi et al., 2021)
genders, and ethnicities. Most chronic disease deaths occur
in middle-to low-income countries but are also a significant
health problem in developed nations. Multiple chronic
diseases now affect children and adolescents as well as
adults. Being physically inactive is associated with increased
chronic disease risk. Global societies are being negatively
impacted by the increasing prevalence of chronic disease
which is directly related to rising healthcare expenditures,
workforce complications regarding attendance and
productivity, military personnel recruitment, and academic
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success. However, increased physical activity (PA. Despite
the many positive impacts of physical activity, nearly 60%
of the world’s population fails to meet the recommended
duration (Guthold et al., 2020; Rajappan et al., 2015; Van
Dyck et al., 2015), which is accumulated at least 150 minutes
of moderate to vigorous PA (MVPA) every week as suggested
by WHO (2020). Inadequate physical activity contributes to
the rapid-growing proportion of chronic diseases (WHO,
2009), which account for almost half the total global burden
of diseases (Mathers, 2020).

There is notable evidence reported the decreased
participation in physical activity through adolescence, and
this trend continues with the increase of age throughout
adulthood (Calestineetal.,2017).Inthe university setting, the
number of people who did not participate in regular physical
activity was also seen to rise (Calestine et al., 2017; Safi et
al,, 2021), with many undergraduate students (Alkhateeb
et al., 2019) and staffs (Fountaine et al., 2014) were found
to be inactive. A previous study conducted by Pengpid &
Peltzer (2021) on undergraduate students in 23 countries
found that 41.4% failed to meet the recommended physical
activity (PA) levels based on a thorough assessment of the
overall PA (Acebes-Sanchez et al., 2019). In compliance with
the findings, recent WHO reported that 15% of adults of
all types of jobs, including teachers in the South-East Asia
region, were not compliant with the WHO recommended
levels of PA (Uddin et al., 2017).

Previous studies provide several explanations that may
suggest why many students, teachers, and adults do not
actively engage in regular physical activity. For instance,
evidence suggests that “time availability” is the primary
barrier that prevents adults from fulfilling the recommended
guideline of physical activity (Brown et al., 2014; Edmunds
et al.,, 2013; Joseph et al., 2015), such as lack of free time
due to tight schedule at school or university or obligation
in social and family life (Kljajevi¢ et al., 2022). Long periods
of sedentary time has also been found to be the major cause
of the decline in physical activity among the university
community, especially during the pandemic situation as it led
them to be confined to their homes (Fountaine et al., 2014;
Legido-Quigley et al., 2020; Romero-Blanco et al., 2020).

Asuggestionfromapreviousstudyproposedthatresearch
must focus on the level of physical activityamongst staffin the
workplaces who are likely being overlooked (Jackson et al.,
2014). However, despite of the suggestion, only a few studies
have focused on students and employees within the higher
education sector, especially the college or university (Safi et
al., 2021). Most of the previous research mainly focused on
PA levels of one specific university member and classified
them as a homogeneous group. Whereas, due to the cultural
differences across departments or majors, it is essential to
know that a university has a diverse range of members or
communities with its own characteristics. Therefore, this
study was conducted to measure and evaluate the current
level of physical activity amongst the university community.

Materials and methods

Study participants

This study used a cross-sectional design with 2698 uni-
versity students and 355 lecturers across seven faculties,

50

one postgraduate program, and one vocational program at
Universitas Negeri Surabaya involved as participants. Study
inclusion criteria common to both samples included: (1)
current enrolment as an active undergraduate student or
an active lecturer at the university, based on data retrieved
from Republic of Indonesia’s Higher Education Database
(PDDIKTTI); (2) completing a self-administered question-
naire comprised of a number of measures during November
2021.

The study was conducted in accordance with the ethical
principles of the Helsinki Declaration for human research
and was approved by the Research Ethics Committee of the
Universitas Negeri Surabaya.

Study organization

The online survey comprised of two sections which
assessed subjective characteristics of participants and a
structured questionnaire modified from the WHO Global
Physical Activity Questionnaire (GPAQ) that has been
translated into Indonesian, to measure the level of physical
activity. Respondents were asked to report the number
of days and duration of activities spent on studying or
working, transporting, and leisure or recreational activities,
comprising of 16 items in total and 1 question on sedentary
behaviour. Participants were excluded if data pertaining to
each item of GPAQ was not reported. MET-minutes/week
METs or Metabolic Equivalents were used to express the
intensity of physical activity and were also used for the
analysis of the GPAQ data. The level of PA was then classified
into three categories: (a) low PA (METs value less than 600);
(b) moderate PA (METs value 600 — 3000); and (c) high PA
(METs value more than 3000) (Uddin et al., 2017).

Statistical analysis

All statistical tests were carried out using SPSS 21 for
Windows. The standard univariate statistic was used to de-
scribe the study population; means and standard deviation
were used for continuous variables, while frequency and
percentage were used for categorical variables. The differ-
ence in the characteristic of participants was analysed us-
ing Chi-Square. Mann-Whitney test was conducted to de-
termine the difference in and the level of physical activity
between students and lecturers. In all instances, the level of
significance was set at p < 0.05.

Results

This research aimed to measure the level of physical
activity of lecturers and university students across majors
and programs. Most of the student participants were female
(71.39%) with average bodyweight, height, and BMI was
54.65+11.00 kg, 159.25+7.00 cm, and 22.08 + 5.55kg/m?,
respectively. While the majority of lecturer participants
comprised of male (52.68%), with an average of age
was 48.99+102.28 years and had higher bodyweight
(69.25+15.74 kg), height (161.55 + 13.14 cm), as well as
BMI (34.52 + 5.38 kg/m?) compared to the students. In terms
of BMI, most of the students had normal BMI (58,82%),
while almost half of the lecturers had BMI in the overweight
category (42.82%). Both students and lecturers in all majors
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and programs did physical activity at least once a week, did
not smoke, had a moderate level of PA, and only a few of
them had NCD’s comorbid (Table 1).

Mann Whitney test shows that age (p = 0.001),
bodyweight (p = 0.023), body mass index (p = 0.015), and
METSs score (p = 0.011) were significantly different between
students and lecturers. Analysis of categorical data using the
Chi-Square test shows that only the frequency of physical
activity in a week differs statistically (p = 0.047).

The MET values of lecturers and students across
different majors and study programs based on the results of
the GPAQ questionnaire. Students from the Sports Science
major had the highest METs scores, 3922.61 minutes/
week and students from Vocational programs had the
lowest level of METs (918.48 minutes/week). Meanwhile,
the lecturers obtained the highest and lowest MET scores
from Vocational programs and Social Sciences and Law

Table 1. Socio-demography characteristic of study participants

majors with a score of 1753.20 and 895.50 minutes/week.
Furthermore, to determine the difference between the METs
scores of lecturers and students in each major and program,
a different test was carried out using the Mann Whitney as
the data was not normally distributed (Figure 1).

Table 2 presents there was a significant difference in
the METs scores between lecturers and students in three
majors, which were Economics, Sports Science, and Science
Education (p < 0.05). The percentage of physical activity
level category was then calculated based on the METs values.
The results are presented in the figure below.

The majority of respondents had moderate physical
activity levels with a percentage of 45.0% for students and
52% for lecturers. The second-largest percentage is in the low
category for both lecturers and students. Then the smallest
percentage is in the high category for both the lecturers and
students. It shows that the academic community’s overall

Characteristics Student Lecturer P (sig)
Gender (n, %)
Male 772 (28.61) 187 (52.68) 0.214
Female 1926 (71.39) 168 (47.32)
Age (year; mean + SD) 20.41 +3.41 48.99 +102.28 0.001*
Bodyweight (kg; mean + SD) 54.65 + 11.00 69.25+15.74 0.023*
Height (cm; mean + SD) 159.25 £ 7.00 161.55 £ 13.14 0.156
Body mass index (BMI) (kg/m? mean + SD) 22.08 +5.55 34.52 +5.38 0.015*
BMI category (n, %)
Underweight 588 (21.79) 9(2.54)
Normal 1587 (58.82) 147 (41.41)
Overweight 383 (14.20) 152 (42.82)
Obese 140 (5.19) 47 (13.24) 0.412
Frequency of PA (n, %)
Never 456 (16.90) 43 (12.11)
Once a week 1036 (38.40) 117 (32.96)
Twice a week 520 (19.27) 73 (20.56)
Three times a week 331 (12.27) 60 (16.90)
Almost everyday 255 (13.16) 62 (17.46) 0.047**
Levels of PA (n, %)
Low 1109 (41.10) 132 (37.18)
Moderate 1214 (45.00) 185 (52.11)
Vigorous 375 (13.90) 38 (10.70) 0.360
METs (min/week, mean + SD) 1612.81 + 542.21 1178.0 + 694.54 0.011*
Smoking status (n, %)
Yes 965 (35.77) 95 (26.76)
No 1733 (64.23) 260 (73.24) 0.214
Present of NCD (n, %)
Hypertension 49 (1.82) 23 (6.48)
Hypotension 196 (7.26) 11 (3.10)
Asthma 83 (3.08) 5(1.41)
Diabetes mellitus type II 25(0.93) 7 (1.97)
Vision disorder 99 (3.67) 16 (4.51)
Osteoporosis 10 (0.37) 40 (11.27)
Others 481 (17.83) 45 (12.68)
None 1755 (65.05) 208 (58.59) 0.335

*significantly different using Mann Whitney (p<0.05); **significantly different using Chi-Square test (p<0.05)
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Vocational Program

1753,20

Postgraduate Program 1632,81

Mathematics and Natural Sciences

Social Sciences and Law 1234,00

1124,49
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Science Education
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Economics o3 671322 7
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Fig. 1. The results of the MET scores of lecturers and students across different majors and programs

Table 2. Differences in METs between lecturers and Discussion

students across majors/programs

There is a lack of research that comprehensively assesses

the PA levels for students and lecturers in all majors and

Major / Program n Mean+SD P (sig)
Lecturer =58 1199.53 + 1531.37
Engineering 0.946
Student = 436  1444.38 + 2002.68
Lecturer =50 1172.37 £1308.26
Languages and Arts 0.757
Student =289  1302.66 +1833.73
Lecturer =43  1322.72 +1345.29
Economics 0.023*
Student = 195 973.69 +1318.17
Lecturer =53 1710.88 + 1474.63
Sports Science 0.000*
Student =292  3922.61 + 3594.54
Lecturer =65 1476.14 + 1640.34
Education 0.011*
Student = 861 1124.49 + 1606.07
Social Sciences and  Lecturer =24  895.50 + 721.08 0.714
Law Student =227 1234.00 +2393.47
Mathematics and Lecturer =42  970.39 + 969.84 0.977
Natural Sciences Student = 189  1128.35 + 1307.38
Postgraduate Lecturer =5 936.00 + 545.97 0.836
Program Student=87  1632.81 +2072.53

Vocational Program

Lecturer = 15

Student = 122

918.48 £ 1234.13
1753.20 + 2197.25

programs at the University, especially in Indonesia.
Identifying particular populations such as students and
lecturers is very interesting because they are a specific
and busy population with a regular timetable who spend
most of their time studying and teaching for lecturers
during their weekdays (Arias-Palencia et al., 2015). This
present study has several noteworthy findings that could
be highlighted. In general, the level of physical activity of
students and lecturers was mainly in the moderate category.
However, the category of low physical activity level was also
in high percentage. These findings showed that the level of
physical activity of all participants in general still tends to

60%

~— @._Moderate; 52%
50% \
Modk ra\te; 45%

40%

30%

20%

High; 14%

10% © High; 11%

*significantly different using the Mann Whitney test (p<0.05)

physical activity tends to be at a moderate level, as seen from

the percentage of categories (Figure 2).

0%
0 0,5 1 1,5 2 2,5 3 3,5

—@—Student —@— Lecture

Fig. 2. The physical activity level of students and lecturer
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be low. Low physical activity is a major risk factor for many
adverse health conditions (Lee, Shiroma, Lobelo, Puska,
Blair, & Katzmarzyk, 2012), especially the world’s major
non-communicable diseases, and has a negative effect on
the quality of life and mental health (Guthold et al., 2018).
Physical activity is one way to prevent and reduce the risk
of non-communicable diseases such as obesity (Ekelund et
al., 2016), which is the prevalence continues to increase due
to changing lifestyles with technological advances and the
increasingly widespread use of machines, thereby reducing
a persons physical activity (Peyman et al., 2018; Safi et al.,
2021).

In conformity with the METs scores obtained from the
participants, students of the Sports Science major got the
highest average METs scores. This is also conformable with
findings reported by Alkatan et al., (2021) which is shown
that the PA level among physical education college students
in Kuwait was relatively high. It is due to the lecture process,
students are taught to exercise and do physical activities.
They demonstrate the lecture material by doing sports
activities so that their physical activity is high enough to have
an average MET of 3922.61 minutes per week. Besides, many
Sports Science students are collegiate student-athletes who
are still active or former athletes who joined many sports
clubs. Hence, their participation in sports activities is greater
than their peers in other majors’ (Gayles & Hu, 2009).

Additionally, during the learning activities, both
lecturers and students of Sports Science are mainly involved
in discussions or interactive dialogues about the importance
of sports, physical activity, and a healthy lifestyle. Therefore,
Sport Science students tend to have better sports literacy
and physical activity (Bulqini et al., 2021). With good
physical literacy, students will have the results of motor
skills, environmental context, and a broader affective social
learning process. Students who receive physical education-
related courses at college or university are more likely to
exhibit positive social life perceptions and have a better-
coping stress mechanism (Beaudoin et al., 2018; Choi et al,,
2021). Good physical and health literacy also plays a role in
positive health behaviours (Cairney et al., 2019; Klinker et
al., 2020; Zhang et al., 2021), as stated by a previous study
that health literacy enables people to build their knowledge,
skills, and potential to make positive behavioural changes.
Improving health literacy is more likely to lead to sustainable
behaviour change given that lower levels of health literacy
are associated with poorer health outcomes (Visscher et al.,
2018) and academic performance (Bulqini et al., 2021).

Based on the findings, lecturers’ METs scores tend to be
lower than students’ (see Table 1 and Figure 1). One of many
possible reasons that could explain this finding was related to
age. Sun etal. (2013) stated in their research that older people
tend to have lower levels of physical activity than young
people. While the lecturers may be more knowledgeable
about the health benefits of physical activity, it does not
mean that their knowledge will always equate to action.
Time availability, fatigue, motivation, and the increased
use of technology are some of the barriers applicable to
this population (Whipple et al., 2008). Time availability
that lecturers specifically allocate to their works appears to
cause a major impact upon the declining engagement of
physical activity on a daily basis (da Silva et al., 2018). It was
reiterated by other studies which reported that adults across
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workplaces spent as much as 60% - 70% of their waking
time to work, with more than 75% of it being sedentary
(Edge et al., 2017; Headley et al., 2018; Waters et al., 2016),
which is most of their time is engaged in prolonged sitting
(Mustar et al., 2021). Several cross-sectional studies reported
that the increase in sedentary activity at work was linked
to lower productivity (Puig-Ribera et al., 2015) and fatigue
(Rosenkranz et al., 2020). Therefore, it is suggested that the
university should implement appropriate interventions to
increase physical activity, especially for the lecturers and
staff, to ensure they are provided with opportunities to stay
active during working hours (Safi et al., 2021) and increase
their work performance.

Being an academic includes a busy work schedule
and a long duration of scientific activities. Because of this,
lecturers are pushed into being more physically inactive and
spend more time sitting (Cinar & Bavli, 2014). Nevertheless,
the present study found that the lecturers working in the
Vocational and Sport Science program had the highest METs
score. There is a need for more studies to discuss this finding,
but some explanations that may elucidate this finding are
that Vocational and Sport Science programs comprise more
practical teaching that urges both lecturers and students to
actively move rather than just sit. It is in agreement with
a previous study which indicated that teachers who teach
practical courses or lectures tend to be more physically
active and spend more time doing leisure physical activity
compared to other peers (Bogaert et al., 2014; Erick &
Smith, 2011). However, a more detailed analysis regarding
the relationship between physical activity level and teaching
subject area is needed to confirm this finding.

Despite revealing the results that impact physical
activity levels in both lecturers and students, this present
study has some limitations that can be highlighted. First, the
data collected through GPAQ and self-reported methods are
prone to human error, such as overestimating or vice versa.
Nonetheless, this can be prevented by using tools to monitor
PA, such as accelerometers, so that the results obtained
can be more accurate. Second, the limitation of this study
included the use of a convenience sample that was limited to
only students and lecturers who filled out the questionnaire.
Geographic location and the lack of variability of the socio-
demographic factors would also limit the ability to generalize
the findings to other populations.

Conclusions

Most of the students and lecturers had a low level of PA,
with the highest METs was found in students coming from
Sport Science majors and lecturers working in Vocational
programs. Findings from this study led as the reference in
developed strategies and policies aimed at promoting and
improving physical activity and the welfare of the university
community. Furthermore, the university needs to advocate
and motivate the academic community to increase awareness
of a healthy lifestyle, mainly engaging in light physical
activity during working days to maintain health, fitness,
well-being, and quality of life. Additional population-based
studies, preferably longitudinal studies with representative
samples from state and private universities and objective
measurement of physical activity, are needed to understand
the factors associated with physical activity in the university
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community, particularly among students and lecturers
who spent most of their time with students and lecturers at
university.
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IcTopisa mutanna. BigcyTHicTb isnYHOI aKTUBHOCTI € YeTBEPTUM MPOBIAHNM (aKTOPOM PUBMKY, IO CIIPUSE MIBUAKOMY
3POCTaHHIO I7106aIbHOI cMepTHOCTI. 114 KiZbKiCTbh 3pocTae B ycix ceKTopax, i 3akiajy BUIIOL OCBITI He € BMHATKOM. OCKibKu
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KOPUCTaHHIM IpOorpaMHoro 3abesmnedenss SPSS Bepcis 21.
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Abstract

The purpose of this study was to determine the conditions and the relationship between body mass index (BMI),

physical activity, and physical fitness.

Materials and methods. This type of research was a cross-sectional study which was an observational study that

analyzes data with predetermined variables and respondents. The number of respondents was 191 elementary school
students in Kecamatan Ploso, Kabupaten Jombang, East Java, Indonesia. BMI was calculated by dividing weight in
kilograms (kg) by height in meters squared (m?), measurement of physical fitness used 20-meter Multi-Stage Fitness
Test (MSFT) test, whilst physical activity test used a Physical Activity Questionnaire for Older Children (PAQ-C).
The data analysis used the Pearson product-moment model using SPSS version 21.0 with a significance level of 5%.
Results. The correlation analysis results in this study indicate that there was a positive correlation between BMI and
physical activity (r=0.176; p-value=0.015), BMI and physical fitness (r=0.151; p-value=0.037), and physical activity

and physical fitness (r=0.142; p-value=0.049).

Conclusions. Based on the study results, it was showed that there was a positive correlation in each variable (body

mass index, physical activity, and physical fitness).

Keywords: physical activity, physical fitness, body mass index, elementary school students.

Introduction

Physical activity is said to be an activity carried
out by every human being described in daily life so as to
produce a muscle reaction that can increase the energy
expended including sports activities (Rejeki et al., 2021).
When moving actively and regularly with a low to high
intensity pattern used will have an impact on the body in
removing calories in the body (Sugiharto et al., 2022). Each
individual is different in the level of physical activity carried
out because it is influenced by gender, nutrition and also
socio-economic status, can benefit for physical and social
health when children do physical activity and are well
documented (Janssen & LeBlanc, 2010; Lubans et al., 2016),

© Maarif, I, Nurhasan, Suroto, Setyawan, R., Basuki, Zen, M.Z.,
Prasetiyo, R., Saputra, Y.D., & Synthiawati, N.N., 2023.
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when children’s active participation in physical activity can
provide assistance to improve cognitive, emotional abilities,
build strong muscles and bones and can be protected from
several diseases and health (Hallal et al., 2006; Watson et
al., 2017). Therefore physical activity is very important for
elementary school children (Basuki et al., 2021).
Coronavirus Disease 2019 (COVID-19) pandemic and
restrictions on gatherings have led to online classes and their
impact on children’s physical activity restrictions — with an
increase in body weight and sedentary activities (Eugowska
et al., 2022). The COVID-19 pandemic has also limited
activities in schools, especially in the subjects of Physical
Education, Sports and Health. The objective of Physical
Education, Sport and Health subjects for elementary
school children is not only to develop physical abilities, but
also to develop intellectual, mental, social and emotional
dimensions. However, this goal is certainly experiencing
obstacles due to the COVID-19 pandemic in the world
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(Basuki et al., 2019). So that it also has an impact on the
cardiorespiratory condition of the child's fitness being less,
obesity has increased in all age groups, overweight and
low fitness are interrelated so that it has an impact on low
physical activity (Dencker et al.,, 2006). When obesity in
children later in life there is an increase it has a negative
impact on health (Freedman et al., 2001). To lead a healthy
life children must be able to increase movement activities
to identify changes in overall fitness and get used to doing
physical activity to show positive effects in home and family
based activities (Brown et al., 2017).

Physical activity provides benefits for elementary school-
aged children by increasing physical activity accompanied
by healthy food, so that it can overcome health problems
that have been developing in the community and show that
physical activity as a tool to reduce obesity, as parents should
also be able to know when at home that children’s fitness
must be maintained and keep moving so that the condition
of the body can still carry out daily activities. When a
children’s fitness level decreases, it will result in a child being
less mobile and obese, because good fitness is a picture of
good physical activity, fitness and obesity are always related
to gender (Li et al., 2008), so that every group including
health can provide a description of an activity based on age
and gender can reduce and be a solution to the problem of
childhood obesity.

Physical activity is important for children who are more
active and have better fitness than inactive ones (Aires et
al., 2011; Boddy et al,, 2012). Physical activity has a good
impact on improving fitness and is integrated into physical
activity. when children are active, the fitness condition will
be better than children who are not active. Children who
are involved in physical activity can help maintain their
appearance (Munoz-Vera et al., 2017). Each individual must
have the motivation and desire to be active on a regular basis,
but each individual must be able to maintain movement
activities effectively because they will definitely face various
things and challenges, each individual must have the skills,
knowledge, motivation to overcome these challenges. The
purpose of this study is how the condition of physical
activity, body mass index and physical fitness to get a picture
of the condition of children in elementary school.

Materiald and Methods

Study participants

A total of study pasticipants 191 elementary school
students in Kecamatan Ploso, Kabupaten Jombang, East
Java, Indonesia. This data collection has been approved
by teachers, parents and students as the basis for the code
of ethics in research and also respondents get directions
before conducting the research orally, respondents fill out a
willingness form to participate in this study and give sign a
statement to be willing as a respondent.

Study organization

This type of research was a cross-sectional study
which was an observational study that analyzes data with
predetermined variables and respondents. Body mass index
(BMI) was measured using standard norms by dividing the
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weight of the participant by his/her height in squared meters
(Gerver & de Bruin, 2001; Raharjo et al., 2021; Andarianto et
al., 2022; Sugiharto et al., 2022)and may not be appropriate
for the Chinese population. More data among Chinese are
needed to address this issue. We aimed to identify cut-
offs for body mass index (BMI, measurement of physical
fitness using 20-meter Multi-Stage Fitness Test (MSFT) test
(Sugiharto et al., 2022; Paradisis et al., 2014)and may not be
appropriate for the Chinese population. More data among
Chinese are needed to address this issue. We aimed to
identify cut-offs for body mass index (BMI, whilst physical
activity test used a Physical Activity Questionnaire for Older
Children (PAQ-C) (Kowalski et al., 1997; Kowalski et al.,
2004; Moore et al., 2007).

Statistic analysis

Statistic analysis used descriptive statistics, namely the
calculation of the mean, standard deviation to determine the
results of BMI, physical fitness, physical activity, for BMI and
fitness are calculated according to gender categories, after
that used Pearson product-moment model to determine
the correlation of each variable from BMI, physical activity,
fitness physical analysis was performed with SPSS version
21.0, and the significant level 5%.

Results

The results of measurements made to research
respondents regarding physical activity, physical fitness,
body mass index (BMI) can be shown as follows in Table 1
below. Based on Table 1, it shows that regarding physical
activity, physical fitness, BMI shows that the minimum
value for physical activity is 10.00 a maximum of 46.00,
the average is 31.09 and the standard deviation is 7.38. For
the minimum physical fitness value 18.50 maximum 38.50,
the average is 38.30 and the standard deviation is 38.0. For
a minimum BMI value is 11.50, a maximum of 30.20, an
average of 18.54 and a standard deviation of 3.59, based on
the values obtained can be seen in Table 1.

Based on Table 2, which explains the characteristics
of respondents with a total of 191 primary school student
respondents with male and female gender regarding physical
activity carried out in 1 week in a row that meets the very
less, less, moderate, high, very high categories.

Based on the Table 2, it can be seen about the physical
activity of elementary school student respondents based
on gender with very less categories 4, less 14, moderate
42, high 26, very high 3. While for women with very less
categories 4, less 17, moderate 51, high 24, very high 6. So
based on these data it is known that physical activity for
1 week is on average in the moderate category, it can be seen
from the calculation results, namely for male 42 students
and female 51 students.

In Table 3 explains the physical fitness condition of
elementary school students seen from 20-meter Multi-Stage
Fitness Test (MSFT) test, so that it can be seen that the data
about the categories are very less, less, moderate, good, very
good, very very good. The data obtained from male and
female respondents are as follows.

The Table 3 above shows that there were differences in
the results of the respondents’ physical fitness between men
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and women, which can be seen based on the gender of men
who get the number in the moderate category, namely the
number of 35 respondents, while for the physical fitness of
women it is in the less category with a total of 37 respondents.

Table 4 explains the condition of the body mass index
of elementary school students as seen from the calculation
of BMI (height and weight), so that it can be seen data
about the categories of respondents, namely thin, normal,
overweight, obesity. The data obtained from male and female
respondents are as follows.

The Table 4 above shows that the body mass index
of male respondents is in the thin category with a total of
56 respondents, while for female respondents it can be seen
thatitis in the normal category with a total of 50 respondents.

Based on the results of the Pearson correlation analysis
(Figure 1), it shows that there is a positive correlation between
BMI with physical activity (r=0.176; p-value=0.015), BMI
with physical fitness (r=0.151; p-value=0.037), physical
activity with physical fitness (r=0.142; p-value=0.049).

Table 1. Description of research variable data

Category n Min Max Mean SD
Physical activity 191 10.00 46.00 31.09 7.38
Physical Fitness 191 18.50 38.50 38.30 38.0
BMI 191 11.50 30.20 18.54 3.59

Table 2. Characteristics of physical activity respondents

Table 4. Characteristics of respondents BMI

Gender Category n Min Max Mean SD

Underweight 56 12.10 1840 1596 1.87

Man Normal weight 32 18.10 2540 21.10 1.86

Overweight 3 2730 2850 2796 0.61

Obesity 0  0.00 0.00 0.00 0.00

Underweight 47 1150 2390 1629 2.53

Woman Normal weight 50 16.80 32.80 21.34 2.60

Overweight 3 2610 29.80 2753 1.98

Obesity 0 0.00 0.00  0.00 0.00
Discussion

The study conducted on respondents from elementary
school students showed that the physical activity of boys
and girls showed a moderate category so that conditions at
school positively affected the fitness of boys, as seen from
the results of the data obtained in the moderate category for
girls in the category less even though the results are slightly
different from male respondents. Another important factor
impacting the risk of being overweight and obese is diet.
It was evident that regular food consumption by female
respondents shows a normal category so that the resulting

Gender Category n Min Max Mean Std. Deviation
Very less 4 14.30 16.80 15.67 1.10
Less 14 18.00 24.00 20.57 2.24
Man Moderate 42 24.00 34.00 29.35 2.35
High 26 35.00 44.00 37.50 2.80
Very high 3 46.00 46.80 46.43 0.40
Very less 13.20 17.50 15.37 1.93
Less 17 15.00 24.00 20.35 2.62
Woman Moderate 51 25.00 34.00 30.09 2.80
High 24 35.00 44.00 38.45 2.85
Very high 6 45.00 46.00 45.50 0.54
Table 3. Characteristics of physical fitness respondents
Gender Category n Min Max Mean Std. Deviation
Very less 16 27.50 38.30 31.24 4.16
Less 6 36.20 38.50 37.76 1.13
Moderate 35 34.80 39.80 38.87 0.82
Man Good 0 0.00 0.00 0.00 0.00
Very good 27 45.20 48.60 46.02 0.89
Very very good 0 0.00 0.00 0.00 0.00
Very less 34 18.50 24.90 21.45 2.04
Less 37 24.60 29.70 26.37 1.26
Moderate 36 31.10 35.70 33.03 1.14
Woman
Good 0 0.00 0.00 0.00 0.00
Very good 0 0.00 0.00 0.00 0.00
Very very good 0 0.00 0.00 0.00 0.00
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Fig. 1. Results of correlation analysis between body mass index,
physical activity, and physical fitness. Pearson correlation
coefficients (r) and p-values are shown in graph.

benefits increase in time for physical activity, while men
enter the thin category due to irregular eating patterns and
physical activity patterns because the portion of food intake
that enters the body was not a lot, even though food was
a source of energy to carry out activities. Although some
variables show categories that were not good, at the level
of a correlation, each variable illustrates that all variables
influence each other or there was a correlation.

Elementary school was a place where children can gain
knowledge about how to do physical activity which is an
important element in a healthy lifestyle (Messing et al.,
2019). High obesity rates and related diseases have made
physical activity promotion a politically relevant topic.
In order to form the basis for political decision making,
evidence is required regarding the efficacy and effectiveness
of interventions for physical activity promotion. In contrast
to previous research, this systematic review of reviews targets
three key settings (family and home, childcare, schoolln
addition, a less active lifestyle in moving should be reduced,
including playing mobile phones and watching television,
all of these activities are replaced by regular physical activity
because regular physical activity can be associated with a
healthy lifestyle. However, a small proportion of primary
school age really understand how to carry out daily activities
(Guthold et al., 2020).

Children’s physical activity carried out with high
intensity will have an impact on reducing the risk of being
overweight and obese, and increasing the composition of
physical fitness (Ng et al., 2019). This impact can be seen in
Figure 1 showing that between physical activity and physical
fitness there was a correlation with each other, so it can be said
that every active physical activity carried out regularly and
regularly will have an impact on a person’s physical fitness
level. Physical activity provides many benefits for children’s
health as a result of a physically active lifestyle. Also provides
an increase in cardiorespiratory and muscle fitness, and also
has a positive effect on body weight. According to Florido
et al. (2017) explained that when active and increased in
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physical activity the possibility of a fat body condition will
decrease.

Children are always involved in daily activities with
physical activity will be able to maintain the condition and
appearance of the body and also have an impact on the
child’s physical fitness, when everyone with a lifestyle that
does not carry out moving activities will result in increased
body fat conditions and have condition status. fat body, in
contrast to an active lifestyle, because fat in the body has a
negative correlation with energy expenditure (Fonseca et
al,, 2018). Energy activity, diet-induced thermogenesis, or a
combination of all of these components. It thus contributes
to positive energy balance and subsequent weight gain.
Obesity, therefore, can be considered, among other aspects,
the consequence of an energy imbalance; that is, energy
intake greater than that spent in a certain period. In order
to have stability of body weight and body composition
it would be necessary for energy intake to correspond to
energy expenditure. Regarding the comparison of energy
expenditure between non-obese and obese individuals,
the results point to a differentiated behavior of obese
individuals. However, it has not yet been possible to identify
which specific energy expenditure component contributes
most to this differentiated behavior can (resting energy
expenditure, energy expenditure during physical activity or
food thermogenesisPhysical activity affects BMI values and
body composition (Lakoski et al., 2011). We examined the
nonmodifiable and modifiable determinants of CRF within a
large healthy Caucasian population of men and women. The
study included 20,239 patients presenting to Cooper Clinic
(Dallas, Texas The most important thing is having a good
BMI status and always being physically active. Students must
have self-awareness for the importance of physical activity in
daily activities so that it brings positive things and reduces
obesity status and needs to be remembered that physical
activity was a necessity as a lifestyle.

Conclusion

Based on the results of the study, it showed that the
average student had a moderate level of physical activity and
physical fitness, while the average student had a BMI with
a normal weight category. However, based on the results of
the analysis for each gender, on average, man had a BMI in
the underweight category and women in the normal weight
category. Meanwhile, the main finding of our study was the
relationship between BMI and physical activity and physical
fitness, and found a relationship between physical activity
and physical fitness in a positive direction.
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B3AEMO3B'A3OK IHAEKCY MACU TIIA, ®I3UYHOI AKTUBHOCTI
TA OIBUYHOI NIATOTOBJIEHOCTI B Y4YHIB MOYATKOBOI LUKOJIU

Inmyn Makapi¢'48P%, Hypxacan'A¢, Cypoto'4?, Picdanni Cerpasan®"F, bacyki®C,
Moxammap 3eiim 3en?®”, Paxaro ITpacenTiito™“E, ¥0ni [IBi Canmytpa’®, Hosira Hyp CuncpaBati’®E

'Cypabaricbknii Jiep>KaBHUI YHiBepCUTET
2JI>koMbaHTChKIMII IeJaroriyamii Komemx Acoljianii Bunrernis Iamonesii
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MeTo¥0 IbOTO FOCTiKeHH:A 6yI0 BY3HAYNTU YMOBH Ta 3B’5130K MiX iHtekcoMm Macu tina (IMT), ¢isnyHO0 aKTUBHICTIO Ta
(hisMYHOIO MifITOTOBIEHICTIO.

Marepianu Ta metopm. Llei Tun gocmimkeHHA 6yB TIepeXpPeCHNM HOCTIPKEHHAM, SKe 6yn0 CIIOCTEPEXKHUM JJOCTI/IKEHHAM,
y IKOMY aHaJli3yI0Tb laHi 3 IOIepeJHbO BIM3HAUYEHVMM 3MiHHMMM Ta pecrionjieHTaMu. KinbKicTh pecrioHieHTiB ctaHoBMIa 191
ydeHb II0YaTKOBOI KO/ B OKpy3i Inoco, perenrcrso xombanr, Cxifna fBa, [ngonesis. IMT po3paxoByBany LIAXOM IOfi-
JIy Baru B Kijorpamax (Kr) Ha KBafipaT 3pocTy B MeTpax (M2), A/is BUMipioBaHHA (i3M4HOI MiITOTOBNIEHOCTI BUKOPUCTOBYBA/IN
YOBHMKOBMII 6ir Ha 20 MeTpiB, a /1A TecTyBaHHA QisMYHOI aKTMBHOCT] BUKOPMCTOBYBA/IM OIIUTYBAIbHUK i3 (i3VuHOI aKTMBHOCTI
myst giteit crapinoro Biky (PAQ-C). lyist aHamisy gaHnx BUKOpUCTOBYBau KoedirieHT Kopersiuii ITipcoHa 3 BUKOPUCTaHHSIM IIPO-
rpaMHoro 3abesnederHs SPSS Bepcia 21.0 3a piBHA 3HauymocTi 5%.

Pesynbraru. PesynbraTty KopenAuiitHOro aHaisy B IbOMY JOC/TiIPKeHH] BKa3ylOTh Ha HaABHICTb IO3UTHUBHOI KOPEIALIl MiX
IMT ra ¢isnunoro aktuBHicTIO (r=0,176; p-3Hauennn=0,015), IMT ra ¢disnunor migrorosnenictio (r=0,151; p-sHauenns=0,037)
Ta MK (i3MYHOI aKTUBHICTIO 11 QisndHOW0 migrotosneHicTo (r=0,142; p-sHadenHs1=0,049).

Bucnosku. Ha mificrasi pesynbrariB gocmifkeHHs 0yII0 ITOKa3aHO HASBHICTD IIO3UTUBHOI KOPe/ALil B KOXKHilT 3MiHHI (iH-
JIeKC MacH Tina, (biquHa AKTUBHICTD i (biquHa MITOTOB/IEHICTD).
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Abstract

The study purpose was to investigate the effect of complex training on aerobic and anaerobic power of amateur

athletes.

Materials and methods. The study included 30 amateur athletes in soccer and hockey, which were equally divided
into two groups, namely an Experimental group who underwent 6 weeks of complex training along with regular
training in their sports and a Control Group who only performed their regular sports training. Anaerobic power

was assessed by Running-based Anaerobic Sprint Test (RAST) and aerobic power (VO,max) was assessed by 12-min
Cooper run/walk test. The study used the Pre-test Post-test Randomized Group Design, and Paired t-test was used as
the statistical technique for data analysis at a significance level of 0.05.

Results. At the end of six weeks, the Experimental group showed significant improvement in anaerobic power and
VO,max, while only VO,max was improved in the Control group (p<0.05). No significant improvement was observed
in anaerobic power for the Control group (p>0.06). Therefore, this shows that complex training has significant effect
on anaerobic power, while it does not produce significant improvements in aerobic power.

Conclusions. Six weeks of complex training integrated with regular sports training can improve anaerobic power.
Coaches and athletes, specifically in soccer and hockey, can implement the complex training program in their regular

training.

Keywords: complex training, amateur, anaerobic power, aerobic power.

Introduction

Strength and conditioning experts, strength coaches,
and researchers are all very interested in the best training
methods that maximise strength. It is now well researched
and accepted by most professionals that the combination
of resistance training and plyometric training results in
greater muscular power gains (Faude et al., 2013; Hammami
et al., 2017; Ebben et al., 1997). This combination is termed
as complex training (Fleck & Kontor, 1986). This regime
comprises of performing an exercise set that includes a high-
load resistance training exercise, then performing a low-load
plyometric power exercise right after. In this training style,
two biomechanically comparable exercises are typically
combined, with the high-load resistance exercise coming
first. [e.g., squat at 80% of one repetition maximum (1RM)],
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followed by the low-load power exercise (e.g., squat jumps)
(Fleck & Kontor, 1986; Docherty et al., 2004).

Since the last few decades, the area of complex training
has been well researched and numerous researchers had
investigated the effect of complex training on various
components of physical fitness on athletes of different sports
such as soccer, basketball, volleyball, rugby etc. (Christopher
et al.,, 2012; Wallenta, C et al., 2016; Alves et al., 2010).
Meta-analyses had tried to convene the vast literature of
complex training and findings revealed that complex
training has positive effect on physical fitness variables such
as countermovement jump, sprints, agility, repeated sprint
ability etc. (Christopher et al., 2012; Wallenta et al., 2016;
Alves et al., 2010). But there is scarcity of studies related
effect of complex training on aerobic and anaerobic power.

Itisawell-accepted fact that aerobicand anaerobic power
are important physical fitness attributes that contribute in
the overall performance of various sports and thus players
should have well developed aerobic and anaerobic fitness
(Modric et al., 2020; Reilly et al., 2000). Maximal aerobic
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power (VO,max) is defined as the highest oxygen uptake
that can be achieved during dynamic exercise with the
involvement of large muscle groups (Wagner, 1996). Well-
developed VO,max helps in maintaining repetitive high-
intensity runs and accelerating recovery process during a
soccer game (Slimani et al. 2019). Anaerobic capacity is
the maximal amount of ATP resynthesized via anaerobic
metabolism (by the whole organism) during a specific type
of short duration, maximal exercise (Green, 1994). Whether
complex training can improve VO,max is a question of
debate. Meta-analyses by Ramirez-Campillo, Andrade, et al.
(2021) and Thapa et al. (2022) reported small or moderate
improvements in time-trial endurance performance.
Similarly, the effect of complex training on anaerobic power
has not been well-researched. Study conducted by Ingle
et al. (2006) reported small increases (<5.5%) in peak and
mean power, while Perez-Gomez et al. (2008) found no
improvements in anaerobic power.

Therefore, it is evident that area of aerobic and anaerobic
power has not been congruously studied and the studies
which are conducted reported contrasting results. Thus, the
purpose of the present study was to investigate the effect
of complex training on aerobic and anaerobic power on
amateur athletes.

Materials and Methods

Study Participants

For the purpose of the study, a total of 30 male, amateur
players were selected as subjects. The subjects belonged to
Hockey (n=14) and Soccer (n=16) sport. The participants
were randomized into one of the two groups — Experimental
Group (n=15) and Control Group (n=15) (using an online
randomization tool; www.randomizer.org). The physical
characteristics of the subjects (Mean + Standard Deviation)
are presented in Table 1.

The inclusion criteria for the participants were - free
from any musculo-skeletal or neuromuscular injury or
disorder that could limit their ability to perform the training

Table 1. Protocol for complex training

or tests, represented their institute at the inter-university
level, training age of at least 4 years and had experience of
doing weight training. All the participants were informed
about the purpose of the study, benefits and risks involved
with the training. Informed consent forms were signed by
all the participants. The study was approved by the institutes
Departmental Research Committee with considerations
regarding ethical issues reported in Helsinki Declaration.

Study Organization

The study used pre-test post-test randomized group
design with a training period of six weeks. Experimental
Group underwent six weeks of complex training (three times
a week i.e. on Mondays, Wednesdays and Fridays) while
Control Group was not given any sort of complex training
or traditional resistance training. Along with this, both the
groups were involved in their regular training of respective
sports. Complex training protocol is presented in Table 1.

Two familiarization sessions were conducted for
participants before baseline testing. 1-RM testing and
demographic data was also collected before the baseline
testing. Participants were asked to abstain from any
strenuous physical activity 24-hours and take proper rest
before the baseline testing. Baseline testing was conducted
on a standard track of 400 meters. Participants were tested
for anaerobic power and maximal aerobic power (VO,max)
using Running-based Anaerobic Sprint (RAST) Test and
12-Minute Cooper Run/Walk Test respectively.

RAST Test involves six sprints of 35 meters, with a
recovery period of 10 seconds between each sprint (total five
10-secrecovery periods) (Andrade etal., 2015). The timing of
all six sprints was noted and power (P) in each effort (P = total
body mass x distance2)/time3) was calculated (Zagatto et al.,
2009). As variables of RAST, the peak power (PP), defined
as the greater power achieved among the 6 efforts, the mean
power (MP), defined as mean power among the 6 efforts,
and minimum power (Pmin), defined as minimum power
achieved among the 6 efforts, were determined relative to
body weight. For VO,max, participants were asked to run

High-load resistance activity

Low-load high-velocity activity

Indicator
Exercise Sets x repetitions Exercise Sets x repetitions
Squat 3x10 Squat jump 3x6
Week 1-2 Romanian deadlift 3x10 Kettlebell swing 3x10
65% 1RM Barbell lunge 3x10 Barbell high knees 3 x 15 sec
Bench press 3x10 Plyo-push up 3%x6
Squat 3x10 Squat jump 3x8
Week 3-4 Romanian deadlift 3x10 Kettlebell swing 3x10
70% 1RM Barbell lunge 3 x 10 Barbell high knees 3 % 20 sec
Bench press 3x10 Plyo-push up 3x8
Squat 3x10 Squat jump 3x10
Week 5-6 Romanian deadlift 3x10 Kettlebell swing 3x10
75% 1RM Barbell lunge 3% 10 Barbell high knees 3 x 25 sec
Bench press 3x10 Plyo-push up 3x10

1RM: one repetition maximum.
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continuously for twelve minutes and cover as much distance
as possible. At the end of twelve minutes, distance covered
by the participant was recorded in kilometres. VO,max was
calculated using the formula VO,max = (22.351 x kilometres)
- 11.288 (Cooper, 1968).

Statistical Analysis

With the help of IBM SPSS version 20.0 (IBM, New York,
USA) data was analysed. Normality of the data was tested by
Shapiro-Wilk test. Data was found to be normally distrib-
uted. Data are presented as means and standard deviations in
Table 3. Further analysis was carried out at 0.05 level of signifi-
cance. Paired t-test was used to investigate the effect of inter-
vention by comparing the baseline testing with the post-test.

Results

All the participants of the study received the training as
planned and designated. None of the participant reported any
adverse effect or injury and also none of the participant left
the study without completion. Demographic characteristics
of both the groups i.e. age, height, weight and BMI are
presented in Table 2 and there was no significant difference
found between experimental and control group. Descriptive
statistics (means and standard deviations) are presented in
Table 2 during pre-test and post-test for both groups for
the following variables - VO,max, average anaerobic power,
maximum power, minimum power and fatigue index.

Paired t-test analysis, as presented in Table 4, found that
there is significant increase in VO,max in experimental and
control group (p<0.05); while significant effect is observed

only in experimental group in case of average anaerobic
power (p<0.05). No significant effect of complex training
was observed for average anaerobic power in control group
(p>0.05).

Discussion

The present study was conducted with the purpose to
investigate the effect of complex training on aerobic and
anaerobic power among amateur athletes. 30 subjects,
equally divided into two groups (Experimental and Control)
underwent six weeks of intervention period. The results of
the study showed a significant improvement in VO,max and
average anaerobic power in experimental group, while only
VO,max improved in control group.

Soccer and hockey matches consists a lot of high-
intensity runs. Strength, power and endurance have
proven to be of importance for players of both the games.
According to this study research, a 6-weeks complex training
program along with regular training of respective games,
significantly improved the anaerobic power while significant
improvements were not observed in VO,max. VO,max was
seen improved in both the groups, while the improvements
were not significantly different in Experimental and Control
Group, while led to the interpretation that improvement
in VO,max among the subjects was because of the regular
training of their respective sports, and not because of
complex training. Average VO,max in post-test observation
in Experimental and Control Group was 49.42 mL/kg/min
and 47.25 mL/kg/min respectively. It shows that VO,max
improvements were slightly higher in Experimental Group
than Control Group. These findings are in line with the results

Table 2. Demographic Characteristics of the Participants (Mean + SD)

Group Age Height Weight BMI
Experimental Group 21.33+£1.83 172.5+5.75 67.04 + 5.04 21.17 £ 1.03
Control Group 21.06 £ 1.87 171.86 £ 8.20 65.69 £ 6.06 22.56 £ 1.79
Table 3. Descriptive Statistics (Mean + SD)

Experimental Group Control Group
Indicator
Pre-test Post - test Pre - test Post - test
VO,max 45.82 +3.55 49.42 +3.94 44.01 £ 3.30 47.25 + 3.49

448.48 + 74.44
531.43 £92.45
365.68 + 57.48

Average Anaerobic Power
Maximum Power

Minimum Power

490.02 + 66.65
558.75 + 84.51
429.14 + 60.54

464.48 + 54.99
518.67 £ 60.58
409.01 + 47.66

458.96 + 40.68
510.65 + 56.60
420.11 + 40.45

Fatigue Index 495+2.11 399+ 1.53 3.25+1.01 2.67 £ 1.09
Table 4. Paired t-test
Group Variable t-value df p-value
) VO,max_Pre - VO,max_Post -11.26 14 0.000
Experimental Group
AAP_Pre - AAP_Post -6.34 14 0.000
VO,max_Pre - VO,max_Post -9.75 14 0.000
Control Group
AAP_Pre - AAP_Post 0.702 14 0.494

AAP - Average Anaerobic Power
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reported where improvements are observed for VO,max in
the intervention group, but the change in score did not differ
significantly from that of the control group (Beattie et al.,
2017; Ferrauti et al., 2010; Pellegrino et al., 2016).

Since for assessing VO,max, 12-min Cooper Run/
Walk test was used, literature has shown that strength
training - induced neuromuscular adaptations including
maximum strength, jumping power, and Post-activation
potentiation (PAP) response, has beneficial effect on running
performance, such as such as improved running economy
and force production during running in endurance runners
(Mikkola et al., 2011; Ramirez-Campillo et al., 2014; Blagrove
et al., 2017). Running Economy (RE), which has been
defined as oxygen uptake required at a given submaximal
velocity (Ferrauti et al., 2010), has some neuromuscular
characteristics such as muscle force and stiffness, fiber-
type distribution, elasticity, or neural input (Guglielmo
et al., 2009). These factors could also be improved by
strength training (Jung, 2003; Laursen et al., 2005; Sunde
et al., 2010), increasing the muscle work efficiency, and
permitting aerobic activity at a lower oxygen consumption
at submaximal intensities (Guglielmo et al. 2009; Millet et
al., 2002; Paavolainen et al., 1999; Sunde et al., 2010; Taipale
et al., 2010). Complex training elicits PAP response, which
allows the athletes to produce more power on subsequent
exercises (Carter & Jeremy, 2014). The specific mechanisms
include stimulating high order motor unit recruitment and
excitability, increasing phosphorylation of the myosin light
chain, and changes in limb stiffness (Blagrove, Howatson &
Hayes, 2018; Tillin & Bishop, 2009). These neuromuscular
adaptations may also benefit long-distance performance
such as improvement in RE and maximal running speed
(Beattie et al., 2014; Blagrove, Howatson & Hayes, 2018).
A study conducted by Li et al. (2019) to investigate the effect
of complex training and heavy resistance training on running
economy, neuromuscular and 5-km running performance
concluded that 8-weeks of complex training as well as
heavy resistance training did not improved VO,max, but
5-km running performance was significantly improved. The
author speculated that the 5-km performance improvements
were due to the comprehensive effects of neuromuscular
adaptations and running economy increase (Li et al., 2019).

Some of the researches conducted with longer
intervention period has shown some improvement in
VO,max. Study conducted by Sporis, G. et al. (2011) had
shown that 12 weeks of strength training may improve
aerobic power by 4.6 percent among female soccer players
(Sporis et al., 2011). Similar results have been reported by
Gettman and Pollock (1981), Hickson (1980) and Hurley et
al. (1984). No statistically significant changes were reported
in VO,max for any group in the majority of studies that
assessed this parameter (Karsten etal., 2016; Vikmoen et al.,
2016; Giovanelli et al., 2017; Johnston et al., 1997).

In a study on volleyball players, the impact of eight
weeks of strength training on aerobic and anaerobic power
was examined. The results showed that the experimental
group, which included strength training in addition to regular
volleyball training, significantly improved their anaerobic and
aerobic power, while the control group, which included only
traditional volleyball training, showed no differences (Bicer,
2021). Another study showed that after twelve-weeks of
complex training, experimental group showed small increases
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in anaerobic power (less than 5%) among early pubertal boys
(Ingle et al., 2006). This is in line with previous research that
has reported absolute peak power between 400 and 420 W
in trained 11- to 13-year-old boys (Docherty et al., 1987).
Following complex training, mechanisms for improving
anaerobic performance may involve greater force generation
and neural adaptation. Mahon (2000) proposed that improved
coordination and increased motor neurone firing rate were the
causes of higher performance. Similar results were obtained
by Ozmun, Mikesky, and Surburg (1994), who suggested that
better contractile activity efficiency in young children was
the product of neurological changes by measuring increased
muscle activation using integrated electromyography after
training. Because of this, complex training may improve
the transfer of force between the concentric and eccentric
phases of muscle activity and bestow a positive transfer of
neuromuscular demands, leading to better coordination and
synchronisation of active muscle groups (Chu, 1996).

Six weeks of complex training has significant effect on
anaerobic power while it has lacks potential to produce
significant increases in VO,max. Resistance Training can
be expected to improve concurrently both muscular and
cardiovascular fitness within a single mode of resistance
training when young and old persons have initially low
fitness levels (Ozaki et al., 2013). Therefore, complex training
can be integrated with regular training of respective sports
to improvement of anaerobic power. Further research can
be conducted with a longer intervention period or different
participants to investigate its effect on aerobic power.

Conclusion

Based on the results of the study, it can be concluded that
six weeks of complex training integrated with regular games
training, can significantly improve anaerobic power, while
it does not produce significant improvements in aerobic
power among amateur athletes. Coaches and athletes can
implement the complex training program in their training
for improving their anaerobic power.
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BN/inB KOMIMJIEKCHUX TPEHYBAHb HA AEPOBHY
TA AHAEPOBHY NOTYXHICTb CNOPTCMEHIB-JIOBUTEJIIB

Tonman Kymap'45P, Biex I[Tanpgeir'A5¢P

'Hanionanbunit inctutyT disndnoro BuxosanH: imeHi Jlakmmi bai

ABTOpChKMIT BRI A — au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E — 36ip komris

Pedepar. Crartst: 7 c., 4 Tab., 53 mpxepera.

MerTor0 mOCTiIKeHHA OyI0 BUBYCHHs BIUIMBY KOMIUIEKCHNX TPeHYBaHb Ha aepoOHY Ta aHaepOOHy IOTY>KHICTb
CIIOPTCMEHIB-TII0OMTEIB.

Marepianu Ta MeTOmM. Y4acHMKaMu BOCIipKeHHs Oy 30 ciopTcMeHiB-mo6uTeniB — rpaBuiB y GpyTOon i XoKell, SAKUX
HOPiBHY PO3Ji/IM/IN Ha [Bi IPYIINM, A CaMe: eKCIIepPUMMEHTA/IbHY IPYILy, AKa IPOXOo[uIa 6 TVKHIB KOMIUIEKCHUX TPEHYBaHb PasoM
31 3BMYAMIHMMM TPEHYBaHHAMM Yy CBOIX BUJAX CIOPTY, i KOHTPO/IbHY IPYIy, IKa BUKOHYBaJ/a JIMIIE CBOI 3BMYaliHi CIIOPTUBHI
TpeHyBaHH:A. AHaepOOHY IOTY>KHICTD OLIiHIOBA/IN 3a JOIIOMOT'0I0 aHAePOOHOTO CIIPMHT-TECTY Ha 0cHOBI 6iry (RAST), a aepobny
HOTY>KHICTh (MaKCUMajIbHe CIIOKMBAaHHS KUCHIO — VO,max) oLiHioBanu 3a JOIOMOrow 12-xsmmmHHoro tecty Kymepa Ha 6ir/
xozip0y. Y mocCImipKeHHI BUKOPMCTOBYBAIM IIaH IIONEPESHBOIO Ta IMiJICyMKOBOIO TeCTYBaHHSA Ha IBOX IPYyIax i3 BUIIAQJIKOBUM
POS3IO/iIOM YYaCHUKIB, a /71 aHa/li3y JaHUX SIK CTATUCTUYHUIT METOJ] BUKOPYCTOBYBA/IM TapHuii t-KpuTepiit CTbiofieHTa 3a piBHA
sHavymocti 0,05.

Pesynbraru. [licna 3aBeplIeHHS MIECTU TVOKHIB €KCIIEPMMEHTA/IbHA IPyIa IPOJEMOHCTPYBala CTaTUCTUYHO 3HAYYIIE I10-
KpallleHHsA aHaepOOHOI OTY>XHOCTI Ta HokasHyuka VO,max, Tofi AK y KOHTPO/IbHIN I'PYIIi MOKpPaIMBCA /Mile MoKasHuk VO,max
(p<0,05). CTaTMCTMYHO 3HAYYIOTO IOKpAI[eHH:A aHaepOOHOI MOTY>KHOCTI /I KOHTPOIBHOI IPyNN He crocTepiranocs (p>0,06).
TakyM 4MHOM, Iie TI0Ka3Ye, 110 KOMIUIEKCHI TPeHYBaHH: MAlOTh 3HAYHNUIT BIUIVB Ha aHAePOOHY IIOTYXKHICTb, ajIe He CIIPUYNHAIOTh
3HAYHOTO IOKPalleHHA aepOOHOI OTY>KHOCTI.

Bucnosku. 1IlicTh TVIKHIB KOMIIZIEKCHUX TPEHYBaHb Yy IO€IHAHHI 3i 3BMYAHUMU CIIOPTUBHUMM TPEHYBaHHAMU MOXYTb
HOKPAILIMTI aHaepOOHY NMOTY>KHicTb. TpeHepy Ta CIOPTCMeHN, 30KpeMa B TaKMX BUJAX CIOPTY, AK GyTOON i XOKell, MOXKYTb pea-
Ji3yBaTy Nporpamy KOMILIEKCHUX TPEHYBaHb y CBOIX 3BMYAIHMX TPEHYBaHHAX.

Knro4oBi cmoBa: KOMIZIEKCHI TpeHyBaHH:A, IIOOUTENb, aHaepOOHa ITOTY)XHICTb, aepOOHa ITOTYXKHICTb.
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Abstract

Study purpose. The purpose of the study was to examine the effect of background experience related to family
demography on the selected parameters of reactive stress tolerance in athletes who strictly lived in a training academy

for a minimum of two years.

Materials and methods. A total of 200 male sports cadets were chosen by the Jharkhand State Sports Promotion
Society in Ranchi, with chronological age ranging from 11 to 14 years and 4 years of training. The demographic
information (the size of the family, the type of family, the order of birth, the family monthly income, and the location
of the home) were considered as independent variables. Stress tolerance parameters (PR correct, PR incorrect,

PR omitted, and median reaction time) were chosen as dependent variables. The Shapiro-Wilk test was used to
determine data normality, while Levene's test was used to determine homogeneity. The Mann-Whitney U and
Kruskal-Wallis tests were used to draw comparisons. For post-hoc comparison, Dunn's test with Holm correction
was employed. The threshold for significance was set at p = 0.05.

Results. The percentile rank of correct responses (p = 0.005) and median reaction time (p = 0.033) related to birth
orders showed significant results. Other factors related to family information and reactive stress tolerance were not

significant.

Conclusions. According to the findings, it was concluded that being in new environment for a long duration reduced
the early living experience related to family demography but effect of birth order still continued.

Keywords: reactive stress tolerance, family type, family size, birth order, family monthly income, housing location,

preadolescent sportsperson, Jharkhand.

Introduction

Performance analysis, training, and research are all
distinct fields of sports science. These are a subset of sports
science concerned with enhancing an athlete’s ability to
compete at a high level (Donoghue, 2010). Performance
analysis studies are useful in predicting real performance
prior to the main competition. Although it is generally
recognised that actual performance can only be achieved
during the main competition (Chahal, Ghildyal, & Chahal,
2012), the degree of performance of athletes may be evaluated
prior to competition. Athletes’ reactions to competition

© Pahan, M.K,, Malhan, V., & Nepoleon, Y., 2023.
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may be seen on the surface by looking at their technique,
physiological responses, and behaviour patterns (Pahan &
Singh, 2021). The way an athlete sees his or her surroundings
has an impact on his or her reactions. Raglin (2001) argues
that changes in the cognitive process are the most essential
aspect that influences athletes’ reactions to competition. As
aresult, it’s crucial to look into information processing in the
context of sports psychology’s cognitive domain.

The most prevalent item that people notice and
occasionally ignore is an athlete’s behaviour. The demands
of training and competition are not the same. Every
competition produces stress in the competitors, so being
successful in managing that stress is vital (Hanton, et. al.,
2005; Kristiansen & Roberts, 2010).
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The ability to function and react under stressful
conditions has a significant impact on sporting performance
(Jones, et. al., 2007; Craft, et. al., 2003; Anshel, et. al., 2002).
The most important factor in sporting success is not the
athlete’s skill, but their ability to perform the skill under
stressful conditions (Patmore, 1986). Stress places additional
demands on athletes that can tax their resources to cope
and respond during various competitive situations (Sheldon,
et. al., 2009). Attentional concentration (Krohne & Hindel,
1988), motor coordination (Anshel, et. al., 2001), and
decision-making ability are all sport-related characteristics
that have been demonstrated to be influenced by stress.

While the majority of Indian literature on athletes’
researchers has focused on investigating areas such as stress
and sports performance (Singh, 2017), stress level of athletes
and non-athletes (Singh & Pardhi, 2021), anxiety level
and gender differences (Parveen, 2013), anxiety in college
athletes (Assefa, 2014), anxiety in archers (Malik & Singh,
2015), burnout and competition anxiety (Bawa, 2010), and
coping strategy (Acharya, 2017). Only a few studies related
to reactive stress tolerance have been conducted in India
(Pahan & Singh, 2021; Abhaydev, Bhukar, & Thapa, 2020).
The potential of a person to respond immediately and
correctly in a scenario when he or she is overstretched is
known as reactive stress tolerance (Schuhfried, 2016). The
construct looks at how well someone can stay focused and
respond correctly when they’re in a stressful situation.

Inthe domain of sport, thereisalack of research pertaining
to the factors that might impact reactive stress tolerance in
athletes. In accordance with past studies other than sports on
family background, a few factors can be potentially related to
cognitive functions. Place of residence and cognitive function
(Xu, et. al, 2018), family type, family size, rural-urban
background, and cognitive impairment (Sengupta, et. al,
2014), home situation and cognitive ability (Kaushal & Singh,
2021), birth size and cognitive function (Chandrashekarappa,
et al., 2020), and poverty and cognitive function (Mani, et. al,
2013). Several studies have been conducted on socioeconomic
status, environmental factors, and individual factors on sports
participation (Kamphuis, et. al, 2008) (Verma & Verma, 2016).
However, very few studies were conducted on socioeconomic
status and psychological measures in sports.

The family structure, including family size, family type,
birth order, family income, and house location, has not been
studied in the Indian population. Therefore, the current
study aims to compare the level of reactive stress tolerance
with different family structures. The study will give us a
better idea of how certain aspects of family structure and
one of the sports-related cognitive abilities (reactive stress
tolerance) work on. This may help us to find and develop
sporting talents.

The current study aims to measure the performance of
reactive stress tolerance and investigate whether living in a
new environment for at least two years reduces the athletes’
early life experience related to family demography.

Materials and Methods

Study Participants

Selection of Samples: 200 male subjects aged 11-14
years were selected from Jharkhand State Sports Promotion
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Society, Ranchi. Samples having 4 years of training, 2 years
of living experience in academy and average performance
on quarterly physical assessments were selected by simple
random sampling.

The study was conducted in accordance with the ethical
principles of the Helsinki Declaration for human research
and was approved by the Research Ethics Committee of the
Lakshmibai National Institute of Physical Education.

Study Organization

Variables and Test Selection: As dependent variables, the
determination test (DT) form S1 was used to measure per-
centile ranks (PR) like PR correct, PR incorrect, PR omitted,
and median reaction time. Family information was selected
as an independent variable which consists of demographic
information e.g. family size (small < 5, large > 5), family
type (nuclear = single parent family, joint = more than one
parent) the order of birth, monthly income of the family as
determined by the SES Scale (Wani, 2019), and the location
of the house (urban, semi-urban, and rural).

Selection of Instrument and Scoring: Reactive stress
tolerance was administered by a computerised testing
system (the Vienna Test System by Schuhfried GmbH). For
scoring percentile ranks, the correct, incorrect, omitted, and
median reaction times as well as the median reaction time
were chosen.

Informed Consent: The subjects were minors, therefore
informed consent were taken from the administration,
coach, and athlete in-charge of the academy. Subjects were
briefed about the study and their consents were also taken.

Test Procedure: The test was administered between 9 a.m.
and 5 p.m. Subjects were well informed about the date and
time of their test. Before the start of the test, the programme
offered a practise set. Once the subject acknowledged the
practise test, the real tests were conducted. Introspective
reports were gathered at the end of the test.

Statistical Analysis

The Shapiro-Wilk test was employed to ensure the
normality of the data. Mann-Whitney U test was employed
to compare two group variables, e.g. size of family and type
of family. For comparing differences between three or more
grouping variables, the Kruskal-Wallis test was employed.
Dunn’s Post-Hoc analysis was done for the variables showing
the main difference in the Kruskal-Wallis test. As the sample
sizes were unequal, so Holm’s post-hoc correction was used
for testing the significance at p < 0.05 level.

Results

For the purpose of analysing the data, the scores of
reactive stress tolerance were arranged according to the
parameters of family demographic information shown
in Table 1. The normality of the data was checked where
the output of Shapiro-Wilk confirmed that, independent
variable order of birth with the dependent variable percentile
rank of correct response and median reaction time were the
only variables that demonstrated the normal distribution.
After conducting Levene’s test, it was observed that in a few
categories of birth order, between both median reaction
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Table 1. Family Information, Sample Distribution and Descriptive Statistics of Scores under Reactive Stress Tolerance

Median Reaction

Family PR Correct PR Incorrect PR Omitted Time
N Median IQR  Median IQR  Median IQR  Median IQR

. Small 67 20 11 20 28 8 9 0.84 0.10
Size Large 133 20 21 20 40 11 14 0.84 0.14
Type Joint 54 18.5 17 22 38 11.5 14 0.86 0.12
Nuclear 146 21 12.75 17 35 10 1325  0.84 0.12

st 52 21.5 16.25 18 37 11 11.75  0.85 0.09

2nd 54 23 9 15 2025 9 1325 0.83 0.11

Birth Order 3rd 47 13 14 24 42.5 9 16 0.88 0.14
4th 29 22 19 15 26 13 16 0.83 0.15

5th 11 21 14.5 17 14 8 12.5 0.83 0.09

6th 7 13 9 37 30.5 11 5.5 0.94 0.12

2641-7886 158 21 16.75 20 35 11 14 0.84 0.11

7887-13160 23 20 10.5 13 26.5 8 8 0.85 0.13

Monthly Income 13161-19758 9 22 31 13 38 8 10 0.83 0.13
19759-26354 7 17 11.5 15 26.5 8 6.5 0.85 0.10

26355-52733 3 19 13.5 71 9 7 2.5 0.89 0.13

Rural 53 23 18 16 28 9 14 0.82 0.10

Location Semi-Urban 134 19 12.75 22 36 11 14 0.85 0.14
Urban 13 18 10 13 10 8 5 0.88 0.15

time and percentile rank of correct response, the data were
homogenous. Therefore, non-parametric tests were utilized
for comparison.

Table 1, the descriptive statistics, e.g., sample distribution
in each section of family demography, their mean ranks
and interquartile ranks (IQR) associated with parameters
of reactive stress tolerance and family demography are
displayed in Table 1. The box-plots in Figure 1 to 5 illustrate
the distribution of scores on each parameter of reactive stress

tolerance and family information. Information on gender
was not measured.

Table 2 shows the output table of comparative statistics.
To compare categorical variables, e.g., size of family and type
of family, the Mann-Whitney U test were applied. The results
show mean ranks, Mann-Whitney U statistics (*), and p-
values. For other categorical variables, e.g., order of birth,
family monthly income, and location of house, the Kruskal-
Wallis tests were applied to find a difference in scores of
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Table 2. Comparative Statistics of Variables under Reactive Stress Tolerance with Different Family Information

PR Correct PR Incorrect PR Omitted Median Reaction Time
Family N MR Statistics p MR Statistics p MR Statistics p MR Statistics p

Small 67 96.68 99.78 90.34 99.25

Size 4199.5n  0.507 4407.5N 0.901 3774.5N 0.077 4372A 0.829
Large 133 102.42 100.86 105.62 101.13
Joint 54 100.85 108.1 106.29 105.72

Type 39237 0.958 3531.5M 0.258 3629.5N (0.388 3660/ 0.437
Nuclear 146 100.37 97.69 98.36 98.57
1st 52 104.67 102.8 104.22 104.5
2nd 54 108.06 94.08 100.44 89.61
3rd 47 79.17 110.96 93 114.78

Birth Order 16.9571 0.005** 52021 0.392 1.6321%  0.897 12.1041 0.033%
4th 29 116.5 89.29 105.83 87.22
5th 11 1245 89.41 94.32 80.45
6th 7 50.43 126.57 111.36 145.43
2641-7886 158 103.13 100.97 105.91 99.63
7887-13160 23 86.17 91.17 74.54 99.61

i\r/{(c)cr)l;[rlllelzy 13161-19758 9 101.33 2.095f 0.718 93.56 6.9031 0.141 94.89 7.7361 0.102 99.11 1.735% 0.784
19759-26354 7 94.79 94.29 86.29 106.71
26355-52733 3 82.67 182.83 64.33 142.83
Rural 53 112.57 97.31 99.73 89.65

Location Semi-Urban 134 97.35 3.799% 0.15 102.84 0.857f 0.651 102.07 0.777t 0.678 104.1 2.583t 0.275
Urban 13 83.73 89.42 87.42 107.65

MR: Mean Rank, AMann-Whitney U Statistics, +Chi-square: Kruskal-Wallis, *Significant at 0.05, **Significant at 0.01

reactive stress tolerance. The information in Table 2 contains
mean ranks, chi-square value (1), and p-value from the
Kruskal-Wallis tests on these variables.

Kruskal-Wallis H test showed that there were statistically
significant difference in percentile rank of correct response x*
(5) =16.957, p = <0.01, and median reaction time x* (5) = 1.632,
p = 0.033, between the orders of birth Table 2, and Figure 3.
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Fig. 6. Dunn’s Post-Hoc Analysis between Percentile Rank of
Correct Response and Orders of Birth

Figure 6 depicts the post-hoc comparison of the percentile
rank of correct response and birth orders. Statistical significance
was found between two groups, group 1; 3 and 4™ child,
p =0.047, and group 2; 4" and 6™ child, p = 0.047.
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Fig. 7. Dunn’s Post-Hoc Analysis between Median Reaction Time
and Orders of Birth

Figure 7 depicts the post-hoc comparison of the median
reaction time and birth orders. Though the Kruskal-Wallis test
showed a significant difference but, no statistical significance
was observed in the result of Dunn’s post-hoc analysis.

Discussion

As it is well known that athletes resides in academies for
several years to train and achieve their optimal performance,
the current study lays stress to find out whether living in sports
academy for the minimum of two years reduces the effect of
family demography such as family size, family type, birth order,
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family monthly income and house location. Reactive stress
tolerance, one of the dimensions of cognitive ability required
in sports was tested to understand the research problem.
The subjects lived in same academy and had similar training
experience for the minimum of two years were selected for the
study. Food style, living style, daily schedule, e.g., sleep-wake,
academic and training time were similar for all participants.
Starting with the visual presentation of data on Figure 1
to 5, all data in each factor of family information related to
parameters of reactive stress tolerance were widely distributed
and found to be non-normal, with the exception of percentile
rank of correct response and median reaction time related
to birth order. The two parameters relating to birth order
were found to be normally distributed yet homogenous
in character. The age group chosen for the research, 11-14
years, is assumed to be the reason of non-normal findings.
According to the previous findings, different psychological,
physical, and physiological changes occur throughout
this age (IGNOU, 2010; Allen & Waterman, 2019). Some
children’s growth begins early or late, while others develop
in a predictable way according to their age (Thompson,
2009). The living experience at the academy and the hours
when the tests conducted are two further aspects that may be
identified. Cadets aged 11 had two years of living experience,
while those aged 12, 13, and 14 had three, four, and five
years of living experience, respectively. Findings of relevant
literature also indicate that an individual’s cognitive and
physical performance is influenced by time of day, time of
test, and their circadian rhythm (Facer-Childs, et. al, 2018).

Adaptation to New Environment

Inconnectiontomeasures ofreactivestresstolerance, such
as percentile rank of incorrect response and omitted stimuli
related to birth order, components of family information,
such as size, type, monthly income, and location, were shown
to be non-significant in Table 2. It is possible to infer that
when a sportsperson is exposed to a new environment for a
lengthy period of time, their early life experience linked to the
specified reactive stress tolerance decreases.

Effect Still Continued

Table 2 shows that birth order is associated with two
metrics of reactive stress tolerance: percentile rank of
correct response and median reaction time, both of which
were determined to be statistically significant. It may be
inferred that the birth order has an impact on one’s capacity
to make accurate decisions and react quickly in a stressful
scenario. The influence of birth order was not lessened by
spending at least two years in a different setting. A detailed
examination of the results of the post-hoc analysis is essential
for reaching this conclusion. Figure 6 shows the post-hoc
pairwise comparison of birth order and percentile rank of
correct responses, which indicates two pairs of significant
differences: 1) fourth and third order, and 2) fourth and
sixth order. Figure 7 shows no significant differences in birth
order and median response time after a post-hoc pairwise
comparison. Figure 7 shows that the fifth kid has the greatest
mean rank, followed by the fourth, second, first, third, and
fifth. In general, children of one or two-child family size have
strong cognitive capacity (Polit, 1982; Dandes & Dow, 1969),
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and when the birth order rises, cognitive ability reduces
(Blake, 1981). The individuals™ living experience at the
academy, developmental age, and age-truncation may have
contributed to the catastrophic finding. The participants
who were 11 years old had less training experience than
the individuals who were 14 years old. In the sports sector,
age truncation is a serious concern that may have affected
the result. It’s also possible that the findings are correct, but
that the child’s development must be investigated in order to
arrive at a meaningful conclusion.

Conclusion

On the basis of the current study, it can be inferred
that the ability to quickly and appropriately react to ever
changing stimuli in sporting events is affected by the birth
order of an individual. Because psychological characteristics
can distinguish between high and low performers who meet
the same physical and physiological standards, personnel
from talent identification and development programmes
may consider cognitive ability tests to identify long-term
athletes. For better understanding, samples from a particular
age group that have similar background information may be
chosen for the study.
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BMJIUB HOBOIO XXUTTEBOIO CEPELOBULLA HA CTIMKICTDb
A0 PEAKTUBHOIO CTPECY B NIAJITKIB-BUXOBAHL|IB
CNOPTUBHUX LUK Y WUTATI AXKXAPKXAHA (IHAI1A)

Manoxap Kymap ITaxan"*A5CP, Bikpant Manxan*5°, Eugpem6am Hemoneon*A?

"HarionanbHmit iHcTuTYT (hisnuHOro BuxoBaHHA iMeHi Jlakmmi bai

*Micis Pamakpimna BiBexkananzia HaBuanbHO-gocHigumit iHCTUTY T

*YuiBepcuret imeni Cai Hara

‘ITpexpacHuii mpocgeciitHuil yHiBepcuteT

ABTOpPCHKMIT BT A — am3aiits gocnipkenns; B — 36ip ganux; C - cratananis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. Crarts: 8 c., 2 Tabn., 7 puc., 38 mxepernt.

Merta gocmigKeHHsA. MeTow [OCTimKeHHS 6y710 BUBYEHHS BIUIMBY IIONEPEIHbOTO JOCBiNY, 0B I3aHOTO i3 CIMEIHOI0 Je-
Morpadieto, Ha BUOpaHi mapaMeTpn CTINIKOCTI JO PeaKTMBHOTO CTPeCY Y CIOPTCMEHIB, SAKi CyTO >KM/IU B CIOPTUBHIN akamemii
IIPOTATOM MiHIMyM JIBOX POKiB.

Marepianu Ta Metopu. st yuacTi B gocnipkenti ToBapucTBoM CripusHH:A cnopry mrary Jkxapkxanp y micti Panui (Inpis)
Oy Bifi6pani saramom 200 ciOpTCMeHiB-KYPCaHTIB Y0/I0BI4OI CTAaTi XpOHOJIOTiYHIM BikoM Bifi 11 1o 14 pokiB i3 OCBifOM TpeHy-
BaHb 4 poku. [leMorpadiuny iHpopMaito (KinbKicTb WieHiB ciM’{, THII ciMT, TOPATOK HAPOJPKEHH A, MiCAYHMIA JOXiz ciM'1 Ta Micue
pO3TallyBaHHA KUTIA) PO3MIANANN AK He3asexkHi sMiHHi. [TapaMeTpn cTiffkocTi 1o cTpecy (IPOLEeHTUIbHUI PAHT MPAaBUIbHIX
peaxiiiit, HelpaBWIbHUX PeaKIlii, IPOIYILIEHNX PeaKIili i cepeIHbOro Yacy peaxuii) 6y oOpaHi sk 3amexHi 3minHi. [Iy1s1 BusHa-
YEHH:A HOPMa/bHOCTI PO3IOAiNY JaHMUX BUKopucToByBanu Kputepiit llanipo-Yinka, a /11 BUsHa4e€HHA OJHOPIZHOCTI AMCIEPCii
- kpurepiii Jlesena. [ln14 nopiBHAHDb BUKopucToByBanu U-kpurepili Manna-Yitni Ta kpurepiit Kpackena-Yomnica. [lns anocrepi-
OPHIX IOPIiBHAHD 3aCTOCOBYBa/IM KpuTepilt JlaHHa 3 monpaskoto XonMa. Ilopir sHauymocti 6yB sajganuit Ha piBHi p = 0,05.

PesynbraTu. [TpoleHTI/IbHNIIT paHT IpaBWIbHKX peakuiit (p = 0,005) i cepenniit yac peakuii (p = 0,033), mos’s13aHi 3 mopsaxa-
M HapOJKEeHH:I, TOKa3a/IM CTaTUCTUYHO 3HauyILi pesynbratu. [ ¢pakTopy, moB'A3aHi 3 iHpopMalliero mpo ciM’1o Ta CTilKicTio
10 PEAKTVBHOTO CTPECY, He OY/IM CTATUCTUYHO 3HAYYIVIMIL.

BucHoBku. BifnoBifHO 10 pesyinbraTiB HOCIiKeHHA OY/I0 3p06IEHO BUCHOBOK, IO IepeOyBaHHA B HOBOMY CepeJOBUIII
HPOTSTOM TPMUBAJIOTO Yacy CKOPOUYBA/IO PAaHHII XXUTTEBMIT JOCBI, OB sI3aHMI1 i3 ciMeltHOIO femMorpadi€ro, aje BIUIUB IOPSIKY
HApOJKEHHs BCe-TaKy 36epiraBcs.

Knro4osi cmoBa: CTiiiKiCTb 1O peaKTUBHOTO CTPECY, TUII CiM’i, KIIBKICTB WI€HiB CiM 1, TOPSI/IOK HAPOJKEHHST, MiCSIYHIIT TOXift
CiM’i, MiClIje pOSTaIIyBaHHs )XUT/IA, CHOPTCMEH MepeAIiIiTKoBOro Biky, mrrat xxapkxanp (Iuzis).
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Abstract

Background. Bodybuilding is a sport where a person should do a lot of weight training while in the same time
having a strict diet control. Due to this, they are believed to have higher chances of getting injured. However, lack
of research has been conducted on the incidence of injuries and the treatment history among bodybuilders in

Thailand. Therefore, the purpose of this study was to investigate and compare the incidence of injuries and treatment
experience between elite and beginner Thailand bodybuilders.

Material and methods. 157 bodybuilders who were registered as members of the Thailand Bodybuilding and
Physique Sports Association (since 2020-2021) were recruited as participants in this study. They were divided in to
two groups, namely elite (more than 5 years of sports training) and beginner (less than 5 years of sports training).

A valid and reliable questionnaire was used to collect the data from the participants.

Results. There was no significant difference in the most common period of injury between the beginner and elite
groups. The most common period of injury for both groups was found to be during diet period (beginner 55.43%;
elite 55.38%) followed by bulk period, off season and competition period, respectively. For the injury area, there was
no difference between the groups, with the lower back (beginner 63.04%; elite 52.31%) being the most common area
of injury, followed by shoulder, chest, finger and wrist. There was also no significant difference in treatment between
the groups in the first 48 hours after injury. Most of the athletes in both groups had rest (beginner 80.43%; elite
81.53%) and applied cold (beginner 61.96%; elite 73.85%) to their injury area. Additionally, the beginner group of
Thai bodybuilders visited the physical therapist more often than the elite group did (p < 0.01). At the same time, there
was no significant difference in medical doctor, sports scientist, coach and self-treatment and rehabilitation between
both groups. However, most of athletes from both groups mainly resorted to self-treatment.

Conclusions. The study findings are expected to be valuable for the bodybuilding association, coaches and athletes to

take extra precautions regarding injury in the future.

Keywords: bodybuilder, injury, treatment, athlete status, rehabilitation.

Introduction

Bodybuilding is a sport that relies on resistance training
especially weight training with appropriate diet control for
building muscles and burning fat. Bodybuilders must follow
their strict training and nutrition orders in order to make

© Chinnasee, P, Sukwong, T., Liamputtong, P., Suwankong, D.,
Mohamad, N.I., & Nadzalan, A.M., 2023.

oo Crmopm

§® TMOB
“A¥ 108 0BC

sure they can achieve the best physical condition during
competition. In all around the world, including Thailand
specifically, there are competitions at different levels around
the world every year. In addition to training for competitions,
there are also quite a few practicing for recreation and health
so bodybuilders were at risk for various injuries from training
programme (Lewis, Purushotham, & Power, 2005). Athletes
who train with high levels of resistance were at risk for both
acute and chronic injuries during training and competition.
These includes injuries to the lower back, shoulders, upper
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arms, knees, with up to 38 per cent of the muscles and 23 per
cent of the ligaments involved (Winwood, Hume, Cronin, &
Keogh, 2014). In addition, the risk factors and incidence of
injury in athletes undergoing high-intensity training were also
studied. The risk was reported to occur up to 7.1 times per
person per 1,000 hours of training, and experienced athletes
were 3.77 times more likely to injure than novices, with most
occur in the shoulder and lumbar region (Teixeira et al., 2020).

Bodybuilding is a sport that requires resistance training
to increase muscle mass and decrease fat mass to generate
muscle definition. There was research report that elite
bodybuilders had larger muscle group and lesser fat mass
when compare to novice group (Sukwong et al., 2022). The
bodybuilding athletes from clubs in Germany got injury
from training at the shoulder, elbow, lumbar and knee (Siewe
et al,, 2014). Injury from resistance training caused by an
intrinsic factor from the muscle contraction mechanism
to develop acute muscle, tendon, and ligament damage.
However, it can lead to chronic injuries when not treated
properly and eventually bring to problems for training
program and daily life (Lavallee & Balam, 2010). There have
been reports that injured bodybuilders take self-treatment
more than any other method (Winwood et al., 2014) but
self-treatment must be carried out properly according to the
principles of sports medicine in order to recover from re-
injuries or chronic injuries lead to future medical expenses.
However, self-treatment methods have not been reported.

Despite being a popular sport across many levels, lack
of research has been conducted especially among Thailand
bodybuilders. The incidence of injury in bodybuilders and
the treatment history will be crucial information that can
be used by bodybuilding associations, officials, coaches
and athletes to take more extra precautions in the future.
The purpose of this study were to investigate and compare
the incidence in injuries and treatment between elite and
beginner Thailand bodybuilders.

Materials and Methods

Study Participants

The population of this study was 257 bodybuilders who
were registered as members of the Thailand Bodybuilding
and Physique Sports Association (from 2020-2021). We
recruited 157 individuals who had the competition organized
by the association during February 2021 - February 2022
by volunteer sampling. This sample size was used as a
calculation method for prevalence study provided by Naing
et al. (2006) which a precision of 0.05 and bodybuilding
injury rate data from previous study (Keogh & Winwood,
2017). The participants were divided into elite (over 5 years
of bodybuilding experience) and beginner groups (less
than 5 year for bodybuilding experience) (Sukwong et al.,
2022). All participants read and signed inform consent that
approved by Institutional Review Board (No. 030/2564).

Instrument and Data Collection

The questionnaire was conducted to collect the data. It
was developed by the researcher and adapted from previous
studied (Siewe et al., 2014) to determine the injury incidence
and treatment experience. Content validity of questionnaire

was examined by 5 sports medicine experts (I0C = 0.68)
and reliability was examined by Cronbach’s alpha coefficient
(a = 0.73) from the results of 60 bodybuilders who were
registered as members of the Thailand Bodybuilding and
Physique Sports Association but did not participate in
the competition that organized by the association during
February 2021 February 2022. The researchers asked for
the permission from Thailand Bodybuilding and Physique
Sports Association to perform the data collection.

Statistical Analysis

Descriptive (Frequency, percentage, mean and standard
deviation) and Inferential (Chi-square test at statistical
significance at 0.05) statistics were used for analyzing the
data. All the data analysis was conducted using Statistical
Package for Social Science (SPSS) version 23.

Result

Table 1 showed the characteristics of 157 Thai
bodybuilders which were divided into beginner group
(92 subjects) and elite group (65 subjects).

Table 1. Characteristics of Thai bodybuilders

Beginners (n = 92) Elite (n = 65)

Characteristics
mean SD mean SD
Age (Years) 24.36 4.53 28.06 5.77
Weight (kg) 76.20 10.80 77.48 9.95
Height (cm) 172.47 5.03 170.38 6.95
BMI (kg/m?) 25.55 3.11 26.63 2.67
Experience (Years) 3.04 0.98 5.93 2.87

Table 2. The comparison of injury incidence between elite
and beginner Thailand bodybuilders

Beginners  p1.ie (n = 65)
Incidence (n=92) 2
p
Frequency Frequency
(%) (%)

The most period of injury
Bulk period 23 (25.00) 17 (26.15)
Diet period 51 (55.43) 36 (55.38) 028 096
Competition period 6(6.52) 3 (4.62) ’ ’
Off season 12 (13.04) 9 (13.85)
Injury site
Shoulder 24(26.09) 23 (35.38)
Finger and wrist 6 (6.52) 3 (4.62) 283 041
Lower back 58 (63.04)  34(52.31) ’ ’
Chest 4 (4.35) 5(7.69)
Body structure of injury
Bone 2(1.27) 3 (4.62)
Muscle 38 (41.30) 23 (35.38) 436 035
Ligament/Tendon 41 (44.57) 34 (52.31) ’ ’
Joint 4 (4.35) 0(0)
Others 7 (7.61) 5(7.69)
Current symptoms
Recovered 59 (64.13)  38(58.46) 0.51 0.47
Injured 33(35.87) 27 (41.54)
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Table 3. The comparison of treatment between elite and
beginner Thailand bodybuilders

Beginner Elite
n=92 n=65
Treatment ( ) ( ) 2 p

Frequency Frequency

(%) (%)
The first 48 hours after injury
Rest
Yes 74 (80.43) 53 (81.53)
No 18(19.57) 12 (18.46) 0% 0-86
Cold
Yes 57 (61.96) 48 (73.85)
No 35(38.04) 17 (26.15) 243 011
Massage
Yes 12 (13.04) 15 (73.85)
No 80 (86.96) 50 (26.15) >0° 010
Medication
Yes 4 (4.35) 3 (4.62)
No 88 (95.65) 62 (95.38) 0006093
No treatment
Yes 22(23.91) 11(16.92)
No 70 (76.09) 54 (83.08) 12 028
See the medical doctor/
Physical therapist
Yes 26 (28.26) 26 (40.00)
No 66 (71.74) 39 (60.00) 236 012
Surgery
Yes 0(0) 0 ) )
No 92 (100) 65 (100)
After 48 hours of treatment
HEAT technique
Yes 41 (44.57) 26 (40.00)
No 51(5543) 39 (60.00) 032 0-6
Massage technique
Yes 64 (69.57) 44 (67.69)
No 28 (3043) 21 (32.31) 006 080
Medication
Yes 39 (42.39) 25 (38.46)
No 53 (64.13) 40 (61.54) 2% 062
Others technique
Yes 16 (17.39) 10 (15.38)
No 76 (82.61) 55 (84.62) 11 073
Using Chi-squared test. *Significant difference (p<0.01)

Person who provide treatment and rehabilitation
122 Sm 8 8 EBh:;nnu
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Medical doctor ~ Physical therapist ~ Sports scientist Coach Themselves

Fig. 1. Person who provide treatment and rehabilitation
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Table 2 showed the comparison of injury incidence
between elite and beginner Thailand bodybuilders. There
was no significant difference of the most period of injury
between beginner and elite group. We found that the most
period of injury from both group was diet period (beginner
55.43%; elite 55.38%) followed by bulk period, off season
and competition period respectively. Like the injury site,
there was no difference between groups, with the lower back
(beginner 63.04%; elite 52.31%) being the most common
site of injury, followed by shoulder, chest, finger and wrist.
While, ligament/tendon was the most commonly injured
body structure in both group (beginner 44.57%; elite
52.31%), followed by muscle, bone, joint and others (skin).
Most of them could recovered from their injuries (beginner
64.13%; elite 58.46%), but some remain.

Table 3 showed the comparison of treatment between
elite and beginner Thailand bodybuilders. There was no
significant difference between groups in the first 48 hours
after injury for treatment. Most of the athletes in both groups
get rest (beginner 80.43%; elite 81.53%) and used cold
(beginner 61.96%; elite 73.85%) on their injury site. A small
percentage of both groups were found to use massage, take
pills, see the medical doctor or physical therapist after
injury. We also found that all of them never get surgery
when they injured. After 48 hours of treatment, they mainly
used massage techniques (beginner 69.57%; elite 67.69%).
Some of them use HEAT technique, medication, and others
technique (PT and Thai traditional medicine) respectively.

The results from figure 1 showed the person who provide
treatment and rehabilitation after injury. We found that
beginner Thailand bodybuilders met the physical therapist
more than elite athletes group (p<0.01). While most of the
elite Thailand bodybuilders did not meet a physical therapist
when compared to a beginner group (p<0.01). At the same
time, medical doctor, sports scientist, coach and themselves
treatment and rehabilitation were not significant difference
between both groups however, most of athletes from both
group mainly took self-treatment.

Discussion

This study aims to investigate and compare the
incidence of injuries and treatment between elite and
beginner Thailand bodybuilders. The findings showed diet
period followed by bulk period were frequently found to
be injured in both groups. This is the period that requires
resistance training at different levels of intensity and others
training such as cardiovascular training (Helms, Fitschen,
Aragon, Cronin, & Schoenfeld, 2014), but the diet may affect
the energy system used in the muscle contraction during
training that effect mechanism of micro-tears and generated
in the muscle fibers as protein synthesis, repairs, and rebuilds
result in muscles return larger and stronger.

For the injury sites, it was found that lower back injury
occur most frequently followed by shoulder. The selection
of exercises and its biomechanics might be the reason for
these, as most exercises will involve the activation of these
parts (Fares et al., 2020; Mostaham & Salehia, 2019). Besides
that, muscle, ligament and tendon are the most common
structure of injuries. This is in line with what was found
by Keogh and Winwood (2017) with reported that strain,
tendinitis and sprains were the most common injury in
bodybuilders. Our finding also similar to previous study
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which report that muscle, ligament, and tendon were injured
frequently (Xiaojun & Taotao, 2008; Xie, 2022).

We also found that most of the injured participants
did not see medical doctor and completely not severe until
surgery after injury. The findings differ from those in Saudi
bodybuilders who found about 6 percent of surgery after
injury (Almalki et al., 2022) and most of them received
treatment by physiotherapy.

For the treatment during the first 48 hours after
injury, most athletes take a rest from training and apply a
cold compression to the injury site. This is consistent with
the application of PRICE principles (Bleakley, Glasgow,
& MacAuley, 2012). In addition, most of the athletes in
both groups did not have themselves massaged, did not
use medication, did not see a medical doctor, and did not
underwent surgery. High level of confidence to recover
and did not want to spend time for these might be the
reason of their action. After the first 48 hours, both groups
of bodybuilders used massage techniques. However, the
injury of the bodybuilder group may not be a serious injury.
Therefore, it can be massaged for rehabilitation purposes.

Most of the person who provide cured were self-
treatment, they did not meet doctors, physical therapists,
sports scientists or even a coaches. In contrast, young Saudi
bodybuilders received medication, physiotherapy and surgery
(37%, 57%, and 6% respectively) (Almalki et al., 2022). We
couldn't find the exact reason for this condition in previous
literature, but this condition can be contributed by the costs
and time that would be spent, which might cause them to
chose self-treatment. Besides, there are many websites and
books found on the internet regarding self-treatment that they
can refer. A more critical studies need to be conducted in the
future.

Conclusion

Although many of the comparison made were found
not to be significantly difference, the each data in this study
should be used carefully to become the reference point for the
coaches and athletes. More care should be given to the diet
period as most of the injuries happened at that time. Besides,
selection of exercises and the exercise techniques should also
be given attention on the most injury part to reduce the injury
cases. Coaches and athletes should be educated on the first aid,
treatment and rehabilitation methods so that it will not disturb
their competition planning. Findings of this study is expected
to be valuable for the bodybuilding association, coaches and
athletes to take extra precautions regarding injury in the future.
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Icropisa muranu:A. BoxibinaiHr — e Takuit BIJ CIIOPTY, Y AKOMY JIOfMHA Ma€ 6araTo TPEeHyBaTHUCs 3 00 TSDKEHHAMM, BOJHOYAC
CYBOPO KOHTPOJIIOOUN JIieTy. Yepes Iie y HUX, K BBa)KAIOTb, BUIIi IIaHCK OTpUMaHHA TpaBM. OTHaK JOCTI/KeHb I[OJ0 4acTOTH
TpaBM Ta icTopil mkyBaHHA cepen 60oxibinpepis y Tainanzi 6y/10 IpoBeeHO HEJOCTATHBO. TaK)M YMHOM, METOIO IIbOTO TOCIi/KEeHHS
6y/10 BUBYEHH:A Ta NMOPIBHAHHA PiBHA TPaBMaTU3MYy Ta JOCBify /MiKyBaHHA MK TalmaHAChKMMM 60fi6inmepamMy BUCOKOTO Ta II0-
YaTKOBOTO K/IaCiB.

Martepiannu Ta MeTOgU. YYaCHUKAMU L[bOTO ZOCIiPKeHHs O6ynu 157 60pibingepis, 3apeecTpoBaHUX WieHaMu TainaHACHKOI
CIIOPTUBHOI acoiamnii 60xibinguHry Ta aTternsmy (3 2020-2021 poxy). Ix PO3IiIIM Ha ABi IpyIN: BUCOKOTO KIacy (IIOHaj 5 pokiB
3aHATH CIIOPTOM) i TOYATKOBOTrO K/Iacy (MeHIlle 5 POKiB 3aHATb CIOPTOM). 1711 360py JaHUX YIaCHUKIB BUKOPUCTOBYBA/IN BaTIIHY
Ta HafIifiHy aHKETY.

Pesynpraru. CTaTncTMYHO 3HAYYIIO] pisHNUII B HAIOIIMpPEHIIIOMY Iepiofii TpaBMyBaHHA MDX I'PylaMy IOYaTKOBOT'O Ta BU-
COKOro piBHIB He 6y10. BcTaHOB/IEHO, 1110 HAIOIBII OMMPEHNM IIePioIOM TpaBMyBaHH: A/t 060X rpym 6yB mepiox giern (rpyma
II0YaTKOBOTO PiBHA — 55,43%; rpyIa BIUCOKOTo piBHA — 55,38%), 3a AKMM C/IiflyBaB Iepiol MACOBOTO HaBaHTa>KEHHS, MI>KCE30HH:
Ta nepiof; 3MaraHb BignosigHo. IIJo cTOCyeTbCA 30HM TpaBMU, MK IpynaMu He 6Y/I0 Pi3HUI, IPUYOMY HAIIOMMPEHIIIO0 30HOI0
TpaBMI Oy/Ia HYDKHS 9acTHHA CIMHY (TPYIa IIOYaTKOBOTO PiBHS — 63,04%; rpyma BICOKOTO piBH: — 52,31%), 3a sIKOO JIUIN IIede,
TpyAHA KITiTKa, Manemb i 3am'scta. TakoX MK rpymamMy He 6Y/I0 CTaTMCTUYHO 3HAUYIOl pisHMI B JTiKyBaHHI B mepiui 48 ropuu
mic/st TpaBMUL BinburicTh ciopTcMeHiB B 060X rpymax Bifmodnsany (rpyma mo4arkoBoro pisHs — 80,43%; rpyma BICOKOTO PiBH —
81,53%) i mpuKIaamy Xonof, (Ipyma Mo4aTKOBOro piBHA — 61,96%; rpyma BUCOKOro piBHA — 73,85%) mo 3oHM TpaBmu. Kpim Toro,
rpyma TainaHAChKuX 60/i6inepiB MOYaTKOBOrO piBHA YacTille 3BepTanacs fjo ¢isioTepamesTa, HiX IpyIa CIIOPTCMEHIB BUCOKOTO
kmacy (p < 0,01). Bogrouac, Mibk 060Ma rpymamu He 6y/10 CTaTUCTUYHO 3HAYYIO] PiSHNUII B TiKapsX, CHOPTUBHMX YYEHIX, TPeHepax
i camorikyBanHi Ta peabimitarii. IIpoTe 6i1bIIiCTh CIOPTCMEHIB B 060X IPYIIaX IePeBaXXHO BABAINCS HO CAMOMIIKYBaHHSL.

BucHoBku. O4iKy€eThCs, 0 Pe3yIbTaTt [bOr0 HOCIIIKEeHHs OyyTh LIHHNMM IS acoLjiarii 60fi6inguary, TpeHepis i criopre-
MeHiB, 100 yXXMBaTK JOLATKOBUX 3aII00DKHUX 3aXO/IiB IIOJO TPaBM Yy Maii0y THbOMY.

KmrouoBi cmoBa: 607i6inaep, TpaBMa, TiKyBaHHs, CTaH CIIOPTCMeHa, peabimiTaris.
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Abstract

The study aimed to determine prevalence of low back pain (LBP), risk factors, and knowledge of injury prevention

strategies in recreational cyclists.

Materials and methods. This cross-sectional quantitative study included 141 adult recreational cyclists aged 18 to 70.
LBP prevalence was determined using a standard Nordic questionnaire. In addition, a validated self-developed
questionnaire was used to assess knowledge level, with a high score representing the highest level of knowledge.
Frequencies and percentages were used to report the descriptive variables, whereas the Chi-square test was used to

determine the association between risk factors and LBP.

Results. The study identified that 55.3% of cyclists had a lifetime prevalence of LBP, and 35.5% reported LBP in the
past 12 months. However, no significant association (p>0.05) was found between the risk factor and the LBP. Despite
this, a low level of knowledge of injury prevention strategies for recreational cyclists was found.

Conclusions. This survey found that recreational cyclists have a low level of understanding about crucial bicycle
characteristics such as seat height, saddle tilt, and handlebar position to maintain optimal body biomechanics.
Recreational cyclists should be educated on the need for appropriate bicycle modifications and ergonomics, effective
warm-up, stretching, and cool-down techniques, and some critical injury prevention strategies, especially in the low

back.

Keywords: cyclist, low back pain, knowledge, risk factors, injury prevention.

Introduction

Cycling is one of the most popular activities worldwide
due to its physical and mental health advantages (Decock
et al,, 2016; Oja et al,, 2011). Additionally, cycling has been
linked to a decreased risk of type 2 diabetes, cardiovascular
disease, cancer, and obesity (Antequera-Vique et al., 2022;
Nordengen et al., 2019). Cycling also offers the extra benefit
of not being connected to repetitive joint impact.

Despite the fact that cycling is considered a safe and
low-impact activity, a number of acute, chronic and overuse

© Purushothaman, V.K., Chen, W.V,, Subramaniam, A.,
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injuries have been linked to its practice (Dinu et al., 2019;
Rasmussen et al., 2016). In regard to overuse injuries, low
back pain (LBP) has been reported as one of the areas
with a high prevalence of injuries in recent studies among
recreational cyclists (11.5%) (Francois Du Toit et al., 2020),
mountain bikers (23%) (Lebec et al., 2014), and road cyclists
(45%) (Priego Quesada et al., 2019).

Cycling is one such activity where the cyclist’s stance,
with a protracted flexed posture, may have an impact on
the morphology of the spine and may result in greater
mechanical strain on the lumbar region, resulting in low back
discomfort (Antequera-Vique et al., 2022; Marsden, 2010).
Furthermore, cycling requires riders to assume postures that
are deemed unnatural based on the needs of trunk flexion in
order to complete a specific technical move that enhances
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sports performance (Antequera-Vique et al., 2022) such as
adapting the spinal curvatures on the bicycle depending on
the handlebar type and position on the handlebars. Another
systematic review have also reported that cycling-related
prolonged lumbopelvic flexion, imbalances in the activation
of the core and spinal muscles, and lower handlebar posture
can all induce lower back pain in cyclists (Streisfeld et al.,
2017).

The bicycle’s components should be adjusted to the
rider’s body measurements for efficient cycling such as seat
height, seat tube angle, body posture, and crank length (Bini
& Hunter, 2021). The handlebars, pedals, and seat are some
of the points of contact where the mechanical movements of
the muscles are transferred to the bicycle while cycling (Bini
& Hunter, 2021; Turpin & Watier, 2020). Certain positions
adopted by the cyclist may predispose to overuse injury.
Nevertheless, there is little knowledge among cyclists of
the appropriate cycle ergonomics to prevent injuries (Bini
& Hunter, 2021). For example, one study has reported on
the lack of knowledge on the saddle position in relation to
pedals based on scientific knowledge as improper position of
the saddle could lead to overuse injuries (Peveler et al., 2005;
Wanich et al., 2007). Besides, different handle heights result
in a variety of riding postures that may alter the cervical and
lumbar curves (Chen & He, 2012). Thus, cyclists should be
made aware of the importance of proper cycle ergonomics
to prevent overuse injuries in the long term and improve
overall fitness and performance during the activity.

Several studies were conducted on cyclists to identify
the incidence of injury, factors affecting performance, and
modifications in the components of the cycle. LBP is one
of the factors causing cyclists to stop participating in the
sport, which hinders them from gaining the benefits of
cycling (Frangois du Toit et al., 2020). However, there is
a dearth of studies examining the prevalence of LBP and
the level of knowledge of its preventative strategies among
Malaysian recreational cyclists. Hence, this study aimed to
determine the prevalence, association between risk factors,
and knowledge level among recreational cyclists in Malaysia.

Materials and methods

Study participants

This study was a cross-sectional study conducted among
141 recreational cyclists in various cycling clubs in the Klang
Valley, Malaysia. The study included participants ranging in
age from 18 to 70 years old and of both genders. Participants
who do not understand the English language, competitive
cyclists, and bicycle commuters were excluded from the
study. Prior to the study, ethical approval was obtained
from INTI International University Ethics and Research
committee with reference number: INTI/UEC/2021/001.
Considering the population size of recreational cyclists in
various running clubs in the Klang Valley, confidence level
(95%), and acceptable margin of error (5%), a sample size of
200 recreational runners was selected using simple random
sampling methods. Of the 200 questionnaires administered,
141 completed questionnaires were returned, demonstrating
a 70% response rate. Participants were informed of the
study objective, the confidentiality of their data, and their
anonymity in the research. They were then required to
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sign an informed consent form before proceeding with
the questionnaire. All participation in this research was
completely voluntary, and the participants were allowed to
withdraw from the research at any time without giving a
reason.

Study organization

This study designed a self-structured questionnaire
concerning recreational cyclists. It has four sections: i)
Demographic information on recreational cyclists, ii) Risk
factors for LBP among recreational cyclists, iii) Knowledge
about low back pain preventive strategies adopted by the
cyclists, and iv) Prevalence of LBP. Specifically, all items of
the prevalence of the LBP section were retrieved by adopting
the modified Nordic questionnaire. The content validity of
the self-developed questionnaire has been assessed using
professional judgment by experts in physiotherapy and
rehabilitation. Since all recreational riders were members
of various cycling groups, the data were collected using
“Google forms.”

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
version 28.0.0 was used to conduct the statistical analysis.
Knowledge of LBP strategies was analysed using multiple-
choice questions with one or multiple correct answers for
each question. Descriptive analysis was used to evaluate
demographic data and the level of knowledge of LBP
prevention strategies, represented in frequency and
percentage. The chi-square test was used to interpret the
association between risk factors and LBP.

Results

141 respondents took part in the current survey. Table 1
provided information about the respondents demographic
details.

The analysis of low back pain revealed that 55.3% of
cyclists had developed back pain. Furthermore, 35.5% of
people reported low back pain in the previous 12 months,
and 14.2% reported it in the previous 7 days.

Table 3 shows the association between risk factors and
LBP. Although, high frequencies were seen in lack of warm
up and cool down, no association were found between the
variables.

The study’s findings addressed the cyclists’ knowledge
about the LBP prevention strategies and the correctness of
responses to the knowledge-related variable, as shown in
Table 4. Specifically, the respondents’ knowledge of saddle
and tilt angle was only 14.9% and 3.54%, respectively.
However, 80.14% of respondents were more knowledgeable
about exercise to reduce LBP. In addition, nearly half
(48.93%) of them correctly recognized the perfect handlebar
position to reduce LBP, and only 19.14% knew the optimal
riding distance for a cyclist to prevent the incidence of LBP,
as shown in Table 4.

Further exploration was carried out to ascertain whether
the participating cyclists’ knowledge of LBA prevention
strategies is one of the factors in preventing LBA. Table 5
shows the association between the cyclists’ knowledge



Purushothaman, V. K., Chen, W.V., Subramaniam, A., Subbarayalu, A. V., Maruthey, N., & Kandasamy, M. (2023). Survey on Low Back
Pain among Cyclists: Prevalence, Risk Factors and Knowledge of Injury Prevention Strategies

Table 1. Demographic Characteristics

Table 2. Prevalence of Low Back Pain

Variables Mean+SD  n (%)
Age 18-30 39 (27.7)
31-50 81 (57.4)
51-70 21 (14.9)
Gender Female 22 (15.6)
Male 119 (84.4)
BMI 24.86 +3.97
Riding Speed (Km/h) 27.91 £+ 4.96
Educational Level Primary 2(14)
Secondary 14 (9.9)
Diploma 30 (21.3)
Pre-university 4(2.8)
Undergraduate 45 (31.9)
Postgraduate 42 (29.8)
PhD 4(2.8)
Cycling Experience < 6 months 5(3.5)
6 months - 1 year 18 (12.8)
1 year - 2 years 23 (16.3)
2 years - 3 years 20 (14.2)
> 3 years 75 (53.2)

All the data presented in frequencies (percentage) except BMI

and riding speed presented in mean + SD, BMI: Body mass

index, SD: Standard Deviation

Table 3. Association between risk factor and LBP

Variable n (%)

Lifetime Prevalence

Yes 78 (55.3)

No 63 (44.7)
LBP from cycling in the past 12 months

Yes 50 (35.5)

No 91 (64.50)
LBP from cycling at present

Yes 20 (14.2)

No 121 (85.8)

*LBP-Low back pain

about bicycle seat adjustment, saddle title angle, best cycle
design, handlebar position, optimal cycle distance, core
muscle exercises, and the annual prevalence of LBA. Except
for the cyclists’ knowledge about saddle tilt angle, all the
other factors are significantly associated with the annual
prevalence of LBA.

Discussion

The current study aimed to determine the prevalence,
risk factors, and level of knowledge of LBP prevention
strategies among Malaysian recreational cyclists. According
to the study’s statistics, 35.5% of cyclists reported having
LBP in the past 12 months. The results of the current study
are also concurrent with a previous study that reported a
prevalence of 41% of LBP among amateur cyclists (Van der

LBP in the past 12 months

Risk factors Total No Yes X p-value
n (%) n (%) n (%)

Riding terrains 6.960 0.138
Flat with few hills 58 (41.1) 44 (31.2) 14 (9.9)
Downhill 1(0.7) 1(0.7) 0
Flat roads 19 (13.5) 11 (7.8) 8 (5.7)
Hilly roads 58 (41.1) 33(23.4) 25 (17.7)
Uphill 5(3.5) 2(1.4) 3(2.1)

Smoking 0.338 0.561
Yes 21 (15.6) 13(9.2) 9(6.4)
No 119 (84.4) 78 (55.3) 41 (29.1)

Supplementary exercise 0.201 0.654
Yes 104 (73.8) 66 (46.8) 38 (27.0)
No 37 (26.2) 25(17.7) 12 (8.5)

Warm-up 2.754 0.097
Yes 77 (54.6) 45 (31.9) 32(22.7)
No 64 (45.4) 46 (32.6) 18 (12.8)

Cool-down 0.603 0.806
Yes 64 (54.6) 42 (29.8) 22 (15.6)
No 77 (54.6) 49 (29.8) 28 (19.9)

Other sports 2.223 0.136
Yes 85 (60.2) 59 (41.8) 26 (18.4)
No 56 (39.7) 32(22.7) 24 (17.0)

*LBP-Low back pain, x* - Effect size
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Table 4. Cyclist Knowledge on LBP prevention strategies

Item N (%)
Knowledge on saddle angle 21 (14.89)
Knowledge on saddle tilt angle 5(3.54)
Knowledge on best bicycle design 53 (37.58)
Knowledge on core muscle exercises 113 (80.14)
Knowledge on handlebar position 69 (48.93)
Knowledge on optimal distance for cycling 27 (19.14)

*LBP-Low back pain

Table 5. Association between Cyclists’ knowledge about
LBP prevention strategies and the annual prevalence of low
back pain.

LBP in the past 12 months

Risk factors Total No Yes X
n(%) n(%) n(%) (p-value)
Knowledge about Seat Adjustment
Correct Response 21(15) 19(19) 2(8) 6.6064

120 (85) 74 (81) 46 (92) (p>0.05)
Knowledge about saddle tilt angle

Incorrect Response

Correct Response 5 3 2

Incorrect Response 136 87 49 0.4975
(p<0.05)

Knowledge on best bicycle design

Correct Response 53 42 11 8.025

Incorrect Response 88 49 39 (p>0.05)

Knowledge on core muscle exercises

Correct Response 113 80 14 52.1235

Incorrect Response 28 11 36 (p>0.05)

Knowledge on handlebar position

Correct Response 69 79 6 73.1225%*

Incorrect Response 72 12 44 (p>0.05)

Knowledge on optimal distance for cycling

Correct Response 27 75 9 55.6013*

Incorrect Response 114 16 41 (p>0.05)

*LBP-Low back pain, x* - Effect size

Walt et al., 2014). Nevertheless, the incidence of mechanical
LBP was comparatively lower (13.5%) in top-level road
cyclists (De Bernardo et al., 2012) and world-class cyclists
(13.4%) (Barriosetal., 2015). The possible reason may be that
the targeted population was different in the current study
and the training pattern may vary in professional cyclists.
This evidence stands to reason because, in comparison
to recreational road cyclists, professional road cyclists
typically have greater average cycling speeds, distances, and
frequencies per week, which may decrease the risk of low
back pain (Priego Quesada et al., 2018; Teyeme et al., 2019).

In the Klang Valley, 14.2% of recreational cyclists
reported having LBP at the time of the survey. In a similar
survey, 16% of road cyclists reported low back pain at the
time of the survey (Clarsen, 2015). The point-prevalence of
low back pain in the two sample populations is comparable
as a result of their similarities. This supports the study’s
findings and shows that LBP is a common problem among
recreational road cyclists. Maintaining a fixed riding posture,
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utilising high gears, climbing hills for a lengthy amount of
time, and stressing gluteal, hamstring, and back muscles are
all thought to be factors in LBP in cyclists (Mellion, 1994).

Our study found no significant association between the
riding terrain and LBP. This result supports that of an earlier
study that evaluated the prevalence of low back discomfort
among cyclists riding on “mostly flat”, “primarily hilly”, and
“flat with rolling hills” terrains. This study found that low
back pain in recreational cyclists is not significantly linked
to the different types of cycling terrain (Schultz & Gordon,
2010). Although there is no remarkable relationship between
LBP and terrain, ongoing research on cycling biomechanics
has revealed that uphill cycling requires a significant amount
of power to defy gravity. Cycling uphill has a different posture
than cycling on flat ground (Fonda & Sarabon, 2012). In this
study, the majority of the participants are non-smokers and
they adopt a healthy lifestyle. In contrast, recent evidence
adopted fromastudy stated that cigarette smoking contributed
to one of the risk factors for chronic LBP in university athletes
(Ansari & Sharma, 2022). Another interesting finding in this
study was that there was no relationship between LBP and
exercise. Since a substantial number of participants in this
survey do exercise to prevent LBP, this may be the possible
reason for the non-significant relationship. However, a
dissimilar result was illustrated in the study investigated by
Rostami et al., 2015 revealed that deficiency of core stability
muscles leads to LBP in bikers. Therefore, core stability
exercises may be beneficial for mountain bikers.

In this survey, cyclists had a low level of knowledge about
LBP prevention strategies. Only 14.9%, 3.5%, and 19.1%
of the respondents provided correct answers for optimal
position on saddle angle, saddle tilt, and optimal distance
for recreational cyclists, respectively. Despite the low level
of knowledge, the other components of the questionnaire,
such as the importance of suspension in the cycle, core
muscle exercise, and handlebar position, more than half
of the respondents have a moderate level of knowledge of
prevention strategies. Unlike previous studies, this study
established a significant association between the cyclists’
knowledge about bicycle seat adjustment, best cycle design,
handlebar position, optimal cycle distance, core muscle
exercises, and the annual prevalence of LBA. Nevertheless,
our findings reveal cyclists knowledge about saddle
tilt angle does not show any association with the annual
prevalence of LBP. However, an earlier study indicated that
cyclists’ appropriate adjustment of the saddle angle resulted
in a major improvement in the incidence and magnitude of
their back pain (Salai et al., 1999).

Thus, inadequate knowledge of bicycle parameters would
be one of the contributing factors to the prevalence of LBP in
cyclists as demonstrated through this study. No study haslooked
into cyclists’ awareness of back pain prevention methods as of
yet. The fundamental understanding of injury among cyclist
varies, with some showing a higher level of understanding than
others. However, cyclist’ understanding tends to improve with
time and with experience (Rees et al., 2022).

Some limitations of the study include inherent issues of
self-reported surveys. This study’s results are derived from
a self-reported survey of recreational cyclists about their
prevalence, risk factors, and injury prevention strategies.
Therefore, independent verification of data was not possible.
The study captured the prevalence, risk factors, and
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injury prevention strategies from the voice of recreational
cyclists in various cycling clubs in the Klang Valley,
Malaysia. Therefore, the perceptions cannot be generalized
to cyclists in Malaysia. Therefore, future studies should
include a broader population of cyclists across Malaysia to
generalize the findings.

Conclusions

In conclusion, the survey’s findings indicate that
recreational bikers know little about aspects of bicycles,
including saddle height, saddle tilt, and handlebar position.
Furthermore, there is an association between the cyclists’
knowledge about LBP prevention strategies focusing on
bicycle adjustments & core muscle exercises and the annual
prevalence of low back pain. Therefore, it is important
to emphasize the need for education on proper bicycle
modifications for recreational riders to lower the prevalence
of LBP. Despite the fact that the vast majority of research
participants regularly strengthen their core muscles, LBP
is nevertheless somewhat more common than average.
Therefore, the community of recreational cyclists needs to
emphasize adequate education and knowledge of bicycle
adjustment and the proper method to perform core muscle
exercise.
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BEJIOCUNMEAUCTIB: MOWUPEHICTb, DAKTOPU PUSUKY
TA 3HAHHA CTPATETI/ 3ANOBIFTAHHA TPABMATU3MY
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'"Mixuapopuuii yiBepcurer IHTI
*YuiBepcuret imMeni Tynky A6myn Paxmana

*YuiBepcureT imMeHi imama A6ryppaxmana i6H Qevicana
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ABTOpPCBHKMIT BKTAJ;: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E — 36ip komTis

Pedepar. Crarts: 7 c., 5 Tabn., 30 mxepert.

Mertoro focnifKeHH: 6yI0 BUSHAUMTY IOLMpeHicTb 600 B monepeky (BII), dakropu pusuky Ta 3HaHH:A CTpareriii 3amo-
6iraHHsA TpaBMaM y BeTOCUIICANCTIB-TI0OMTEIB.

Marepianu Ta MeTOgM. Y IIbOMY II€PEXPECHOMY KiNIbKiCHOMY HOCTI/PKEHHI B3A/IM y4acTb 141 OpOC/nii BeloCUIeuCT-1io-
6uresns BikoM Bift 18 1o 70 pokis. [Toumpenicts BII BusHavanu 3a foroMoroo craugapTHoro CKaHAMHABCHKOTO ONMUTYBA/IbHIKA.
Kpim Toro, /1)1 OIliHKM piBHA 3HaHb BUKOPUCTOBYBA/IV BalifJOBaHMIT CAMOCTIITHO pO3pOO6/IeHNIT OINTYBANbHYK, TIPY ITbOMY BH-
COKMI1 6an IIpeCTaB/IAB HallBUIINIL PiBeHDb 3HaHb. I/ IpMBefeHHA ONMCOBUX 3MiHHUX BMKOPUCTOBYBA/IM YaCTOTH Ta BifICOTKM,
TOJIi AK JyIA BU3HAYEeHHA 3B A3KYy MK akTopamy pusuky ta BII BUKopucTOBYBamyu KpuTepili Xi-KBagpar.

Pesynpraru. 3a pesyipraraMi ZOCIiPKEHHs Oy/I0 BU3HAYEHO, 110 55,3% BemocumequcTis mamu BII mpoTarom ycboro sxurrs,
a 35,5% mosigomumu mpo BIT mporsarom ocrannix 12 micanis. OgHak Mix ¢akropoM pusmky ta BIT He 6y10 BUABIEHO CTATHC-
TUYHO 3HauyIloro 3B’sa3Ky (p>0,05). He3akaroun Ha Lie, 6y/10 BMsABIECHO HM3bKUIT piBeHb 3HaHb IPO cTpaTerii 3amobiraHHsa
TPaBMaTU3MYy /L BE/IOCUIIEUCTIB-TIOOUTENIIB.

BucHoBku. 1le onmuTyBaHHS 1IOKa3ajI0, 10 BEMTOCUIIEAVCTI-TIO0NTE MAlOTh HU3bKIUII PiBEHb PO3YMIHHS BX/IMBUX Xa-
PaKTepUCTUK BeTOCUIIEa, TAKUX AK BUCOTA CUIIHH:A, HAXWI Cif/Ia Ta IMOJIOKeHHA KepMa, A/IA HMiATPYMaHHA ONTUMAIbHOI 6io-
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Abstract

Study purpose. Balance, concentration, muscle endurance, and accuracy are very important for archery athletes,
but there are still limited game models to improve balance, concentration, arm muscle endurance, and accuracy in

archery athletes. The aim of this research is to develop a circuit game model to improve balance, concentration, arm
muscle endurance, and accuracy in proper and effective archery athletes.

Materials and methods. The development model used in this study is based on Lee & Owens theory which uses five
phases in a cycle, namely ADDIE. The effectiveness test was carried out on archery athletes aged 10-13 years, totaling
30 people. Treatment was given for 18 meetings.

Results. The conclusion of the research is that the circuit game model to improve balance, concentration, arm muscle

endurance, and accuracy in archery athletes is feasible. The circuit game model is effective in improving balance,
concentration, arm muscle endurance, and accuracy in archery athletes. The circuit game model consists of 6 posts.
Conclusions. For coaches, the circuit game model can be used to improve balance, concentration, arm muscle
endurance, and accuracy in archery athletes. Suggestions for further researchers are that this circuit game model

needs to be developed again to be better.

Keywords: circuit game, balance, concentration, arm muscle endurance, accuracy.

Introduction

Archery has been loved by many from early childhood,
teenagers, and adults. Archery is also one of the leading
sports in Indonesia and as a culture from Indonesia. The
hope is to be able to reach the international level through the
training programs that have been planned. The characteristic
of the sport of archery is releasing arrows through a certain
trajectory towards the target at a certain distance (Sarro et
al., 2021; Kim et al., 2021; Ortiz et al., 2020).

Archery is a precision sport that requires consistency
and stability of a steady movement for accurate shooting
of arrows (Simsek et al., 2019; Serrien et al., 2018; Musa
et al., 2019). Archery in terms of components that affect
the performance of archery athletes are physical, tactical,
technical, and mental. The physical components needed in

© Yachsie, B. T. P. W. B, Suharjana, Graha, A.S., & Hartanto, A.,
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archery include: physical condition, muscle strength, muscle
endurance, and technique (Taha et al., 2018).

The most basic problems for adolescents may occur in
physical and psychological components, including physical,
which contains arm muscle endurance and balance, and
from the psychological aspect, namely concentration. One
of the mental factors that determine the accuracy of archery
is concentration (Savvides et al., 2020; Verawati & Valianto,
2020; DeVoe et al., 2019). Concentration is needed, especially
for sports that require high concentration, one of which is
archery, because this sport requires accuracy, precision,
consistency, and constancy in every action of every arrow
that is fired. The higher the concentration level of an archery
athlete, the better and more consistent the results will be. On
the other hand, the lower the concentration level of an archery
athlete, the results will not be maximal and will be seen in the
inconsistency of the scores he gets (Swann et al., 2017).

Archery is a statistical sport that requires good physical
condition, strength, and endurance, especially in the upper
body’s muscles. One indication of the athlete’s physical
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condition that greatly influences archery achievement is the
endurance of the arm muscles (Lau et al., 2020; Al-Jaber &
Shandal, 2021). In the sport of archery balance is needed
because it must be able to hold the body while on the other
hand aim to open a shot (Kim, 2018). Several studies have
shown that balance has an effect on archery outcomes (Lee
et al., 2019; Ziebell et al., 2019).

Due to the lack of balance, concentration, and endurance
of the athlete’s arm muscles, this has implications for the low
accuracy of archery. On this basis, an exercise model is needed
in the form of a game that can be a stimulus for athletes to
improve skills, physically (muscle endurance and balance),
and mentally (concentration). Through exercises that are
modified into the form of games and there are elements of
play, children do not get bored quickly in doing so.

The development assumption in this study is the lack
of a circuit game model to improve balance, concentration,
arm muscle endurance, and accuracy in archery athletes.
The goal to be achieved in this research is that the product
produced in the future can add insight to the trainer as an
alternative to developing an archery coaching program.

Materials and methods

Study participants

The subjects of the validation test were 6 experts with
professors and doctoral degrees, and 1 archery trainer
practitioner. After the product is produced in the form of
a circuit game model to improve balance, concentration,
arm muscle endurance, and accuracy in archery athletes, the
effectiveness of the product is tested. The effectiveness test
was carried out on archery athletes aged 10-13 years, totaling
30 people. Treatment was given for 18 meetings.

The study was conducted in accordance with the ethical
principles of the Helsinki Declaration for human research
and was approved by the Research Ethics Committee of the
Yogyakarta State University.

Theinstrument of the feasibility test used a questionnaire.
The feasibility test of the material is based on the aspects of
the feasibility of the material, the feasibility of the content,
and the feasibility of the language. Media feasibility test
based on aspects of size, cover design, and content design.

The instrument for testing the effectiveness of the
archery accuracy test is the archery accuracy test, namely by
shooting at a distance of 30 meters, by means of an archer
shooting 36 arrows and the total number of results for
each arrow. The balance test used the stork stand test. The
concentration test used the Grid Concentration Test. The
arm muscle endurance test is the Holding Bow Digitec Test
(Prasetyo et al., 2022).

Study organization

This type of research is research and development
(Research and Development). In the research and
development procedure, there are several stages that must be
done in a research based on the theory of several experts. The
development model used is based on Lee & Owens theory
which uses five phases in a cycle, namely ADDIE (Analysis,
Design, Development, Implementation, and Evaluation)
(Samri et al., 2020).
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Statistical analysis

The data analysis technique used in this research is
quantitative analysis. The feasibility test uses descriptive
analysis. Testing the effectiveness using t-test paired sample
test.

Results

The results of the development of a circuit game model
to improve balance, concentration, arm muscle endurance,
and accuracy in archery athletes were then validated by
material experts and media experts to determine the quality
of the products developed. The assessment is carried out by
material experts using a questionnaire. The measurement
scale used is a modified Likert scale. The results of the
material expert’s assessment of the circuit game model to
improve balance, concentration, arm muscle endurance, and
accuracy in archery athletes are presented in Table 1.

Table 1. Data of material expert assessment results

Earned Maximum

Aspect Score Score Percentage Category
Learning materials 53 60 88,33% Appropriate
Contents 74 84 88,10% Appropriate
Language 32 36 88,89% Appropriate

Based on Table 1, the results of the material expert’s
assessment of the circuit game model to improve balance,
concentration, arm muscle endurance, and accuracy in
archery athletes, the material aspect of 88,33% is in the
appropriate category. The content aspect is 88,10% in the
appropriate category, and in the language aspect of 88,89%
included in the appropriate category.

The results of the media expert’s assessment of the circuit
game model to improve balance, concentration, arm muscle
endurance, and accuracy in archery athletes are presented
in Table 2.

Table 2. Media expert assessment results data

Earned Maximum

Aspect Score Score Percentage Category
Size 20 24 83,33% Appropriate
Cover Design 95 108 87,96% Appropriate
Content Design 198 228 86,84% Appropriate

Based on Table 2, the results of the media expert’s
assessment of the circuit game model to improve balance,
concentration, arm muscle endurance, and accuracy in
archery athletes, namely the size aspect of 83,33% is in the
feasible category; the cover design aspect is 87,96% in a
category is appropriate, and the content design aspect of
86,84% is included in the appropriate category.

The resulting circuit game model consists of 6 posts;
Pos 1 consists of walking with heels, walking tables, releasing
arrows, Pos 2; climbing the block, walking bow, releasing
arrows, Pos 3; toe walk, walking bottles, releasing arrows,
Heading 4; bosu ball, bench push-ups, releasing arrows,
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Pos 5; ankle zig-zag, take a walk hola hoop, releasing arrows,
Pos 6; marble ankle, lifting bench body, releasing arrows. As
in Figure 1.

CIRCUIT GAME MODEL

Fig. 1. Circuit game model

The effectiveness test in this study was conducted to
determine the effectiveness of the circuit game model in
improving balance, concentration, arm muscle endurance,
and accuracy in archery athletes. The effectiveness test was
carried out for 18 meetings with 30 athletes.

At each meeting, the athlete’s time in completing each
post is always recorded; it is hoped that with each session,
there will be an increase in the time in completing each post.
The training process is carried out in a fun way; the coach
provides educational rewards and punishments, and always
provides motivation and evaluation at the end of the exercise.

The results of the pretest and posttest data on balance,
concentration, arm muscle endurance, and accuracy in
archery athletes are presented in Table 3.

Table 3. Results of pretest and posttest

Variable Pretest Posttest
Balance 21.47+2.15 23.07+2.44
Concentration 13.63+£2.25 15.90+3.29
Muscle Endurance 14.53+1.55 15.77+£1.74

Archery Accuracy 243.60+10.82 249.60£11.32

Furthermore, paired sample test analysis was carried
out to determine whether there was an increase in balance,
concentration, arm muscle endurance, and accuracy after
being given a circuit game model for 18 meetings. The results
of the effectiveness test between the pretest and posttest data
are in Table 4.

Based on the results of the pretest-posttest analysis in
Table 4, a significance value of 0.000 < 0.05 was obtained,
indicating a significant difference between the pretest and
posttest. Based on the analysis results, it can be concluded
that the circuit game model effectively improves balance,
concentration, arm muscle endurance, and accuracy after
being given a circuit game model for 18 meetings.
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Table 4. Analysis of paired sample test

Data Mean t count Sig

Pretest 21.47

Balance 8.339 0.000
Posttest 23.07
Pretest 13.63

Concentration 7.779 0.000
Posttest 15.90
Pretest 14.53

Muscle Endurance 7.223 0.000
Posttest 15.77
Pretest 243.60

Archery Accuracy 8.939 0.000
Posttest 249.60

Discussion

The circuit game model developed is one post that uses
Bosu. Bosu is used as a stimulus in training archery athletes'
balance. The flat side of the Bosu ball is often used to increase
muscle tone, improve posture and improve balance. The ball
side is mainly used to increase reaction speed and control the
motor. Bosu exercise applications are used for the development
of balance (Lubetzky-Vilnai et al., 2015; D. Badau et al., 2018),
development of strength and postural control (A. Badau,
2017), and development of motor skills (Zemkova et al.,
2017). In addition, Bosu, which has a large area of use, can
not only be used standing on it in a vertical position but also a
horizontal position (Saeterbakken et al., 2019).

The results of the study showed that training using a
Bosu ball for eight weeks could improve balance (Gidu et
al., 2022; Saikhanzul et al., 2022). Rebound training using
a trampoline and a BOSU ball provides proprioceptive and
vestibular stimulation and improves postural control and
balance (Abd-Elmonem & Elhady, 2018). Exercise (BOSU
ball) for ten weeks can improve the balance (static and
dynamic) (Elfateh, 2016). There was a significant change
in left balance in a 16-year-old basketball player after being
given Bosu ball training treatment (Nugraha et al., 2022).

Thecircuitgamemodel developedhasseveralmovements
in the post to increase concentration. Concentration is a
condition in which a person's awareness is focused on a
particular object at a specific time. Concentration is needed,
especially for sports that require high concentration, one
of which is archery. This sport requires accuracy, precision,
consistency, and constancy in every action of every arrow
fired (Camus, 2020).

The circuit game model developed has several
movements in the post to increase muscle endurance, such
as walking tables, walking bottles, bench push-ups, taking
a walk hola hoop, and lifting the bench body. This exercise
is effective in increasing muscle endurance. The results of
this study are supported by several studies that carried out
weight training to increase muscle endurance (Grgic et al.,
2020; Schoenfeld et al., 2019; Fragala et al., 2019).

The circuit game model developed is effective in
increasingaccuracy in archery athletes. This happens because
the athlete repeats with arrows or releases arrows at the end
of each post in the circuit game model. Releasing arrows is
done with ever-increasing repetitions and sets. The increase
in ability is due to the association of knowledge obtained
by children at previous meetings with new knowledge, and
the association is more robust when done repeatedly. This is
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based on the law of exercise learning theory. That principle
of the law of exercise shows that the main focus in learning
is repetition; the more often the subject matter is repeated,
the more mastered it will be (Tomporowski & Pesce, 2019).
Without repeated practice, skills for mastery of technique
and stability cannot become an automatic movement
(Bompa & Buzzichelli, 2019).

Conclusions

Based on the study’s results, it was concluded that the
circuit game model to improve balance, concentration,
arm muscle endurance, and accuracy in archery athletes
was feasible. The circuit game model improves balance,
concentration, arm muscle endurance, and accuracy in
archery athletes.

The product contains the procedure forimplementing the
exercise model, text, and images. This development product
has components that allow coaches and athletes to learn it
more easily because it is accompanied by: (1) instructions
for use, (2) objectives to be achieved, (3) presentation of
material, (4) attention-grabbing materials in the form of
pictures and explanatory texts.

For coaches, the circuit game model can improve
balance, concentration, arm muscle endurance, and accuracy
in archery athletes. Suggestions for further researchers,
namely the game model to improve balance, concentration,
arm muscle endurance, and accuracy in archery athletes,
need to be developed again to be better.
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PO3POBKA LIUKJTIYHOI F'PU: BIJINB HA PIBHOBATY, KOHUEHTPALLIIO,
M’'A30BY BUTPUBAJIICTb | TOYHICTb CTPIJIbBU 3 JIYKA

1BDE
>

Berpikc Teoda Ilepkaca Bi6adin bimni fAxci'AB°PE, CyxapmxaHa
Ani Caria Ipaxa'®E, Ampi XapTanTo!AB¢PE

JIKOK SIKapTChKMI Jlep>KaBHUI YHIBEpCUTET

ABTOpCHKNMIT BRI A — au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migrotoska pykormcy; E — 36ip komrtis

Pedepar. Crarts: 6 ., 4 Tabn., 1 puc., 34 mxepena.

Merta gocnimxeHHA. PiBHOBara, KOHIeHTpalis, M g30Ba BUTPUBAJICTD i TOUHICTD Jy>K€ Ba>K/IUBi JI/I CIIOPTCMEHIB, AKi 3a-
JIMAIOThCA CTPINBOOIO 3 TyKa, ajie fOCi icHye oOMexeHa KiIbKiCTb irpoBMX MOJe/Iel A/ OKPalleHHs PiBHOBArM, KOHIeHTpalli,
BUTPUBAIOCTI MsI31B PyK 1 TOYHOCT] y CIIOPTCMEHIB-/TyYHMKIB. MeTOI0 [[bOr0 JOCTI/KeHHs € pO3p0o0OKa Ha/Ie)KHOI Ta e(heKTUBHOI
MOfie/Ti IUK/IYHOI TpY [/ HOKPAL[eHHs PiBHOBArM, KOHI[EHTpALlil, BUTPUBA/IOCTI M 53iB PYK i TOYHOCTI y CIOPTCMEHIB, 5Ki 3a-
JIMAIOTbCA CTPiIBOOIO 3 JIyKa.

Marepianu ta MeTomM. Y I[bOMY JOCTIIKEHHI BUKOPUCTOBYBA/IM MOfielIb po3pobku Ha 6asi teopil JIi Ta OyeHca, sika Bu-
KOPUCTOBYE ITsATh a3 y LMK, a came: aHAI3, IPOEKTYBaHHsI, po3pobKa, BIIPOBA/pKeHHs, oLiHKa. [lepeBipKy edeKTUBHOCTI
IPOBOAMIN Ha CIIOPTCMEHaX-Iy4HMKax BikoM 10-13 pokis 3arambHOI0 KiZbkicTio 30 0ci6. ITpouenypy mpoBOAMIN IPOTATOM
18 sycrpiueri.

Pesynprarn. 3a pesynbraTamu JOCIPKeHHS Oy10 3p060/IeHO BYCHOBOK, 110 MOJE/Ib LIVK/IYHOI TPy [yIsl IIOKPALleHHs PiB-
HOBAry, KOHIEHTpALil, BUTPUBATIOCTI M A3iB PYK i TOYHOCT] y CIIOPTCMEHIB-TyYHUKIB € folinpHOMW0. L4 Mofenp UMKIiYHOL Ipn
[OKa3ye CBOI0 e(eKTUBHICTD Y OKpallleHHi piBHOBArM, KOHLIEHTPaLlil, BUTPUBAIOCTI M'5I3iB PyK i TOYHOCT] y CHOPTCMeHIB, SIKi
3aiIMAIOThCA CTPIIBbOOIO 3 TyKa. 11 MOe/Ib UMK/IIYHOI TPY CKIAJAETHCA 3 6 TO3UIIIIL.

BucnoBku. TpeHepy MO>KYTb BUKOPMCTOBYBATH 1110 MOJI€/Ib LIMK/IiYHOI I'PY J/I1 HOKpallleHHs piBHOBAary, KOHIEHTPAILil, BI-
TPUBAIOCTI M'AI3iB PYK i TOYHOCTI y CHOPTCMeHiB-Ty4HMKIB. PexoMeHpaLil 1 moaibnx JOCTIIHNUKIB IIOIATAIOTh Y TOMY, IO
1151 MOZ/Ib LMK/IIYHOI Py OTpeby€e HOBTOPHOI pO3pOOKM 3 METOIO 1i IOKpAIIleHH;I.

KnrouoBi croBa: nukitiyHa rpa, piBHOBara, KOHIeTpallis, BUTPUBAIICTb M A3iB PYK, TOUHICTb.
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Abstract

Study purpose. The study aimed to investigate the social, physical, and mental well-being of people of all ages in
Buriram province and developed physical activities that apply to local people of all ages.

Materials and methods. To develop social cohesion in Sai To 5 Tai, Chanthopphet district, Buriram province, the
study recruited 120 participants of all ages divided into 2 groups of 60 people each: 1) an experimental group was
given a training program for training in Wai Kru Muay Thai 12 positions, 15 sequences 3 days/week, 30 minutes/day
for 10 weeks; and 2) a control group performed their normal routine. The participants were assessed for their well-
being in all ages using a questionnaire and for their physical fitness using field tests in pre-training and after training
for 5 and 10 weeks. Research data were analyzed using mean, standard deviation, normal distribution test, parametric

and non-parametric statistic test.

Results. The results showed that after 10 weeks, the experimental group had social, physical, and mental well-being
in all ages as well as physical fitness that developed in cardiovascular endurance, flexibility, muscle strength and
endurance better than in the control group at a significance level of 0.05.

Conclusions. The training program for training in Wai Kru Muay Thai 12 positions, 15 sequences can improve the

well-being and physical fitness of people of all ages.

Keywords: physical well-being, mental well-being, social well-being, physical fitness, Wai Kru Muay Thai.

Introduction

As a result of the COVID-19 situation, people were
quarantined in residential areas, physical activities, social
activities were reduced, and worsening mental state (Burns et
al,, 2020; Rider et al., 2021). After the COVID-19 pandemic
rate decreases, the development of physical, social, and
mental well-being, is critical for people in the community
to achieve recovery of physical condition to be strong, have
good mental health, and have happy coexistence in society
(Morrow-Howell et al., 2020; Vigo et al., 2020; Maugeri &
Musumeci. 2021).

Activities used to improve well-being should be activities
that can improve physical fitness. As well as being able to
practice together at all ages to achieve interaction between
people in the community in the form of aerobic exercise,
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which affects mental development (Penedo & Dahn, 2005;
Zelko et al., 2019; Van den Berg et al., 2017). In addition,
many physical activities can improve well-being, such as Tai
Chi, Qigong, and Yoga, which are widely found (Nontakhod
etal., 2022).

However, the activity used to train the uniqueness of
Thailand and still lacks research about well-being is Wai
Kru Muay Thai training, which moves the body in multi-
directions with large muscles in the form of aerobic exercise.
Asaresult, the elderly can practice together safely (Phanpheng
etal., 2020). Moreover, this activity also increases alternative
activities for physical, social, and mental health development
in people.

Materials and methods

Study participants

120 participants lived in Ban Sai Tho 5 Tai, Chanthob-
phet Subdistrict, Ban Kruat District, Buriram Province, di-
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vided into 2 groups using a table to determine the sample
size of Cohen (Cohen, 2013). Determine alpha values at
the statistical significance level of .05, the effect size at .50,
and the Power of the test at .75, with 57 people per group,
two groups totaling 114 people. Furthermore, to prevent
the mortality in participants, 6 participants were added,
a total of 120 people, 60 people per group as follows: The
experimental group consisted of 3 age ranges: 1) Aged
7-18 years 2) Aged 19-59 years and 3) Aged 60 years and
over, 20 people per age range, was trained by Wai Kru Muay
Thai. The control group was divided into the age range, and
the number of people was the same as the experimental
group, which was doing the routine. Criteria for inclusion
of research participants 1) Have at least 6-8 hours of rest per
day 2) No symptoms of heart disease 3) No relatives with
heart disease 4) Blood pressure is not higher than 140/90.
Criteria for exclusion of research participants 1) Involun-
tary participation in research 2) Participate in research less
than 80% of the total training period 3) Force majeure caus-
ing not to participate, such as sickness or accidents. All
participants signed the consent document to participate in
the research.

Human research ethics

The research had been approved by the committee for
the research ethics of Buriram Rajabhat University. The
certificate issued was BRU: -rdi 002 (002/2565).

Study organization

All participants were assessed for physical, social, and
mental well-beingassessments with the Health Questionnaire
(Ratanavilaisakul, 2015) and physical fitness test by the DPE
test, consisting of body composition, flexibility, muscle
strength and endurance, cardiovascular endurance, as well
as agility and balance test for older people (Department of
Physical Education, 2019). The experimental group conducts
Wai Kru Muay Thai 12 positions, 15 sequences of training,
repeating 5 rounds (Table 1) for 3 days/week, 30 minutes/
day each time, including all 10 weeks in the form of group
activities. While the control group is not trained. Data were
collected in pre-training, after training for 5 weeks, and post-
training for 10 weeks.

Statistical analysis

Quantitative data were tested for normal distribution
of social, physical, and mental well-being by Kolmogorov-
Smirnov’s method and physical fitness by Shapiro-Wilk
method. When found that 1) Normal distribution data,
Analyze the difference between 2 groups by independent
t-test and within the group between before, after 5, and
10 weeks of training by One-way ANOVA with Repeated
Measured test. 2) Non-normal distribution data, Analyze
the difference between 2 groups by Mann-Whitney U Test
method and within the group between before, after 5, and
10 weeks of training with Friedman test method at the
significant level .05 by SPSS17.0 (SPSS Inc. Released 2008.
SPSS Statistics for Windows, Version 17.0 Chicago: SPSS
Inc.).
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Table 1. Wai Kru Muay Thai 12 positions, 15 sequences of
training program

Type of

PN Duration
Activities

Day Type of Movements

Warm up Dynamic stretchingin 5 minutes

major muscle groups

Work out 20 minutes

(12 positions,
15 sequences of
training)
Repeat 5
rounds.

Monday
Wednesday
Friday

Jarod muay
Tawai bangkom
Muan mud 5 times
Yang sam khum I*
Hong hern
Yang sam khum 2
Phra mae thorani
beeb muay phom
Yang sam khum 3™
Lub hok mokasak

. Berg fah

. Khun phaen phan
marn

. Yang sam khum 4*

. Phra ram plang sorn

. Tud mai khom narm

. Yang suk kasem

1.
2
3.
4.
5
6
7

Cool
down

Static Stretching in 5 minutes

major muscle groups

Results

The results of the study of Wai Kru Muay Thai training
on well-being for all ages can be divided into 2 parts as
follows:

1) The results of physical, social, and mental well-being
conduct overall analysis of all ages by testing differences
between groups by Mann-Whitney U Test and testing
differences within each group by Friedman test method.

Experimental group

mental

I

Control group

Experimental group

social

Control group

Experimental group

Physical

Control group —

0.00 1.00 2.00 3.00 4.00 5.00

W Post-training 10 weeks OPost-training 5 weeks OPre-training

Fig. 1. The mean of physical, social, and mental well-being in the
experimental group was different from the control group after
10 weeks of training. The mean was different within each group
(p<0.05*)

2) Physical fitness results, which were analyzed by age
by testing the difference between groups with One-way
ANOVA with Repeated Measured test and tested differences
within each group with independent t-test as follows:



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 1

2.1) Age over 60 years old.

" @ Experimental group E
Control group 5’|—<

left

=

= ——
. | !
< Experimental grop —_F——
,::L Control group 5‘

—

2 Experimental group ||::
z
- I
= Control group —
S i

0.00 5.00 10.00 15.00 20.00 25.00 30.00

B Post-training 10 weeks  OPost-training 5 weeks OPre-training

Fig. 2. The mean of body composition (p=0.88), flexibility right
(p=0.10) and left side (p=0.36), after 10 weeks of training in the
experimental group, there was no difference from the control
group, while the mean of flexibility right and left side within the
experimental group (p<0.05%)
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Fig. 3. The mean of muscle strength and endurance, and balance
after 10 weeks of training in the experimental group was different
from the control group and within the experimental group, as
well as cardiovascular endurance (p<0.05*)

2.2) Between 15-59 years old
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Fig. 4. The mean of body composition after 10 weeks of training
in the experimental group had no difference from the control
group (p=0.91), while the mean of cardiovascular endurance after
10 weeks of training in the experimental group was different from
the control group (p<0.05%)
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Fig. 5. The mean of flexibility, and muscle strength and endurance

on lower body after 10 weeks of training in the experimental
group was different from the control group and within the
experimental group (p<0.05*)
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Fig. 6. The mean of body composition after 10 weeks of training

in the experimental group had no difference from the control
group (p = 0.07), while the mean of cardiovascular endurance

after 10 weeks of training in the experimental group was different

from the control group (p<0.05*)
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Fig. 7. The mean of flexibility (p=0.10), muscle strength and

endurance on upper body (p=0.46) and lower body (p=0.34),
after 10 weeks of training in the experimental group, there was
no difference from the control group. However, there was also a

difference within the experimental group in each variable (p<0.05*)
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Discussion

The difference within the group of the average of physical,
social, and mental health data in Pre-training, after Training
5 Weeks, and after Training 10 Weeks in the experimental
group found that participants with Wai Kru Muay Thai. An
average of variables increased from before training, after
5 weeks and 10 weeks, respectively, because the Wai Kru
Muay Thai program was an activity that required the body
to move on the beauty of the unique posture and perform
activities together between ages in public as well. In addition,
the appearance of specific gestures made participants talk
and taught each other to make the right gestures. As a result,
people in the community develop physical well-being. The
part of the improved sense of the body used to carry out
each person’s daily routine along with the development of
social well-being in terms of helping and caring for family
members and people in the community together. Including
mental well-being that made participants feel confident
in themselves, control their emotions, and be happier in
life (Murphy et al., 2010; Kimiecik & Horn, 2012).

The difference between the experimental group and the
control group in health information consists of 1) physical
well-being in terms of self-guided travel, 2) social well-being,
participation in community activities, religious activities with
family members, equal health insurance services, a sense of
safety in life and property in the living community. After
training for 5 weeks, the experimental group had an average
of physical and social well-being more than the control group
because the experimental group had activities that must come
to exercise Wai Kru Muay Thai together, which caused more
to leave their own home. Moreover, there was visit to the area
around the community, and having activities together will affect
social well-being, causing people in the community to persuade
each other to do (Melnyk and Neale., 2018). After training for
10 weeks, the experimental group had a better average than
the control group because there were easy activities to follow,
suitable for all ages, and the appointment time together was
evident, causing people to exercise, talk within the family, and
more community (Kimiecik & Horn, 2012).

Analysis of differences within the experimental group
of the average of pre-training physical fitness data, after
training for 5 weeks and 10 weeks in 3 age ranges, found that
1) 7-18 years old had flexibility, strength and endurance of
muscles. Cardiovascular endurance increased, respectively.
2) 19-59 years old, body composition, flexibility, strength
and endurance of muscles, and cardiovascular endurance.
3) 60 years old and over, there was flexibility, strength and
endurance of muscles and balance. All participants developed
higher from before training, after 5 weeks and 10 weeks,
respectively. Wai Kru Muay Thai was an activity that requires
the body to move at a moderate speed with rhythm and
stretch the knee joint, and continue for about 30 minutes,
which affects on the body of all ages to develop strength and
endurance of muscles, flexibility, balance from shortening
and stretching with body weight in Wai Kru Muay Thai and
cardiovascular endurance (Widjaja et al., 2012).

Conclusions

Wai Kru Muay Thai 12 postures, 15 sequences of training
program are activities that can be done together in the com-

munity and are safe for all ages. Wai Kru Muay Thai training
sets can also develop physical, social, and mental well-being.
Therefore, it is an alternative for community leaders or exer-
cise leaders to be used as an engaging activity for people in the
community to improve their well-being. Furthermore, prac-
ticing until proficient will affect the development of physical
fitness as cardiovascular endurance, flexibility, muscle strength
and endurance for all ages, and balance for the elderly.
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BrJinB TPEHYBAHbD 13 BUKOHAHHA PUTYAJZIbHOIO
TAHUA «<BAU KPY MYA TAU» HA CAMOMNOYYTTA
TA OI3NYHY OOPMY JIIOAEN YCIX BIKOBUX IPYI

AmopHTtxian Banpi'A*“PF, ban Ya6aiipam'®?, Cyxapt Xomsan'?

'VuiBepcurer Bypipam Pamkabxar
ABTOpCBHKMIT BKTAZ: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E — 36ip komTis

Pedepar. Crarts: 5 ¢., 1 Tabn., 7 puc., 17 mxepern.

Merta pocmipKeHHA. MeTO0 IIbOro HOCIIKEHHA 0Y/I0 BUBYEHHA COLiaTbHOTO, (i3aMYHOr0 Ta INCUXIYHOTO CaMOIOYYTTs
JIIOfiell ycix BiKOBMX Ipyn y mposiHiii Bypipam (Tainaug), i B itoro pamkax 6yno po3po6yeHo (isuuHi HaBaHTaXXEHHs, AKi 3aCTO-
COBYIOTBCA JIO MiCIIEBOTO HACEJIEHHSA YCiX BIKOBUX KaTeropi.

Marepianu Ta MeTOAM. 3 METOIO PO3BUTKY COIIiaNbHOI 3TYpTOBaHOCTI B HaceneHoMy NyHKTi Caii To 5 Tait, oxpyr YanTomn-
IXeT, IpoBiHLisa Bypipam, n1s yuacTi B gocnimpkeHHi 6yn0 HabpaHo 120 yuacHMKIB pi3HOTO BiKYy, po3JiNneHux Ha 2 rpynu 1o 60 oci6
y KOXHIll: 1) eKcIlepyiMeHTa/IbHa IPyIla OTPUMYBaja TPeHYBaIbHY IPOrpaMy [/Is TPEHYBaHb i3 BUKOHAHHA PUTYa/lbHOTO TaHIA
«Bail KPy Myaii Tai» i3 12 mosuwiii, 15 nmocaigoBHoCTeI 3 HHI/TYDKAEHD, 30 XByIMH/KeHb poTsiroM 10 TVOKHIB; 1 2) KOHTPOIbHA
Ipyla BUKOHYBaJIa CBOI 3BMYaliHi MOBCAKJEeHHI cripaBu. CaMOIOYYTTA YYACHUKIB yCiX BIKOBMX KaTeropiil OLiHIOBA/IM 3a JOIO-
MOTOI0 ONUTYBAIbHIUKA, & iXHI0 GisndHy HOpPMY OL[iHIOBA/IM 3a HOIIOMOTIOI0 [O/IBOBUX TECTIB y IEPIOf; O MOYATKY TPEHYBAHb i
IiC/1A IPOXO/PKEHHA TPeHyBaHb NpoTAToM 5 i 10 TyokHiB. AHaMI3 JaHMX JOC/iIKEeHHA 3/1iICHIOBA/IN 3a JOIIOMOTOI0 CEepeJHbOTO,
CTaH[aPTHOTO BiIXV/IEHH, IIePeBiPKM HOPMA/IbHOCTI PO3IOAiTY, HapaMeTPMYHMX i HelTapaMeTPUYHMX CTAaTUCTUYHIX KPUTEPIIB.

Pesynbratu. Pesynbraty nmokasanu, mo depes 10 TVDKHIB eKCIlepyMeHTa/IbHa TPyIIa B yCiX BiKOBMX IPyIIax Maja Kpaili I10-
KasHMKI COLia/[bHOrO, (Pi3MYHOrO Ta ICHUXIYHOTO CAMONOYYTTs, a TaKoX (isndyHoi Gopmu, siKa POSKPUIACH § BUTPUBAIOCTI
CepLIeBO-CYAMHHOI CHCTeMH, THYYKOCTI, M’130Bill CHJIi Ta BUTPUBAIOCTI, HDK Y KOHTPOJIbHII rpyIi, 3a piBHs 3HauymocrTi 0,05.

BucHosku. TpenysanbHa porpama fijisl TpeHyBaHb i3 BUKOHAHHA PUTYa/IbHOTO TaHIA «Bajl Kpy Myail Tai» i3 12 nosuuii,
15 mocnioBHOCTelT MOYKe MTOKPAIyBaTy CAMOIIOYYTTA Ta GisuuHy PopMy mofelt yciX BiKOBUX KaTeropiir.

Kmrouosi cmoBa: disnyHe caMOIOUyTTS, IICUXiYHE CAMOIOYYTTs, COliabHe caMonodyTTs, disyyna popma, pUTyanbHNi
TaHelb «Bajl Kpy Myall Taii».
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Abstract

Background. Hypertensive heart disease (HD) is a chronic abnormality that affects various systems of the body and

is especially unfavorable for women of reproductive age.

The purpose of the study was to develop a comprehensive program of physical rehabilitation for young women
suffering with stage I hypertensive heart disease at the outpatient stage of rehabilitation and evaluate its effectiveness.
Materials and methods. 42 young women with a diagnosis of HD were randomly divided into two groups: one
performing traditional physical rehabilitation (control group) and the other following a method based on the Pilates
system. Questionnaire, Martinet-Kushelevsky test, modified Romberg test, and Deshin test were performed.

Results. Questionnaire and examination for determination of therapeutic tasks in the application of physical
rehabilitation show improvement due to the use of the suggested methodology. Indicators of Martinet-Kushelevsky
test improved from 2.46 points to 5.48 points (p<0.01) which is better (p<0.05) than in the case of the traditional
methodology where they changed from 2.44 to 4.61 (p<0.01). Kotov-Deshin test results show improvement in both
groups evenly but the test results of the women of the main group improved from “unsatisfactory” to “good”, and
those of the women of the control group improved from “unsatisfactory” to “satisfactory” with significantly better
results in the main group (p<0.05). Distribution of the Romberg test results show improvement of vestibular stability

in all participants of the main group.

Conclusions. The proposed program of complex physical rehabilitation of patients with stage I hypertensive heart
disease using the Pilates method proved to be effective. Due to this program, there was a significant decrease in heart
rate, systolic and diastolic pressure, an improvement in the response of the cardiovascular system to the Martinet-
Kushelevsky functional test as well as in the state of the respiratory and nervous systems, as evidenced primarily by
the indicators of hypoxic tests, spirometry, clino- and orthostatic tests, with the Romberg and Deshin methods.

Keywords: hypertensive heart disease, Pilates, women, blood pressure.

Introduction

Hypertensive heartdisease (HD)isachronicabnormality
that affects various systems of the body, characterized by an
increase in blood pressure above normal (Shalimova et al.,
2020; Shepherd et al., 2016). The disease is underlain by
arterial hypertension, which is one of the main risk factors
for the development of coronary heart disease, cerebral
stroke and other disorders (Shalimova et al., 2019; Rzymski
et al., 2021). All available means and forms of exercise
therapy should be used in the system of motor activity of a
patient with stage I hypertension, taking into account the use
of certain methodological guidelines and rules (Shalimova,
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2022; Krivenko et al., 2021). An important problem is
the development of a comprehensive program of physical
rehabilitation for this category of patients (Maksymenko et
al., 2020; Schenstrom, Rénnberg, Bodlund, 2006), the need
for a deeper study of the pedagogical basis for the use of
physical exercises in rehabilitation treatment in stressful
conditions in Ukraine especially (Awuah et al., 2022).

Hypertensive heart disease is showing a steady upward
trend and this is primarily due to the fact that hypertensive
heart disease is a disease of civilization (Polyvianna,
Chumachenko, Chumachenko, 2019) its negative aspects
(in particular, the information boom, the increased pace of
life, hypokinesia, etc.).

The analysis of literary sources showed that hypertensive
heart disease occupies one of the leading places among the
abnormalities of the cardiovascular system (Yakovlev et
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al., 2020). The prevalence of hypertension in women, the
chronic course of the disease, the lack of effectiveness of
the generally accepted complex therapies determine the
relevance of the chosen topic and the need to search for new
and effective combinations of physical rehabilitation means
that would improve the rehabilitation treatment, would not
cause adverse reactions and be well tolerated by women
(Podrihalo et al., 2022; Gargin et al., 2019). That is very
important for women of reproductive age due to common
combination with other disease of genital system (Maczka,
Sass, 2017; Lazko et al., 2021; Lytvynenko et al., 2022) that
could be realized in later period.

The purpose of the study was to develop a comprehensive
program of physical rehabilitation for young women suffering
from stage I hypertensive heart disease at the outpatient
stage of rehabilitation and evaluate its effectiveness.

Materials and methods

Study participants

We performed primary examination of women suffering
from hypertensive heart disease. Under our supervision
there were 42 young women (21-30 years old) with a
diagnosis of stage I hypertensive heart disease. They were
randomly divided into two groups: control (20 patients) and
main (22 women). According to the diagnosis, the nature
of the disease, age, gender and previous examination, both
groups of patients were homogeneous. At the same stage,
a program of physical rehabilitation was applied for this
contingent of patients. The control group of patients was
trained according to the generally accepted method, and
the main group according to the method developed by us.
Anthropometric data of participants are presented in table 1.

Table 1. Anthropometric data of participants.

Anthropometric Control group Main group
data of (N=20) (N=22)
investigated

groups Mean SD Mean SD
Age (years) 28.47 348 2813 4.02 p>0.05
Weight (kg) 67.44 5.31 69.04 5.88 p>0.05
Height (m) 1.63 0.11 1.64 0.10 p>0.05
Study organization

The complex of rehabilitation measures in the control
and main groups lasted 26-28 days. After that, a second
examination was carried out, which made it possible to
assess the time course of the indicators of the cardiovascular
and respiratory, central and autonomic nervous function,
occurring under the impact of the rehabilitation means we
used. The results of the re-examination were studied and
the effectiveness of the proposed rehabilitation program
was evaluated. Evidence-based conclusions were made and
practical recommendations were given for participants.

The examined patients of the main and control groups
were prescribed a complex of therapeutic exercises and
massage according to the generally accepted scheme on a
sparing and sparing-training motor regimen (Podrihalo
et al,, 2021). In the training motor mode, the patients of

the control group were engaged according to the generally
accepted methodology, and patients of the main group using
the Pilates methods. Classes were held once a day, every
day (excluding Sundays) in the hall of therapeutic physical
education department. All participants were questioned
before and after rehabilitation. Martinet-Kushelevsky test,
modified Romberg test, and Deshin test had been performed.

Martinet-Kushelevsky test had been performed
measuring blood pressure with a tonometer, determining
carpal dynamometry, lung capacity, body length and weight.
During its implementation, the subject performed 20 squats
in 30 seconds ata pace set from the screen. After the end of the
exercise, the program measures the heart rate for 3 minutes
and displays the recovery time (in seconds) on the graph.
According to the recovery time, the level of physical abilities
was assessed: from 1 to 30 s (16-18 points) — high; from
31 to 60 s (13-15 points) - above average; from 61 to 120 s
(7-12 points) - medium; from 121 to 150 s (4-6 points) -
below average; from 151 to 180 s (1-3 points) — low.

The Kotov-Deshin test was carried out as follows. At
rest, the pulse was determined (according to 10-second
segments) and blood pressure was measured. Then the
subject performed a load in the form of a 2-minute run in
place at a pace of 180 steps per minute with a high hip lift.
After performing the exercise, the subject sat down and
during each of the 5 minutes of the recovery period, his pulse
rates were recorded for the first and last 10 seconds, and in
the interval between 11 and 49 seconds, blood pressure was
measured.

Statistical analysis

Statistical processing of data obtained during the
study was carried out using Microsoft Office Excel 2016
spreadsheets (Microsoft, USA) and Statistica 10.0 software
(StatSoft, USA). The compliance of the obtained data with
the normal distribution law was assessed with the Shapiro-
Wilk’s W-test. Student’s t-test was employed to assess the
significance of the difference between independent groups
of parametric indicators. The assessment of the significance
of differences in the signs of dependent groups with signs of
normal distribution was carried out according to the even
Student’s test (t-test of dependent samples). Differences were
determined by the significance level p<0.05.

Results

Results of questionnaire for participants of control and
main groups are presented in table 2.

The results of Kotov-Deshin test were evaluated by the
increase in pulse and pulse pressure, as well as by the nature
and time of recovery and it is prezented in Table 4.

Follow-up study of the vestibular stability using the
Romberg test is prezented in table 5.

Discussion

The initial stage of our work was devoted for the
analysis and processing of literary sources on the problem
of hypertensive heart disease. The presentation, etiology
and pathogenesis of this disease were studied. We have
reviewed the available programs of physical rehabilitation
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Table 2. Questionnaire of participants about their feeling

Control group (N=20)

Main group (N=22) Comparison

Initial parameters After the course

of groups after
After the course

of rehabilitation foitilperametes of rehabilitation rt:lhea;(i)ﬁ:::i:fl
unsatisfactory 3(15.0%) 1(5.0%) 4(18.2%) -
Egggg;m qage | Satisfactory 14(70.0%) 8(40.0%) 14(63.6%) 3(13.6%) p<0.05
good 3(15.0%) 11(55.0%) 4(18.2%) 19(86.4%)
unsatisfactory 19(95.0%) 8(40.0%) 20(90.9%) 9(40.9%)
atlilals)it:;ilzltlr:;s satisfactory 1(5.0%) 9(45.0%) 2(9.1%) 10(45.5%) p>0.05
Py good - 3(15.0%) - 3(13.6%)
general unsatisfactory 16(80.0%) 12(60.0%) 17(72.3%) 3(13.6%)
strengthening satisfactory 4(20.0%) 8(40.0%) 5(22.7%) 13(59.1%) p<0.05
of the body good . - - 6(27.3%)
activity of the unsatisfactory 20(100.0%) 9(45.0%) 22(100.0%) 9(40.9%)
cardiovascular  satisfactory - 11(55.0%) - 10(45.5%) p>0.05
system good - 2(10.0%) - 3(13.6%)
feeling pain from time to time 17(85.0%) 14(70.0%) 18(81.8%) 9(40.9%) p<0.05
pain in the cervical spine spine 12(60.0%) 8(40.0%) 13(59.1%) 6(27.3%) p>0.05
pain in the thoracic spine 11(55.0%) 9(45.0%) 11(50.0%) 6(27.3%) p>0.05
pain in the lumbar spine 11(55.0%) 8(40.0%) 12(54.5%) 3(13.6%) p<0.01

Table. 3. Parameters of the Martinet-Kushelevsky test, points

Initial parameters

After the course of Comparison of initial

rehabilitation parameters and
Parameters
after the course of
Mean SD Mean SD rehabilitation
Control group (N=20) 2.44 0.21 4.61 0.40 p<0.01
Main group (N=22) 2.46 0.19 5.48 0.37 p<0.01
Comparison between groups p>0.05 p<0.05
Table 4. Distribution of the results of the Kotov-Deshin test
Initial parameters After the course of rehabilitation
Parameters
unsatisfactory satisfactory good unsatisfactory satisfactory good
Control group (N=20) 19(95.0%) 1(5.0%) - 10(50.0%) 8(40.0%) 2(10.0%)
Main group (N=22) 20(90.9%) 2(9.1%) - 6(27.3%) 12(54.5%) 4(18.2%)
Comparison between groups p>0.05 p<0.05
Table 5. Distribution of the results of the Romberg test
Initial parameters After the course of rehabilitation
Parameters
unsatisfactory satisfactory good unsatisfactory satisfactory good
Control group (N=20) 16(80.0%) 3(15.0%) 1(5/0%) 4(20.0%) 14(70.0%) 2(10.0%)
Main group (N=22) 18(81.8%) 3(13.6%) 1(4.5%) - 9(40.9%) 13(59.1%)
Comparison of groups p>0.05 p<0.05

for hypertensive heart disease (Shalimova, 2022; Pulavskyi
et al., 2022; Gevorkyan, Ippolitov, Bocharova 2022). As a
result of the analysis of literary sources, the purpose and
objectives of the study were formulated and specified, the
main approaches to the physical rehabilitation of patients

with hypertension were determined. At the same stage, a
program of physical rehabilitation was drawn up using the
Pilates health-improving methods.

The rationale for the use of the health-improving Pilates
method in patients of the main group in the training motor
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mode could be used as traditional therapeutic physical
education involves the study of each muscle group separately
(Byrnes, Wu, Whillier, 2018), however, a unique healing
method developed in the beginning of the 20th century by
the German fitness expert Joseph Hubertus Pilates, suggests
a system of exercises based on the attitude to the body as a
whole.

There are basic principles of the Pilates system:
concentration; control; accuracy; breath; center; continuity,
smoothness, fluidity of movements (Kashuba et al., 2020).
Concentration is an element of the technique that helps
to bring the body and spirit together and become calmer
internally. Simultaneously with the exercise, it is necessary
to create an image of its implementation. With this
visualization, the muscles will be subconsciously activated.
Control of exercises requires a high degree of coordination
and control, since all the muscles involved in the movement
must optimally interact with each other. Accuracy in this
system, it is not the number of repetitions that is decisive, but
the quality and awareness of their implementation. Breath
in Pilates exercises, it is about making the center of the body
stable. During the training it is recommended to employ
thoracic lateral breathing. In this case, the lower part of the
chest expands to the sides and back, and at the same time the
thin muscles between the ribs are stretched. There is greater
mobility in the upper body. Holding the breath during the
exercise is not recommended. Center as Joseph Pilates spoke
of “Powerhouse”, meaning the middle of the body between
the pelvis and the rib cage, with the spine as the central axis.
Here, first of all, we are talking about four muscle groups:
the transverse abdominal muscle, oblique muscles, and
pelvic floor muscles. All of them work together and create
a muscular corset, which, on the one hand, supports the
spine, and on the other hand, makes the stomach taut. Each
exercise starts in the center and flows through the limbs. The
force that arises in the center coordinates all movements.
Continuity, smoothness and fluidity of movements due to
soft execution of movements is more important than a high
number of repetitions and speed.

As results of our work we could insist, that the health-
improving Pilates method involves the achievement of the
following positive changes: normalization of blood pressure;
strengthening the abdominal muscles; strengthening
the muscles of the pelvic floor; improved joint mobility;
improved coordination of movements; improved cell
supply with oxygen; optimization of the psycho-emotional
state (Sofyan, Abdullah, Hafiar, 2022). Optimization of the
psycho-emotional state which we obtained in main group is
especially important for patients with HD as stress-factor is
one of more important in etiology of that disease and we can
influent for initial link of pathogenesis.

Systematically conducted physical therapy classes
based on the health-improving Pilates complex activate all
physiological processes in the body and improve its vital
activity. Under the impact of this complex, the activity of
the autonomic nervous system increases, the activity of the
endocrine glands and the psychological status of the patient
improves. This effect is obtained by performing static,
breathing exercises for muscle relaxation and others at a
slow pace (Nechyporenko et al., 2020; Bales et al., 2020). This
results in a decrease in excitation and an increase in inhibition
in the central nervous system (Kolupayev et al., 2022).

Following these physical exercises patients’ myocardium
isfoundtoundergoactivation of metabolismandregeneration
processes, an increase in blood flow, and an improvement
of its nourishment. In this regard, the heart muscle is
strengthened and its contractility increases (Arfanda et
al., 2022). Tests which were performed, resulted that no
one parameter of cardiovascular activity was decreased in
comparison with traditional system of rehabilitation.

Thus, the health-improving Pilates complex is a rather
specific type of health-improving gymnastics, which gives a
rather high effect in the treatment and prevention of patients
suffering from stage I HD, subject to specific guidelines.

The study of the cardiovascular and respiratory
indicators in patients of the control and main groups showed
positive time course was observed in terms of pulse and
blood pressure (Mujriah et al.,, 2022). When comparing
the obtained repeated indicators of the cardiovascular and
respiratory systems between the control and the main group,
no significant differences were found, which indicates a
positive effect of complex physical rehabilitation on women
in both groups.

Follow-up examination in patients of the control group
revealed a decrease in heart rate and blood pressure at rest.
After exercise, a higher systolic pressure persisted, but there
was no significant decrease in the recovery time of these
indicators. In the main group, there was a more pronounced
positive trend in terms of heart rate, systolic pressure and
recovery time according to Martinet-Kushelevsky and Deshin
tests. This indicates an increase in the adaptive capacity of
the cardiovascular system of patients in the main group to
dosed loads. During the re-examination of the function of
the autonomic nervous system after a course of physical
rehabilitation, positive time course was established in the
main group and slight positive changes in the control group.

Follow-up study of the vestibular stability using the
Romberg test detected an improvement in the time to
maintain balance, a decrease in tremor of the hands and
eyelids, and a decrease in staggering mainly in women
of the main group. The percentage of assessments in the
performance of the test in women of the main group
improved from “unsatisfactory” to “good”, and in women
of the control group from “unsatisfactory” to “satisfactory”
with significantly better results in main group.

Significant reducing of pain feeling in spine was
described previously for Pilates complex (Kashuba et al.,
2020) but we proved more significant improvement in main
group for lumbar area. That is important for background of
HD which performs choice of anesthetic medicine not too
wide in that suffering (Goncharova et al., 2020; Lyndin et
al,, 2019).

We could testify according performed study with ques-
tionnaire and examination for determination of therapeu-
tic tasks in the application of physical rehabilitation im-
provement of many states as follows: general strengthening
of the patient’s body; improvement of the activity of the
cardiovascular system; activation of metabolic processes;
strengthening and training the heart muscle; regulation of
blood pressure and functions of the vestibular apparatus;
improvement of psycho-emotional state; normalization of
impaired functions of the cardiovascular, respiratory and
autonomic systems; increasing the body’s adaptation to
physical stress.
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Conclusions

Thus, our proposed program of complex physical
rehabilitation of patients with stage I hypertensive heart
disease using the Pilates method is effective and allows
healthcare workers to speed up the recovery process in
the patient’s body. Under the impact of this program,
there was a significant decrease in heart rate, systolic and
diastolic pressure, an improvement in the response of
the cardiovascular system to the Martinet-Kushelevsky
functional test, as well as in the state of the respiratory and
nervous systems, as evidenced primarily by the indicators
of hypoxic tests, spirometry, clino- and orthostatic tests,
with the Romberg and Deshin methods. The rationality
of the approach significantly increases the effectiveness
of treatment, which contributes to an acceleration of the
process of recovery of the patient and restoration of working
capacity.

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

References

Shalimova, A., Psarova, V., Kochuieva, M., Kolesnikova,
0., Isayeva, A., Zlatkina, V., & Nemtsova, V. (2020).
Features of hemodynamic and metabolic disorders in
obese patients with resistant hypertension. Arterial
Hypertension (Poland), 24(1), 22-29.
https://doi.org/10.5603/AH.a2020.0002

Shepherd, L., Borges, A. H., Ledergerber, B., Domingo,
P, Castagna, A., Rockstroh, J., . . . Burger, D. (2016).
Infection-related and -unrelated malignancies, HIV and
the aging population. HIV Medicine, 17(8), 590-600.
https://doi.org/10.1111/hiv.12359

Shalimova, A., Fadieienko, G., Kolesnikova, O., Isayeva, A.,
Zlatkina, V., Nemtsova, V., . . . Kochuieva, M. (2019). The
role of genetic polymorphism in the formation of arterial
hypertension, type 2 diabetes and their comorbidity.
Current Pharmaceutical Design, 25(3), 218-227.
https://doi.org/10.2174/1381612825666190314124049

Rzymski, P.,, Camargo, C. A, Jr., Fal, A., Flisiak, R., Gwenzi, W,,
Kelishadi, R., . .. Rezaei, N. (2021). COVID-19 vaccine
boosters: The good, the bad, and the ugly. Vaccines, 9(11)
https://doi.org/10.3390/vaccines9111299

Shalimova, A. (2022). Different faces of resistant hypertension
in obesity. Arterial Hypertension (Poland), 26(2), 84-91.
https://doi.org/10.5603/AH.a2022.0011

Krivenko, S. S., Pulavskyi, A. A., Kryvenko, L. S., Krylova,
0.V, & Krivenko, S. A. (2021). Using mel-frequency
cepstrum and amplitude-time heart variability as
XGBoost handcrafted features for heart disease detection.
Paper presented at the Computing in Cardiology,
2021-September.
https://doi.org/10.23919/CinC53138.2021.9662929

Maksymenko, A., Domina, O., Davydova, Z., & Stupina, E.
(2020). Features of the advanced vocational training of
medical workers under modern conditions. Systematic
Reviews in Pharmacy, 11(11), 1309-1315.
https://doi.org/10.31838/srp.2020.11.185

Schenstrom, A., Ronnberg, S., & Bodlund, O. (2006).
Mindfulness-based cognitive attitude training for
primary care staff: A pilot study. Complementary Health
Practice Review, 11(3), 144-152.
https://doi.org/10.1177/1533210106297033

Awuah, W. A, Mehta, A., Kalmanovich, J., Yarlagadda, R.,
Nasato, M., Kundu, M., . . . Sikora, V. (2022). Inside the
ukraine war: Health and humanity. Postgraduate Medical
Journal, 98(1160), 408-410.
https://doi.org/10.1136/postgradmed;j-2022-141801

Polyvianna, Y., Chumachenko, D., & Chumachenko, T.
(2019). Computer aided system of time series analysis
methods for forecasting the epidemics outbreaks.
Experience of Designing and Application of CAD Systems
in Microelectronics.
https://doi.org/10.1109/CADSM.2019.8779344

Yakovlev, S., Bazilevych, K., Chumachenko, D., Chumachenko,
T., Hulianytskyi, L., Meniailov, I., & Tkachenko, A.
(2020). The concept of developing a decision support
system for the epidemic morbidity control. Paper
presented at the CEUR Workshop Proceedings, 2753 265-
274.

Podrihalo, O., Jagielto, W., Podrigalo, L., Iermakov, S., &
Yermakova, T. (2022). The influence of health-improving
fitness classes on the degree of fat deposition in women of
the second mature age. Pedagogy of Physical Culture and
Sports, 26(1), 19-25.
https://doi.org/10.15561/26649837.2022.0103

Gargin, V. V,, Alekseeva, V. V,, Lupyr, A. V., Urevich, N. O,,
Nazaryan, R. S., & Cheverda, V. M. (2019). Correlation
between the bone density of the maxillary sinus and body
mass index in women during the menopause. Problemi
Endokrinnoi Patologii, (2), 20-26.
https://doi.org/10.21856/j-PEP.2019.2.03

Maczka, M., Sass, A. (2017). Pilates and mobilization methods
in therapy for low back pain among pregnant women.
Journal of Education, Health and Sport, 7(8), 473-488.

Lazko, O., Byshevets, N., Kashuba, V., Lazakovych, Y., Grygus,
L., Andreieva, N., & Skalski, D. (2021). Prerequisites
for the development of preventive measures against
office syndrome among women of working age. Physical
Education Theory and Methodology, 21(3), 227-234.
https://doi.org/10.17309/TMFV.2021.3.06

Lytvynenko, M., Kachailo, I, Lobashova, K., Tregub, T.,
Bocharova, T., & Gargin, V. (2022). Cytological
transformation of the cervix in immunodeficiency
aggravated by alcoholism. Polski Merkuriusz Lekarski :
Organ Polskiego Towarzystwa Lekarskiego, 50(299), 273-276.

Podrihalo, O., Podrigalo, L., Iermakov, S., Sotnikova-
Meleshkina, Z., Sokol, K., Podavalenko, O., Halashko,
0., & Yermakova, T. (2021). Comparative Analysis of
Morphological Indicators of Street Workout Athletes
With Different Training Experience. Physical Education
Theory and Methodology, 21(4), 343-349.
https://doi.org/10.17309/tmfv.2021.4.09

Pulavskyi, A. A., Krivenko, S. S., Krivenko, S. A., Linskiy, L.
V., Posokhov, M. E,, & Kryvenko, L. S. (2022). Automatic
recognition of congestive heart failure signs in heart
rate variability data. Paper presented at the 2022 11th
Mediterranean Conference on Embedded Computing,
MECO 2022.
https://doi.org/10.1109/MECO55406.2022.9797210

107


https://doi.org/10.1109/CADSM.2019.8779344
https://doi.org/10.1109/MECO55406.2022.9797210

ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 1

Gevorkyan, A, Ippolitov, D., & Bocharova, T. (2022).
Circadian disruption as a factor of impaired adaptive
T-cell immunity response. Problemi Endokrinnoi
Patologii, 79(1), 72-77.
https://doi.org/10.21856/j-PEP.2022.1.10

Byrnes, K., Wu, PJ., Whillier, S. (2018). Is Pilates an effective
rehabilitation tool? A systematic review. ] Bodyw Mov
Ther, 22(1), 192-202.
https://doi.org/10.1016/j.jbmt.2017.04.008

Kashuba, V., Tomilina, Y., Byshevets, N., Khrypko, I,
Stepanenko, O., Grygus, I., Smolenska, O., & Savliuk,
S. (2020). Impact of Pilates on the Intensity of Pain in
the Spine of Women of the First Mature age. Physical
Education Theory and Methodology, 20(1), 12-17.
https://doi.org/10.17309/tmfv.2020.1.02

Sofyan, D., Abdullah, K. H., & Hafiar, H. (2022). The
philosophy of sport and physical education: four decade
publication trends via scientometric evaluation. Physical
Education Theory and Methodology, 22(3), 437-448.
https://doi.org/10.17309/tmfv.2022.3.20

Nechyporenko, A. S., Alekseeva, V. V., Sychova, L. V,,
Cheverda, V. M., Yurevych, N. O., & Gargin, V. V.
(2020). Anatomical prerequisites for the development of
rhinosinusitis. Lekarsky Obzor, 6(10), 334-338.

Bales, C., Nabeel, M., John, C. N., Masood, U., Qureshi, H. N.,
Faroogq, H., ... Imran, A. (2020). Can machine learning
be used to recognize and diagnose coughs? Paper
presented at the 2020 8th E-Health and Bioengineering
Conference, EHB 2020.
https://doi.org/10.1109/EHB50910.2020.9280115

Kolupayev, S., Lisovyi, V., Andonieva, N., Geletka, O., Lisova,
M., Gargin, V. (2022) Neurophysiological aspects of
electrical pulse stimulation in patients with urolithiasis.
Polski Merkuriusz Lekarski: Organ Polskiego Towarzystwa
Lekarskiego, 51(300), 391-393.

Arfanda, P. E., Wiriawan, O., Setijono, H., Kusnanik, N. W,,
Muhammad, H. N., Puspodari, . . . Arimbi. (2022). The
effect of low-impact aerobic dance exercise video on
cardiovascular endurance, flexibility, and concentration
in females with sedentary lifestyle. Physical Education
Theory and Methodology, 22(3), 303-308.
https://doi.org/10.17309/tmfv.2022.3.01

Mujriah, Siswantoyo, Sukoco, P, Rosa, E O., Susanto, E., &
Setiawan, E. (2022). Traditional sport model to improve
fundamental movement skills and social attitudes of
students during Covid-19. Physical Education Theory and
Methodology, 22(3), 309-315.
https://doi.org/10.17309/tmfv.2022.3.02

Goncharova, N., Kashuba, V., Tkachova, A., Khabinets, T.,
Kostiuchenko, O., & Pymonenko, M. (2020). Correction
of postural disorders of mature age women in the process
of aqua fitness taking into account the body type. Physical
Education Theory and Methodology, 20(3), 127-136.
https://doi.org/10.17309/tmfv.2020.3.01

Lyndin, M., Gluschenko, N., Sikora, V., Lyndina, Y.,
Hyryavenko, N., Tkach, G., . .. Romaniuk, A. (2019).
Morphofunctional features of articular cartilage
structure. Folia Medica Cracoviensia, 59(3), 81-93.
https://doi.org/10.24425/fmc.2019.131138

KOMMJIEKCHA ®I3U4HA PEABUTITALLIA XKIHOK PENMPOAYKTUBHOIO
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XapKiBCbKMIT HalliOHA/IbHUI MESVIYHNI YHIBEPCUTET
ABTOpCBHKNMIT BKIAM: A — FU3aiiH JOCTMKeHHs; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarts: 6 ., 5 Tab1., 29 IKeperL.

IcTopis muranna. [ineproniyna xsopob6a cepis (IX) — e XpoHiYHe 3aXBOPIOBAHHS, 110 BPaXKA€ Pi3Hi cucTeMy opraHismy
i 0cOO/MMBO HECIIPUATINBOIO € IS XIHOK PEIPOSYKTUBHOTO BiKY.

Merta mocnifKeHHs — po3poOKka KOMIIIEKCHOI mporpamu ¢isndHoi peabimitaliil MOIOAMX >KiHOK, XBOPMX Ha TillepTOHIYHY
xBopoOy cepiia I cTapii, Ha aMbynaTopHOMy eTari peabimiTanii Ta olinka ii eeKTUBHOCTI.

Marepiamu Ta MeTomu. 42 MOJIOZI XiHKM 3 iiarHo3oM X 6y/1u paHZOMHO pO3IIOfi/IeHi Ha Bi IPyIN: 3 IPOBENIeHHAM Tpaj-
1iitHoI pisuyHol peabiniTarii (KOHTpONIbHA IpyIIa) Ta METOAMKOIO 3a CHCTEMOIO MinaTec. [IpoBoamIn onuTyBaHH:, TecT MapriHe-
Kymenescokoro, mopudikosanuit rect Pombepra, Tect [lemnna.

Pesynbratu. [Ipo BIOCKOHAIEHHS 3allPOIOHOBAHOI METOAMKM CBiIYMTh aHKETYBaHHA Ta OOCTEXEHH:A i1 BU3HAYCHHSA
NIKyBaJIbHUX 3aBIaHb y 3acTOCyBaHHI (isuuHol peabimitanii. IlokasHuku tecTy MapTine-KylleneBcbKoro moKpaIimimcs 3
2,46 6ama o 5,48 (p<0,01), wjo kpaiue (p<0,05) HOPIBHAHO 3 TPARULITHOI METOAVKOI, Iie BiH 3MiHeHmit 3 2,44 1o 4,61 (p<0,01).
Tect KoroBa-/lemmua cBiffuuTh IpO piBHOMIpHE IOKpalljeHHs B 000X IPYIIaX, ajie TeCT Y KIHOK OCHOBHOI I'PYIH ITOKPALIMBCS
3 «HEe3a/IOBIIBHOTO» [I0 «Z0OPOro», a y 5KiHOK KOHTPO/ILHOI IPYIN 3 «HE3a[OBIIbHOTO» [0 «3a[0BI/IbHOrO» 31 3HAYHO KPAIMMI
pesynbratamu B OCHOBHUX rpymi (p<0,05). Posmogin pesympraris mpobu Pombepra cBigunTh Mpo MOKpAlleHHs BeCTUOY/ISAPHOI
CTIJIKOCTI B YCiX y9aCHUKIB OCHOBHOI ITPYIIN.

BucHoBKM. 3aponoHOBaHa MporpamMa KOMIIEKCHOI (isidHOI peabimiTanii XBOpUX Ha rillepToHIYHY XBOpoOy ceprys I crazii
3a MeTofioM Tinarecy € edexrusHow0. Ilix BimmBoM 1€l mporpamu Big6ynocs sHauHe sHmbkenHs: YCC, cuctomivnoro i giacro-
JTIYHOTO TUCKY, MOMIIIIIeHHA BiAIOBIMli ceplieBO-CYAMHHOI cucTeMN Ha QYHKIIiOHaMbHY Tpo0y MapTine-KyIeneBcbKoro, a TAKOX
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Abstract

Background. The paper is based on the discussion of psychological problems in modern chess, which are
significantly related to the rapid growth of chess competitiveness in recent years, the frequency of participation in
competitions, the intensity of competition and other similar manifestations.

Study purpose. We aimed to identify the most important psychological indicators that ensure the effectiveness of a
chess player’s competitive activity, to describe their correlational relations and the peculiarities of their manifestation.
Materials and methods. The research process was carried out with the use of interconnected laboratory-instrumental
and non-instrumental methods, which are of great practical importance in psychology: questionnaires, tests,
observations, mathematical statistical methods as well as self-developed “psychodiagnostic multifactorial” equipment.
The research was organized among 30 grandmasters in the National men’s chess team of the Republic of Armenia
through different years, winners of the World Olympiad, World team tournaments, and the World Cup. It targeted
the study of the four main areas of a chess player’s psyche: competitive mental reliability, individual psychological

characteristics, emotional states and emotional abilities.

Results. As a result of the analysis of correlations, the following 8 patterns were singled out from 52 examined
psychological indicators: resistance to internal uncertainty stressors, competitive emotional endurance, personal
anxiety, energetic sphere of competitive motivation, psycho-regulation, mobilization preparedness, attention features
and complex motor reaction speed. We consider the selected indicators as the leading psychological factors that

ensure the competitive process of a chess player.

Conclusions. Effective manifestations of the selected psychological indicators can enable a chess player to perform
in a more stable and effective way during decisive competitions. The selected indicators can also describe the level of
sports training of a highly qualified chess player and serve as model characteristics of psychological service.

Keywords: model characteristics, psychological indicators, leading factors, chess player, correlations.

Introduction

In the history of world chess the significant increase in
the competitive load recently is unprecedented, in terms
of both quantity and quality of competitions. Recently, the
competitive load in chess has undertaken an exceptional
growth, increasing almost 2-3 times compared to the past.
Chess players, participating in 15-20 and more international
tournaments, do not have time and possibility to recover and
prepare for the next plays. The intensity of the competitive

© Geghamyan, V., & Tarjumanyan, S., 2023.
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struggle has reached the maximum: in the ranking presented
by reliable sources (International Chess Federation; Live
Chess Rating), the competitions of the grandmasters taking
the 1-100th places are held in an almost equal struggle,
often their own rating or 0.5 points become decisive. The
professional abilities, the quality of the game and the level of
training of a chess player in the 100th place do not yield the
level of the chess players included in the top 10. In the same
way, in every major international tournament, there is an
almost equal struggle between chess players in the first and
the last places (Schinke, Smith, & McGannon, 2013; Swann,
Moran, & Piggott, 2015). Constantly changing regulations
raise new issues like participation of chess players in
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simultaneous competitions of different ages and genders,
matches with different regulations: classic chess, blitz,
armegeddon, etc. All this in turn increased the competitive
struggle as well leading to an extremely persistent, tense
chess “military” battle.

The above-mentioned and other similar manifestations
set new psychological problems for the chess player,
demanding maximum willpower, high emotional endurance,
stress resistance, ability to self-normalize negative mental
states, high degree of development of psycho-cognitive
processes, as well as individual psychological peculiarities
(Schinke, McGannon, & Smith, 2013; Tod, 2017).

In the manifestations of a chess player’s different
mental phenomena, the study of the relations of personal
features unity is very important. The facts show that high
competitive results in chess achieve those players, who has
unique psychological traits, as targeted goals, appropriate
competitive motivation, assurance of positive mental state,
etc (Holding, & Pfau, 1985; Gobet, & Simon, 1998; Campitelli
& Gobet, 2008).

The disclosure of psychological indicators that ensure the
effectiveness of competitive activities will enable to deepen
scientific and practical approaches to the mechanisms of
the chess player’s mental regulation and also to develop
appropriate models and tools for their further development
and improvement.

Research hypothesis: It is assumed that the psychological
indicators ensuring the efficiency of highly qualified chess
players’ competitive performance have unique correlations
and mechanisms of development, as the chess player’s
activity is highly conscious, which is expressed in solving
tactical problems, analyzing situations, making effective
decisions and in action plan of the game.

The study purpose is to reveal the most important
psychological indicators ensuring the effectiveness of a
chess player’s competitive activity and to characterize their
correlations and peculiarities of manifestation.

Materials and methods

Study participants

The research was organized among 30 grandmasters in
the National men’s chess team of the Republic of Armenia
through different years, winners of the World Olympiad,
World team tournaments, and the World Cup.

The studies were carried out in the laboratory of the
Sports, Pedagogy and Psychology Department in the State
Institute of Physical Culture and Sports of Armenia in
accordance with the requirements of the Declaration of
Helsinki. The research results were approved by the Ethics
Committee of the State Institute of Physical Culture and
Sports of Armenia.

Study organization

In order to diagnose the leading psychological
indicators ensuring chess player’s competitive activity
and organize the research process more effectively, it is
required to invest modern high sensory technologies and
to do selection of methods. The current process of the chess
players psychological support offers more perfect ways

and interconnected methods to psychologists (Benko &
Hochberg, 1991; Rowson, 2001; Stewart, 2013).

Guided by the modern applied principles of sports
psychology, we have implemented interconnected and
result-compensating laboratory-instrumental and non-
instrumental methods during the research.

In order to make the research process more effective,
we used the “Psycho-diagnostic Multifactorial” self-made
complex device of modified laboratory research methods
(Babayan & Geghamyan, 2010), which is designed for
psychological research and is widely applied in the field
of sport psychology. The device is a complex battery of
diagnostic various methods of motivational indicators
and mental states with modern high-sensory technical
equipment.

Laboratory-instrumental researches were performed by
the following methods:

1. Reactometry - types of motor reaction (Pruna, &

Ionescu-Tirgoviste, 1987).

2. Tremometry - features of voluntary regulation of
tremor (Eakin, Francis, & Spirduso, 2001).

3. Tapping test — This method has many varieties of
application with appropriate modifications due to
the goals and problems of the research. Our research
includes studies of the athlete’s neuropsychological
concentration and the ability to voluntarily regulate
the pace of motor actions (Ilyin, 2003).

4. Electro-skin resistance — emotional tension (Jyh-
Jier Ho, 2002).

Non-instrumental methods were performed according to:

1. V.E.Millman Competitive Mental Reliability Ques-
tionnaire.

2. V. E. Millman’s Pre-start Mental Diagnosis Ques-
tionnaire.

3. Spielberger anxiety self-assessment scale (Spiel-
berger, 2010).

4. Eysenck Self-Assessment Test (EPI version)

(Eysenck, & Eysenck, 1993).
Schulte’s table of diagnostic features of attention.

6. Evaluation of the effectiveness of competitive
activities.

7. Mathematical statistical methods - the processing
of numerical data was directed to the analysis of
correlationalindicators,based on theresults of which
several psychological characteristics were given as
primary indicators to ensure the effectiveness of
the chess player’s competitive activity. The methods
of mathematical statistics were implemented by
StatPlus 2009 computer program.

The research was organized and carried out with the

following stages:

In the first stage professional literature sources were
studied and analyzed.

In the second stage, research was carried out among
30 grandmasters, included in the National men’s chess team
of the Republic of Armenia through different years, winners
of the World Olympiad, World team tournaments and World
Cup.

In the third stage, comparative-correlational analyzes
were performed based on the results of the research.

Researches targeted the study of the four main areas of
the chess player’s psyche:

wu
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1. Competitive mental reliability (Gould, Dieffenbach,
& Moffett, 2002).

2. Individual psychological characteristics of a person
(Batchelder & Bershad, 1979; McGannon & Smith,
2020).

3. Emotional states (Hanton, Neil, & Mellalieu, 2008;
Groot, 2008).

4. Psychomotorik abilities (Tod, Andersen, & March-
ant, 2009).

The studied indicators, according to the studies of
different authors, are the main and leading indicators of
showing high competitive results in sports (Dunnington,
2003; Fletcher, Hanton, Mellalieu, & Neil, 2012; Tod, 2017).

Statistical analysis

In order to reveal the primary and essential psychological
indicators, out of 52 studied indicators we have selected
the most closely related to each other, which can be the
main psychological factors ensuring the effectiveness of a
chess player’s competitive activity. Mainly the indices with
r = 0.50 and more eigenvalues were selected. Comparative-
correlational analyzes were performed based on the results
of the research.

Results

As a result of the analysis of correlations, the following
8 patterns were singled out from the whole of the examined
psychological indicators, which manifested direct, mediated
and reliable connections both with each other and with other
examined psychological indicators. They are the following:

1. Internal uncertainty stressors, which are related to
the chess player’s health and mood swings, being
in a good shape, failures during the competition,
getting in a bad position, not being able to carry
out the planned tactical task, fears and doubts about
failing one’s own initiatives, which reduce the level
of self-confidence.

2. Competitive emotional endurance, which provides
“mental freshness” in competitions, thus supporting
to other mental phenomena being more effective: a
chess player is able to fully express his own abilities.

3. Personal anxiety, in the presence of a high index of
which, a chess player experiences fear and lack of
self-confidence.

4. Energetic sphere of competitive motivation:
it is manifested in a chess player’s conscious
and subconscious spheres, formulating desires,
aspirations, motives, interests, goals, persistence
tendencies for victory.

5. Psycho-regulation: the ability of self-regulation for
negative emotions.

6. Neuropsychological concentration: it allows
to concentrate on the game in the face of time
shortness, negative mental states, various other
disturbing circumstances (thoughts, fatigue, etc.).

7. Attention features: creates an opportunity to effectively
distribute attention on the board, quickly transform
from thoughts to chess pieces and vice versa.

8. Complex motor reaction: ensures precise, effective
decision making and actions in a short period of

time (blitz, tiebreak, armageddon or classic when
time is running out).

We consider the following indicators as the leading
psychological factors ensuring the competitive process of a
chess player, which is evidenced by the reliable correlation
and can be used as model characteristics.

The analysis of the correlations of the mentioned leading
indicators also proves that the index of internal uncertainty
stressors occupies a central place in the structure of the
internal mechanisms of the highly qualified chess players’
personality. This indicator manifested direct and mediated
reliable correlations with competitive emotional endurance,
psychoregulation, competitive motivation, attention features,
neuropsychological concentration, personal anxiety and
complex motor reaction indicators (see Table 1).

Analyzes of correlational relationships testify that the
internal uncertainty stressors, which can arise during every
competition and manifest in different nature and degree,
require from a chess player high emotional endurance, cause

Table 1. Reliable Correlations of Chess Players’ Internal
Uncertainty Stressors with The Main Studied Indicators

N STUDIED INDICATORS CORRELATIONS (R)
1. Competitive emotional endurance -0.87
2. Psychoregulation -0.80
3. Competitive motivation -0.75
4. Attention features 0.72
5. Neuropsychological concentration 0.62
6. Personal anxiety 0.57
7. Complex motor reaction 0.51

negative mental states, manifestations of different anxiety
levels, also right or wrong manifestations of different types
of attention mobilization training in competitive situations,
which, in its turn, can have an impact on the effectiveness of
competitive activities.

The above is also substantiated by our comparative anal-
ysis of competitive results, specific competition effectiveness
and studied psychological indicators. It becomes clear that
stable and reliable competitive results are shown especially
by those chess players who have high stability to the stressors
of internal uncertainty, which ensures the effective mani-
festation of other investigated mental indicators, leading to
high competitive results.

Discussion

In modern chess, the psychological factor is pushed to
the forefront (Holding & Pfau, 1985; Gobet & Simon, 1998),
so it is necessary to consider it as a primary condition and
regulator ensuring the effectiveness of a chess player’s activity.
Studies of psychological phenomena by various authors prove
that they tried to consider the psychological factor in the
athlete’s sports training system as a complete and multifaceted
manifestation (Grabner, Stern, & Neubauer, 2007), but often
it remained at the functional or personal levels (Gould,
Voelker, Damarjian, & Greenleaf, 2014; Geghamyan, 2021;
Kaczynska, Kolodziejczyk, & Satabun, 2021).

The entire process of our research was considered as
a complete system of formation of the level of psychologi-
cal preparation of the athlete, because studies on the psy-
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chological factor in chess cannot be based on one mental
phenomenon - they must be implemented with complex
psychological characteristics.

The leading psychological indicators ensuring the
effectiveness of a chess player’s competitive activity, their
reliable correlative connections and formation mechanisms
are clarified. They are the following: stability to the stressors
of internal uncertainty, the degree of competitive emotional
endurance, the index of personal anxiety, the energy field
of competitive motives, the psychoregulation, the degree
of mobilization readiness, as well as indicators of attention
characteristics and complex motor reaction. As a result of
correlation analysis, it was revealed that in the structure
of the internal mechanisms of the personality of highly
qualified chess players, the index of stability against the
stressors of internal uncertainty occupies a central place.
The high degree of stability of the latter can contribute to the
effective manifestation of other mental indicators, ensuring
stable competitive results. Individual indicators may be
model specifications for a given sport.

These studies also showed that the above-mentioned
correlative reliable connections can undergo significant
changes, stabilize along with sports improvement, and new
ones appear based on them, which provides an opportunity
for further studies of this issue. The above mentioned
supports the research hypothesis that highly qualified chess
players have unique correlations of psychological indicators
and development mechanisms.

Conclusions

Summing up the research results on the correlation of

psychological indicators, it can be concluded:

1. 'The leading psychological indicators of a chess
player demonstrate unique reliable correlations
in the whole set of studied indicators, which
reveals interconnected systems within the internal
structure of a chess player’s personality, the effective
manifestations of which can enable him to perform
in a more more stable and effectiv way during
decisive competitions.

2. In order to effectively organize the competitive
process of highly qualified chess players, it is
necessary to take into account the level of a chess
player’s stress resistance, especially towards internal
uncertain stressors, the stability of which will
stimulate the realization of potential opportunities.

3. Demonstration of high competitive results in chess
can be achieved mainly by effective manifestation
of the following indicators: internal uncertainty
stressors, competitive emotional resilience, personal
anxiety, psycho-regulation, mobilization readiness,
attention features, complex motor reaction. The
selected indicators can describe the level of sports
training of a highly qualified chess player and serve
as model characteristics of psychological service.
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NCUXONOTNIYHI NOKA3HUKN, AKI 3ABE3NEYYIOTb
EQEKTUBHICTb 3MATAJIbHOI AIANIbHOCTI LWAXICTA

Bappan I'eraman'4*“P, CinbBi Tapmkymansan>A5<P

'BipMeHCbKMIT lep>KaBHUI IHCTUTYT BisMYHOI KY/IBTYPH i CIIOPTY
*EBportericbkuii yHiBepcuteT Bipmenii
ABTOpPCHKMIT BKTA: A — Am3aitH gocnipkeHHs; B — 36ip ganux; C — craraHanis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. CrarTs: 6 ¢., 5 Tab1., 29 mKepert.

Ictopis mutanus. B 0cHOBY 1ii€l cTarTi OK/IaieHe 06rOBOPEHH I IICUXOMOTIYHMX IPO6/IeM y CYYaCHUX LIlaXax, sIKi 3HAYHOIO
MipoI0 II0B’sI3aHi 31 CTPIMKMM 3pOCTaHHAM IIIAXOBOTO YXY CYHEePHNUITBA B OCTAHHI POKI, 4aCTOTOIO YYacTi B 3MaraHHAX, TOCTPO-
TOIO CYIIEpPHNUIITBA Ta {HIIMMY HOAIOHMMI IIPOSIBAMIL.

Mera gocmifpKeHHs. Y 1IbOMY JOCTIKEHHI M Ma/Ii Ha MeTi BUsBNUTY HallBOXK/IMBIIII ICHXOJIOTiYHI IIOKa3HMKMY, SIKi 3a0e3-
HevyoTb e(heKTUBHICTD 3MaraabHOI [iA/IPHOCTI MIaXiCTa, OIMCATH IXHi KOPeALIilHI 3B A3KM Ta 0COOMBOCTI iX MPOSABY.

Marepianu Ta merogu. [Iporec focnimkeHH 3/iICHIOBa/IN 3 BUKOPUCTaHHAM B3a€MOIIOB A3aHUX Ha6opaT0pH0—iHCprMeH—
Ta/JIbHMX i HEIHCTPYMEHTa/IbHUX METOJIIB, AKi MalOTh Ba)K/IMBE IPAKTUYHe 3HAaYeHH: B IICUXOJIOTii: aHKET, TeCTiB, CIIOCTEPEXKEHHS,
METOJIiB MaTeEMaTUYHOI CTaTUCTUKMY, a TAKO>K CAaMOCTIITHO p03p06;1eHoro «IICUXOMiaTHOCTIYHOTO 6araT0§0aKTopHoro» obmagHaH-
Hs. Lle gocnimpxenns Oyno opranisosae cepep 30 rpocMerictepis HarjionanbHoi yonosiuoi 36ipHoi Pecriy6miku Bipmenis i3 maxis
pisHuUX pokis, nepemox1is BeecsiTHboi OnimMmiagn, KOMaHIHMX CBITOBUX TYPHIpiB Ta Ky61<a cBiTy. Bono 6yno CIpsAMOBaHe Ha
BUBYECHHS YOTUPHOX OCHOBHUX Cep ICUXIKY MIaxicTa: 3MarabHOI ICUXIYHOI HaA1ifHOCT], iIHAMBIAYaTbHO-ICUXO/IOTIYHNX XapaK-
TePUCTUK, EMOLITHIX CTAHIB Ta eMOLITHIX 3XiOHOCTEIL.

PesynbraTtu. Y pesyabrari aHasmisy KOpe/IALilHUX 3B A3KiB 13 52 JOCTIAKyBaHNX [ICUXO/IOT{YHIX TOKA3HNUKIB OY/II BLOKpEM-
JeHi 8 matepHiB: CTIMIKICTb O CTPeCOpiB BHYTPIIIHbOI HEBU3HAYEHOCT], 3MarajibHa eMOIliliHa BUTPUBAJIICTD, 0COOMCTE IparHeH-
HsI, eHepreTn4Ha cepa 3MarajpHOI MOTMBAL], IICUXOPerysiLisa, MoOiTi3aljiliHa TOTOBHICTb, OCOOIMBOCTI yBary Ta MIBUAKICTD
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CKIaziHOI pyxoBoi peaxuii. BubpaHi mokasHyuky Mu posI/IsLa€EMO sAK IPOBifHI IcuxoyorivHi GakTop, 1o 3abe3nedyoTb 3Ma-
rajibHII IPOLEC IaxicTa.

BucHoBku. EdexTuBHi 1posiBu BMOPaHUX MICUXOIOTIYHIX NTOKa3HUKIB MOXXYTb JJO3BOIMTH IIaxicTOBI cTabibHilIe Ta pe-
3y/IbTaTBHillle BUCTYIIATU y BUPIllIa/IbHMX 3MaraHHAX. BiOpaHi MOKa3HNMKM TaKOXX MOXKYTb XapaKTepU3yBaTy piBeHb CIIOPTHB-
HOI IIATOTOBKM IIaxicta BUCOKOI KBasidikaii Ta CIIyTyBaTV MOZIE/IbHMMY XapaKTe€PUCTUKAMM IICHXOTOTi9HOL cny>1<61/1.

KirouoBi cmoBa: Mofie/ibHi XapaKTepUCTIUKM, IICUXOJIOT YHI IIOKa3HUKY, IPOBiAHI GaKTOpH, IIAXICT, KOPEIALIlIHI 3B A3KIL.
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Abstract

Study purpose. Obesity, a chronic metabolic disease is on the rise among children and adolescents and is a leading
cause of mortality in adults worldwide. It is imperative to prevent obesity in children to lower the risk of adult obesity
and cardiovascular diseases. Considering the effectiveness of exercise program, high-intensity interval exercise

with blood flow restriction (HIIE-BFR) may have potential beneficial effects on the vascular functions of obese
individuals. This study aimed to compare the acute effects of supramaximal high-intensity interval exercise (HIIE-
SUPRA) and HIIE-BEFR on the vascular function in obese adolescents.

Materials and methods. The subjects were adolescent males aged 13 to 15. The crossover study was divided into two
trials. The first trial was a pilot study involving five obese adolescent males whose heart rates were evaluated under four
conditions of exercise: 1) HIIE-SUPRA at 170% (VO,peak), 2) HIIE-BFR at 85% VO,peak with 40% arterial occlusion
pressure (AOP), 3) 60% AOP, and 4) 80% AOP. The second trial was conducted on ten obese adolescent males who
performed HITE-SUPRA and HIIE-BER exercises separately, each for at least three days. Data collection was done to
analyze the vascular function parameters before and after exercising (immediately, 10 min, 30 min, and 60 min after).
Results. The results of the first trial showed that the mean heart rate of HIIE-BFR at 40% AOP was similar to that of
HIIE-SUPRA (p>0.05). In the second trial, both types of exercises showed similar outcomes, with increased flow-
mediated dilatation (FMD), while brachial-ankle pulse wave velocity (baPWV) decreased after exercise as compared
to the baseline values (before exercise) (p<0.05). However, HIIE-BFR at 40% AOP demonstrated a lower rate of
perceived exertion (RPE) as compared to HIIE-SUPRA (p<0.05).

Conclusions. HITE-BFR at 40% AOP was effective in regulating the RPE and acutely increasing the vascular function

after exercise in obese adolescents, similar to HIIE-SUPRA.

Keywords: flow-mediated dilatation, pulse wave velocity, endothelial function, obesity.

Introduction

Obesity is a chronic metabolic disorder that causes
endothelial cell dysfunction and is linked to decreased
vascular function, i.e., flow-mediated dilatation (FMD)
(Tremblay et al., 2019; Zhai et al., 2020; Kwaifa et al., 2020).
Recently, a rise in childhood and adolescence obesity
has been observed worldwide with a parallel increase
in mortality rate linked to high BMI and cardiovascular
disease (Collaborators, 2017). Therefore, preventing
childhood obesity is critical for lowering the risk of adult
obesity and cardiovascular diseases. Obese adolescents
have lower physical fitness than normal-weight adolescents
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(Vandoni et al., 2021), which may be attributed to a negative
opinion of exercise, a preference for spending their time
alone rather than with others (Salvy et al.,, 2012), a change
in the emotional state, and lesser willingness to participate
in long-term workouts (Alberga et al., 2019). ACSM (2020)
guidelines advocate moderate-intensity continuous exercise
for 150 min per week for obese individuals to improve their
cardiac functions and increase energy metabolism (Liguori,
2020; Fragnani et al., 2017). Interval exercise is a time-saving
strategy linked to good health (Gibala et al., 2018; MacInnis
& Gibala, 2017). An earlier study found that obese male
children had higher FMD and lower brachial-ankle pulse
wave velocity (baPWYV) following immediate supramaximal
high-intensity interval training (170% VO,peak) than
that before exercise (Chuensiri et al., 2015). Therefore,
supramaximal high-intensity interval exercise (HIIE-
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SUPRA) might elicit great health benefits in obese children.
However, a high rate of perceived exertion (RPE) may be a
cause of concern in these cases.

Blood flow restriction (BFR) exercise is currently
gaining popularity as a low-intensity workout that applies
external pressure to the arm or leg, decreasing the strain
on the joints and muscles. Unlike conventional exercises, it
has no harmful effects on the body (Brandner et al., 2018).
Previous studies have found that exercise with BFR causes
physiological adaptation (increased heart rate), similar to
high-intensity exercise in obese adults (Karabulut et al.,
2017), athletes (Willis et al., 2016), and hypertensive elderly
people (Barili et al., 2018). Regarding vascular function,
BFR does not cause damage to the blood vessels during
either walking or resistance exercises (Stray-Gundersen et
al.,, 2020; da Cunha et al., 2020). Aerobic exercise with BFR
could significantly increase the heart rate when compared
to aerobic exercise alone (Barili et al., 2018; Thomas et
al., 2018). Hence, HIIE-BFR might have the potential to
maximize vascular function while regulating the RPE.

Despite the beneficial effects of HIIE-SUPRA on
vascular function, it may be difficult to generalize these
findings in adolescents with obesity and low physical fitness.
Considering the effectiveness of the exercise program, high-
intensity interval exercise (lower workload program when
compared to HIIE-SUPRA) with BFR might be a prospective
option in adolescents. We hypothesized that HIIE-BFR could
yield acute effects on vascular functions comparable to HIIE-
SUPRA and might even be more effective in lowering RPE.

Materials and methods

Study Participants

Ten obese male adolescents of Thailand, aged 13-
15 years, with a BMI > 1.5 standard deviation above the
growth reference data for boys, based on the growth reference
criteria of subjects aged 6-19 years, were selected for the
study. Participants were excluded from the study if they
scored highly on screening tests: Physical Activity Readiness
Questionnaires, PAR-Q, or if they had any conditions
affecting their musculoskeletal, cardiovascular, respiratory
systems, or brain that would impact the results of the
study. Written informed consent was obtained from all the
participants and their parents prior to the study. The study
was approved by the Ethics Committee of Srinakharinwirot
University in Thailand (No. SWUEC-G-331/2563E) and
conducted in accordance with the Declaration of Helsinki.
The protocol was registered on www.thaiclinicaltrials.org
(Identifier: TCTR20210716008).

Study Protocol

The study was conducted using a crossover design that
included two trials: a pilot study in the first trial, and a
comparison of HIIE-SUPRA with HIIE-BFR in the second
trial. General physiologicaltraitsincludingbody composition,
resting heart rate, and blood pressure were assessed. Each
personss total arterial occlusion pressure (AOP) for the lower
limb (posterior tibialis artery) was measured using a vascular
Doppler probe (Duplex Assist Range ACC214, Huntleigh
Healthcare, UK). The AOP was marked at the lowest cuff

pressure at which there was no pulse and was used as the
pressure for the BFR trial. Cycling with and without BFR was
performed once during the familiarization period. On the
initial visit to the laboratory, baseline FMD and baPWV were
measured. These measurements were followed by FMD and
baPWV measurements immediately following exercise and
three times post-exercise (after 10 min, 30 min, and 60 min).
Following completion, cycle ergometer’s peak oxygen
consumption (VO,peak) test was conducted to determine
the load to be employed during the cycling interval workout.
After the completion of the exercise, the exercise pleasure
scale (EES) was evaluated (Martinez et al., 2015).

All subjects were instructed to fast for at least 6 hours
or eat a light meal for at least 2-3 hours before the vascular
function test and take rest for atleast 8 hours. The participants
were asked not to exercise, consume caffeine, vitamin C,
alcohol, medicines, or supplements that might affect vascular
function, or smoke, at least 6 hours before the test.

The participants spent 10 minutes for warming up and
stretching, followed by 5 minutes of cycling at 50% VO,peak
(50 rpm), 4 minutes of maintaining exercise intensity at
90 rpm, and 5 minutes of cooling down. Eight 20-second
bouts of cycling high-intensity interval training were
followed by ten seconds of rest per bout (Chuensiri et al.,
2015). While exercising, heart rate and RPE were monitored
continuously.

1. Pilot Study

Five obese adolescent males took part in the pilot
study that involved cycling under four different exercise
conditions: 1) HIIE-SUPRA at 170% VO,peak; 2) HIIE-BFR
at 85% VO,peak with BFR pressure at 40% AOP; 3) 60% AOP
and, 4) 80% AOP. Cuff belts (8 cm wide) were wrapped over
the proximal regions of both legs during interval exercise
with the BFR protocol, and each activity was carried out
independently for at least three days. The results of the first
trial, which had a mean heart rate similar to that of HIIE-
SUPRA, were applied to the second trial.

2. HIIE-SUPRA and HIIE-BFR condlition

A crossover design was used in this study (Fig. 1). We
compared BFR exercise with a similar mean heart rate to
HIIE-SUPRA at 170% VO,peak in ten obese teenagers who
were randomly allocated into two groups: Groups A and
B. They are involved cycling interval under two exercise
condition: 1) HIIE-SUPRA at 170% VO,peak; 2) HIIE-BFR
at 85% VO,peak. Each activity was performed separately
over a period of at least three days without repeating the
protocol sequence within or between the experiments.

Measurement

General physical characteristics

Body composition was measured using an electrical
body composition analyzer (Tanita, Japan). Heart rates were
assessed using a heart rate monitor (H10, Polar, Finland) at
the initial visit, during interval exercise, immediately after
the exercise, and three times after the exercise (after 10 min,
30 min, and 60 min).
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Fig. 1. HIIE-SUPRA and HIIE-BER exercise protocol. Abbreviations: HIIE-SUPRA,
supramaximal high-intensity interval exercise; HIIE-BFR, high-intensity interval exercise
with blood flow restriction

Cardiopulmonary gas exchange analysis equipment was
used to calculate the peak oxygen demand (VO,peak) (Cardio
Coach, KORR Medical Technologies, USA). The participants
were asked to complete a graded exercise test on a cycling
ergometer (Monark Ergomedic 894E Peak Bike) applied by
Chuensiri (2015), with the grade and intensity increasing by
20 watts every 3 min until exhaustion or other symptoms
indicating maximum potential, such as shortness of breath,
dizziness, or participants asking to stop the test. During the
cycling interval exercise, the peak workload was used to
determine the load.

Vascular function

FMD of the brachial artery was measured using an
ultrasound machine (Vivid i-GE Healthcare Cardiovascular
Ultrasound System, Tirat Carmel, Israel). The brachial
artery was visualized in the longitudinal plane, above the
antecubital fossa. After 15 min of supine rest, the subjects
had a blood pressure cuff wrapped over their right forearms.
Baseline data were monitored for 1 min before being quickly
inflated to 50 mmHg above the systolic blood pressure for
5 min and then deflated for 5 min (Mitranun et al., 2014).
Ultrasound images were uploaded to a digital software
(Brachial Analyzer, Medical imaging application, USA) for
offline analysis of vascular data.

The FMD was computed as: (maximum diameter -
baseline diameter) x 100 / baseline diameter.

baPWYV is a non-invasive vascular screening device
(OMRON; Colin VP-1000 plus, Kyoto, Japan) that uses four

cuffs placed on both arms and ankles to evaluate arterial
stiffness. The individuals were assessed in a supine position,
and baPWYV was used to compute the time intervals of the
brachial waveform and the matching maximum of the ankle
waveform. The pressure waveform between the left and right
brachial arteriesand the posterior tibial artery were examined.
The distances between baPWV measurement locations were
automatically computed based on the individual’s heights.

Statistical Analyses

The data is presented as mean and standard deviation.
The Shapiro-Wilk test was used to verify data normality. The
difference between the mean heart rates of the pilot study
was determined using a one-way repeated-measures analysis
of variance (ANOVA) followed by Bonferroni’s multiple
comparison test. In the second trial, vascular function
parameters were compared using a 2 X 5 (group X time) two-
way repeated-measures ANOVA. A post-hoc Bonferroni test
was used for multiple comparisons. A paired sample t-test
was used to assess differences in RPE and exercise enjoyment
scales. The significance threshold was set at p<0.05.

Results

The mean heart rate was found to be similar under
all exercise conditions (p>0.05). HIIE-BFR at 40% AOP
showed a mean heart rate equivalent to that of HIITE-SUPRA
(p>0.05) (Fig. 2). The anthropometric data (height, weight,
and VO,max) of the participants are presented in Table 1.
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We observed that FMD increased under both workout
conditions. The primary outcome of the study was that no
significant difference was found between the two exercise
conditions in terms of FMD, as shown in Fig. 3.

1804

160 _]:_

1404

+

1204

Heart rate (bpm)

20

SUPRA BFR(40) BFR(60) BFR (30)
Fig. 2. Comparison of heart rate average during exercise for all

pilot study conditions. Abbreviations: SUPRA, supramaximal;
BFR, blood flow restriction

Table 1. Participant characteristics.

Variable Mean Stal.lda.lrd
deviation

Age (years) 13.40 0.52
Weight (kg) 82.55 17.60
Height (cm) 165.20 10.18
Body mass index (BMI, kg/m?) 29.93 3.48
Fat percentage (%) 46.17 8.90
Maximum heart rate (bpm) 198.60 0.52
Resting heart rate (bpm) 90.00 9.73
Systolic blood pressure (SYS, 129.00 11.32
mmHg)
Diastolic blood pressure (DIA, 76.50 6.41
mmHg)
Peak oxygen consumption 22.01 8.41
(VO,peak, ml/kg/min)
Flow-mediated dilatation 7.68 3.21
(FMD, %)
Brachial-ankle pulse wave 943.05 112.84

velocity (baPWV, cm/s)

Sample size; 10 subjects

However, when comparing the baseline values with that
at 60 min after exercise, it was found that FMD measurements
immediately (0 min) and 10 min after HIIE-SUPRA were
significantly (p<0.05) greater than those at the three time-
points (baseline, 30 min, and 60 min). When HIIE-BFR at
40% AOP was observed at the second time point (10 min)
after exercise, there was a significant difference (p<0.05)
greater than baseline and 60 min after activity. Furthermore,
the FMD at 30 min after exercise was significantly (p<0.05)
higher than that at 60 min.

Both protocols showed a decrease in baPWV following
exercise, with no significant differences between the two
conditions (Fig. 4).

—4—SUPRA

—8—BFR (40)

Time x Group interaction : n.
4 Group effect : n.s.
Time effect : p<0.05

Flow-mediated dilatation (%)
»
1

T T T T T
Baseline Omin 10min 30 min 60 min

Fig. 3. Flow-mediated dilation change over time during HIIE-
SUPRA and HIIE-BER exercise protocol. Abbreviations: HIIE-
SUPRA, supramaximal high-intensity interval exercise; HIIE-
BEFR, high-intensity interval exercise with blood flow restriction.
Different letters indicate significant differences over time for each
condition. a: p<0.05, vs. baseline, b: p<0.05 vs. 30 min and c:
p<0.05 vs. 60 min

As shown in Fig.5, after immediate exercise, systolic
blood pressure was significantly higher (p<0.05) than that at
10 min, 30 min, and 60 min after performing both workouts.
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Fig. 4. Brachial Pulse wave velocity change over time during
HIIE-SUPRA and HIIE-BEFR exercise protocol. Abbreviations:
HIIE-SUPRA, supramaximal high-intensity interval exercise;
HIIE-BFR, high-intensity interval exercise with blood flow

restriction
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Baseline 0 min 10min  30min 60 min

Fig. 5. Systolic blood pressure change over time during HITE-
SUPRA and HIIE-BFR exercise protocol. Different letters
indicate significant differences over time for each condition. a:
p<0.05 vs 10 min, b: p<0.05 vs. 30 min and c: p<0.05 vs. 60 min.
Abbreviations: HITE-SUPRA, supramaximal high-intensity
interval exercise; HIIE-BFR, high-intensity interval exercise with
blood flow restriction
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There was no significant difference in diastolic blood pressure
or mean arterial pressure between the conditions and time of
total exercise (Fig. 6 and Fig. 7).

Finally, we discovered that HIIE-BFR (40) had a
significantly lower (p<0.05) rating of perceived exertion
than HITE-SUPRA (Fig. 8).
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Fig. 6 Diastolic blood pressure change over time during HIIE-

SUPRA and HIIE-BFR exercise protocol. Abbreviations: HITE-

SUPRA, supramaximal high-intensity interval exercise; HIIE-
BFR, high-intensity interval exercise with blood flow restriction.
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Fig. 7 Mean arterial pressure change over time during HITE-
SUPRA and HIIE-BFR exercise protocol. Abbreviations: HITE-

SUPRA, supramaximal high-intensity interval exercise; HITE-
BFR, high-intensity interval exercise with blood flow restriction
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Fig. 8 Comparison rating perceived exertion during HIIE-
SUPRA and HIIE-BFR exercise protocol. Abbreviations: HITE-
SUPRA, supramaximal high-intensity interval exercise; HIIE-

BFR, high-intensity interval exercise with blood flow restriction

Discussion

HIIE-BFR is expected to maximize vascular function
while regulating the RPE in obese individuals. In the current
study, we compared the acute effects of HIIE-SUPRA and
HIIE-BFR on vascular function in obese adolescents.
The major findings of this investigation were as follows:
(1) HIIE-BFR at 40% AOP achieved mean heart rate similar
to that with HIIE-SUPRA; (2) both types of exercise showed
similar outcomes: FMD increased and baPWV decreased;
however, not significantly for the vascular function at 40%
AOP compared to HIIE-SUPRA condition. These results
suggest that HITE-BFR at 40% AOP has a similar effect on
vascular function as compared to that of HIIE-SUPRA in
obese male adolescents. Moreover, the HIIE-BFR at 40%
AOP showed an improvement in RPE. To our knowledge,
this is the first study to investigate the acute effects of heart
rate on HIIT-BFR workouts at different pressures, as well as
the vascular function between HIIE-SUPRA and HIIE-BFR
in obese male adolescents in Thailand.

Some of the reasons for obese adolescents are low
physical fitness due to their preference to spend time
alone rather than with others, negative attitudes toward
exercise (Salvy et al,, 2012), changes in emotional state,
and hesitancy to exercise for long duration (Alberga et al.,
2019). Therefore, short-duration exercises are challenging
for obese people. A previous study revealed that a single
session of high-intensity intermittent exercise (VO,peak:
170%) increased the heart rate to approximately 93% of
maximum heart rate in obese boys (Chuensiri et al., 2015).
In this study, the HITE-SUPRA condition increased the heart
rate of obese adolescents to approximately 82% of HRmax.
Furthermore, we observed that HIIE-BFR at 40% AOP in a
single session boosted HR during exercise to approximately
81% of HRmax.

BFR exercise is an alternative to conventional exercise
regimes and is commonly performed at a low load intensity
(Freitas et al., 2021; Lorenz et al.,, 2021). It is a training
approach that restricts arterial blood flow to the muscles
while blocking venous blood return during exercise, by
wrapping a tourniquet around the muscle and increasing the
external pressure (Scott et al., 2015; Patterson et al., 2019). As
a result, BFR training may decrease both oxygen delivery and
metabolite clearance, creating a more stressful environment
and stimulating physiological adaptations, such as increased
heart rate and blood pressure (Pope et al., 2013; Bennett et al.,
2019). Many studies have shown that exercise with BFR causes
an increase in HR in athletes (Willis et al., 2016), inactive adult
obesity (Karabulut et al., 2017), hypertensive elderly women
(Barili etal., 2018), and healthy males (Silva et al., 2021). Thus,
low-intensity exercise combined with BFR appears to have
the same effect on the cardiovascular system as high-intensity
exercise. In addition, other studies found that continued low-
intensity aerobic exercise with BFR did not cause changes
in vascular function after 8 weeks (Beak et al., 2022), while
low-intensity resistance exercise with BFR promotes vascular
function similar to traditional high-intensity resistance
exercise (Santos et al., 2015). High-intensity aerobic exercise
in combination with BFR is worth researching.

In the vascular function effect, both the HIIE-SUPRA
and HIIE-BFR at 40% AOP exercise conditions improved
vascular function as measured by FMD, a non-invasive
technique for assessing vascular endothelial function and
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evaluating changes in brachial artery diameter following
an increase in shear stress caused by reactive hyperemia
(Mitranun et al., 2014; Ghiadoni et al., 2015; Thijssen et al.,
2019). We discovered a 5.54% change in the HIIE-SUPRA
condition and a 3.05% change in the HIIE-BFR at 40%
AOP condition immediately after the exercise compared to
the baseline, then increased for up to 60 min, returning to
near baseline. The findings of our study were unexpected
because they showed that external compression and low-
intensity exercise had the same beneficial effects on blood
vessels as high-intensity training. Although there are few
studies that assess vascular function in BFR exercise, our
results are consistent with a previous study that revealed a
7.49% change of FMD in obese boys immediately after high-
intensity intermittent exercise at 170% VO,max (Chuensiri
et al., 2015). A recent study in adults found that interval
exercise with a cross-trainer combined with BFR training
substantially improved acute response FMD as compared
to that with routine training (Wlodarczyk et al., 2022).
Additionally, in the present study, the baPWV decreased
under both conditions. This is one of the key indicators
of arterial stiffness assessment and is the most commonly
used technique (Lee et al., 2019). In a previous study,
baPWYV decreased after acute aerobic exercise in the non-
hypertensive and hypertensive groups (Zang et al., 2022).
Furthermore, meta-analysis studies have shown that 30 min
after aerobic and interval exercises, there is a significant
reduction in acute baPWV (Saz-Lara et al., 2021). Thus, the
HIIE-BFR exercise trial was effective in improving vascular
function in obese male adolescents.

The mechanism of increased vascular function with BFR
exercise may be related to the generation of vasodilators.
When the tourniquet is relaxed, the blood flow increases
dramatically, resulting in increased blood shear stress and
blood vessel expansion (Pignanelli et al.,, 2021). Previous
studies in young inactive and exercise trained groups
discovered an increase in FMD 30 min after leg press
workouts with a cuff wrap placed on the arm (Buchanan et
al., 2021). Furthermore, walking interval exercises with BFR
did not impair vascular function efficiency (Stray-Gundersen
et al., 2020). It could be inferred that when blood flow is
restricted during exercise, the blood is retained, which raises
blood circulation within the arteries when the pressure from
the tourniquet is released. This might elevate shear stress and
increase the secretion of a vasodilator (nitric oxide), which
enhances vascular function (Pignanelli et al., 2021). This
outcome was comparable to that of supramaximal workouts.
This could be related to systemic hemodynamics, which causes
blood vessels to dilate even in non-constricted locations.
Although the vascular response mechanisms of BFR exercise
may be difficult to understand and not technically measured,
this study clearly showed that HIIE in combination with BFR
had a similar effect on vascular function as HIIE-SUPRA.

Our study had some advantages, such as the ability to
assess multiple time points of FMD and baPWV. In addition,
there have been no reports of injuries after exercise. However,
this study has several limitations. First, this study included
only adolescent males and had a small sample size. Second,
pressure control during exercise might be difficult under non-
automatic BFR exercise equipment. Third, we investigated
only the acute phase of vascular function following exercise.
Further studies are needed to design an exercise program

for either short-term or long-term training, as well as to
monitor changes in vascular function in obese adolescents.

Conclusions

HIIE-BFR at 40% AOP improved vascular function in
obese adolescent equivalent to that of HIIE-SUPRA following
a single exercise session. HIIE-BFR at 40% AOP was effective
in regulating RPE and acutely increasing vascular function
after exercise, similar to that observed with HIIE-SUPRA
in obese adolescents. As a result, we believe that HITE-BFR
at 40% AOP can improve vascular function and may be a
suitable exercise for obese adolescents.
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BUCOKOIHTEHCUBHI IHTEPBAJIbHI BITPABU
3 OBMEKEHHAM KPOBOTOKY MNOKPALLYIOTb POBOTY
CyYAuH Y NIANITKIB YOJ1I0BIYOI CTATI 3 OXKUPIHHAM

TiriBatr Hoiixammyean'A5“P, Bitig Mirpanyn'A5cP

"YuiBepcuter CpiHaxapiHBipoT
ABTOpCHKNMIT BKIAL: A — FU3aiH ZOCTimKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crartst: 6 c., 1 Tabn., 8 puc., 38 mxepern.

Merta pocmimkennsa. O>XUpiHHA, XpoHiuHe MeTabo/IiuHe 3aXBOPIOBAHHS, CTPIMKO IOIIMPIOETCS ceper, AiTeil i mimmiTKiB i
€ OCHOBHOIO IIPMYMHOI0 CMEPTHOCTI OPOC/INX B YCbOMY CBiTi. BKpait He0OXifHO HOmepenuTy OXMPIHHSA B AiTell, 1106 3HU3UTU
PM3MK PO3BUTKY OXKMPIHHSA Ta CeplieBO-CYAMHHIX 3aXBOPIOBaHb Y JOPOCTIOMY Billl. Bepyun 1o yBaru edekTUBHICTb IIporpamu
BIIPaB, BUCOKOIHTEHCUBHI iHTepBasIbHi BIIpaBy 3 06MexxeHHAM KpoBoToKy (HIIE-BFR) MO>XyTb MaTy HOTEHIHMIT COPUATIIN-
BUII BIUIMB Ha QYHKIII CyAUH y nofeit 3 OXMpiHHAM. MeTo boro JOCIiKeHH 6y710 TIOPiBHAHHSA HETAHOTO BIUIMBY CyIIpa-
MaKCMMa/IbHIX BUCOKOIHTeHCHBHUX iHTepBanbHuX Bripas (HIIE-SUPRA) i HITE-BFR Ha po60Ty CyAyH V IiUTITKIB 3 OXKMPIiHHAM.

Marepianu Ta MeTOEM. Y4YaCHUKaMU JOCTIIKeHH: Oy MiIiTKy 4omoBivoi cTati BikoM Bix 13 mo 15 pokis. ITepexpecte
mocifpxeHHs: 6yI0 poszineHe Ha iBa BupobyBaHH:. Ilepiie BumpobyBaHHs 6y/I0 MIMOTHUM AOCTIIKEHHSIM 3a YIaCTIO ITSITH
IiJIZTITKIB 9O/I0BiY0i CTATi 3 OKMPIHHAM, 9aCTOTY CEPLEBMX CKOPOUYEHD AKX OLIIHIOBA/IM 3a YOTMPHOX PEXMMIB BUKOHAHHSA BIIPaB:
1) HIIE-SUPRA 3a piBHs 170% nikoBoro cio>kmuBaHH: KucHio (VO,peak), 2) HIIE-BFR 3a piBus 85% VO,peak Ta 3a piBus 40%
TUCKY oKmosii aprepii (AOP), 3) 3a pias 60% AOP ta 4) 3a piBHs 80% AOP. [Ipyre BunpoOyBaHHs 6y/10 IIpoBefieHe Ha eCsATI
HiJTiTKaX 90/10Bivoi CcTaTi 3 O>KMPiHHAM, sAKi BukoHyBanu Bupasy HIIE-SUPRA Ta HIIE-BFR okpeMo, KO>XHMIT BIJ, BIIPaB IIPO-
TATOM IPYHAMMHI TPbOX JHIB. 361p JaHMX /I aHATI3y apaMeTpiB poOOTI CYAMH ITPOBOAMIIN [0 Ta MIC/Is TPEHYBaHHsI (HeTaitHo,
4epe3 10 x8, 30 xB Ta 60 XB Mic/L).

Pesynbraru. PesynbTaTy neprioro fOCIipKeHHS IOKasaly, 0 CepefHA 4acTOTa cepLeBuxX ckopodenb y pexxumi HIIE-BFR
3a piBHs 40% AOP 6y/a aHa/IOT{YHOIO 0 YacTOTH CepLeBuxX ckopodens y pexxumi HIIE-SUPRA (p>0,05). Y npyromy fociimxes-
Hi 00uziBa TMIM BIIPAB MOKAa3a/M aHA/IOTIUHi pe3y/bTaTil 3i 36iNbIIEHHAM NOTIK-0mocepeaKoBanoro posumpents (FMD), npu
I[bOMY IIBU/IKICTD ITy/IbCOBOI XBIJIi B II/I€YOIMKONTOTKOBOMY Bifaimi (baPWV) ameH1mIacs mic/ist BUKOHAHHS BIIPaB IOPIBHSHO 3
0a3oBUMU 3HaYEHHAMM (0 BUKOHaHH: BIIpaB) (p<0,05). [Tpore pexxum HIIE-BFR 3a pius 40% AOP npogeMOHCTPYBaB HYDKUMIT
piBeHb iHAMBifyaIbHOTO CIpUITHATTA HaBaHTaXeHH:A (RPE) mopiBHAHO 3 pexkxumom HITE-SUPRA (p<0,05).

Bucnosku. Pexxum HIIE-BFR 3a piBua 40% AOP 6y edextuBanM y perymoanHi RPE Ta HeraitHoMy nocuienHi po6oru
CY[VH IiC/I1 BUKOHAHHA BIIPAB Y Mi//IiTKiB i3 0KMPiHHAM, aHamorivHo 1o pexxumy HIIE-SUPRA.
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Abstract

Study purpose. This study aimed to describe, analyze and compare the high intensity in internal and external load
deriving from Large-Sided Games (LSG) exercises during the 4vs4 and 5vs5 formats, with goalkeepers.

Materials and methods. The study participants were 22 professional soccer players (average age: 23.59+4.87 years,
weight: 77.8+7.6 kg; height: 183.5+7.5 cm). The 4vs4 + 2 goalkeepers format was performed on a 60x54 m field
(324 m? per player), while the 5vs5 + 2 goalkeepers format was performed on a 65x60 m field (325 m? per player).
During the two LSG exercises, the internal load and the external load were analyzed. The LSG exercises were
performed in 4 sets of 5 minutes each, with 2 minutes of passive recovery between each set.

Results. The data obtained show that the 4vs4 is the LSG exercise that succeeds in ensuring high exercise intensity:
the time spent between 90-100% of the Heart Rate (HR) is significantly higher than in the 5vs5 (p < 0.005). The
average HR values (percentage and absolute) were also higher and significant (p < 0.05) in the 4vs4 LSG.

The peak speed (p < 0.05), average metabolic power during exercise phases (p < 0.05) and sprint distance (p < 0.005)

are higher in the 5vs5 LSG.

Conclusions. By modulating the practice time, both formats can be used on the day after the match for those who

did not play or on the match-day +3 for the whole team.

Keywords: large-sided games, high intensity, soccer, external load, internal load, professional soccer players.

Introduction

The concept of high intensity activities (HIA) in soccer
is still an argued issue. If over the years the concept has been
frequently approached to the domain of speed (Di Salvo et
al., 2007; Di Salvo et al., 2009; Andrzejewski et al., 2014),
quite recently the concept has been increasingly linked to
the acceleration domain. In this context, some Authors
proposed a different definition of high intensity, closer to
the acceleration concept: “any movement that reaches or
exceeds the sprint threshold velocity for at least 1 second
and any movement with an acceleration that occurs within
the highest 5% of accelerations found in the corresponding
velocity range” (Dwyer & Gabbett, 2012). Currently the HIA
have been seen more and more as a product of the speed by
the acceleration, leading to the new concept of Metabolic

© Sannicandro, I., & Cofano, G., 2023.
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Power (di Prampero et al., 2005; Osgnach et al., 2010). They
suggested a synthesis of all these parameters and proposed an
estimate of the internal load. It is known from the literature
that the energy cost of running at acceleration is similar to
running at constant speed on a slope (Osgnach et al., 2010):
in fact, knowing the energy cost of running on a slope at
constant speed, it was possible to assume this new parameter
[Metabolic Power: MP = Csr (energy cost) x v (speed)].
Applying the concept of Metabolic Power to soccer, 43.1
percent of the actions are in a high-intensity zone, instead of
only 6.3 percent as previously reported speed approach (di
Prampero et al., 2005; Osgnach et al., 2010).

In a high-intensity intermittent sport such as soccer,
the physical demands are complex, encompassing both
high endurance capacity and fatigue resistance during high
intensity exercise (Fransson et al., 2017; Mohr et al., 2005).

Infact, soccer is a high intensity intermittent exercise
that requires a high level of physical fitness for players to
successfully perform in the game, and it is characterized
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by combining high-intensity activities, such as sprinting,
running, accelerating, jumping, and changing direction,
with low-intensity phases such as stopping, jogging or
walking (Haycraft et al., 2017). The average distance covered
by players during a soccer match is between 8 and 12 km
(Di Salvo et al., 2010), where they perform between 50 and
250 high-intensity actions (Mohr et al., 2003) that represent
about 1-12% of the total distance covered (Krustrup et al.,
2005) and perform a run at high intensities (>19.8 kmeh™)
every 72s (Bradley et al., 2009). In this sense, during the
high- and maximume-intensity phases, the energy that a
player gets is obtained through anaerobic processes (both
phosphagen and anaerobic metabolism), whereas during the
general effort of a soccer match (90 or 120 min), it is obtained
aerobically (Krustrup et al.,, 2006). Therefore, having
substrates that provide the necessary energy in each phase
seems to be an objective to obtain maximal performance
(Thomas et al., 2016).

Elite soccer players perform 587+133 m of high speed
running (19.8-25.2 kmeh') and 184 + 87 m of sprinting
(>25.2 kmeh™) during a typical game (Carling et al., 2016).
The total distance of high intensity running depends on
the position of the player and team success in a league (Di
Salvo et al., 2009). The amount of high-intensity running
performed during a game also depends on the competitive
standards between leagues: top-class professional soccer
player performs more high-intensity running compared with
moderate professional soccer players (Mohr et al., 2003).
Thus, high level of physical performance is an important
factor in determining team success in soccer. Due to the high
intensity performance required in soccer, players should
perform systematic and scientific physical fitness training.
Several studies have shown that high-intensity training
improves soccer players’ fitness levels and skills, such as
sprint, strength, and speed endurance (Kotzamanidis et al.,
2005; Thomassen et al., 2010; Delia et al., 2021; Izzo et al.,
2020).

In addition, elevation of high intensity running (24-
36%) and sprint distance (50%) over 7 seasons (2006-2013)
in English Premier League highlights these factors as
important qualities for soccer players (Bush et al., 2015).

Some researchers have suggested that distances
covered during high intensity running in matches are valid
measures of physical performance in because of their strong
relationship with training status (Krustrup et al., 2003;
Krustrup, et al., 2005) and are a distinguishing characteristic
between different standards of player (Mohr et al., 2003;
Bradley et al., 2010; Modric et al., 2022). Recent findings
using computerised time-motion analysis of elite-standard
Italian League soccer players demonstrated that high-
intensity running was reduced towards the end of the game
and temporarily after intense periods of the game (Mohr et
al., 2003, 2005).

The use of Global Positioning Software (GPS) technology
to measure players’ training loads has become prevalent in
professional soccer. The major focus of GPS use has been
to identify the activity profiles of players in training or trial
matches (Wehbe et al., 2014). Most studies using GPS in
soccer have focussed on movement patterns during match
and training activities. However, the relationship between
GPS variables and other training load measurements has
been explored. Total distance, distances measured at various

intensities, and Body Load have been shown to correlate
significantly with subjective session-RPE-based training
loads (Casamichana et al., 2013; Gomez - Piriz et al., 2011;
Scott et al., 2013).

During the weekly microcycles, the technical staff use
GPS to quantify specific sport exercises to understand if the
physical objectives have been achieved especially in terms of
high intensity training.

These specific exercises can simultaneously train both
the technical-tactical and the physical aspects. They are
better known as Small Sided Games (SSG): in the literature,
these exercises have been extensively analysed in order to
understand how different formats can influence the internal
load (Halouani et al., 2017; Martone et al., 2017; Sanchez-
Sanchez et al., 2017; Sannicandro & Cofano, 2017), the
external load (Sannicandro et al., 2020; Nevado-Garrosa &
Suarez-Arrones, 2015; Gaudino et al., 2014) or both (Arslan
et al., 2017; Campos Vazquez et al., 2017; Castellano et al.,
2015).

The formats used most often by the technical staft are
4vs4 and 5vs5 because they allow players to train with high
intensity; these formats are placed above all in the first post-
match training sessions for those players who have been used
little during the competition (Goto & King, 2019; Clemente
et al., 2019; Pévoas et al., 2018; Gongalves et al., 2017).

One of the goals of the coaching staft is to monitor and
increase the intensity of training. For this reason, ball drills
on small spaces (SSG) are replaced by ball drills on large
spaces called “Large Sided Games” (LSG).

LSG are these sport-specific exercises carried out with
a ball, on fields where each player exploits from 270 to 325
square meters (Sannicandro et al., 2021).

Recently, several studies have emerged that have begun
to analyze and understand what happens during these
exercises performed on large dimensions (Casamichana et
al., 2018; Castagna et al., 2019; Riboli et al., 2020; Cofano et
al,, 2021).

This study aims to describe, analyse and compare the
high intensity in internal and external load deriving from
LSG exercises during the 4vs4 and 5vs5 formats, with
goalkeepers

Materials and methods

Study participants

22 professional soccer players participated (average age:
23.59+4.87 years, weight: 77.8+7.6 kg; height: 183.5+7.5 cm)
including 20 forward players and 2 goalkeepers. The
goalkeepers were not considered in the data collection of the
external and internal load. The study included the players
who had not reported injuries in the previous 60 days and
who had played at least two matches in the 4 weeks prior
to these LSGs. All footballers knew how to work with GPS
monitoring systems and heart rate monitors. The study
was carried out respecting the principles contained in the
Declaration of Helsinki.

Study organization

For the analysis of the internal load, heart rate (HR)
and ratings of perceived exertion (RPE) parameters were

125



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 1

measured. The HR measurement was conducted with a
telemetry system and heart rate monitors (Polar Electro Oy,
Kempele, Finland) and the analysed values are the average
HR and the peak HR in beats per minute (bpm) and as a
percentage referred to the maximum HR (% HRmax); in
addition to the parameters mentioned above, the time spent
(sec) at a HR between 80-90% and between 90-100% was
also calculated. For the RPE the CR10 Borg scale was used
(Borg, 1982). During the two LSG exercises, the players
were monitored using global positioning system (GPS)
instrumentation at 18.18 Hz (GPEXE® SYSTEM, EXELIO
srl, Udine, Italy) recently validated (Hoppe et al., 2018). The
parameters detected and examined are: the distance covered
per minute (m), maximum speed (peak in kmeh'), the
average metabolic power (We Kg'), the average metabolic
power (We Kg') during the active phases (MPE avg
power), maximum metabolic power (We Kg'), the number
of accelerations (> 2 mes?) and decelerations (<-2 mes?)
and the maximum acceleration and deceleration (mes?).
Furthermore the distance covered in different speed has
been analyzed: high intensity running (19.90-25.20 kmeh™)
and very high speed running > 25.2 kmeh™ best know as
“sprint” (Di Salvo et al., 2013; Rampinini et al., 2007). Also
the distance covered at different intensity pf power has been
analysed: high intensity power (20.00 - 35.00 We Kg), very
high intensity power (35.00 - 50.00 We Kg') and maximal
intensity power that is > 50 We Kg* (Osgnach et al., 2010).

The LSG exercises were carried out on a natural
grass playing field. The 4vs4 + 2 goalkeepers format were
performed on a field 60x54 m (324 m? per player) while
the 5vs5 + 2 goalkeepers format were performed on a field
65%60 meters (325 m? per player).

No. 5 soccer balls were used, positioned both inside
the goal and outside the perimeter of the field to speed
up the match when the ball ended out. Regular goals
(7.32x2.44 m) were used. LSG’s exercises were carried out
with the encouragement from the technical staff and with
the limitation of consecutive touches (3) of the ball. The
characteristics of the LSGs are summarized in table 1.

Table 1. The SSG formats used in the study

Variable 4vs4 5vs5
Number of Bouts 4 4
Bout Duration (min) 5 5
Resting Duration (min) 2 2
Pitch Dimension (m x m) 60 x 54 65 x 60
Relative Pitch Size (m?) 1:324 1:325
Goalkeeper yes yes
Specific Rules Max 3 touches Max 3 touches
Coach Encouragement yes yes

Before starting, players have warmed up for about
15 minutes. The warm-up included an aerobic activation
phase, dynamic stretching, conditioning exercises for
acceleration and exercises with a ball. After the warm-up,
players began with LSG exercises: 4 sets of 5 minutes each,
with 2 minutes of passive recovery between each set. During
the whole exercise, players were monitored through the use
of a heart rate monitor in telemetry and GPS instruments.

At the end of each exercise, the RPE value was analysed
individually. The two formats were carried out in different
days, with a recovery pause of at least 48 hours.

Statistical Analysis

Descriptive statistics (M + SD) was applied to all
observed variables; Student’s t-test for paired data was used
to verify the existence of statistically significant differences
between the average values obtained using the Statistical
Package for Social Sciences (SPSS 15.0 for Windows)
software. Significance was set at p<0.05. Cohen’s d was used
to verify the effect size index. As for the effect size index
(Effect Size), after calculating the § index it is possible to
convert it into Effect Size: < 0.20 small; 0.50 average; > 0.80
large (Cohen, 1992).

Results

A paired t test showed that the different between

conditions was significant in the following conditions:

o max speed (kmeh') 4VS4/ max speed (kmeh')
5VS5(t=-2,776, df=19, p <.05). The effect size is large
(d=-1.27);

o MPE avg power (We Kg') 4VS4/ MPE avg power
(We Kg') 5VS5(t=-2,288, df=19, p <.05). The effect
size is large (d=-1.04);

o distance (>25.2 kmeh') 4VS4/ distance (> 25.2 kmeh!)
5VS5(t=-3,235, df=19, p <.005). The effect size is large
(d=-1.48);

o max HR bpm 4VS4/ max HR bpm 5VS5(t=-4,569,
df=19, p <.005). The effect size is large (d=2.09);

o max HR % 4VS4/ max HR % 5VS5(t=4,236, df=19,
p <.005). The effect size is large (d=1.94);

« avg HR bpm 4VS4/ avg HR % 5VS5(t=2,261, df=19,
p <.05). The effect size is large (d=1.03);

o avg HR % 4VS4/ avg HR % 5VS5(t=2,435, df=19,
p <.05). The effect size is large (d=1.11);

o time 90-1004VS4/ time 90-100 5VS5(t=3,698, df=19,
p <.005). The effect size is large (d=1.69).

The table 2 shows the results of external load recorded in

the 4vs4 and in 5vs5 large sided games.

The table 3 shows the results of internal load recorded in

the 4vs4 and in 5vs5 large sided games.

Discussion

The aim of the study is to investigate, analyse and
compare high intensity during LSG exercises by monitoring
internal and external load parameters during SSG, 4vs4 and
5vs5 exercises.

This study extends the analysis conducted in the
literature on LSGs: in fact, this type of exercise manages to
come very close to the match demands (Riboli et al., 2021;
Cofano et al., 2021; Sannicandro et al., 2021).

The 4vs4 and 5vs5 formats were taken into account as
they represent the drills that are most used by the technical
staff during the weekly micro-cycle.

The analysis of the internal load data shows that the 4vs4
LSG succeeds in producing both higher and significantly
higher peak HR values in percentage and absolute terms per
minute than the 5vs5 LSG (p < .005).
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Table 2. Results of external load recorded in the 4vs4 and in 5vs5 large sided games.

Paired t test
Variable Mean Std. Dev SE. Mean
tvalue df Sig.(2-tailed)
Max speed (kmeh') 4VS4 26.57 .87 .19 -2.77 21 .012%
max speed (kmeh') 5VS5 27.58 .90 .20
max acc (mes?) 4VS4 4.15 .55 12 .86 21 .398
max acc (mes?) 5VS5 4.03 24 .05
max dec (mes?) 4VS4 -4.88 .32 .07 1.72 21 101
max dec (mes?) 5VS5 -5.05 41 .09
avg met power (We Kg') 4VS4 12.03 .70 .15 -21 21 .834
avg met power (We Kg') 5VS5 12.11 1.30 .29
max met power (We Kg') 4VS4 87.98 7.85 1.75 .86 21 401
max met power (We Kg) 5VS5 84.84 9.38 2.09
MPE avg power (We Kg') 4VS4 22.30 49 11 -2.28 21 .034*
MPE avg power (We Kg!') 5VS5 22.63 .87 .19
distance (19.8-25.2 kmeh') 4VS4 215.68 49.69 11.11 -1.30 21 .208
distance (19.8-25.2 kmeh') 5VS5 241.54 73.92 16.52
distance (> 25.2 kmeh'!) 4VS4 15.27 7.99 1.78 -3.23 21 004+
distance (> 25.2 kmeh!) 5VS5 33.84 20.72 4.63
distance (20-35 We Kg!) 4VS4 629.85 64.31 14.38 24 21 812
distance (20-35 We Kg*) 5VS5 619.96 144.26 32.25
distance (35-50 We Kg') 4VS4 223.81 51.91 11.60 -1.61 21 122
distance (35-50 We Kg!) 5VS5 248.96 27.58 6.16
distance (> 50 We Kg') 4VS4 94.26 24.41 5.45 -1.31 21 .205
distance (> 50 We Kg') 5VS5 108.44 30.98 6.92
acc events 4VS4 27.75 4.33 97 .07 21 940
acc events 5VS5 27.60 5.75 1.28
dec events 4VS4 33.15 8.45 1.89 .38 21 704
dec events 5VS5 32.20 4.37 97
distance/min 4VS4 146.05 6.71 1.5 -.850 21 406
distance/min 5VS5 149.34 12.21 2.73
*p<.05*p<.01,** p<.005
Table 3. Results of internal load recorded in the 4vs4 and in 5vs5 large sided games.
Paired t test
Variable Mean Std. Dev SE. Mean
t value df Sig.(2-tailed)
RPE 4VS4 7.70 73 16 -34 19 733
RPE 5VS5 7.80 1.19 .26
max HR bpm 4VS4 189.65 3.29 73 4.56 19 .000+%*
max HR bpm 5VS5 182.50 6.09 1.36
max HR % 4VS4 95.15 1.69 37 4.23 19 .000***
max HR % 5VS5 91.75 2.65 59
avg HR bpm 4VS4 170.90 7.18 1.60 2.26 19 .036%
avg HR bpm 5VS5 165.00 8.17 1.82
avg HR % 4VS4 85.85 3.73 .83 2.43 19 .025%
avg HR % 5VS5 82.75 3.65 81
time 80-90 4VS4 532.95 273.09 61.06 .36 19 719
time 80-90 5VS5 498.00 296.82 66.37
time 90-100 4VS4 257.45 296.66 66.33 3.69 19 .002**%
time 90-100 5VS5 9.50 14.60 3.26

*p <.05*p<.01,*** p<.005
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These data attest to the fact that 4vs4 is the LSG exercise
that succeeds in ensuring high exercise intensity, as football
training requires.

Confirming this trend, the analysis shows that the time
spent between 90-100% of the FC is significantly higher than
in the other format (p <.005).

The average HR values in both percentage and absolute
terms (beats per minute) were also higher and significant
(p < .05) when comparing 4vs4 and 5vs5.

The value for the time elapsed between 80-90% of FCmax
was greater in 4vs4 although not significant; the RPE values
were very similar and therefore not statistically significant,
standing at 7.70 + 0.73 for 4vs4 and 7.80 + 1.19 for 5vs5.

The analysis of the time spent at HR > 80 %, in both
formats, was analysed to understand the effects of the
use of LSGs on the parameters of high intensity from a
cardiovascular point of view: the 4vs4 format allows high
intensity HR to be exerted for 62.89 + 26.47 % of the total
exercise time compared to 42.29 + 29.17 % for 5vs5.

The external load analysis, on the other hand, does not
reveal as much significance as did the internal load analysis.

The parameters found to be statistically different and
significant were: peak speed (p < .05), average metabolic
power during exercise phases (p < .05) and sprint distance
(p <.005), which were greater in the 5vs5 exercise.

On the other hand, observation of the peak values and
the number of accelerations and decelerations shows that the
two formats impose the same neuromuscular load.

Looking at what has been found with the two formats,
the reasons why research interest has shifted in recent years
to understanding what occurs with LSGs (Asian-Clemente
et al.,, 2021; Dello Iacono et al., 2022) emerges with great-
er relevance: in this study, it emerges how the density of
324 m?/player allows for the structuring of drills that can
ensure high-intensity exercise for the footballer.

Comparison with other studies in the literature that
have monitored internal load parameters reveals data that
are not always in agreement: the %HRmax is higher in
the formats observed (in 4vs4: 95.15+1.69% and in 5vs5:
91.75+2.65%) than in the Game profile-training circuit (89.4
+ 2, Dello Iacono et al., 2021) and in another LSG exercise in
the literature (86.5 * 4.5%, Casamichana et al., 2018).

RPE values, on the other hand, are broadly similar
compared to the two studies mentioned above.

The participation levels, the aerobic fitness levels of each
footballer and the different duration of the exercises may
have substantially influenced the internal load data, thus
explaining the differences between the studies conducted
(Aliberti et al., 2021; Dello Tacono et al., 2021; Zurutuza et
al,, 2021).

Observation of some high-intensity indicators referring
to the external load shows that the distance/minute in both
4vs4 and 5vs5 is slightly lower (4vs4: 146.05+6.71 m/minute,
5vs5: 149.34+12.21 m/minute), than during a sport-specific
training circuit (153.1+£3.9 m/minute) based on the football
performance model (Dello Iacono et al., 2021).

On the contrary, the LSG formats analysed of 4vs4
and 5vs5 manage to ensure a higher distance/minute than
exercises carried out in the form of matches in which the
values stop at 107.6+£14.4 m/minute (Zurutuza et al., 2020),
121.942.9 m/minute (Owen et al., 2014) and finally 105.4 +
10.7 m/minute (Martin-Garcia et al., 2019).

Even when comparing with other studies that have
monitored LSGs with the 5vs5 format (Casamichana et al.,

2018), the values found in this study are higher for both
formats observed.

Analysing the two speed thresholds (19.8-25.2/
> 25.2 kmeh) that attest the distance travelled at high
intensity shows that in LSG drills, the values of total metres
travelled within the two thresholds are higher than during
10vs10 + GK (Owen et al., 2014) or during official matches
(Martin-Garcia et al., 2019); on the other hand, comparisons
with other types of sport-specific drills are very difficult,
where there has been an attempt to structure a Game profile-
training circuit capable of reproducing the same match
intensities (Dello Iacono et al., 2021).

The data observed in this study confirm that LSGs are
an exercise that effectively stresses the player to meet the
demands of match performance (Andrzejewski et al., 2013;
Haycraft et al., 2017; Izzo et al., 2020).

In the analysis of the distance travelled at high power
(>20 We Kg'), it is observed that these values are lower than
during the 5vs5 + GK already used in the literature (Goto &
King, 2019): however, the different training volume adopted
(35 min vs. 20 min) may be the parameter that explains these
differences.

The peak velocity (in 4vs4: 26.57+0.87 kmeh™', in 5vs5:
27.58+0.90 kmeh') appears to be higher than both other
LSG formats that obtained a value of 22.31+2.15 kmeh™!
(Casamichana et al., 2018) and during a drill that mimics
the match where a value of 24.7+0.7 kmeh! is found (Owen
etal., 2014).

The peak velocity observed in the two LSGs is very
similar to that recorded during official matches (Abbott et
al., 2018; Redkva et al., 2018).

A final consideration to be made concerns the
comparison of the values obtained in the LSG formats
observed in this study with what emerges in the most intense
3,4,5 and 10 minutes recorded during an official competition
(Riboli et al., 2021): the values of 4vs4 and 5vs5 are always
higher than these indicators observed in competition.

Conclusions

In conclusion, the data from this study can be transferred
to field practice.

In organising training, the data from this study can
support the choices of the staff. Indeed, LSGs, both in the
4vs4 and 5vs5 formats, seem to reproduce more reliably
what emerges in the performance profile of the competition
(Riboli et al., 2021).

By modulating the exercise times (even with volumes
of more than 20 minutes), both formats can be used to train
players who have partially taken part in the match on the
day after the match; they can also be particularly useful in
the match-day +3 in which the entire team is involved at the
same time with sport-specific and general exercises that aim
to reproduce match intensities.
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IFPV BEJIMKUMW HENOBHUMU CKNNAAAMU TA CNELUIAJbHI
CMOPTUBHI TPEHYBAHHA: NAPAMETPU BUCOKOI
IHTEHCUBHOCTI B MPO®ECIMHUX ®YTBONICTIB

ITano Cannikangpo'**®, Kogano [Irxakomo'4B¢

"Yuisepcurer ®oppxa
ABTOpCchKMil BKIA: A — nusaiis gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E — 36ip kowrtis

Pedepar. Crarts: 6 c., 1 Tabn., 8 puc., 38 mxepern.

MeTta mocnimKeHHA. MeTO 1IbOTO IOCTiKEHHS 6y710 OIMCaTH, TPOAHA/Ii3yBaTy Ta IOPiBHATH BUCOKY iHTEHCUBHICTb BHY-
TPIIIHBOTO Ta 30BHIIIHBOTO HABAHTAXXEHH, 1110 BUIUINBAE 3 BUKOHAHHSA BIIPaB 3 irop BemMKuMu HermoBHyMIE cKnafamu (LSG) min
Jac BUKOHAHHA BIpaB y GopMaTax 4 Ha 4 Ta 5 Ha 5 3 BOPOTapAMIL.

Marepianu Ta MeTOmM. YYacHMKaMM HOCTPKeHH:A cTamy 22 npodeciitaux ¢yrbomictn (cepenHii Bik: 23,59+4,87 poky,
Bara: 77,8+7,6 xr; 3picT: 183,5+7,5 cm). BripaBy y dopmari 4 Ha 4 + 2 BopoTapi BUKOHYBaIM Ha Mo po3MipoM 60x54 M (324 M
Ha TpaBIsi), a BIpaBy y popmaTi 5 Ha 5 + 2 Boporapi — Ha 1ojii poamipom 65x60 M (325 m? Ha rpaBi). I1if yac BUKOHAHHS IMX
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nBox Bpas LSG mposoanay aHasis BHyTPIIIHBOTO TA 30BHILIIHBOTO HaBaHTAKeHH:A. Brpasu LSG BukoHyBanu B 4 migxoan mo
5 XBUIMH KOXK€H, 3 2 XBU/IMHAMM IIACMBHOTO BifIMOYMHKY MiDK KOXKHUM Ii/IXOZOM.

Pesynbratu. Onepxani gaHi cBifgaThb mpo Te, 1m0 popmar 4 Ha 4 — 1e Brpasa LSG, sika ycmiiHo 3abesnedye BUCOKY iHTeH-
CUBHICTb BIIpaBI: 4ac, BuTpadeHnit Ha 90-100% vactoTu cepreBux ckopoderb (HCC), cTaTMCTUYHO 3HAYYILE BUIINIL, HIXK Y Pop-
Mati 5 Ha 5 (p < 0,005). Cepenni snauenuss YCC (y BijcoTkax Ta abCOMOTHI) TaKOX Oy BUIIMMM Ta CTATUCTUYHO 3HAYYIMMU
(p < 0,05) y popmari Buxkonanus snpasu LSG 4 Ha 4.

ITikoBa mBuaKicts (p < 0,05), cepenHst meTabomivHa IIOTY>KHICTb Iifl 9aC BMKOHaHHA ¢das Bupas (p < 0,05) i gucranmis
crpusry (p < 0,005) € Bumymu y popmati BukoHaHHs Bupasu LSG 5 Ha 5.

BucHoBku. Mopymooun qac BUKOHAHH BIIPaB, 061aBa GopMaTyt MOXKHA BUKOPVUCTOBYBATI Ha HACTYIIHMII IEHb IIiC/Is Mart-
4y IS TUX, XTO HE TPaB, abo 4yepes TpY JHi IC/IA MaTyy [ BCi€l KOMaHu.

KirouoBi cmoBa: irpy BeMKUMM HEIIOBHUMM CKJIaflaMM, BUCOKA iIHTEHCUBHICTD, (yTOOI, 30BHIIIHE HABAaHTA)KEHH:A, BHY-
TpilllHE HaBaHTAXXEHHS, Tpodeciitni pyToéomcTn.
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Abstract

Study purpose. Regarding Talent identification (TID) programs, which are an integral part of the selection process
for elite-level athletes, the authors detected a lack of evidence, as surprisingly little research has been conducted

to elucidate the effects of Change of Direction (COD) test performance on TID in basketball. This study aimed to:

i) analyze the anthropometrical measures, performance variables of COD and talents values of each basketball player,
ii) conduct through a COD test, a talent identification procedure in basketball, and iii) run a correlation analysis to
try to explain the relationship between COD test and basketball talent through either offensive and defensive skills.
Materials and methods. A cross-sectional study was conducted on nineteen youth basketball players

(age = 15.68 + 1.20 years; height = 188.84 + 5.81 cm, and weight= of 75.74 + 8.37 kg) with at least 3 years of
experience. To assess the overall performance of the selected players, a questionnaire regarding either offense or
defense variable was used. In addition, players were required to perform V-Cut, 5-0-5 and Illinois Dribbling tests.
Single beam photocells (Chronojump Boscosystem) were used and 3D motion capture system with a video camera
set at 210 Hz (CASIO EX-ZR800) recorded the entire action.

Results. Findings point out that the players’ COD test result correlates positively [505 test (Contact time, r = 0.62,

p = 0.004 and COD deficit, r = 0.55, p = 0.01) and Illinois Dribbling test [velocity (r = 0.45, p = 0.04)] with offensive
skills whilst it correlates negatively [Illinois Dribbling test (r = -0.46, p = 0.04)] with defensive skills.

Conclusions. This study highlights the importance to perform a multidisciplinary approach considering either the

coaches’ assessment and players’ COD performance to provide relevant information for TID.
Keywords: COD, basketball, talent identification, multidisciplinary approach.

Introduction

Basketball is one of the most popular team sports,
being played world-wide. Several varieties of athletic skills
can be valuable indicators of a talented player (Anshel &
Lidor, 2012). In this sense, it must be mentioned that testing
these skills might be useful as a Talent Identification (TID)
screening process which might help trainers and scouts to
make the best decisions during player selection of different
competitive levels and field positions (Till et al., 2013). The
talent detection process must have the ability to recognize
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athletes at younger ages, thus being able to generate more
opportunities for success for people with more potential
(Johnston et al., 2018). Many investigators have taken
this matter into consideration, resulting in a rapid growth
of the interest on the link about talents and sports in the
last decade (Lidor et al., 2009). However, to the best of our
knowledge, there are no previous studies available on talent
in basketball. In fact, the detection of talent in basketball
has been changing over time, several studies put the effort
on relevant anthropometric aspects (Erculj et al., 2009).
Likewise, coordination and precision measures were found
to successfully discriminate between skills levels, as well as
physiological data, age, playing position and fitness (Gonaus
& Miiller, 2012; Till et al., 2016) however, these values must
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be complemented by performing sprints and agility tests,
such as Change of Direction (COD) tests (Pino-Ortega et
al,, 2021).

The ability to accelerate, stop quickly, turn or change
of direction (COD), and accelerate again is an essential
part of the motor skills of a basketball player (Paul et al,,
2016). COD speed predominately characterizes the ability
of the athletes during running to decelerate in the shortest
possible time and to re-accelerate quickly in a new direction
(Chaabene et al.,, 2018). On one hand, biomechanical
aspects as the acceleration phase, the deceleration, the
contact of the foot in the change and finally the acceleration
towards the new destination are to be considered crucial
phases to obtain the best performance (McBurnie, 2021).
On the other hand, physiological aspects are crucial too;
during COD tasks, two distinct forms of muscle actions
are required to quickly decelerate (eccentric action) and
accelerate (concentric action) the body during movement.
More specifically, eccentric muscle strength may influence
CoD speed performance to a high degree because it
allows athletes to quickly decelerate the body during high
movement velocities which is an important prerequisite
for the subsequent acceleration phase of the body and the
overall performance of COD tasks (Nimphius et al., 2016).

In this context, COD speed represents the physical
quality of agility while perceptual and decision-making
factors constitute the under-lying cognitive components of
agility (Sheppard & Young, 2006). The muscle that helps
improve COD is the hamstring at the time of deceleration.
Authors as Gonzalo-Skok et al., (2015) explain that eccentric
braking force is necessary to decrease braking time and
improve COD. Besides, previous studies have examined
whether COD speed is related to other physical fitness
components such as speed, muscle strength, and muscle
power (Brughelli et al., 2008; Sheppard & Young, 2006).

Unfortunately, there is a lack of practical, ecologic tools
to assess TID in basketball (Johnston et al., 2018). Hence,
new methods designed to identify young athletes with the
potential for success in both U18 and U21 elite sport are
needed such as test that give valid, sensible and reliable in-
formation. Following Quilez-Maimén et al. (2021), tests can
be classified into field or laboratory tests; field test contribute
to add an ecological approachment which is more likely to
be transferred to real game situations. Consequently, field
tests must be sensitive enough to detect very small changes
(Pardos-Mainer et al., 2019). Accordingly, Pino-Ortega et al.
(2021), mention that agility tests are necessary to identify
young talents, as well as Suarez-Arrones et al. (2020) explain,
COD is the result of agility and, therefore, performing COD
tests will allow the evaluation of the concept of agility, which
is a key point in talent identification in basketball.

However, very few studies have tested the relationships
between basketball TID and performance among young
basketball players. Nevertheless, it is pertinent to consider,
following Dezman etal. (2001), either offensive and defensive
variables to assess talent factors and correlate results with
COD test. Following the above literature mentioned, the
present study aims to: i) analyze the anthropometrical
measures, performance variables of COD (505 test, VCut
test and Illinois Dribling test) and talents values of each
basketball players, ii) to conduct through a COD test, a
talent identification procedure in basketball and iii) run

a correlation analysis to try to explain the relationship
between COD Test and basketball talent of attack and
defense. The hypothesis of the study is that COD test are
directly correlated to talent identification screening process.
Authors expect that the results obtained in this study will set
the definition of talent identification methods for trainers
and scouts in the future.

Materials and methods

Study design

This study followed a cross-sectional design. A conve-
nience sampling was performed. The study was approved by
scientific council of Pontifical University of Comillas (code:
2021/64), and the Research Ethics Committee of the Pon-
tifical University of Comillas (2021/90) and followed the
Declaration of Helsinki ethical standards for the study in
humans. The team staff was informed about the objectives
of the study, and the research team ensured that parents or
guardians signed their informed consents after having re-
ceived details of the possible benefits and risks of the study.

Setting and context

The study occurred on 3 May 2022, corresponding to
end season. The data collection was preceded by 48 hours
of rest. In the day of data collection, the players’ coaches
answered to a questionnaire centered in the offensive and
defensive behaviors of each player aiming to classify play-
ers in terms of offensive and defensive talent. After that, the
COD assessments were executed on the players itself, and
with the following sequences: (i) V Cut test; (ii) 5-0-5 test;
and (iii) Illinois test. Players performed 2 trials for each test
and rested 3 minutes between tests. The tests were preceded
by a standardized warm-up protocol of 12 minutes consist-
ing in standardized range-of-motion warm-up plus ballistic
stretching. The data collection was performed in an indoor
court, between 10:30h and 12 hours of the day with an aver-
age temperature of 21°C and relative humidity of 60%.

Participants

Concerning the sample size, the next equation was used:
Sample Size = Z2 x (p) x (1 — p)/C2, where Z = confidence
level (95%); p = 0.05 and C = margin of error 0.05. Nineteen
U21 basketball players voluntarily participated in this study
(age=15.68 + 1.20 years; stature = 188.84 + 5.81 cm, and body
mass= of 75.74 + 8.37 kg; 7.64 + 2.02 years of experience)
from the region of Baleares, Spain, were recruited from
the Centre for Sport Technification of the Balearic Islands
(CTEIB).

The eligibility criteria were: i) to be a member of
CTEIB program during the whole academic year, ii) to be
a member of male basketball U21 team, and iii) not have
suffered any serious injury within the last 3 months previous
to the data collection. These players had at least 3 years’
experience in basketball practice and took part in high level
competitions. In addition, these players trained three days
a week (90 min per session) and played one match a week.
The training sessions were based on technical and tactical
content development (70% of training time), technical
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skill improvements (10% of training time), and general
improvements in physical condition (20% of training time).
Generally, training sessions comprised a warm-up, main
part, and cooldown.

Talent identification process

To assess the actual quality or overall performance of
basketball players the variables — criteria established by
Dézman were used. Table 1 shows the variables (criteria) to
evaluate actual quality of basketball players either on defense
and offense:

Table 1. Items of the young talent questionnaire.

The defensive and offensive items of the assessment
questionnaires are presented. Adapted from Dézman et al.
(2001).

Offensu{e va}rlables Defensive variables (criteria)
(criteria)
Ball control (BC) Level of defensive pressure (LDP)
Passing skills (PS) Defensive help (DH)

Dribble Penetration (DP)
Three-point shots (TS)
Two-point shots (TPS)

Blocking shots (BS)
Ball possession gained (BPG)

Defensive rebounding efficiency

(DRE)
Free throws (FT) Transition defense efficiency (TDE)

Two-and-one plays (TOP)  Playing multiple positions on

defense (PMPD)
Efficiency of screening (ES) -

Offense without the ball -
(OWB)

Offensive rebounding -
efficiency (ORE)

Transition offense efficiency -
(TOE)

Playing multiple positions
on offense (PMPQO)

Secondly, the questionnaire proposed by Dézman et al.
(2001), with the game items about the basketball player’s
game has been completed by the CTEIB sports responsible,
who had specific knowledge for every player and marked
out of 5 points either offensive and defensive criteria (see
Table 1) for every player. On the other hand, an experimental
part has been carried out, composed by three change-of-
direction tests, the V-Cut test, the 505 test and the Illinois
dribbling test.

Change-of-direction assessment

Players were required to perform three tests, described
below, in the day of data collection. Data collect was carried
out by the authors. Single beam photocells (Chronojump
Boscosystem) were positioned at 80 cm from the floor in
the start and end line. The players started with the same
preferred foot at 5 cm from the starting point, while using
split position. 3D motion capture system with a video

camera set at 210 Hz (CASIO EX-ZR800) recorded the
entire action.

V Cut Test

V-Cut test is a validated CoD test for basketball players
by Gonzalo-Skok et al., (2015), it has a distance of 25 meters,
with 4 changes of direction of 45 degrees every 5 meters of
distance. Participants must go from the start point to the
end point passing through each turn, where there will be a
line separated by two cones and the distance between them
is 0.7m. For each cone pass to be valid, they must step with
at least one foot beyond the line. Two attempts were each
player within a 2-minute rest. The best score obtained in the
test was used for further data treatment. The coeflicient of
variation within-subject was 0.43%.

505 Test

The methodology for the 505-COD involved a 10-m
linear sprintfromastatic start,a 180° turn ona predetermined
turn leg (right/left) ensuring contact with a designated line,
and a 5-m return sprint through an identified finish line.
The time taken to complete the final 5 m of the 10-m linear
sprint, turn, and 5 m return sprint was recorded (Nimphius
et al., 2016). The COD (turn at 180°C) was performed with
preferredleg. For time evaluation, 2 attempts were performed
with a recovery time of 2 min between repetitions and the
best score of the two repetitions was used for subsequent
analysis. Times were measured in sec. The coefficient of
variation within-subject was 2.01%.

lllinois dribbling test

It is a test that has a distance of 20 meters at maximum
speed, changes of direction and is carried out by driving
the ball by hand and bouncing (Matulaitis et al., 2019). As
explained by Nimphius et al., (2016), the test has 11 changes
of direction, the duration of the test is between 13-19 seconds
and the total travel distance is 60 meters and the types of
changes of direction found in the test are 90 and 180 degrees.
Each participant had 2 attempts, although if the participant
lost control of the ball, it must be repeated until a valid one is
achieved, two attempts were performed with a recovery time
of 2 min between repetitions and the best score of the two
repetitions was used for subsequent analysis. The coefficient
of variation within-subject was 2.14%.

Statistical analysis

All analysis were conducted using statistical software
Statistica (version 13.1; Statsoft, Inc., Tulsa, OK, USA) and
the significance level was set at p<0.05. Descriptive statistics
were calculated for each variable. Normal distribution and
homogeneity tests (Kolmogorov-Smirnov and Levene’s,
respectively) were conducted on all metrics. Subsequently,
Pearson’s correlation coefficient r was used to examine the
relationship between the COD values (505 test, VCut test
and Illinois Dribling test) and the talent values (attack mean,
deffense mean and overall values) We adopted the following
criteria to interpret the magnitude of these correlations:
r < 0.1, trivial; 0.1 < r £ 0.3, small; 0.3 < r < 0.5, moderate;
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0.5<r<0.7,large; 0.7 <r < 0.9, verylarge; and r > 0.9, almost
perfect.

Results

Descriptive statistics were calculated for each variable
(Table 2, 3 and 4).

First, a correlation analysis as performed between
anthropometric values [i) weight, ii) height and iii) Body
Mass Index]| and talent values [i) attack mean, ii) defense
mean and iii) overall], not revealed any significant
correlation. See table 5 for more information.

Posteriorly, A correlation analysis was realized between
505 values [i) time, ii) velocity, iii) contact time, iv) 10m and
v) COD_D] and talent values [i) attack mean, ii) defense
mean and iii) overall]. A large positive correlation was found
between defense skills and Contact time and COD Deficit
(r=.62, p=.004 and r =.55, p=.01). (See table 6 and figure 1
for more information.

550 £=0.62 | p=0.004 095 =055 | p=0.01
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Fig. 1.1 Fig. 1.2

Fig. 1. Representation of significative correlations 505 values
(COD deficit) and talent values (Defense mean). Figure 1.1.
Correlations analysis between Contact time and defense skills and
Figure 1.2. Correlations analysis COD deficit and defense skills

Another correlation analysis was performed between
V cut values [i)time, ii) velocity] and talent values [i) attack
mean, ii) defense mean and iii) overall]. Crucially, any

Table 2. Antropometrical measures and ofensive and defensive performance variables related to talent questionnary of

each basketball players (mean + SD)

BP (n=19)

Antropometric measures Variables on defense

Variables on offense

A H BM

BMI LDP DH BS BPG DRE TDEPMPD BC

PS DP TS TPS FT TOP ES OWB ORE TOE

BP1 15 194.00 80.00 21.30 1.00 2.00 3.00 2.00 1.00
BP2 15 189.00 73.00 20.40 2.00 2.00 3.00 3.00 2.00
BP3 14  184.00 70.00 20.70 3.00 2.00 2.00 3.00 3.00
BP4 14  183.00 80.00 23.90 3.00 2.00 4.00 3.00 4.00
BP5 14  184.00 72.00 21.30 4.00 2.00 4.00 2.00 4.00
BP6 15 177.00 62.00 19.80 4.00 1.00 2.00 3.00 2.00
BP7 15 188.00 68.00 19.20 2.00 2.00 2.00 2.00 3.00
BP8 15 193.00 71.00 19.10 2.00 2.00 3.00 2.00 3.00
BP9 15 188.00 75.00 21.20 2.00 2.00 3.00 2.00 3.00
BP10 15  198.00 100.00 25.50 3.00 4.00 4.00 4.00 2.00
BP11 18 194.00 85.00 22.60 3.00 3.00 4.00 2.00 1.00
BP12 17  198.00 76.00 19.40 2.00 2.00 2.00 2.00 2.00
BP13 17  198.00 81.00 20.70 1.00 1.00 2.00 1.00 1.00
BP14 16  190.00 70.00 19.40 4.00 2.00 3.00 4.00 3.00
BP15 16  189.00 81.00 25.50 4.00 2.00 4.00 4.00 3.00
BP16 17  185.00 80.00 23.40 2.00 3.00 3.00 2.00 2.00
BP17 17  188.00 75.00 21.20 2.00 1.00 2.00 2.00 3.00
BP18 16  184.00 75.00 22.20 3.00 2.00 4.00 3.00 3.00
BP19 17  184.00 65.00 19.20 3.00 1.00 3.00 3.00 4.00

2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.00 2.00 2.00 2.00
1.00 2.00 2.00 2.00 2.00 2.00 3.00 3.00 2.00 1.00 4.00 4.00 2.00
3.00 2.00 2.00 2.00 2.00 2.00 3.00 3.00 2.00 1.00 2.00 2.00 2.00
4.00 3.00 2.00 2.00 2.00 2.00 3.00 3.00 2.00 2.00 3.00 3.00 2.00
3.00 4.00 4.00 4.00 4.00 3.00 2.00 4.00 3.00 2.00 3.00 2.00 4.00
2.00 3.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.00 2.00 2.00 3.00
2.00 3.00 3.00 2.00 4.00 3.00 2.00 3.00 3.00 1.00 2.00 2.00 4.00
2.00 2.00 3.00 3.00 3.00 4.00 3.00 4.00 3.00 1.00 4.00 2.00 3.00
2.00 2.00 3.00 3.00 2.00 3.00 3.00 3.00 2.00 1.00 2.00 2.00 2.00
2.00 3.00 2.00 1.00 3.00 1.00 3.00 1.00 3.00 2.00 3.00 4.00 3.00
2.00 3.00 2.00 3.00 3.00 2.00 4.00 3.00 3.00 2.00 3.00 4.00 3.00
2.00 2.00 2.00 2.00 2.00 3.00 3.00 3.00 2.00 2.00 2.00 2.00 3.00
2.00 2.00 2.00 2.00 2.00 2.00 4.00 3.00 2.00 2.00 2.00 3.00 3.00
4.00 4.00 3.00 3.00 3.00 3.00 2.00 3.00 3.00 3.00 3.00 4.00 3.00
4.00 3.00 3.00 3.00 3.00 3.00 4.00 3.00 3.00 3.00 4.00 4.00 4.00
3.00 3.00 4.00 4.00 4.00 4.00 3.00 4.00 3.00 3.00 3.00 4.00 3.00
2.00 2.00 2.00 2.00 3.00 3.00 2.00 3.00 2.00 3.00 2.00 3.00 2.00
3.00 3.00 2.00 2.00 3.00 3.00 3.00 3.00 3.00 4.00 2.00 4.00 3.00
4.00 4.00 4.00 4.00 4.00 3.00 3.00 3.00 3.00 3.00 4.00 3.00 3.00

Mean 15.68 188.84 75.74 21.37 2.63 2.00 3.00 2.58 2.58
SO 120 581 837 202 096 0.75 0.82 0.84 0.96
UCI 17.41 186.23 71.98 20.46 2.20 1.66 2.63 220 2.15
LCI  14.58 191.46 79.50 22.48 3.06 2.34 3.37 296 3.01

2.58 274 258 253 2.79 2.63 2.84 295 253 2.00 2.74 295 2.84
0.90 0.73 0.77 0.84 0.79 0.76 0.69 0.71 0.51 094 0.81 0.91 0.69
2.17 241  2.23 215 2.44 229 253 2.63 230 1.58 237 2.54 253
2983.07 292 290 3.14 297 3.15 3.26 2.76 242 3.10 3.36 3.15

Note: BP: Basketball Players; A: Age; H: height; BM: body mass; BMI: Body Mass Index; LDP: Level of defensive pressure; DH: Defensive help; BS:
Blocking shots; BPG: Ball possesion gained; DRE: Defensive rebounding eficiency; TDE: Transition defense efficiency; PMPD: Playing multiple
positions on defense; BC: Ball control; PS: Passing skills; DP: Dribble Penetration; TS: Three-point shots; TPS: Two-point shots; FT: Free throw;
TOP: Two-and-one plays; ES: Efficiency of screening; OWB: Offense without the ball; ORE: Offensive rebounding efficiency; TOE: Transititon
offense efficiency; SD: Standard Deivation; UCI: Upper confident interval and LCI: Lower confident interval
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Table 3. Anthropometrical measures and mean performance variables of talent questionnaire (attack, deffense and overall) of
each basketball players (mean * SD).

BP (n=19)
Antropometric Measures Mean Performance Variables
A H BM BMI Attack Mean  Defense Mean Overall

BP1 15 194.00 80.00 21.30 37.14 40.00 38.57
BP2 15 189.00 73.00 20.40 42.86 50.00 46.43
BP3 14 184.00 70.00 20.70 51.43 41.67 46.55
BP4 14 183.00 80.00 23.90 65.71 46.67 56.19
BP5 14 184.00 72.00 21.30 65.71 63.33 64.52
BP6 15 177.00 62.00 19.80 48.57 40.00 44.29
BP7 15 188.00 68.00 19.20 45.71 53.33 49.52
BP8 15 193.00 71.00 19.10 45.71 61.67 53.69
BP9 15 188.00 75.00 21.20 45.71 46.67 46.19
BP10 15 198.00 100.00 25.50 62.86 48.33 55.60
BP11 18 194.00 85.00 22.60 51.43 58.33 54.88
BP12 17 198.00 76.00 19.40 40.00 46.67 43.33
BP13 17 198.00 81.00 20.70 28.57 48.33 38.45
BP14 16 190.00 70.00 19.40 68.57 60.00 64.29
BP15 16 189.00 81.00 25.50 68.57 66.67 67.62
BP16 17 185.00 80.00 23.40 51.43 70.00 60.71
BP17 17 188.00 75.00 21.20 40.00 48.33 44.17
BP18 16 184.00 75.00 22.20 60.00 58.33 59.17
BP19 17 184.00 65.00 19.20 62.86 66.67 64.76
Mean 15.68 188.84 75.74 21.37 51.73 53.42 52..58
SD 1.20 5.81 8.37 2.02 11.78 9.45 9.24

UCI 17.41 186.23 71.98 20.46 46.43 49.17 48.42
LCI 14.58 191.46 79.50 22.48 57.02 57.67 56.73

Note: BP: Basketball Players; A: Age; H: height (cm); BM: body mass (kg); BMI: Body Mass Index; SD: Standard Deivation; UCIL: Upper
confident interval and LCI: Lower confident interval

Table 4. COD values (505 test, VCut test and Illinois Dribling test) of each basketball players (mean + SD)

BP (n=19)
505 V-CUT IDT
T(s) V(km/h) CT(ms) 10m(s) COD T(s) V(km/h) CT (ms) 10m (s) T(s) V (km/h)
BP1 2.50 8.40 404.58 1.78 0.72 6.60 13.62 421.25 1.714 15.55 3.63
BP2 2.41 9.05 525.41 1.56 0.85 6.50 13.82 404.583 1.78 15.95 3.76
BP3 2.35 9.16 516.66 1.57 0.78 6.57 13.68 525.417 1.56 17.09 3.51
BP4 2.39 8.86 354.16 1.67 0.71 6.07 14.81 516.667 1.572 16.62 3.60
BP5 2.27 9.43 346.25 1.53 0.73 6.24 14.42 - - 17.02 3.52
BP6 2.25 9.54 425.41 1.51 0.73 6.27 14.34 346.25 1.539 15.52 3.86
BP7 2.60 8.28 400.00 1.74  0.85 6.87 13.09 395.833 1.597 16.80 3.57
BP8 2.39 9.02 395.83 1.59 0.79 6.57 13.68 425.417 1.518 16.28 3.68
BP9 2.38 9.05 491.66 1.59 0.78 6.34 14.19 400 1.743 15.81 3.79
BP10 2.48 8.74 375.41 1.63 0.84 6.44 13.97 491.667 1.597 17.53 3.42
BP11 2.51 8.53 333.33 1.70  0.81 6.80 13.22 375.417 1.635 16.91 3.54
BP12 2.41 8.94 396.25 1.61 0.79 6.50 13.82 333.333 1.701 16.33 3.67
BP13 2.47 8.66 32541 1.68 0.79 6.64 13.55 396.25 1.614 16.94 3.54
BP14 2.23 9.18 279.58 1.68 0.55 6.64 13.55 325.417 1.68 16.28 3.68
BP15 2.50 8.44 400.00 1.75 0.75 6.64 13.55 279.583 1.685 17.21 3.48
BP16 2.34 9.16 400.41 1.58 0.76 6.30 14.26 400 1.755 16.44 3.65
BP17 2.23 9.59 400.00 1.51 0.72 5.77 15.58 400.417 1.584 15.88 3.77
BP18 2.38 9.16 346.25 1.61 0.70 6.44 13.97 - - 15.96 3.75
BP19 2.45 8.54 383.75 1.76  0.68 6.64 13.55 346.25 1.61 17.14 3.49
Mean 2.40 8.94 394.76 1.64 0.76 6.47 13.93 357.04 1.47 3.53 16.54
SD 0.10 0.39 62.88 0.08 0.07 0.26 0.58 140.38 0.52 1.03 0.56
UCI 2.35 8.76 366.48 1.60 0.73 6.35 13.67 293.92 1.23 3.07 16.29
LCI 2.44 9.11 423.03 1.68 0.79 6.59 14.20 420.16 1.70 4.00 16.79

Note: BP: Basketball Players; T: Time (s); V: Velocity; CT= Contact Time; COD_D: Change of Direction deficit; IDT: Illinois Dribling Test.
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Table 5. Correlation between anthropometric values
[i) weight, ii) height and iii) Body Mass Index] and and
talent values (attack mean, defense mean and overall)

Table 8. Correlation between Illinois Dribling test values
(time and velocity) and talent values (attack mean, deffense
mean and overall)

BP (n=19)
Height (cm) Weight (kg) BMI (%)

AM r=-.18 r=-.20 r=-.23

p=.46 p=-39 p=-33

r=-.11 r=.07 r=-.01
DM

p=.63 p=.76 p=.96

r=-.12 r=-.31 r=-.28
(@]

p=.60 p=-18 p=24

Note: AM: Attack Mean; DM: Defense Mean; O: Overall. * Denotes
significance at p<0.05, and ** denotes significance at p<0.01.
Table 6. Correlation between 505 values (time, velocity,
contact time, 10m and COD_D) and talent values (attack
mean, defense mean and overall)

BP (n=19)

T(s) V(km/h) CT (ms) 10m(s) COD_D
AM r=-.16 r=.25 r=.05 r=-35 r=.19

p=-51 p=-29 p=-81 p=-13 p=43

r=.07 r=.13 r=.62 r=-.37 r=.55
DM

p=.76 p=.57 p=.004** p=11 p=.01*
o r=-.071 r=.24 r=.36 r=-.44 r=.41

p=77 p=231 p=-12 p=-06 p=.07

Note: AM: Attack Mean; DM: Defense Mean; O: Overall; T:
Time (s); V: Velocity; CT = Contact Time; COD_D: Change of
Direction deficit. * Denotes significance at p<0.05, and ** denotes
significance at p<0.01.

Table 7. Correlation between V Cut values (time, velocity,
contact time, 10m and COD_D) and talent values (attack
mean, deffense mean and overall)

BP (n=19)
T(s) V(km/h) CT(ms) 10m(s) COD_D
AM r=01 r=.10 r=-.08 r=-.11 r=.08
p=.62 p=.66 p=.72 p=.64 p=.72
DM r=.01 r=.00 r=.01 r=-.13 r=.13
p=.97 p=-10 p=99 p=-59 p=-58
(0] r=-.07 r=.07 r=-.05 r=-.14 r=.12
p=.76 p=76 p=-81 p=-55 p=-59

Note: AM: Attack Mean; DM: Deffense Mean; O:Overall; T: Time
(s); V: Velocity; CT= Contact Time; COD_D: Change of Direction
deficit. * Denotes significance at p<0.05, and ** denotes significance
at p<0.01.

correlation was found between variables. See table 7 for
more information.

Last, a new correlation analysis was performed
between Illinois Dribbling test values [i)time, ii) velocity,
iii) contact time, iv) 10m and v) COD_D] and talent values
[i) attack mean, ii) defense mean and iii) overall]. A negative
correlation was found between AM and Time (r =-.46,
p=.04) and another positive moderate correlation was found
between AM and velocity (r =45, p= .04). See table 8 and
figure 2 for more information.

At this point a correlation analysis was performed
between significative values of each test performed, in

Male (n=19)
T(s) V (km/h)

AM r=-.46 r=.45

p=.04* p=.04*

r=-.18 r=.18
bM p=46 p=43
O r=-.41 r=.41

p=.08 p=.07

Note: AM: Attack Mean; DM: Deffense Mean; O:Overall; T: Time
(s); V: Velocity * Denotes significance at p<0.05, and **
denotes significance at p<0.01.

17,80 r=-0.46 | p=0.04 4,00 r=0.45 | p=0.04
© 3.90
17,30 ° o) B o
o8 o _ 380 o~ O
- 1680 o R © °
E 0 ®TTmm-a g 3o O - ---- -
=16301 O O le) £ 3.60 -9~ o
> O
o0 O 3,50 o 8 o o
15,80 6]
° 340 o
15,30 , , , " 330 . , )
37 44 Shtack 58 65 35 45 55 65
Attack skills (Mean)
Fig. 2.1 Fig. 2.2

Fig. 2. Representation of significative correlations between Illinois
test values (Time and velocity) and talent values (Attack skills
mean). Figure 2.1. Correlation analysis between Time and Attack
skills and Figure 2.2. Correlation analysis between velocity and
attack skills.

Table 9. Correlation between significative values of each
test performed, in this case 505 in defense (contact time
and COD_D) and Illinois dribbling test in attack (Time and
Velocity) and talent values (attack mean, deffense mean and
overall)

Male (n=19)
Defense Attack
CT (ms) COD_D T(s) V (km/h)
. r=-.22 r=.32 r=.47 -.46
Weight (cm)
p=.36 p=.17 p=.04* p=.04*
r=-.41 r=.13 r=.40 r=-.39
BMI (%)
p=-08 p=-58 p=.08 p=-09
=18 =32 =32 - 33
Height (cm) r : : :
p=.46 p=.16 p=-17 p=-16

Note: AM: Attack Mean; DM: Deffense Mean; O:Overall;
CT = Contact Time; COD_D: Change of Direction deficit; T:
Time (s); V: Velocity * Denotes significance at p<0.05, and **
denotes significance at p<0.01.

this case 505 in defense (contact time and COD_D) and
linois dribbling test in attack (Time and Velocity) and
anthropometrical measures (weight, BMI and height). In
this respect, dataset revealed a moderate positive correlation
between weight and Time (r =.47, p=.04) and other moderate
negative correlation between weight and V (r =-.46, p=.04).
See table 9 and figure 3 for more information.
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Fig. 3. Representation of significative correlations between
significative values (CT and COD of 505 test and Time and
velocity of Illinois Dribling test and anthropometrical measures
reflected on weight. Figure 3.1. Correlation analysis between
Time and weight and Figure 3.2. Correlation analysis between
velocity and weight

Discussion

Theaimofthisstudywastoidentifythepossiblerelationship
between the COD and a qualitative test for talent identification
in basketball. Physicality-wise, a recent review reported that
TID tests in basketball are related to 10-30 m sprinting and
agility such as the COD. Thus, accelerations and decelerations
become a success factor in basketball performance since
they are implicit in the game because they are limited spaces
(Pino-Ortega et al,, 2021). Therefore, this study focused on the
performance of COD tests for TID (505, V-CUT and Illinois).
In this sense, COD is considered to be one of the important
physical factors for talent identification as mentioned above.
Recently, the importance of measuring COD deficit has
also been highlighted. Measuring dribble times and dribble
deficit during evaluations can allow basketball professionals
to accurately determine the effects of training approaches on
physical and technical attributes separately. This fact is relevant
since the properties of short-duration acceleration and velocity
properties are essential for the overall speed of the dribbling
motion (Ramirez-Campillo et al., 2021). Thus, the dribbling
deficit provides a more isolated measure of dribbling speed
than tests using total performance times (Scanlan et al., 2018)

However, it has been mentioned how important it
is to involve the coach in TID too. In this regard, (Junior,
Vianna, Lauria, Coelho, & Werneck, 2019) reported that
coach evaluation is essential and should be part of the TID
process. Coaches’ performance during years of training can
influence TID due to the time spent and the environment
involving the player (Roberts et al., 2021). Therefore, a
qualitative assessment by the coach has been carried out on
the one hand through. This basketball-specific test provides
orientation to the player’s position and role in the game. Thus,
several studies have recently been reported highlighting that
a multidimensional approach based on the different physical
performance indicators together with the coaches’ opinion
is necessary for TID (Barraclough et al., 2022; Joseph et
al., 2021; Ribeiro Junior et al.,, 2021). (Gal-Pottyondy et al.,
2021) highlight that the relationship of qualitative tools with
physical performance factors such as COD is not clear. In this
line, this study aims to elucidate their possible relationship.

Considering the above, the results show a strong posi-
tive correlation between the defensive skills established by
the coaches, the contact time and the COD deficit in the 505

test (see table 3). Thus, players with predominantly defensive
skills tend to obtain worse COD skills. However, those players
in whom coaches selected with higher attacking average ob-
tained a negative correlation with time and a positive correla-
tion with speed in the Illinos test. Thus, the more exhaustive
relationship between position and COD determines a deeper
TI(Dezman et al., 2001). This fact leads to an efficiency search
due to the model of the clubs game. Hence, the correlation
between the Dezman questionnaire and the COD obtained
could support a further efficient talent identification, provid-
ing information towards the player’s position (Nasiri et al.,
2019) and at the right place on the court according to the
game model. In addition, The COD indicates the possible
deficits of the players, and, from there, design a plyometric
and explosive strength strategy for the improvement of the
COD and decrease the incidence of injuries (Stojanovic & Os-
tojic, 2012). The results of the correlations appear consistent
due to the fact that the attacking skills require a greater po-
tential in the COD given the limited spaces per player, being
related to a high number of accelerations/decelerations and
more displacements of high intensity (Halouani et al., 2014;
Hoffmann et al.,, 2014). In the COD, the stretching-shortening
cycle of the muscle is produced. To greater speed in this cycle,
the faster the COD will be. Therefore, the performance will
be enhanced. It should be noted that this cycle occurs more
optimally when there is a higher content of IIx fibers. In ad-
dition, the higher content of type IIx fibers will lead to greater
performance in specific physical tests of basketball such as
short sprints and jumps (Arede et al., 2019). Thus, Cui et al.
(2019), reported that leg power is a determining factor for be-
ing recruited as a shooting guard, an offensive position where
a large number of CODs are produced.

Elsewhere, defensive skills also require COD. However,
there are other predominant characteristics. In defense, a
greater corpulence is required to reduce the spaces of the
attacking player, both for penetration and shooting. This
reason could be the reason why defense-related characteristics
obtained a positive correlation with a higher contact time
and a deficit in COD. Thus, after observing the results, we
proceeded to observe the possible correlations between
anthropometric characteristics (height, weight and BMI) and
the skills evaluated by the coaches. (Karalejic, Jakovljevic, &
Macura, 2011) reported that the correlation between certain
field tests and some anthropometric parameters indicates
that some anthropometric measures could have a moderately
negative influence on the results of technical skills tests in
14-year-old players. In this sense, traditionally, the tallest and
heaviest players have been placed in positions close to the
basket while smaller players belonged to positions farther
away (Trnini¢ & Dizdar, 2000; Trnini¢, Dizdar, & Jaklinovi¢-
Fressl, 1999), and the anthropometry of the players may
influence their position (Bale, 1991; Ostojic et al., 2006;
Young & Pryor, 2007). Thus, for players closer to the basket,
a greater body mass is necessary to compete for positions
under the basket. Conversely, the less corpulent players are
in responsible for bringing the ball up quickly. Therefore,
speed and agility are performance factors for these players
(Drinkwater etal., 2008). However, in this study no correlation
was found between anthropometry and either defensive or
offensive skills. This fact could be due to the fact that they are
players still in the formative stage, being able to be blamed
on the individual physical maturity of each of the players
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(Gryko et al., 2018). In this sense, these authors mentioned
that maturity in some players could be late, and it could be
detrimental to specialize players in a position according to
their anthropometric characteristics (Gryko et al., 2019).

Conclusions

Finally, this study provides a multidisciplinary approach
to TID, evaluating the COD from different specific tests and
taking into account the evaluation of coaches. Further studies
correlating defensive and offensive skills are needed to be able
to compare the results, as well as studies conducting a multi-
disciplinary approach to TID. Several limitations exist in this
manuscript. The limited number of participants found in this
study, the absence of anthropometric parameters such as folds
and other performance parameters such as vertical jump. The
wide variety of studys found but with by diferents i) designs,
ii) talent ranges, iii) variables assessed and iv) durations of the
studies (more longitudinal studies is necessary) evidenced
that more research is needed. Another limitation might be
that other approaches such as psychological were not evalu-
ated. Future research should consider all possible variables
to be able to perform a multidisciplinary evaluation for TID.
Nevertheless, it should be noted that findings are relevant
partly due to the sample of semiprofessional basketball players
and their concrete difficulty to access.

The COD is postulated as an essential tool for TID. How-
ever, it is important to perform a multidisciplinary approach
considering the coaches’ assessment. Elsewhere, COD cor-
relates positively with offensive skills whilst correlates nega-
tively with defensive skills. This novel multidisciplinary ap-
proach provides relevant information for TID.
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Abstract

The study purpose was to determine the technical-and-tactical indicators of young basketball players aged 13-14

in the process of competitions and to develop recommendations for assessing the competitive activities of young
basketball players.

Materials and methods. The study used the method of pedagogical observations during competitions with recording
in a specially developed protocol the following indicators of competitive activity of young basketball players: throws
to the basket in motion, two- and three-point throws, free throws, quick breakthrough, positional attack, struggle for
rebounding the ball, interception of the ball, “goal assists”, technical errors, and other losses of the ball.

Results. As shown by the results of studies of such a technical indicator as throwing the ball into the basket in motion,
young basketball players aged 13-14 have the highest accuracy in hitting the basket in this technique of the game -
49.1%. Moreover, the hit percentage (51.6) is higher in the first half of the game than in the second half (46.6) with a
high significance level of the difference (p>0.99). A similar situation is observed when making two- and three-point
shots from the distance. Studies of the effectiveness of free throws have shown that, on average, basketball players aged
13-14 make 14.1 free throws, of which 7.1 hit, which is 52.2 %. Studies have shown that the number of quick breakouts
averages 8.45 per game (5.18 in the first half and 3.27 in the second half). The number of possessions of the ball in the
fight for the rebound on own backboard is 14.9 times, and on the opponent’s backboard - 13.36. The average number
of “goal assists” per game is 4.36, ball interceptions — 8.18, technical errors — 15, and other ball losses — 9.54.
Conclusions. Studies of technical-and-tactical indicators of young basketball players during competitions have
shown that their role is underestimated in the practice of training young basketball players. The training programs
for basic training groups (aged 13-14) shall include in full all technical-and-tactical indicators, and especially throws
in motion from under the backboard, two- and three-point shots, “goal assists”, free throws, ball losses, interceptions,
block shots, struggle for rebound, indicators in a quick breakthrough and in a positional attack, the number of points
conceded, etc. It should be noted that there is a higher number of technical-and-tactical indicators in the first half of
the game, compared to the second half, with a high significance level of the difference between the indicators. This
indicates the growing fatigue of young basketball players and the need to find ways to improve the system of training
speed endurance and throwing techniques in a state of fatigue.

Keywords: basketball, technical-and-tactical indicators of young basketball players.

Introduction

Problem statement and analysis of recent research and
publications.

In modern basketball, high demands are placed on
players not only in terms of physical fitness, which is an
important factor itself, but also in terms of their technical
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and tactical training. (Gonzalo-Skok, Sanchez-Sabaté,
Izquierdo-Lupén, & Saez de Villarreal, 2019; Adigiizel &
Giinau, 2016; Kondrashin & Koryahin,1978).

The technical-and-tactical preparedness of basketball
players in modern basketball is of great importance due to
the increase in loads during the game (Koryahin, 2022; Ben
Abdelkrim, Castagna, El Fazaa, & EIl Ati, 2010; Sushko &
Mustafa, 2015).

In order to effectively improve the technical-and-
tactical preparedness of basketball players, it is necessary to
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know the requirements that the game itself imposes on them
(Mitova & Ivchenko, 2015; Sushko, 2017; Koryahin, 2018).
Without a sufficient level of technical-and-tactical fitness
based on good physical fitness, it is impossible to ensure a
high level of performance during the game (Asadi, 2013;
Raiola et al., 2016; Ferreira, Volossovitch, & Sampaio, 2014).

Materials and methods

Study participants and study organization

The research was conducted at the Championship of
Ukraine. 29 teams participating in the Ukrainian champion-
ship aged 13-14 took part in the research.

The study was conducted in accordance with the ethical
principles of the Helsinki Declaration for human research
and was approved by the Research Ethics Committee of the
Lviv Polytechnic National University.

During the competition, the following indicators were
recorded into a specially developed protocol: throws to
the basket in motion, two- and three-point shots from the
distance, free throws, quick breakthrough, positional attack,
struggle for rebounding the ball, interception of the ball,
“goal assists”, technical errors, other losses of the ball.

Statistical analysis

To keep a log, to perform operations on sorting the
obtained research results and storing them, MS Excel
was used to calculate statistical data. The choice of methods
of mathematical statistics was adequate to the goals and
objectives of our research and included the use of the
following methods: arithmetic mean according to primary
data, average value error and reliability of the difference
between the data obtained.

Results

The results of studies of technical-and-tactical indicators
of young basketball players aged 13-14 are given in tables 1-3.

The results of the technical-and-tactical indicators
of young basketball players aged 13-14 are of particular
importance, because in programs for sports schools, the
main indicators of competitive activity are offered only for
older boys. The program for the age of 13-14 years gives
regulatory requirements only for physical, technical training
and growth indicators. At the same time, it is known that
the principle of complexity is the methodological basis for
assessing preparedness in sports games. The importance of
such an assessment increases when the level of physical and
technical preparedness is compared with the indicators of
competitive activity of basketball players.

As shown by the results of studies of such a technical
indicator as throwing the ball into the basket (Table 1),
young basketball players aged 13-14 have the highest
accuracy of hitting in throws in motion from under the
shield - 49.1%. Moreover, in the first half of the game, the
percentage of hits in these throws is higher (51.6) than in
the second (46.6) with a high degree of reliability of the
difference (p>0.99). A similar situation is observed in two-
and three-point shots from the distance. When making two-
point shots, the percentage of hits in the first half of the
game was 43.4, in the second half - 38.5 (p>0,999). With
three-point shots, the hit percentage in the first half of the
game is significantly higher (33.6) than in the second half
(20.7) (p>0.999). It was established that in all types of shots
recorded - in movement from under the shield, two-point

Table 2. Reliability of differences in technical indicators in
the first and second half of the game for young basketball
players aged 13-14 during the competition

Indicators Half the game Number
Throws in motion after 2 steps p<0,95 p>0,99
Two-point shots p>0,99 p>0,999
Three-point shots p<0,95 p>0,999
Free throws p<0,95 p<0,95

Source: prepared by the author

Table 1. The results of studies of technical indicators (throwing the ball into the basket) of young basketball players 13-14

years old
. Half the game Number of throws Number of hits Hits percentage
Indicators
X+m; s X+tm; s X+m; s
I-a 7.2+1.8;2.84 3.9£1.3; 2.20 51.6+£10.4; 15.7
Throws in motion after 2 steps II-a 6.9£1.04; 1.57 3.2+0.83; 1.26 46.6+9.63; 14.5
Total 14.4+2.29; 3.46 7.1£1.04; 1.57 49.149.63; 14.5
I-a 14.1£1.25;1.89 5.3£0.83; 1.26 43.4+5.64; 8.5
Two-point shots II-a 15.3+1.67; 2.52 6.5+£1.04; 1.57 38.5+£4.18;6.3
Total 29.4+2.71; 4.09 10.9£1.67; 2.52 40.8+3.55; 5.35
I-a 3.5+0.62; 0.94 1.1+£0.41; 0.63 33.6+3.55; 5.35
Three-point shots II-a 3.1+0.62; 0.94 0.8+0.2; 1.89 20.7+3.55; 5.35
Total 6.610.62; 0.94 1.9+0.41; 0.63 26.0£3.55; 5.35
I-a 17.0+2.09; 3.15 6.2+1.2;1.89 36.5£6.06; 9.13
Total two-point and three-point shots II-a 17.8+1.88;2.83 6.3+1.04; 1.57 35.4+4.39; 6.61
Total 34.8+2.09; 3.15 12.04+1.67; 2.52 35.8+3.97; 5.98
I-a 6.2+1.67; 2.52 3.2+1.04; 1.57 50.4+8.77;13.2
Free throws II-a 7.6£2.09; 3.15 3.940.83; 1.26 54.1£7.31; 11.0
Total 14.1+£2.71; 4.09 7.1+1.46; 2.2 52.2+8.77;13.2

Source: prepared by the author
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and especially three-point from the distance in the first half,
the percentage of hitting is higher than in the second with a
high degree of reliability of the difference (Table 2).

This is due to the growing fatigue of young basketball
players and confirms the conclusion made analyzing the
level of development of speed endurance in basketball
players aged 13-14 that this level is low, and it is necessary
to look for ways to improve the system of training speed
endurance and throwing techniques in a state of fatigue in
young basketball players.

Overall, the percentage of all types of throws hit
by young basketball players aged 13-14 during the game
averaged 33.4, which is close to the test figures.

Of particular interest are free throws. Studies have
shown that, on average, basketball players 13-14 years old
make 14.1 free throws, of which 7.1 hit, which is 52.2%.

Of great importance in the theory and practice of
basketball is the recording of such technical-and-tactical
indicators as a quick breakthrough, its effectiveness, the
struggle for rebounds, the effectiveness of an attack under
the shield, interception, loss of the ball and others.

Studies (Table 3) have shown that young basketball
players aged 13-14 have an average of 8.45 per game (5.18

Table 3. The results of studies of technical-and-tactical
indicators of young basketball players aged 13-14

Indicators Half the game I;I:;;:e:
I-a 5.18+1.08; 1.57
Quick breakthrough II-a 3.27+0.87;1.26
Total 8.45+1.96; 2.83
I-a 12.27+1.96; 2.83
Positional attack II-a 9.27+1.74; 2.52
Total 21.54+3.27;4.72
I-a 7.81£1.74; 1.42
Fight for rebound, your shield II-a 7.09£1.08; 1.57
Total 14.9£1.52;2.2
. i I-a 6.63+£0.87; 1.26
sF}fillEi for rebound, opponent’s La 5.8141.08; 1.57
Total 13.36+1.74; 2.52
I-a 4.54+0.87;1.26
Interception of the ball II-a 3.63+1.08;1.57
Total 8.18+1.74; 2.52
I-a 2.09+0.65; 0.94
Goal assists II-a 2.27+0.65; 0.94
Total 4.36%1.08; 1.57
I-a 7.18+1.61;2.83
Technical errors II-a 7.81+1.31; 1.89
Total 15.0£3.49; 5.04
I-a 5.63+1.74; 2.52
Other losses II-a 3.9+0.87; 1.26
Total 9.54+1.52;2.2

Source: prepared by the author

in the first half, 9.27 in the second). The number of ball
possessions in the fight for rebound averages 14.9 times
during the game on your shield, and 13.36 times on the
opponent’s shield. “Goal” assists averaged 4.36 per game, ball
interceptions — 8.18. However, at this age, a large number of
technical errors were recorded during the game - 15, other ball
losses — 9.54. All this indicates an insufficient level of technical
preparedness of young basketball players, on the one hand,
and on the other - this indicates the need to introduce into the
educational programs all technical-and-tactical indicators for
all age groups participating in sports competitions.

Discussion

The problem of the system of training young basket-
ball players has been studied by many coaches and scien-
tists (Raiola, Altavilla, Tafuri, & Lipoma, 2016; Montgom-
ery, Pyne, & Minahan, 2010; Koryahin et al., 2022).

The results of our research are consistent with the scien-
tific research of many specialists and scientists (Demcenco,
2017; Khudolii, 2019; Tyshchenko, Hnatchuk, Pasichnyk,
Bubela, & Semeryak, 2018) on the feasibility of improving the
training system for young athletes, in particular, basketball
players. In the practice of training young basketball players,
the role of technical-and-tactical indicators is underestimated.
We believe that our research has fully proved the need to in-
clude in the training programs in full all technical-and-tactical
indicators, and especially throws to the basket in motion from
under the shield, two- and three-point throws, “goal” assists,
free throws, ball losses, interceptions, block shots, fight for re-
bound, indicators in a quick breakthrough and in a positional
attack, the number of points conceded, etc.

Training programs (Poplavskyi, Maslova, Bezmylov,
Mitova, Murzin, & Chetvertak, 2019) contain only recom-
mendations on the amount of competitive training (number
of competitive games / matches), assessment of the level
of physical development, assessment of the physical and
technical preparedness of young basketball players for en-
rollment and transfer to groups of basic and special train-
ing. The technical-and-tactical actions of basketball players
are given in the model indicators of the effectiveness of the
implementation of technical-and-tactical actions of highly
qualified basketball players.

Obviously, the training programs should provide
indicators of throwing accuracy not only for highly qualified
basketball players, but also for other age groups, in particular
for basketball players aged 13-14. Here it is also necessary to
take into account, based on the results of research, the need
to differentiate program standards for throws of a different
nature to throws from under the ring, the rest of two-point
throws and three-point throws. It should be borne in mind
that it is necessary to introduce program standards in the
halves of the game, since our studies have shown that the
percentage of hits in the 1st and 2nd halves of the game has
a significant reliable difference.

The need to improve the structure and content of the
educational training process of young basketball players
was pointed out in their works by a number of specialists
(Onyshenko, 2017; Tymoshenko, 1999; Mitova & Ivchenko,
2014).

The results of our research complement the data on the
state of training of young basketball players aged 13-14 and
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the need to improve curricula for children’s and youth sports
schools.

Conclusions

Studies of technical-and-tactical indicators in young
basketball players during the competition have shown that
their role is underestimated in the practice of training young
basketball players. In the training programs for basic training
groups (13-14 years old), it is necessary to include in full all
technical-and-tactical indicators, and especially throws in
motion from under the shield, two- and three-point, “goal”
assists, free throws, ball losses, interceptions, block shots,
struggle for rebound, indicators in a quick breakthrough and
in a positional attack, the number of points conceded, etc. It
should be noted that there is a higher level of technical-and-
tactical indicators in the first half of the game, compared
to the second half, with a high level of reliability of the
difference between the indicators. This indicates the growing
fatigue of young basketball players and the need to find ways
to improve the system of training speed endurance and
throwing techniques in a state of fatigue.
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3MICT TA CTPYKTYPA 3MATAJIbHOI AIAJIbHOCTI
IOHUX BACKETBOJIICTIB 13-14 POKIB

Bixtop Kopsrin'4B°PE, Tanuna Ipe6inka'ABCPE

'HauionanbHuii yHiBepcuteT «/IbBiBCbKa IOJTiTeXHiKa»

ABTOpChKMIT BRI A — au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E — 36ip komris

Pedepar. Crarts: 5 ¢, 3 Tabn., 21 mxeper.

Mera BOCTifKeHHsI — BI3HAYEHHsI TEXHIKO-TAaKTIYHIX ITOKAa3HNUKIB I0OHIX 6acKeTOOMiCTiB 13-14 pokiB y mpoleci 3MaraHb i
po3pobKa peKkoMeHAALil 3 OL[iHKM 3MaraabHOI Jis/IbHOCTI IOHUX 0acKeTOOICTIB.

Marepianu Ta MeTogu. Y 1OCTi/KeHH] 6yB BUKOPMCTAHNI1 METOJ, IIEAarOTiYHMX CIIOCTEPEXKEHD IIifl Yac 3MaraHb i3 3aHECEH-
HAM Y CIIellia/IbHO PO3po06/IeHMIT IPOTOKO/ HACTYITHNUX ITIOKAa3HMKIB 3Mara/bHOI Iis/IbHOCTI IOHUX 0acKeTOOIICTIB, a caMe: KMIKI
Y KOIINK Y pyci, ABO- i TPMOYKOBI KMAKY, ITpadHi KUAKM, MIBUAKIIL IIPOPUB, ITO3MULITHNIT Hamay, 60poThOa 3a BiICKOK M s4a,
IepexXOIIeHHs M’SI4a, «TOIbOB1 nepefadi», TEXHIYHI MOMWIKY, iHIIi BTpaTn M’A4a.

Pesynprarn. Sk mokasanm pesyabraTé HOCTI/PKEHb TAaKOTO TEXHIYHOrO MOKA3HUKA, AK KUJJOK M 'A4a Y KOLIMK Y Pyci, IoHi
Oacker6omicty 13-14 pokiB MalOTh caMy BICOKY TOYHICTb IIONaJJaHHA B LIbOMY IpuitoMi TexHiku rpu — 49.1%. [Ipudomy, B mep-
1T OJIOBYHI I'PY HPOLeHT By4eHHA (51.6) BuIle, HDX y pyTiit (46.6) Ipyu BUCOKOMY CTYIIEH] JOCTOBIpHOCTI pisHuLi (p>0,99).
AHasoriuHa CUTyauis CriocTepira€Tbcs i 1mij] 9ac BUKOHAHHA IBO- i TPMOYKOBMX KUAKIB 3 iucTaHmii. [Joc/mimKkeHHA pe3ynbTaTuB-
HOCTI ITpadHUX KMAKIB [TOKa3any, 1[0 B cepefHbOMY 3a rpy 6ackerbomictu 13-14 pokiB BUKOHYIOTH 14.1 mTpadHNUX KUAKIB, 3
AKMX BIy4YaloThb 7.1, 0 cTaHOBUTD 52.2 %. Jloc/mimKennsa I0Ka3amm, o KiIbKiCTh IBUAKUX IPOPUBIB CK/IAaZla€ B CEPEIHBOMY 3a
rpy 8.45 (B nmepuuiit monoBuHi — 5.18, y apyriit — 3.27). KinbKicTb 0BOMOAiHHA M 'si4eM y 60poTh6i 3a BiICKOK Ha CBOEMY 1minTi 14.9
pasiB, a Ha WuTi cynepHuKa — 13.36. «[0/1bOBMX» Tlepefiad B CepefHbOMY 3a Ipy — 4.36, epexornieHb M si4a — 8.18, TeXHIYHNUX 110-
MWIOK — 15, iHIIMX BTpaT M’si4a — 9.54.

BucnoBxu. [locniykeHHA TeXHIKO-TaKTMYHNX TOKa3HMKIB y IOHUX 6acKeTOOMICTIB B ITpoIieci 3MaraHb IIOKa3aJ, 10 B IIpaK-
THUIIi IiTOTOBKY IOHUX 6aCKeTOOMICTIB HEJOOLIHIOETHCS IXHA PO/Ib. B HaBYa/IbHI IpOrpaMu HEOOXiIHO BK/IIOUUTH B IIOBHOMY
006cs3i BCl TeXHIKO-TaKTUYHI MOKa3HUKIY, @ 0COOMNBO KUKYU B PYCi 3-I1ij IUTA, ABO- 1 TPMOYKOBI, «rO/NbOBI» mepepadi, mrpadHi
KIJIKM, BTPATH M 519a, IePEXOIIEHH, O/IOK-1I0TH, 60pOTh0a 32 BifICKOK, IIOKA3HNUKY Y MIBUKOMY IPOPUBI i B MO3MIilTHOMY Ha-
nazli, KiTbKiCTb IIPOIyLIEeHMX OYOK TOILIO.

Knrouogi cnoBa: 6ackeT60s1, TeXHIKO-TaKTUIHI TOKA3HUKI FOHUX 6aCKeTOOICTIB.
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