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Abstract

The study purpose. The online learning system, media, and resources used by lecturers to achieve volleyball learning
goals are known to be not optimal. This study aimed to develop an e-learning video media that can be used by
students as a learning resource to learn the material for upper serve, jump serve, and floating serve in volleyball

games.

Materials and methods. The research subjects were students who were divided into treatment groups and control
groups where each group consisted of 40 people. The research method used was an experimental method with a
before-after research design (one-group pretest and posttest design). A rubric test is an instrument used to measure
the effectiveness of video media in improving student service skills.

Results. The results of the research and data analysis found that the service skills (upper serve, jump serve, and
floating serve) in the treatment group with the help of e-learning video media were better than in the control group

who did not receive e-learning.

Conclusions. The treatment group has better service skills than the control group. During the Covid-19 pandemic, it
is recommended for lecturers to use e-learning video media in teaching volleyball service material.

Keywords: media e-learning, volleyball serve.

Introduction

The study of Physical Education, Health and Recreation
is closely related to the subject matter studied by students in
this course. These materials include all the basic techniques
in sports, such as service techniques, passing, smashes,
blocking, rules and refereeing (Vute, 2009). The purpose of
students studying this course is so that they can master the
various subject matter. Therefore, after they graduate from
college, they are expected to become teachers who can teach
volleyball to students at school. Based on the E-Learning
web-site and the network teaching, we use skilled system to
establish the interactive Sport Teaching E-Learning struc-
ture (Chang, 2008) To achieve this goal, a lecturer is required
to be able to provide meaningful learning patterns and fol-
lowing the needs of students. The pattern of learning volley-

© Siregar, S., Kasih, I., & Pardilla, H., 2022.
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ball courses conducted by lecturers so far is through direct
learning (face to face) in which there is the direct interaction
between lecturers and students at the same time and place
(Fathoni, 2018). The achievement of volleyball learning ob-
jectives through the direct learning pattern obtained excel-
lent student results. Since Covide-19 is greatly affected Indo-
nesian, the government is taking policy steps with regional
lockdown in Indonesia (Pardilla et al., 2020). The Covid-19
pandemic outbreak that hit Indonesia caused direct learn-
ing patterns to be impossible to do. In other words, students
cannot learn directly with their lecturers. This in the end
becomes a problem that needs to be addressed by lecturers
and students. This problem can be solved if changes and ad-
justments are made to the learning patterns of lecturers with
the conditions during the Covid-19 pandemic.

Regulation of the Minister of Education of the Repub-
lic of Indonesia Number 3 of 2020 concerning Prevention
of Covid-19 in education units aims to assist teachers and
students in carrying out the teaching and learning process
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even though it is not done face-to-face. Thus, one alterna-
tive that can be done to overcome the problems described
previously is to conduct distance learning in the network.
Distance learning in this network is learning on the inter-
net network using e-learning media (Denysova et al., 2018).
Through this e-learning media, lecturers and students can
do face-to-face online as a teaching and learning interaction
related to volleyball material. This e-learning media content
is equipped with video-based learning resources, tutorials
on basic volleyball techniques, and forms of practice. Stu-
dents will be able to study the content on their own (self-
check) and learn from the videos supplied from the comfort
of their own homes (Invernizzi et al., 2019).

Service in volleyball is a technique to start a game. The
definition of service is an attempt to cross the ball over the
net every time it serves (Ahmadi, 2008). The service in vol-
leyball is divided into five types, namely under service, side
hard service, overhead service, floating service, upper spin
service, and jump service. The under serve can be referred
to as a service for novice players. As mentioned by (Beutel-
stahl, 2016) that the underserved is the most popular and
most frequently used service considering that this service
is the easiest serve where the ball can be controlled more
accurately than other services. The advantage of the under-
served is that it is easy to do, while the drawback of this serve
is that the ball bounces high so that it is easily accepted by
the opponent (Barbara et al., 2000). The description of the
implementation of the volleyball underhand service can be
explained as follows.

The implementation of this service begins from the
preparation stage with a standing position, left foot in front
with a slightly bent knee, right leg back straight, body slight-
ly leaning forward, and body weight on the left leg/front leg
(Kumar et al., 2021). Another position that needs to be con-
sidered is the left hand holding the ball in front of the body
and the right hand straight back with the fingers together
and the palm bent. This is followed by the hit stage, which
is when the ball is thrown with the left hand up, then the
right hand must be swung straight from the back to the front
through the bottom beside the body and hit or touch the
ball, followed by the right foot being stepped forward after
the ball is hit (Aip Syarifuddin dan Muhadi, 1992).

Barbara et al. (2000), state that the upper service is a
floating service. This is because the ball being hit will result
in a left-right and up-down motion as it moves across the
net. This happens because the ball is hit without turning.
According to (Nuril Ahmadi, 2007), it is called a floating
service because the ball that is hit by the service does not
contain rotation (the ball goes floating or floating). The ad-
vantage of floating serve is that the ball is difficult to receive
by opposing players because the ball does not move in one
trajectory and the ball speed is unpredictable (Lopez-Marti-
nez & Palao, 2009). On the other hand, the weakness is that
it is not powerful, sometimes the ball moves too high up to
leave the field. The description of the implementation of the
above service can be explained below.

The upper service is carried out in three stages (Barbara
et al,, 2000), namely; (1) Preparation Stage; feet in a relaxed
stride position, bodyweight is evenly distributed, shoulders
parallel to the net, feet of the hand that is not hitting are in
front then use open palms, and eyes on the ball. (2) Imple-
mentation Phase; hit the ball in front of the shoulder of the

hitting arm, hit the ball without or with little spin, hit the ball
with one hand, hit the ball close to the body, swing the arm
back with the elbow up, place the hand near the ear, hit the
ball with the heel of the palm open, keep the arms in a posi-
tion to reach as far as possible. Keep an eye on the ball when
it is about to hit and shift your weight forward. (3) Continu-
ation movement; keep the weight forward, lower the arms
slowly as a follow-up to then move onto the court. It’s not
easy to master the upper serve technique so it takes practice
over and over again. Besides, it is necessary to get the right,
interesting and balanced method of exercise. Strengthening
service skills is not enough just to train the technique, but
also requires physical exercise which is also a major factor.
Jump serve is a service by making a jump so that the op-
ponent is difficult to deal with. The motion element of this
technique is to combine the pressure, strength, and feeling of
the player on the ball used in the game (Gabbett et al., 2006).
This technique is the same as doing a smash, but it is done
from a distance of 9 meters according to the length of the
field against the net. Mastery of this technique is more em-
phasized on the feeling and experience of the player (Alwan,
2021). This technique is a combination of full spin, half spin
and jump flute techniques. A player who uses this technique
must be an experienced player, has good power, and have an
adequate ball feeling. Someone who has good power can do
this technique, but not all serves will work perfectly.

Arsyad (2004) states that learning media is a tool in
the learning process both inside and outside the classroom.
In the Regulation of the Minister of National Education of
the Republic of Indonesia number 24 of 2007, it is stated
that learning media are educational equipment used to assist
communication in learning. Gagne (2012) explain that what
is included in learning media are physical tools that can be
used to convey the contents of teaching materials, such as
books, tape recorders, cassettes, video cameras, video re-
corders, films, slides, photos, pictures, graphics, television,
and computers. Media in the learning process serves as a
presenter of stimuli (information, attitudes, etc.) and in-
creases harmony in receiving information. In certain cases,
the media is also useful for managing progress steps and
providing feedback. However, other research, focusing on
the educational impact of media, suggests that well-designed
and age-appropriate educative media can impart knowledge
(Mares & Pan, 2013). Furthermore, Hamalik (1982) revealed
that “the use of instructional media in the teaching and
learning process can generate motivation and stimulation
of learning activities and even bring psychological effects
on students.

Agus S. Suryobroto (2001) stated that the use of media is
the use of learning resources that must be systematic where
the decision to try or use learning resources must pay atten-
tion to the characteristics of students and learning objec-
tives. Aside from the characteristics of educational media
that influence learning, researchers have also examined the
personal characteristics of learners such as demographics,
age, and gender (Kirkorian & Anderson, 2008). The E-learn-
ing experience of students is significantly correlated with
the learning process and has an indirect effect on perceived
learning outcomes (Azis, Suharyati, & Susanti, 2019). The
use of interactive features of e-learning increases the motiva-
tion of the undergraduate students for the learning process
(Abou El-Seoud et al., 2014).



Siregar, S., Kasih, I., & Pardilla, H. (2022). The Effectiveness of E-Learning-Based Volleyball Service Video Media on Students Affected
by Covid-19 at Faculty of sports science, Universitas Negeri Medan

0 ()whasion

LEARNING
AT Volly Ball

THE BEST SOLUTION

Video Model Pembelajaran Bola Volly Berbasis Online

KNOW MORE.

SINYALPERWASITAN
BOLAVOLLY

= KATEGORI KURSUS

Miscellaneous Pembelajaran Bola Volly ) [ Pervasican Bola Volly () Tugas Waiib )

. LATIHAN DASAR BOLA VOLLY -
" embel Hidupkan Mode Ubah
0 bt
— MATERI PEMBELAJARAN -
E 1. Peng ‘Materi pembelajaran
> ) ‘
& Dast
“s
0 e
p——
| = R

Figure 1. E-learning volleyball.com Web Display

In developing students’ movement skills, educators also
need to develop media that can attract students’ interest and
attention to foster their motivation, creativity,and movement
activities. When this can be conditioned by the lecturer, the
achievement of the volleyball service learning objectives will
be more optimal. As stated (Samsuddin Siregar, 2020), learn-
ing activities with well-designed games in a learning process
will provide many benefits for students and educators.

E-learning transitions from computer-managed learn-
ing to collaborative online learning by utilizing new tech-
nological platforms like as Edmodo, Social media, Blog,
Coursera, or HEIs-specific tools (Sukendro et al., 2020).
The media used in this study were the e-learning volleyball.
com Web and volleyball service video media. The volleyball.
com e-learning web was developed as an online learning
space for lecturers and students. Through the web, lectur-
ers and students can interact to review conceptually related
to volleyball service technique practices, hold discussions
and questions and answers, conduct quizzes, and make re-
ports on their mandatory assignments (routine assignments,
critical book-review assignments, critical journal review as-

signments, engineering assignments). ideas, research mini
assignments, and project assignments). The screen display
of the volleyball.com e-learning web is presented in Figure 1.

The demonstration of the movements shown in the
video has been accompanied by an explanation from the
instructor regarding the meaning of each of the movements
demonstrated. The video has also been equipped with a
variety of exercises that can be a reference for students to
practice their skills independently. In research findings by
(Palao, 2012), it is stated that “The ‘video and teacher feed-
back’ condition provided the most positive overall results
(Fukkink et al., 2011), with statistically significant improve-
ments in skill execution, technique, and knowledge learning,
as well as the highest level of practice. Nonetheless, while ac-
knowledging the utility of video feedback as an instructional
tool, the teacher felt overwhelmed by the demands of the
technology on both his time commitments and in terms of
his technology competencies. The study purpose to develop
an e-learning video media that can be used by students as a
learning resource to learn the material for upper serve, jump
serve, and floating serve in volleyball games.

Materials and methods

Study participants

Based on figure one, it can be explained that four steps
are passed in the design of this research. The first step is a
random sampling from the population (80 students) to de-
termine 40 people who will then be put into the treatment
group and 40 people into the conventional group.

Study organization

This research was conducted online from the home of
the researcher and research subject (Learning From Home)
starting from September 7, 2020, to October 7, 2020.

Table 1. Service Learning Schedule

Sept-Oct 2020 Group
Part Time (Weftern
Indonesian Treatment Control
Time)

1 10.00-11.50
2 10.00-11.50
3 10.00-11.50

Media e-learning service Conventional
Media e-learning service Conventional

Media e-learning service Conventional

An experimental method was used for this study. It
aimed to test the effectiveness of e-learning media in im-
proving students’ volleyball service skills. The design used
in this study was a before-after experimental research design
(one-Group pre-test and posttest design) (Sugiono, 2008).
For more details, see Figure 2 below.

Based on figure one, it can be explained that four steps
are passed in the design of this research. The first step is
a random sampling from the population (80 students) to
determine 40 people who will then be put into the treat-
ment group and 40 people into the conventional group. The
second step is the pre-test. This aims to find out the initial
data on student service skills. The third step is the process of
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Figure 2. One-Group Pre-Test And Postest Design

learning the volleyball service itself. In this case, the service-
learning treatment group does it online using e-learning
media, while the conventional group also learns it online but
uses conventional media (WhatsApp, email, youtube)

Statistical analysis

The fourth step is to do a post-test to find out the final
data of the study. The instrument used in this study is the ser-
vice assessment rubric. This scoring rubric is a scoring tool
to check the correctness of the service movement. The data
obtained were then analyzed using the SPSS 21 application.

Results

The treatment group is students who learn to serve vol-
leyball by using the volleyball.com e-learning application.
On the volleyball.com web, videos of volleyball lessons have
been provided for students to study independently. In the
control group, the learning activities were carried out in a
conventional way where teaching materials and learning re-
sources were obtained by the students themselves. In other
words, the lecturer did not prepare teaching materials and
learning resources for the control group.

Before the service-learning action was carried out in the
two groups, a pre-test was carried out first to determine the
student’s initial abilities. After the learning activity is carried
out, it is continued with the post-test. Post-tests aim to de-
termine the final ability of students.

Research findings on basic volleyball service techniques
based on data analysis (SPSS 21) pre-test and post-test are
presented in the following table and diagram.

Table 2. Data Analysis of Top Service

Descriptive Statistics

Indicators N Min Max  Mean Std.Dev.
Pre-Test Treatment 40 4 7 5.73 .784
Post-Test Treatment 40 9 12 10.92 1.185
Pre-Test Control 40 4 7 5.52 784
Post-Test Control 40 8 12 10.18 1.035
Valid N (listwise) 40

The difference in the average achievement of students
from the two groups in the post test service is presented in
the diagram above. The treatment group obtained an aver-
age of 10.92, while the control group obtained an average of

10
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Figure 3. Difference Average Among Group

10.18. Based on the average data, it indicates that the value
obtained by students in the treatment group is higher than
the control group. In other words, it can be stated that learn-
ing upper service techniques through volleyball.com web
and video media is better in improving students’ service
skills. The findings obtained related to the volleyball jump
serve research based on data analysis (SPSS 21) pre-test and
post-test are presented in the following table and diagram.

Table 3. Data Analysis of Jump Serve Data

Descriptive Statistics

Indicators N Min Max Mean  Std.Dev.
Pre-Test Treatment 40 3 6 4.32 1.141
Post-Test Treatment 40 9 12 10.68 1.185
Pre-Test Control 40 3 6 4.35 1.145
Post-Test Control 40 7 12 10.25 1.149
Valid N (listwise) 40

Difference Average Group Treatment (A) and Group
Control (B)
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Figure 4. Difference Average Between Groups

Based on the diagram above, it can be seen the differ-
ence in the average post-test jump serve data for the two
groups. The treatment group obtained an average of 10.68,
while the control group obtained an average of 10.25. This
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indicates that the average score of the treatment group is
higher than the control group. Thus, it can be stated that
learning the jump serve technique using volleyball.com web
and video media is better in improving student service skills.
Integrating volleyball.com web media and video media in
learning is the right solution for lecturers who want to teach
volleyball in situations or during the Covid-19 pandemic.

Discussion

Through the help of volleyball.com web and video me-
dia, lectures between lecturers and students can still be car-
ried out properly without being hindered by place and time,
even though face-to-face lectures cannot be carried out. the
benefits of using instructional videos to supplement and im-
prove lecture delivery.The course instructor gathered, evalu-
ated, filtered, or created the instructional videos to have the
same content as the classroom lecture materials and to fit the
course learning goals (El-Ariss et al., 2021). The existence
of the web also provides opportunities for students to learn
more because whenever and wherever students are, they will
always be able to access various existing materials (Trakru
& Jha, 2019). Collaboration and engagement with peers
and facilitators (lectures or instructors) in educational de-
signs can give a focused space for reflecting on practice and
empathetic adjustment of subject matter, which automated
methods cannot. As a result, when the ultimate objective
is to develop e-Learning that enhances learning retention
and work performance, the efficacy of e-Learning may be
properly measured by the quality of the interactions offered
(Noesgaard & @rngreen, 2015).

The interactive feature is also provided by the e-learn-
ing platform paradigm. People who can receive comments
and see the learning outcomes of the E-learning platform
(Chang, 2008). The web not only provides students with
more opportunities, but the learning demonstration videos
provided on the web will also help them to master the ba-
sic volleyball serve technique material. This is because the
movements shown in the video are very easy for students to
understand and follow so it is hoped that it will minimize
the difficulties that students may have in carrying out the
movements of every basic volleyball technique. Regarding
the integration of video in learning, research was previously
conducted by (Hee Jun Choi, 2005). Enhance usability as-
sessments and e-learning tutorials, the main objective of
which is to encourage physical performance-based learning
(Hornbek et al., 2018)

E-learning students had considerably higher intrinsic
motivation than traditional classroom learners (Rovai et al.,
2007). The paradigm of flow captures the peak experiences
of intrinsic motivation, and most flow experiences happened
when actively engaged in a hard task; consequently, this un-
derstanding should be applied to the usage of e-learning
(Lee, 2010).This study implies that context-based videos in
online courses have the potential to enhance learners’ re-
tention and motivation. In addition, the learners reported
that the video-based instruction was more memorable than
traditional text-based instruction. The usage of particular
instructional videos in classrooms has a favorable influence
on the learning process of specific movement skill perfor-
mance (Born et al,, 2018) embedded into a long-term edu-
cational concept (i.e. university class setting. Improvements

in movement technique performance that are highlighted
in the instructional videos are most noticeable when extra
instructions to encourage self-studying are provided.

Conclusions

We utilize a skilled system to create an interactive sport
teaching E-Learning structure based on the E-Learning
platform and network teaching. The suggested technique
introduces a new teaching paradigm as well as a novel learn-
ing point. Knowing the research findings that have been
described above, it is concluded that the video media based
on e-learning volleyball.com is appropriate to be used as
a volleyball service-learning medium for students. Beside
that, when Indonesia enforces social distance regulation and
physical distance regulation caused by Covid-19 Pandemic,
the utilization of media like this is extremely suitable to be
used in long distance learning.
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EQEKTUBHICTb EJIEKTPOHHOIO BIAEO 3ACOBY 3 HABYAHHA
NOAAYI Y BOJIEMBONI ANA CTYAEHTIB OAKYNIbTETY
CNOPTUBHUX HAYK AEPXXABHOIO YHIBEPCUTETY Y MELJAHI,

AKI NOCTPAXKAANIN BIA COVID-19

Camcynain Ciperap'*®¢, Ingpa Kacix'®¢, Xepni [Tappminna*c?

'lep>xaBHMit yHiBepcuTeT y Memani
*YuiBepcuret Iepois Tyanky Tambycai

ABTOpPCHKMIT BKIAJ: A — nu3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D — migroroska pykorcy; E — 36ip komtis

Pedepar. Crarts: 5 ¢., 3 Tabn., 4 puc., 35 mxepern.

MeTa gocaimkeHHd. Bimomo, [0 crucTeMa OHIallH-Ha-
BYAHHSI, MeJiiiHi 3aco6u Ta pecypcn, siKi BUKOPUCTOBYIOTHCS
BUK/IafjadaMIt [/Isl OCSITHEHHsI HABYA/IbHIIX I{iJIeil y BOJIe60-
i, He € ONTUMaIbHUMI. [laHe TOCTiIKeHH:A 6Y/I0 CIpsAMOBaHe
Ha PO3pOOKY e/IeKTPOHHOTO HABYA/IBHOTO Biffeo 3aco0y, sKumit
Mo)Ke 6yTV BUKOPUCTAHUI CTY[EHTaM! K HaBYa/IbHUIL pe-
CYpPC /11 OBONIOJIHHA MaTepiaZioM 3 BEPXHbOI IOfjavi, Iof1adi y
CTpMOKY Ta IUIaBa40i Mofiayi y BOIet6osIi.

Marepiamu i Mmetopu. JocmimpKyBaHuMu Oy CTYIeHTH,
AKUX PO3AUIMIN Ha €KCIepUMMEHTAIbHY Ta KOHTPO/IbHY IPy-
M1, KOXKHa rpyma ckinagamacs 3 40 oci6. Y gocmimkeHH] 3a-
CTOCOBAHO €KCIIEPYMEHTAIbHII METO i3 IJTAHOM TeCTYBAaHHSA
«go-micnA» (IIaH MOIePefHbOro Ta MifICYMKOBOTO TeCTYBaH-
Hs OfHi€l rpymm). PeilTMHTOBMII TeCT — Ije IHCTPYMEHT, SIKMIt
0y/10 BUKOPUCTAHO /15 OLIHKY e(eKTUBHOCTI Bifieo 3acoby y
BIOCKOHAJIEHHI HABMYOK IIOJA4i Y CTYJEHTiB.

PesynpraTn. PesynbraTu JOCTipKeHHA Ta aHa/li3 JaHUX
MoKas3any, 10 33 JOMOMOIOK0 €IeKTPOHHOIO HaBYa/lIbHOTO
Bifleo 3aco0y HaBMYKM Mofa4i (BepxHs mojada, Imofgada y
cTpubKy Ta IUIaBaya I0fjada) B eKCIIePUMEHTAIbHI TPy
CTa/m Kpalle, HK y KOHTPOJIbHIN IPYIIi, Y AKill He BUKOPUCTO-
BYBaJIOCA €/IeKTPOHHE HaBYaHHS.

BucHoBku. B ekciepuMeHTanbHil Ipyni HABMYKM MOfaYi
MIOKpalM/INCA TOPIBHAHO 3 KOHTPONbHOW rpyno. Ilig gac
nargemii Covid-19 BukmagayaM peKOMEH/YETbCS BUKOPIIC-
TOBYBATU €JeKTPOHHI HaBYa/IbHI Bifjleo 3acobM y BUKIaaHHI
MaTepiany 3 mozadi y Boei6ori.

KnrodoBi cnoBa: MerniliHe efleKTpOHHe HaBYaHHs, ITOflaya
y BOTIe6o7Ii.
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Abstract

The study objective is to develop a methodology for determining the jump height and jumping endurance
in basketball players of various gaming functions using modern nanotechnology and microprocessor

systems, in particular smartphones, personal computers, etc.

Materials and methods. The study used a method for determining jump height and jumping endurance using
capacitive sensor devices based on a combination of modern nanotechnology and microprocessor systems,

in particular smartphones, personal computers.

Results. The study showed that the use of modern nanotechnology to monitor the jump height and jumping endurance
allows you to study these indicators with high accuracy, which is very important in scientific research. The study
showed that the absolute height of the jump in center players is 328.1 + 7.88 cm, in attackers — 324.1 + 6.62 cm,

in defenders — 314.4 + 8.65 cm. The relative height of the jump in defenders is 57.7 + 6.86 cm, which is on average

8.2 cm more than in center players, and 5.3 cm more than in attackers (p < 0.001 and p < 0.02, respectively).
Conclusions. The use of modern nanotechnology and microprocessor systems to determine the parameters of jump
height and jumping endurance allows you to determine these parameters with high accuracy. The use of modern,
accurate nanotechnology measurement and calculation of jump height and jumping endurance indicators using
graphic data analysis provided a complete description and degree of development of various “jumping” qualities

of basketball players.

Studies have shown that the jump height and jumping endurance in basketball players of different roles (defenders,

attackers and center) differ with a high degree of reliability.

Keywords: basketball, jumping, jumping endurance, nanotechnology.

Introduction

The physical training of basketball players in modern
basketball is of particular importance due to the expansion
of the range of game actions, an increase in the load during
the game, which requires from basketball players maximum
muscle effort in rapidly changing situations (Koryahin,
2018; Kozina, Iermakov, Cretu, Kadutskaya, & Sobyanin,
2017; Demcenco, 2017).

© Koryahin, V,, Hrebinka, H., Prystynskyi, V., & Prystynska, T.,
2022.
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In order to effectively and constantly increase the physi-
cal capabilities of basketball players and, in particular, jump-
ing height and jumping endurance, you need to know fol-
lowing: what requirements for certain physical qualities are
imposed by the game itself, how big are these requirements,
what are the physical capabilities of athletes, what means and
methods are most effective (Kondrashin, & Koryahin,1978;
Fort-Vanmeerhaeghe, Montalvo, Latinjak, & Unnithan,
2016; Koryahin, 1994). It is necessary to have scientifically
based tests to determine the jumping height and jumping
endurance. Particular attention should be paid to ensure that
the tests are scientifically substantiated and meet the require-
ments of test theory (Godik, 1980; Koryahin,1998). In mod-
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ern basketball, players of different roles are subject to equally
high demands on their physical fitness and, in particular,
jumping ability (Anastasiadis, 2006; Asadi, Saez de Villar-
real, & Arazi, 2015). Basketball players do a lot of “jumping”
during the game in defense, and especially when fighting for
the ball bounces off the ring. Without a sufficient level of de-
velopment of jumping abilities and jumping endurance, it is
very difficult to fight on the “shield” (Ferreira, Volossovitch,
& Sampaio, 2014). Without a sufficient level of development
of this quality, fatigue quickly occurs, the basketball player
is not able to effectively throw to the basket, fight on the
shield for the bounce off ball, counteract the throws into
the basket by the opponent’s players, etc (Cormery, 2008;
Narazaki, Berg, Stergiou, & Chen, 2009; Montgomery, Pyne,
& Minahan, 2010).

The study objective is to develop a methodology for
determining the jump height and jumping endurance in
basketball players of various gaming functions using modern
nanotechnology and microprocessor systems, in particular
smartphones, personal computers, etc.

Materials and methods

Study participants and study organization

89 highly skilled basketball players took part in the
research.

Capacitive sensor devices based on the combination
of modern nanotechnology and microprocessor systems
such as smartphones, tablet computers and others were
used to create a means of controlling jumping height pa-
rameters. The basis of these devices are electronic measur-
ing systems of the athlete’s spatial position based on capaci-
tive sensors (Golyaka, Melnyk, & Helzhynsky, 2004; Gotra,
Golyaka, & Helzhynsky 2008). Among the main advantages
of modern sensor devices, we can mention versatility, high
conversion accuracy, thermal stabilization, ease of use, mini-
mal power consumption with the possibility of functioning
with low-voltage power supplies (Gotra, Golyaka, & Hel-
zhynsky 2008).

To control the height of the jump, a one-dimensional
matrix of active band electrodes that are glued to the display
wall were formed. Active electrodes will be connected to the
signal converter by a signal line (electric cables harness).

In addition to the electrodes, the developed device in-
cludes following: a signal line, a signal converter, an inter-
face, a communication line and a mobile communication
system, in particular a smartphone or personal computer. In
the system of measurement of jumping parameters, the ma-
trix of electrodes forms a set of signals, by which it is possible
to determine the highest and lowest point of the body of the
object of control, his grouping and dynamics of movement
with a time resolution of 0.01 s. Electrodes in the form of
flexible conductive tapes are glued to the display wall up to
3 m high. The width of the tapes and the distance between
them is 5 mm, which determines the resolution of measur-
ing the spatial position of the object of control, in particular
over the floor level.

Quantitative assessment of the basketball player’s jump-
ing endurance can be obtained by ergometric analysis, which
allows obtaining a number of indicators that characterize the
manifestation of jumping endurance:

1. Maximum jump height.

2. Number of jumps made with maximum height.

Calculation of these indicators is based on the method
of graphic analysis. Fig. 1 illustrates the technique and se-
quence of calculation operations:

1. In logarithms, the jump height indicators of all serial
jumps opposite their ordinal value are postponed.

2. At the points of the highest jumps, an average line
(AB), which is parallel to the abscissa axis, is made. At the
point of intersection of this line with the vertical axis, the
jump height (point A) is determined.

3. At points where a decrease in jump height is clearly
visible, the middleline (BC) is drawn. The rate of decrease in
jump height as a result of fatigue is defined as tg < a.

Determining these three indicators (the maximum
jump height, the number of jumps with the maximum jump
height and the rate of decrease in jump height because of
fatigue) is very important. They characterize the level of
development of various qualities of basketball players. The
maximum jump height, for example, is determined mainly
by the power of the alactate anaerobic process, and the jump
endurance (the number of jumps with the maximum jump
height) is determined by the capacity of the alactate anaero-
bic process. It is possible having a good “jumping’, but being
bad in maintaining the jump height in serial jumps and vice
versa. The interdependence between these indicators is neu-
tral (r = 0.573). This shows that the level of development of
one of these qualities does not depend on the other.
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Fig. 1. Diagram for calculating jump height and jumping
endurance in basketball players

Statistical analysis

To maintain a laboratory journal, to perform operations
for storing the obtained research results and sorting them,
and for calculating statistical data, the MS Excel program
was used. The choice of methods of mathematical statistics
was adequate to the purpose and objectives of our study and
included the use of the following methods: the arithmetic
mean according to the initial data, the error of the average
value and the reliability of the difference between the data
obtained.
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Table 1. The results of the study of the jump height in highly qualified basketball players

. Height with outstretched arm Jump height, cm
L standing on tiptoes i

Comice Bnafons g P Absolute Relative

M+ SD M +SD M+ SD
Center (n =27) 279.6 £ 6.1 328.1 +7.88 49.5 +5.59
Attackers (n = 15) 271.0 £6.33 324.1 £ 6.62 52.4+3.74
Defenders (n = 27) 256.9 + 5.85 314.4 + 8.65 57.7 + 6.86
Reliability of difference
C-A p < 0.001 p <0.05 p <0.05
C-D p < 0.001 p < 0.001 p < 0.001
A-D p < 0.001 p < 0.001 p>0.02
Results

The results of the studies of the jump height in highly
qualified basketball players (masters of sports) are present-
ed in table.1. The table shows that the height with an out-
stretched hand up, standing on tiptoes, in high-class bas-
ketball players is: in the center players — 279.6 + 6.1 cm, in
attackers — 271 + 6.33 cm, in defenders - 256.9 + 5.85 cm.

The absolute height of the jump is: in the cen-
ter — 328.1 + 7.88 cm, in attackers — 324.1 + 6.62 cm, in de-
fenders — 314.4 + 8.65 cm. The difference in these indicators
is natural because players of different roles have different
height. As for the relative height of the jump, the center
players recorded not very high rates, as well as the attack-
ers, which indicates a significant reserve to increase in their
jump as can be seen from the table, defenders have a jump
height of 57.7 + 6.86 cm, which is on average 8.2 cm more
than in center players, and 5.3 cm more than in attackers
(p < 0.001 and p < 0.02, respectively).

When determining jumping endurance, it is best to
perform jumps to a height of 90% of the maximum, until
complete fatigue and refusal to continue working. When per-
forming a series of jumps, the interval between it should be
3c. This time is enough for the basketball player to take a com-
fortable position and effectively perform the next jump - the
interval of 3c is best set with the help of a metronome signal.

Our correlation analysis between height indicators and
indicators in the jump height in highly qualified basketball
players showed that there is a dependence between these
indicators, but negative (r = -0.555). Differences that are
restrained in our studies can be explained by the different
ages of basketball players and their qualifications, as well as
what we determined between jump height and height with
an elongated arm upwards, standing on the toes, and not just
growth. The differences that are obtained in our research can
be explained by the different ages of basketball players and by
differences in their qualifications, as well as the fact that we
determined relation between the jump height and height with
an outstretched up arm, standing on tiptoes, not just height.
The relation between these indicators is presented in Fig. 2.

Discussion

The question of the importance of determining the jump
height and jumping endurance was considered by many sci-
entists and basketball coaches (Gomelsky, 1972; Poplavsky,
2004; Sushko & Mustafa, 2015) and others.
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Fig.2. Dependence between relative jump height and height
indicators with an outstretched upwards arm in highly qualified
basketball players. On the ordinate axis - height, standing on
tiptoes with outstretched upwards arm, cm. On the axis of the
abscissa - the relative jump height, cm. Marks + - center, *-
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The results of our research are consistent with a number
of scientific developments (Boichuk, Iermakov, & Nosko,
2017; Gonzalo-Skok, Sanchez-Sabaté, Izquierdo-Lupén, &
Séez de Villarreal, 2019; Iedynak, Galamandjuk, Kyselytsia,
Nakonechnyi, Hakman, & Chopik, 2017) on the feasibility
of improving the system of control over the state of physical,
technical, tactical and psychological training of athletes.

These results of studies have shown that the use of modern
nanotechnology for monitoring the jump height and jumping
endurance allows you to determine these indicators with high
accuracy, which is very important not only in scientific re-
search, but also in the practical work of trainers. This makes it
possible to develop training programs for basketball players,
taking into account objective indicators of the state of their
jump height and jumping endurance, which coincides with
the results of the conclusions of a number of other research-
ers (Khudolii, 2019; Raiola, Altavilla, Tafuri, & Lipoma, 2016;
Tyshchenko, Hnatchuk, Pasichnyk, Bubela, Semeryak, 2018).

The results of the study complement information on the
control of such important qualities for basketball players as
jump height and jumping endurance, and make it possible
to do this with high accuracy (Demcenco, 2017; Poplavsky,
2004; Tyshchenko, Hnatchuk, Pasichnyk, Bubela, Semeryak,
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2018). In further studies, this technique has a great perspec-
tive in the examination of basketball players of different age
groups, athletes of different qualifications. The proposed
method of determining the jump height and jumping en-
durance will have great importance for scientific research.

Conclusions

1. The use of modern nanotechnology and microproces-
sor systems to determine the parameters of jump height and
jumping endurance allow to determine these parameters
with high accuracy.

2. Studies have shown that the indicators of jump height
and jumping endurance in defenders, attackers and cen-
ter differ with a high degree of difference, which indicates
the need for an individual approach to basketball players
of different game ampoule in the preparation of training
programs.

2. The use of modern, accurate nanotechnology and
calculation of jump height and jumping endurance indica-
tors using graphic analysis give a complete characteristic,
the degree of development of various “jumping” qualities of
basketball players.
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METOAUKA BUSHAYEHHA WBUAKICHO-CUJTOBUX

MOJIMBOCTEN BACKETBONICTIB

Bixtop Kopsrin'A®°PE, Tannna Ipe6inka'ABCPE,

Bonopumup Ipuctuncpkmit**B°PE, Tersana IIpucruHcpkaABePE

'HanionanpHuii yHiBepcuteT «/IbBiBCbKa IOJTiTeXHiKa»
*[lep>xaBHUI BUIINIT HAaBYATbHMII 3aK/Iaft «[JoHOAChKUII IepyKaBHMIA ITefjarOTiYHMII YHIBEpCUTET»

ABTOpCcbKNMIl BKIAJ;: A — Iu3aiis gocmipkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomcy; E - 36ip komris

Pedepar. Crarts: 5 c., 1 Tab1., 2 puc., 25 pKeperL.

Meta JOCTiI)KEHHA — PO3POOUTU METOMMKY BU3HAUEH-
HS BUCOTU CTpMOKa Ta CTPMOKOBOI BUTPUBAIOCTI ¥ GacKeT-
OomicTiB pisHMX IrpoBMX (YHKIIi/I 3 BUKOPUCTAHHAM Cydac-
HJX HAHOTEXHOJIOTIll Ta MiKPOIIPOIIECOPHMX CUCTEM, 30KpeMa
cMapT¢OHIB, IEPCOHAIBHNUX KOMIT'I0TepiB To1j0. Po3poburn
PpeKoMeHpallii, Kl CpsAMOBaHi Ha HifBUIIIEHHA e(eKTMBHOCTI
TPeHyBaHb BUCOTY CTPUOKA i CTPMOKOBOI BUTPMBAIOCTI.

Marepiamu Ta MeTogu. Y JOCTiIKeHHi 6yB BUKOPUCTa-
HIIT MEeTOJ] BUSHAYEHHs BUCOTH CTpUOKa i CTpuOKOBOI BUTpU-
BAJIOCTi 3 BUKOPUCTAHHAM €MHICHUX CEHCOPHMX IPUCTPOIB,
AKiI ITPYHTYIOTbCA Ha IOEJHAHHI CyYaCHMX HAaHOTEXHOJIOTIN
Ta MIKpOIIPOLIECOPHMX CHCTEM, 30KpeMa cMapTQOHiB, epco-
Ha/IbHUX KOMIT I0TepiB. OCHOBOIO LIMX IPUCTPOIB € eIeKTPOHHI
BMMIipIOBa/IbHi CUCTEMI IIPOCTOPOBOTO IIOJIOXKEHHS CIIOPTCMeE-
Ha Ha 6a3i eMHICHUX CEHCOPIB.

Pesynbraru. IIpoBenene focmimpkeHHA 1TOKa3ao, o BU-
KOPMCTAHHSA Cy4aCHUX HAHOTEXHOJIOTI 711 MOHITOPMHTY BH-
cotu cTpubKa i cTprbKOBOi BUTPUBAIOCT] JO3BOJISIOTD 3 BICO-
KOIO TOYHICTIO IOCTiANTY 11i HOKa3HMKI, IO € Y>Ke BaXK/TMBUM
IIpY IPOBEIEHHI HAYKOBUX JOCTi/KEHb.

HocmimkeHHs MOKa3amo, 1[0 abCOMITHA BICOTa CTPUO-
Ka y LEHTPOBMX CTaHOBUTH 329,1 * 2,31 cM, y HamafHUKIB —
324,1 £ 3,65 cM, y saxucHukis — 314,4 + 3,42 cMm. BigHocHa
BIUCOTa CTPUOKa Y 3aXVMICHMKIB CTAHOBUTD 57,7 + 2,71 cM, 10 B

cepenHbOMY Ha 8,2 cM 6i/blile, HDK Y EHTPOBMX, Ta Ha 5.3 cM
6inblite, HDX y HanagHMKIB (p = 0,999 Ta p = 0,98 BifIOBIKHO).
Lleit ¢axT, 6e3yMOBHO, HEOOXITHO BpaxoByBaTH IIpY IUIAHY-
BaHHi TPEHYBa/IbHOTO MPOLIeCy TPaBIliB Pi3HOTO aMIITya.

BucnoBku. BUKOPUCTaHHA Cy4aCHMX HAaHOTEXHOJIOTIN Ta
MiKpOTIPOIIECOPHUX CHCTeM /7 BU3HAYEHH:A MapaMeTpiB BUCO-
T CTpUOKA i CTPMOKOBOI BUTPUBA/IOCTI JO3BOIAIOTD 3 BUCOKOIO
TOYHICTIO BUSHAYUTH Iii MapaMeTpy. BUKOpUCTaHHA CyYacHUX,
TOYHVX HAHOTEXHOJIOTiJ BUMiPIOBAHHA i pO3PaXyHOK IIOKa3HM-
KiB BUCOTU CTpUOKa Ta CTPUOKOBOI BUTPUBAIOCTI 32 OIIOMOTOI0
rpadivHOro aHaisy JaHMX HaJlae OBHY XapaKTePUCTHUKY i CTy-
HiHb PO3BUTKY Pi3HMX «CTPUOKOBUX» AKOCTel 6ackeTOOMCTiB.

IlpencraBneHa B po6OTi MeTOAMKA BM3HAYEHHS TaKUX
BAOX/IMBUX IIOKa3HMKIB, AKi XapaKTepU3yIOTh CTYIiHb PO3BU-
TKY Pi3HMX sIKOCTell 6acKeTOOMICTIB, TAKMX AK MaKCHMaIbHA
BUCOTA CTPMOKA, KiNbKicTb CTPMOKIB 3 MaKCHMAa/IbHOIO BYCO-
TOIO, @ TAKOXX MOXK/TMBICTh BU3HAYEHHA MIBUIKOCT] 3HVDKEHHS
BUCOTM CTPUOKa B pe3y/IbTaTi BTOMIL.

JocmiykeHHs MoKasay, 0 ITIOKa3HUKM BUCOTH CTPUOKa
i cTpr6KOBOI BUTPUBATIOCTI B 6aCKeTOOMICTIB Pi3HOTO aMIITya
(3axMCHUKIB, HAMTA[JAI0UMX 1 [EHTPOBUX) PI3HATHCS 3 BUCOKUM
CTyIIEHEM JJOCTOBipHOCTI.
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Abstract

The study purpose was to determine the effect of a comprehensive teaching learning-based training model on the

skills and social attitudes of young football players.

Materials and methods. This is an experimental study with a sample of 36 male football athletes aged 10-12 years.
Samples are players who registered and trained at the Real Madrid Foundation Yogyakarta football school. Samples
attended training with a frequency of 3x week with a minimum attendance of 80% in 20 weeks and were selected

to participate in district or provincial football competitions. The instrument used for measuring football technical
skills was the David Lee test, and for social attitudes the Prosocial and Antisocial Behavior Sport Scale (PABSS)
questionnaire was used. The data analysis technique was the paired sample t-test.

Results. The results showed that the comprehensive teaching learning-based training model affected the skills and
social attitudes of young football players. In the 10 year age group, there was an influence on skills of 1.497 and social
behavior of 2.750, which means that it is influential. In the 11 year age group, it was found that the effect on skills
was 0.506 and social behavior was -2.812, which means that there was no effect on social behavior. In the 12 year age
group, it was found that the effect on skills was 0.19 and social behavior was 1.148, which meant that it affected.
Conclusions. Young football coaches can make a comprehensive teaching learning-based training model as a choice
of strategies in the development of performance skills and personality.

Keywords: football, skills, social attitudes, youth.

Introduction

As is well known, the benefits of doing sports training
are numerous. Them sports training can increase knowledge,
skills, and attitudes so that an individual can achieve optimal
performance. The exercise program can be adjusted to vari-
ous age categories, including children, youth, adults, parents,
and the elderly. Training at a young age has the main objec-
tive of increasing competence and skills in a sport (Bjerndal
& Ronglan, 2021; Schroepf & Lames, 2018). In addition, it is
hoped that sports training can support the development of
personality (Kavussanu & Spray, 2006), character (Gilbert

© Kriswanto, E. S., Akhiruyanto, A., Sulistiyono, Primasoni, N.,
Arjuna, E, Santoso, N., & Putranta, H., 2022.
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et al., 2001; Harwood, 2008), and increase the degree of
health (Henry, 2013). By achieving sports goals at a young
age, it is hoped that it can support optimal performance.
Both in academic and non-academic aspects. Another goal
that can be achieved in sports training is an increase in op-
timal performance in competitions and positive personality
development that can arise from the training process for
young athletes, but in practice, it is not as easy as it is known.
Among them, various problems are encountered related to
the interaction of coaching and training to achieve compre-
hensive physical performance, technical skills, behavior, or
attitudes experienced by young athletes which cannot be
avoided (Wei et al., 2016) including in the soccer branch.
Problems that occur among young soccer athletes in-
clude the process of coaching young athletes who are less
attentive and only concerned with results. This can happen
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if the approach taken by the coaches or coaches to their ath-
letes is like the approach between an employer and a helper
that is not familial. As a result, communication that arises
between coaches and athletes is not established comfortably
and familiarly. This is in line with the statement put forward
by the Ekstrand et al. (2019) that the communication process
that coaches and young soccer athletes need to carry out
is primary and secondary communication. Primary com-
munication can be carried out by the trainer orally using
informal language and style. The language used is presented
simply and adapted to character of young athletes. In addi-
tion to using spoken language, to express the message to be
conveyed, coach also uses gestures to being able to better
express motivational messages to athletes. Secondary com-
munication that can be done by coaches to young soccer
athletes is via video, telephone, or group chats (Lawrason
et al., 2019). The problems and efforts made by this coach
are carried out so that potential that exists in young football
athletes can develop optimally.

In addition to communication problems between
coaches and young soccer athletes that affect the teaching
process and optimize the potential of young soccer athletes,
problems regarding the physical abilities of each athlete also
affect the process of optimizing the potential of these young
soccer athletes. Young athletes generally have status as stu-
dents in formal schools, and have loads of training and learn-
ing with various targets to achieve minimum competence
(Goldberg & Chandler, 1995). Young athletes participate in
training with a frequency of 3-5 times/week, or an average of
6-10 hours per week. With these training hours, young ath-
letes are expected to experience progressive development in
components of technical, physical, and character skills. but
several research studies show other facts that young athletes
experience stress (Pritchard & Wilson, 2005) due to fatigue,
difficulty in managing lesson schedules due to competitions,
and coach inflexibility factors (Wiese, 1988). This causes
talented athletes to stop training (Cresswell & Eklund, 2007)
athlete’s behavior becomes aggressive (Gencheva, 2015), and
athletes use doping (Bloodworth et al., 2012).

Young football athletes who are mostly elementary to
high school students are prone to injury. This is because
students who are still in elementary and middle school are
still in a period of growth whose muscle and bone strength is
still weak (Zhang et al., 2020). This is also consistent with the
results of a study which showed that 53 elite soccer players
aged between 15 and 18 years tended to experience 320 in-
juries and 82 illnesses occurring during soccer practice and
competition (Brink et al., 2010). Furthermore, injuries that
often occur in young soccer athletes are caused by physical
stress. Physical stress that occurs in young soccer athletes is
closely related to congenital diseases experienced by them
(Zorzi et al., 2020). In addition, nearly 65 young male soccer
players with an average age of 16.6 years experienced dif-
ficulties in practicing and optimizing physical abilities (Her-
massi et al., 2020). In this case, interpersonal stress can also
determine the optimization of the performance of young
football athletes. The level of performance in optimizing the
ability of young football athletes needs to be maintained ef-
fectively. This is because if the performance in optimizing
the ability of young football athletes is low, negative feelings
will arise in the social climate between coaches and young
football athletes (Gerabinis & Goudas, 2019). Therefore,

20

there is a need for monitoring from coaches and physiologi-
cal staff in monitoring the condition and recovery of young
soccer athletes.

In addition, negative perceptions about girls playing
soccer are still inherent in society. As a result, the role of
girls in soccer games is still minimal and their contribution
to football has not been so effective than girls (Collins et al.,
2021). This is what sometimes creates a stigma in society
that football is not a sport for girls, but a sport for boys.
Therefore, coaching and training models for young athletes
include the following: 1) development model sport partici-
pation (DMSP) by Cote), 2) long term athlete development
(LTAD) popularized by Balyi and Hamilton, 3) positive
youth development (YPD) proposed by Smith and McGan-
non (2018) and an often-debated model of early specializa-
tion training. Futhermore, Strachan et al. (2016) stated that
several training models have been developed, for example,
TPSR, SUPER, Project SCORE where the training model is
designed to be able to develop attitudes and behavior of ath-
letes. The results of research on the DMSP model conducted
in England show that adolescent athletes aged 13-15 years
who carry out sports activities more than two sports can
compete at the national level at the age of 16-18 years com-
pared to those who do early specialization or pursue one
sport (Bridge & Toms, 2013). Research related to decep-
tive and aggressive behavior in team sports is influenced
by the moral atmosphere in the team where the motivation
to achieve high performance is strongly associated with it
(Fari¢ et al., 2019).

The training model based on comprehensive teaching-
learning is a training model implemented at the Real Madrid
Foundation football school in Yogyakarta. The concept of
daily training must contain 5 content and materials, namely
social skill blocks, education, physical and movement skills,
technical and tactical skills, and game rules blocks. The dai-
ly exercise design must contain a game with the contents
of each game being able to accommodate a minimum of
3 blocks (Malina, 2010). Policies, sports training strategies
at a young age to achieve optimal physical performance,
techniques, tactics, and positive personality development
have been carried out by several researchers with various
considerations, but their effectiveness is still debated. This
study aims to determine the effect of a comprehensive teach-
ing learning-based training model on technical skills and
social attitudes of young football players. This research hy-
pothesizes that the training model based on comprehensive
teaching-learning has a positive effect on the skills and social
attitudes of young soccer players.

Materials and methods

General background

In this study, researchers used Quasi-Experimental Re-
search in quantitative research methods with a 2x2 facto-
rial research design. The 2x2 factorial research design is a
research design by provides action on two variables that are
manipulated simultaneously to study the effect of each vari-
able on the dependent variable or the effect caused by the
interaction between several variables (Boettcher et al., 2020).
The 2x2 factorial research design has two factors with each
factor having two levels. In addition, 2x2 factorial research
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is the simplest factorial research design (Leifer et al., 2021).
Furthermore, the 2x2 factorial research design used in this
study consisted of two learning strategies, namely training,
and training based on comprehensive learning. In addition,
the other two factors are skills and social attitudes. The re-
search type of quasi-experimental 2x2 factorial was chosen
because it makes it easier for researchers to control research
subject. The quasi-experiment was chosen because there was
a balanced division of the group, as well as the absence of a
specific control group so that results could be compared with
a certainty (Fichera & von Hinke, 2020).

Study participants

Participants who took part in the treatment were stu-
dents who took part in training at the Real Madrid Founda-
tion football school in Yogyakarta. Participants consist of
3 age groups, namely 10, 11, and 12 years, which can simply
be seen in Table 1.

Instruments and procedures

The instrument used to measure football technical skills
using the David Lee test. The social attitude instrument uses
the Prosocial and Antisocial Behavior Sport Scale (PABSS)
questionnaire. The two test instruments were chosen be-
cause they were considered very suitable to be applied to
the impact test research that was to be developed. In the
implementation of the research, the experimental research
sample was classified into three experimental groups based
on the age group. At the initial stage, the research sample will
be given a pretest related to the research. The sample follows
the treatment in the form of training with a frequency of 3x/
week with a minimum attendance of 80% in 20 weeks and
is selected to participate in a football competition at the dis-
trict, provincial level. Furthermore, after the research sample
has completed all treatments, the researcher will perform a
posttest to assess whether there is a significant increase in
ability at the pretest and posttest. The measuring instrument
used to measure football technical skills uses the David Lee
test, to measure social attitudes using the Prosocial and An-
tisocial Behavior Sport Scale (PABSS) questionnaire. The
data analysis technique used in this study was to use paired
sample t-test. Table 2 following descriptions of experimental
group are presented.

Based on Table 2, it can be seen that TO is the test before
treatment, T1 is the test after treatment, X1 is the treatment
in the experimental group 1 (age 10 years), X2 is the treat-
ment in the experimental group 2 (age 11 years), and X3
is the treatment in the group. experiment 3 (age 12 years).
However, the David Lee test and questionnaire used in this
study were first tested for validity and reliability by 6 expert
validators with the aim of knowing its validity and reliability.
After the David Lee test and questionnaire were tested for
validity and reliability, then its validity was analyzed using
Aiken’sV equation as equation 1.

r—1, 1)
V= Z [n(c = D]

where is the validity value, is the number given by the
nth validator, is the lowest number of validity assessments,
is the number of validators, and is the highest number of
validity assessments. After the value of the coefficient V is

Table 1. Participant data

No. Name Age Gender
L. AFA 10 Male
2. AS 10 Male
3. BPRN 10 Male
4. CBA 10 Male
5. EBB 10 Male
6. FNR 10 Male
7. FAR 10 Male
8. GB 10 Male
9. KAV 10 Male
10.  KAMS 10 Male
11.  Mar 10 Male
12.  MSR 10 Male
13. SD 10 Male
14. AD 11 Male
15.  AFP 11 Male
16.  AAS 11 Male
17.  AZ 11 Male
18. BBB 11 Male
19. DAP 11 Male
20. DAF 11 Male
21. EM 11 Male
22. FZW 11 Male
24, JKP 11 Male
25. MKI 11 Male
26.  MNSS 11 Male
27. MI 11 Male
28.  RRN 11 Male
29. RC 11 Male
30.  SW 11 Male
31. ZMZ 11 Male
32.  Abh 12 Male
33.  Arj 12 Male
34.  Dec 12 Male
35. M 12 Male
36. Vit 12 Male
Table 2. Description of experiment group

Description of Experiment Group
Group Pre-Test Treatment Post-Test
10yearsold  TO X1 T1
11yearsold  TO X2 T1
12 yearsold  TO X3 T1

obtained, then the value of the coefficient V is compared
with the Aiken table. An item or questionnaire is said to be
valid if the value of the Aiken validity coefficient is greater
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than or equal to the minimum value listed in the Aiken table
(Aiken et al., 1991).

Meanwhile, the reliability of the David Lee test and ques-
tionnaire used in this study were tested using the item sepa-
ration index (item estimate) and the person separation index
(case estimate) through the Quest program (Subali & Suyata,
2011). If the greater the value of the David Lee test and ques-
tionnaire item separation index, the greater the accuracy
of the overall David Lee test and questionnaire item with
the model used, namely PCM. In addition, the higher the
person separation index value, the higher the consistency of
each item in measuring the person’s ability (Subali & Suyata,
2011). The criteria for item estimate and case estimate values
can be shown in Table 3 (Sumintono & Widhiarso, 2015).

Table 3. Item value criteria and case estimate

Item Reliability Value and

Case Estimate Criteria
Excellent
0.91-0.94 Very Good
0.81-0.90 Good
0.67-0.80 Moderate
Weak
Statistical analysis

This research is an experimental study consisting of four
groups with the same training model treatment, namely a
training model based on comprehensive teaching-learning
but different in load and intensity according to age groups.
The treatment was carried out for 20 weeks. The number of
samples is 36 young football athletes with all-male gender.
The samples were players who were registered and trained
at Real Madrid Foundation football school. Real Madrid
Foundation football school provides training services in the
city of Yogyakarta.

Results

Results of Instrument Validity and Reliability

The data on the feasibility of this measurement instru-
ment includes data on the validity and reliability of the mea-
surement instrument in the form of the David Lee test and
questionnaire. The results of the first analysis of this mea-
surement instrument are the results of the validity analysis
of the David Lee test and the questionnaire which were ana-
lyzed using the Aiken’s V equation as shown in equation 1.
The results of the validity of the David Lee test and the ques-
tionnaire used in this study can be shown in Table 4 below.

There are 6 expert validators who validate the David
Lee test and questionnaire each. Therefore, the error rate

Table 5. Instrument reliability results

Table 4. Instrument validity results

Measurement Number of Al!(e.n .

Validity Information
Instrument Items
Value
David Lee test 10 0913 Valid
Questionnaire 20 0.936 Valid
Instrument Validity 0.924 Valid
Value

in the Aiken’s V table used is 1% (p < 0.01) and the items in
the David Lee test and questionnaire are said to be valid if
the Aiken coefficient (V 2 0.89) (Aiken & Stephen, 1985).
Based on Table 4, it is obtained that the David Lee test and
the questionnaire are both valid, because the Aiken validity
value is greater than 0.89 (V 2 0.89), which is 0.924. Based on
the results of the validity, it can be stated that the David Lee
test and questionnaire are valid and appropriate to be used
to measure the variables in this study. After the David Lee
test and questionnaire were analyzed for validity using the
Aiken’s V equation, the next step was to analyze the reliabil-
ity. The results of this reliability are also used as a reference
in determining the feasibility of the David Lee test and the
questionnaire that has been developed by the researcher. The
reliability results of the David Lee test and questionnaire can
be presented in Table 5.

Based on Table 5, it can be observed that the reliability
coefficient for the measurement instrument in the form of
a questionnaire obtained the summary item of estimate and
summary case of estimate values that are more than 0.7 which
are included in the reliable category. Meanwhile, for the mea-
surement instrument in the form of the David Lee test, the
summary item of estimate and summary case of estimate
values are more than 0.7 which are included in the reliable
category. Meanwhile, the summary of item estimate and sum-
mary of case estimate values obtained in the David Lee test
and questionnaire items indicate that the David Lee test items
and the developed questionnaires are both included in good
criteria. Furthermore, the David Lee test item and this ques-
tionnaire show the proper consistency of the choices of high
school students. In other words, each item of the David Lee
test and questionnaire shows the same score, when assessed
by different high school students. Therefore, based on the va-
lidity and reliability data that have been obtained as shown in
Table 4 and Table 5, it can be stated that measurement instru-
ment developed is feasible to be used in this study.

The Effect of Comprehensive Learning Based
Training Model on Social Skills and Attitudes

After conducting a series of studies, it can be seen the
data regarding skills, social attitudes, and the results of the
paired sample t-test of the experimental group aged 10 years.

Reliability Coefficient Category
Reliability
David Lee Test Questionnaire David Lee Test Questionnaire
Summary of item estimate 0.83 0.89 Reliable Reliable
Summary of case estimate 0.85 0.87 Reliable Reliable
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Table 6. Results of playing skills and social attitudes

Aspects Group TO T1 t Sig. (2-tailed)
Playing Skills 10 years old 33.35+3.69 31.03 £3.05 1.497 0.16
11 years old 31.44 £ 391 30.89 £ 3.08 0.506 0.62
12 years old 29.86 £ 3.65 29.42 + 6.49 0.19 0.857
Social Behavior 10 years old 76.61+ 4.48 80.08+ 6.91 -2.750 0.018
11 years old 81.24 £ 3.40 83.65 £ 5.59 -2.812 0.013
12 years old 83.83 £3.87 86.00 £ 4.69 -1.148 0.303

The results of the measurement of basic playing skills, social
attitudes, and the results of the paired sample t-test with
the SPSS 21 experimental group aged 11 years. As well as
skills, social attitudes and the results of the paired sample
t-test experimental group aged 12 years. More detailed data
can be seen in Table 6. Table 6 contains the results obtained
regarding skills, social attitudes, and the results of the paired
sample t-test experimental group aged 10 years in group 1
with 13 athletes as members.

The results in Table 6 show that the aspects of early play-
ing skills meet the score of 33.35 + 2.69, while the aspects of
final playing skills are 31.03 £ 3.05. So that it is found that
t is 1.497. Whereas in the early social aspects, the score was
76.61 + 4.48, while the final social behavior aspect was 80.08
+ 6.91. So that it is found that t is 2,750. Table 6 contains the
results obtained regarding skills, social attitudes, and the
results of the paired sample t-test experimental group aged
11 years in group 1 with 17 athletes as members.

The results in Table 6 show that the aspects of early play-
ing skills meet the score of 31.44 + 3.91, while the spec for
final playing skills is 30.89 + 3.08. So, it is found that t is
0.506. Whereas in the early social aspects, the score was
81.24 + 3.40, while the final social behavior aspect was 83.65
+ 5.59. So that it is found that t is -2,812. Meanwhile, Table
6 contains the results obtained regarding skills, social at-
titudes, and the results of the paired sample t-test experi-
mental group aged 12 years in group 1 with 6 athletes as
members. The results in Table 6 show that the aspect of early
playing skills meets the score of 29.86 + 3.65, while the spec
of final playing skills is 29.42 + 6.49. So that it is found that
tis 0.19. Whereas in the aspect of the initial social behavior,
the score was 83.83 + 3.87, while the aspect of the final social
behavior was 86.00 + 4.69. So that it is found that t is 1.148.

Discussion

The training model based on comprehensive teaching-
learning has an influence on the skills and social attitudes
of young football players at SSB Realmadrid Foundation
Yogyakarta. The development of an athlete for optimal ap-
pearance can be carried out using a variety of training meth-
ods and strategies. Discussions related to various methods,
training strategies such as early specialization models, long-
term athlete development, positive youth development are
the dilemmas experienced by sports training practitioners
to choose which one is the best. Early specialization models
where the training process only focuses on one sport for
young athletes are mostly carried out by Eastern European
countries. Early specialization models are oriented and focus
on the athlete’s performance or performance, in some cases

this training model succeeds in achieving achievement goals
earlier but decreases more rapidly and in other cases results
in athletes stop training (McGowan et al., 2020). Research by
McGowan states that early specialization in one sport does
not increase the chances of injury (De Pero et al., 2009). The
early specialization training model is one of the policies or
strategies for developing elite athletes with risk of injury and
short sports careers. The coaches need innovative training
models that are more comprehensive to accommodate all
objectives as well as the correct stages of sports coaching.

The implementation of a 20-week comprehensive teach-
ing learning-based training model has had a positive effect
on skill development. Bellistri, et al, 2016 in their study
found that the physical abilities and technical skills of the 12
Italian national team u-10 players are as follows: dribbling
technical skills measured by the Shuttle Dribling Test were
achieved with an average of 10.66 + 0.57 seconds, when mea-
sured with the Slalom Dribbling Test it was achieved with
a mean time of 22.34 + SD 1.28 seconds (Ali, 2011). Post-
treatment technical skills showed a progressive improve-
ment in all experimental groups aged 10, 11, and 12 years.
The limitation of the David Lee test measuring instrument is
that it is only able to measure the technical skills of dribbling,
under-passing, and over-passing but other skills in playing
football have not been able to be measured. The ability to
make decisions and the involvement of players in playing the
game cannot be determined with the David Lee test measur-
ing instrument. The appearance of individual performance
of a football player as a whole is a combination of several
abilities that are integrated in a complex way (Stolz & Pill,
2014). The individual player performance involves physical
abilities, technical skills implemented to solve problems in
play, decision making, and involvement in the game as a
whole (Bloomfield et al., 2007). Physical abilities and techni-
cal skills greatly influence an individual’s appearance.

The skills of passing and dribbling techniques have a
strong relationship based on the analysis that individual
action in a soccer match found that dribbling and passing
skills at close range are the skills most often performed dur-
ing playing matches (O’Reilly & Wong, 2012). Loughbor-
ough Soccer Passing Test (LSPT) and Loughborough Soccer
Shooting Test (LSST) is football skills measurement tools
developed to assess various aspects of Football skills in a dy-
namic context (Lloyd & Oliver, 2012). The task or motion in-
struction that must be performed from both tests can reveal
perceptions and test the player to perform a holistic motion
task that requires the optimal performance of the skill (Ryan
& Deci, 2000). And both tests demonstrate and meet the
validity or reliability requirements in assessing the perfor-
mance of football skills. The appearance of a football player
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will be more appropriate if it is observed when playing and
several components of appearance are recorded comprehen-
sively. Observations by analyzing video matches or games
that a player is participating in may in future be more reliable
than existing measuring instruments (Standage et al., 2005).

Improvement in skills occurred in all treatment groups
but what is interesting is the very high difference in ability
between the ages of 10, 11, and 12 years. The technical skills
achieved by the 12-year-old group averaged 29.42 seconds,
while the 10-11-year-old group averaged 20.97 seconds, so
there is a difference of 40%. Anthropometric factors, physi-
ology, and cognitive abilities that develop very rapidly at the
age of 10-11 years are predicted to greatly affect the techni-
cal abilities of young players. The use of the same measuring
instrument in this study to measure skills has advantages
but also limitations. The advantage of using the same mea-
suring instrument is that there is a significant difference in
ability between the ages of 10-11 years and those under 12
years of age. Based on the results of this study, there are sig-
nificant differences between the phases of children aged 10,
11, and 12 years. The results of this study are by the results
of research (Kavussanu & Boardley, 2009) which states that
there are significant differences between children and ado-
lescents in terms of the development of mobility skills. The
significant difference in movement skills between children
and adolescents is the result of the study. Movement skills
as measured by kicking motion if you pay attention to the
results of the study (Garcia-Garcia et al., 2017), there is a
significant increase in adolescent boys, which is 26%.

The results of this study indicate that the training model
results in a continuous, enhancement that allows individu-
als, groups to develop at any age stage. The results of the
study are by the philosophy of the youth positive develop-
ment model where training allows individual athletes to
experience physical performance and skill development.
Physical ability and skills do not mean that the team is ca-
pable of achieving victory in a championship. Comprehen-
sive development of individual young football players in this
perspective sacrifices the success of short-term performance
(victory) but can maximize the opportunity to foster a sense
of well-being and provide long-term benefits (Camiré &
Trudel, 2010). The practice philosophy based comprehensive
teaching-learning will help children to appreciate the ben-
efits of the training process and develop intrinsic motivation
to stay in the training process (Camiré et al., 2013) and relate
to positive behavior (MacDonald et al., 2010).

Sports training activities that are oriented towards win-
ning at a competition event can cause stress to young athletes
if the coach, the parents do not have the appropriate behav-
ioral response in responding to the development of training,
training results, and competition. The task of the coach, the
parents, is to ensure that all components of the young athlete
develop in a positive direction, not only in appearance when
competing, but developing positive attitudes, behaviors, and
character. Parents are generally anxious if their children,
who are young athletes and students, experience negative
attitudes towards their children. The social attitude in this
study can be defined as someone who has empathy, task
orientation, ego orientation (Fisher et al., 2019). The results
showed that the training model based on comprehensive
teaching-learning had a significant effect on social attitudes
at the ages of 10 and 11, while at the age of 12 the training
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model had an effect but it was not significant. Several studies
related to sports training activities on athlete behavior have
disagreements, including stating that training activities and
competitive sports competitions hurt athletes’ behavior, but
several studies have stated that training activities and sports
competitions can be used to develop positive attitudes, be-
haviors, and personality development. The aggressive be-
havior of young football players is not easy to change, male
soccer players are more aggressive than women, CC, soccer
coaches must make efforts to reduce them by various strate-
gies to change aggressive behavior.

Modified sports competitions can develop a fair play
attitude in competition interactions or sports competitions.
Most athletes claim that social behavior can be developed
through sports activities and organized competition. Man-
agers and coaches are expected to be proactive, involved,
take the initiative to develop character in program planning
to promote the development of attitudes, behavior, and mo-
rale of athletes (Gould et al., 2007). research in the forms of
indirect teaching behavior (ITB) in physical education sub-
jects that affect the social and moral development of students
(Bodey et al., 2009). The coach is someone who has the most
influence on the results that will be achieved by athletes in
future. The organization of sports education and training
services with the chosen coaching philosophy will influence
the implementation and approach to training process that is
applied. Athletes will behave negatively if the coach who is
supposed to be a role model is unable to carry out his role.
Trainers who have attended formal education or courses
have a better effect on personality and social attitudes of
athletes than coaches with non-formal education (Cappelen
etal., 2020). The heuristic vision was developed to help train
coaches to better relate, have awareness, and care (Weller et
al,, 2018), three things that help and become capital in im-
proving and developing athletes in a holistic manner.

Philosophy winning is the second athlete the first cho-
sen in the training model based on comprehensive teaching-
learning has a deep meaning, namely at the stages of young
players, athlete development is more important than victory.
Specialization is not recommended with a comprehensive
teaching learning-based training model, by not prioritiz-
ing victory, the athlete’s stress level is lower, and negative,
antisocial behaviors in competition can be avoided. The
coaching philosophy of the implemented model (Sackett
& Gano-Overway, 2017). conducting the resulting research
states that the main goal in training is capital and the key
to success. The development of life skills for the players is
carried out in an integrated manner in team training which
aims to win the competition but the main priority is the
development of the individual player’s personality (Legg,
2021). Participation in sports can increase moral character,
sportsmanship, and collaboration and cooperation between
coaches, parents, and athletes are needed to achieve com-
mon goals (Pennington, 2017).

Conclusions

The training model based on comprehensive teaching-
learning affects technical skills and social attitudes in young
football players, although it is not significant. The factors
that are predicted to influence the development of perfor-
mance, personality, and the appropriate parameters accord-
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ing to the growth and development of young players must
be known by the managers, coaches, and parents involved
in the training process. The philosophy, volume, load, and
intensity of training in six months, years are important and
contribute to the training goals of young soccer players. Fu-
ture research should be carried out by paying attention to the
development of skills that are more specific to differences in
playing positions and performance in games.
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Abstract

The study objective consist in studied the structure, which marked the change in the general physical fitness of the
same girls throughout the period of their studies at the military academy.

Materials and Methods. The study involved 108 girls, their age at the beginning of the study was 17-18 years. Taking
into account the recommendations of experts, a battery of tests was used to assess the development of basic motor
skills. Testing took place at the beginning of each new school year.

Results. Received evidence of this. During the training at the military academy, the general physical fitness of girls
changes every year, which has its own structure with features that depend on the year of study. The first such structure
is determined by static strength endurance, flexibility, speed qualities, and muscular force, during the second year

of study - static strength endurance, aerobic endurance, and coordination in cyclic locomotions, during the third -
flexibility, explosive force, and aerobic endurance, during the fourth — muscle strength, speed, and aerobic endurance.
Conclusions. Establishing the structure of physical fitness of girls — future officers during each year of study at the
military academy is an important task. To improve the general physical fitness of girls - future officers, it is advisable
to design the content of the program, taking into account the results. The program should focus on the development
of motor skills that form a certain structure of change in the general physical fitness of girls in a given year of study.
Keywords: military academy, physical fitness, structure, program.

Introduction

The professional competence of the military of various
ranks and any specialty is determined by a set of characteris-
tics (Romanchuk et al., 2012; Duncan, 2016). However, one
of the determinants continues to be physical fitness (Kenne-
dy, & Neilson, 2002; Romanchuk et al., 2019; Padgett, 2016).
In the Armed Forces and other paramilitary formations of
Ukraine, such training is aimed at developing qualities that
provide a high level of individual military-professional skills
of a modern soldier, including instant assessment of the situ-
ation, speed, accuracy and maneuverability, physical and
mental endurance (Guidelines, 2009).
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In the leading armies of the North Atlantic Alliance,
physical education and sports are one of the main means
of developing professionally important qualities of future
officers, in particular, leadership and team spirit, the abil-
ity to mobilize all forces to solve specific professional tasks,
including in combat (Shchegolev, 2014; Duncan, 2016). As
you can see, the fact of connection and dependence of pro-
fessional competence of future officers on the state of their
physical fitness does not need to be proved. This fully applies
to girls — future officers (Boyarchuk, 2010; Sliusarchuk & Ie-
dynak, 2015; Dobrovolsky, 2018). Due to the importance of
physical fitness, researchers have studied it in future officers
in various areas. According to studies by Ivashchenko et al.
(2016), Melnykov et al. (2018), Romanchuk et al. (2020),
one of these areas is related to the study of the factor struc-
ture of physical fitness of young people studying in various
institutions of higher education. However, in this direction,
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there are almost no studies on the physical fitness of girls -
future officers during their training at the military academy
(Boyarchuk, 2010; Dobrovolsky, 2018). This also applies to
both components of such training, namely special and gen-
eral (Slyusarchuk, Kedrych, & Dovgal, 2020; Slyusarchuk,
Marchuk, V., & Marchuk, D., 2020; Slyusarchuk, 2020) In ad-
dition, there are no studies aimed at determining the struc-
ture of each component of physical fitness. In connection
with the latter, we note the prospects of the approach, which
involves the use of empirical data that reflect the change in
each studied indicator over a period of time, rather than the
manifestation of values at the time of their receipt. In other
words, it is proposed to study the structure of change in gen-
eral (special) physical fitness, rather than the manifestation
of indicators of this fitness at a given time. The importance
and necessity of information about the structure of change
in physical fitness is related to the possibility to improve the
content of training programs for physical training of girls
- future officers, taking into account the dynamics of their
performance during each year of training at the military
academy. This will help increase the effectiveness of the pro-
grams used in terms of achieving the highest possible results.

Purpose of the research is studied the structure, which
marked the change in the general physical fitness of the same
girls throughout the period of their studies at the military
academy.

Materials and methods

Study participants

The study involved the same 108 girls — future officers
who studied in the military academies of Ukraine through-
out the four years. At the beginning of the study, their age
was in the range of 17-18 years. The focus was on general
physical fitness, namely the structure of its change during
each year of girls’ education. The results of tests that took
place at the beginning of each new year of study were given.

Study organization

To obtain the necessary data, a battery of tests was
formed. These tests met the established requirements (Tur-
vey & Fonseca, 2009; Schmidt & Lee, 2013) and contained
the most common in the practice of physical education mo-
tor tasks (Eurofit, 1993; Fitness testing, 2017; Thomas, Nel-
son, & Silverman, 2011). What is physical fitness, 2017).
Various motor qualities were investigated using the follow-
ing tests: dynamometry (handgrip Camry dynamometer,
back dynamometer from Baseline Products) — maximum
isometric strength; jump in length from place - speed force
of muscles of lower extremities; hanging on the arms bent
at the elbows - static strength endurance; leaning forward
sitting — flexibility; 30-m run test — speed qualities; 12-min-
ute run to the maximum distance (Cooper-Test) — aerobic
endurance; shuttle run 4x9 m —coordination in particular of
cyclic locomotion.

Carrying out dynamometry assumed that the subject
according to the instruction takes the device in a palm, low-
ers a hand downwards and takes away aside-outside on 15-
20°. Then press your fingers on the appropriate part of the
device with maximum force. Each girl performed this action

three times, but the best result was taken into account; mea-
surement accuracy — 0.5 kg. The “jump in length from place”
test was performed in the gym on a specially marked area.
This section provided: a starting line, which began the field
to jump forward; starting from one meter from the start line
to the left and right there was a marking every centimeter.
The jump was performed as follows: the subject stood on the
starting line so that the tips of the toes touch the inner edge
of the line; after that she bent her legs at the knees, tilted
her torso forward, and took her arms back, that is, took a
position, as at the start of the swimmer. At the same time,
the angle of bending in the knee joints, the tilt of the torso
forward and the withdrawn arms, each girl chose for her-
self individually. Basic conditions: maximum convenience
of the starting position to demonstrate the greatest result;
after landing, the girl remained in place until the result was
determined; the test was performed three times, taking into
account the best result - the maximum length of the jump in
centimeters, and the accuracy of measurement - 1 cm. To es-
tablish the result used laser level BOSCH_GLL_2-10-carton,
which forms a laser beam sector for jumps with a mark and
a point on the edge of the heel. If both heels were not on the
same line after the jump, then use the point on the heel that is
closer to the starting line. The test “hanging on the arms bent
at the elbows” was performed on a high crossbar, the starting
position of the “chin over the crossbar”. With the beginning
of the adoption of such a position, the stopwatch was turned
on, and turned off when the girl reached the position of “bar
below eye level” The test involved one attempt, performed
after a preliminary preparation of exercises for the muscles
and joints of the upper extremities; measurement accuracy
one second. The test “leaning forward sitting” provided: the
starting position “sit, legs apart”, while performing the tilt
with your hands to stretch forward as far as possible, legs
at the knees do not bend; after the maximum possible tilt
forward determine the result of the girl with an accuracy of
one centimeter. The starting point was the third finger, and
the zero mark was at the level of the girl’s back; on both sides
of the tilt sector, there was a marking every inch. Three at-
tempts were made, taking into account the best result. The
instrument and method of determining the result were simi-
lar to those used in the “long jump” test. The “30 m run” test
was performed as follows: from the “high start” position on
the team of the teacher, two girls started running with the
maximum possible speed to the finish line; determined the
time of overcoming the distance. The teacher and his assis-
tant were at the finish line, the teacher gave the command
to start the run (lowering the flag from top to bottom) and
at the same time turned on the stopwatch. His assistant did
the same, and he recorded the result of the girl who finished
second, and the teacher - the result of the winner. The mea-
surement accuracy was 0.1 s. The organization and method-
ology of the 12-minute long-distance run or Cooper’s run-
ning test did not differ from the existing recommendations
of this American researcher. In particular, girls are asked to
cover the maximum distance during the specified time, us-
ing running and walking. It is allowed to arbitrarily switch
from running to walking and vice versa. Along the entire
length of the treadmill, there are flags, the distance between
them is 20 m. On the command of the teacher “Rush” girls
from a high start running. The teacher records the number
of complete circles that the girls have overcome, and after

29



ISSN 1993-7989 (print). ISSN 1993-7997 (online). ISSN-L 1993-7989. Teopia ma memoduka ¢i3u4yHo20 8uxo8aHHA. Tom 22, N 1

12 minutes gives the command “Stop”. The girls immedi-
ately stop on the spot, the teacher records the distance of the
incomplete circle, which each girl overcame, guided by the
flag: to the number of complete circles he adds the distance
of the incomplete circle; such a distance is determined by the
number of flags at that distance, which are multiplied by the
distance between them (20 m); measurement accuracy — up
to 10 m. When performing the test “shuttle run 4 x 9 m” took
into account the generally accepted organization and meth-
odology (Omorczyk, Lah, 2009). The main ones in terms
of equipment are as follows: a track 10 m long is limited by
two parallel lines; for each two semicircles of 0.5 m with the
center on the line; two stuffed balls, Casio stopwatch with
a measurement accuracy of 0.01 s. The method of the test
included: on the team of the teacher “On the start” the girl
took the starting position “high start” on the starting line on
either side of the stuffed ball; under the Rush team, the girl
overcame the first 9 m, ran around the stuffed ball from the
right side, then overcame the second section of 9 m and ran
around the stuffed ball again, then repeated the above steps
twice and finished. The test execution time was recorded, the
result was determined with an accuracy of 0.1 s, two attempts
were made, and the best result was taken into account.

Statistical analysis

All statistical analyzes were performed using SPSS Ver-
sion 21. The test results were processed using factorial analy-
sis, which involved determining the major components and
using varimax rotation to normalize the data (Khalafian,
2007). In this case, only statistically significant values were
taken into account, namely at the level of a = 0.05. The or-
ganization of the study took into account the provisions of
the Tenbcincpkoi gexnapanii of the World Medical Associa-
tion (WMA-2013) on the ethical principles of medical re-
search with human participation; the research protocol was
approved by the ethics commission of Taras Shevchenko Na-
tional University “Chernihiv Collegium”

Results

During the first year of training for girls - future of-
ficers, the change in their general physical fitness was
characterized by a structure formed by five statisti-
cally independent factors. The total contribution of the
four factors to the total variance was 71%. This indicated
that the contribution of other, unidentified factors, was
at the level of 29% (Table 1-3). The most important indicator
of the first factor was hanging on the arms bent at the elbows.
Its factor load was 0.745 (p<0.05), and the contribution of
the factor to the total variance was 19.6%.

The contribution of the second factor to the total vari-
ance was 18.7%, the most important indicator here is the
forward sitting (r = 0.778; p < 0.05).

The contribution of the third factor to the total variance
was at the level of 16.9%, the most important indicator on
this factor was running 30 m, the factor load of this indicator
was (-0.844) (p <0.05).

The fourth factor was characterized by the following
features: the contribution to the total variance - 15.8%, the
most important indicator on this factor — the dynamometry
of the hand, its factor load - (-0.921) (p < 0.05).

Table 1. Evaluation of the Feasibility of Applying Factor
Analysis to change the girl’s physical fitness during the first
year of study

KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure 0.507
of Sampling Adequacy (KMO) ’
Bartlett’s Test Approx. Chi-Square 37.489
of Sphericity Df 21
Sig. 015

Table 2. Results of Factor Analysis. Rotated Component
Matrix in the change of the girl’s physical fitness during the
first year of study

Component
No Indicator h?
1 2 3 4

1. Running 30 m -.187 241 -.844 .090 .782
2. Wrist dynamometry -015 .019 .020 -.921 .773
3. Long jump from a place 721 .096 243 -.173 .648
4. Leaning forward while sitting .086 .778 -.025 .182 .651
5. Shuttle run 4x9 m -493 342 .621 .203 .800
6. 12-minute run -.105 -.711 .100 .338 .581
7. Hanging on the crossbar 745 123 -.121 .185 .585

Table 3. Total Variance Explained in the change of of the
girl’s physical fitness during the first year of study

Rotation Sums of Squared Loadings

Component
% of Variance Cumulative %
1 19.600 19.600
2 18.723 39.433
3 16.885 55.891
4 15.821 71.029

Thus, during the first year of training of girls - future
officers in the military academy, the change in their general
physical fitness by 71% was due to a change in the devel-
opment of static strength endurance, flexibility, speed and
muscle strength. As for the remaining 29%, they contained
other, but we have not established the motor abilities of girls.

During the second year of study, the structure of chang-
es in the general physical fitness of girls - future officers
differed from that established one year earlier. Thus, this
structure was formed by four independent factors, namely
three determined it by 62.3%; the remaining 37.7% com-
bined other factors, but we did not identify them. The most
important indicator of the first factor was hanging on the
arms bent at the elbows. The contribution of this factor to
the total variance was 21%, and the factor load was 0.756
(p < 0.05). The peculiarity of the second factor was as fol-
lows: the most important indicator — Cooper-Test, its factor
load - 0.860 (p < 0.05), the contribution of the factor to the
total variance - 22.1% (Table 4-6).

The third factor also contained only one of the most
important indicators. Such an indicator was coordination in
cyclic locomotions, its contribution was 19.2%, and the fac-
tor load was 0.787 (p < 0.05).
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Table 4. Evaluation of the Feasibility of Applying Factor
Analysis in the change of the girl’s physical fitness during
the second year of study

Table 7. Evaluation of the Feasibility of Applying Factor
Analysis to change the girl’s physical fitness during the
third year of study

KMO and Bartlett’s Test KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure 0.501 Kaiser-Meyer-Olkin Measure 0.599
of Sampling Adequacy (KMO) ’ of Sampling Adequacy (KMO) )
Bartlett’s Test Approx. Chi-Square 40.210 Bartlett’s Test Approx. Chi-Square 34.452
of Sphericity Df 21 of Sphericity Df 21
Sig. 013 Sig. 032

Table 5. Results of Factor Analysis. Rotated Component
Matrix in the change of the girl’s physical fitness during the
second year of study

Table 8. Results of Factor Analysis. Rotated Component
Matrix to change the girl’s physical fitness during the third
year of study

No Indicator Component h? No Indicator Component h?
1 2 3 1 2 3
1. Running 30 m -283 -173 551 414 1. Running 30 m 526 312 434 562
2. Wrist dynamometry .672  -.137 558 781 2. Wrist dynamometry -001  .655 135  .447
3. Longjump from a place 598 097 -265 437 3. Long jump from a place 251 667 -236  .562
4. Leaning forward while sitting .034  .853 .072 .733 4. Leaning forward while sitting -.831  .113  .005 .704
5. Shuttle run 4x9 m -090 134 787  .646 5. Shuttle run 4x9 m 257 092  .658  .507
6. 12-minute run 059  .860 -.109 .755 6. 12-minute run -125 012 742 .566
7. Hanging on the crossbar 756 .056 -.152  .598 7. Hanging on the crossbar -219 635 212 496

Table 6. Total Variance Explained in the change of the girl’s
physical fitness during the second year of study

Table 9. Total Variance Explained to change the girl’s
physical fitness during the third year of study

Rotation Sums of Squared Loadings

Rotation Sums of Squared Loadings

Component Component - -
% of Variance Cumulative % % of Variance Cumulative %

1 21.046 21.046 1 16.659 16.659

2 22.121 44.448 2 19.910 40.609

3 19.189 62.343 3 18.434 54.912

Thus, during the second year of training of girls - future of-
ficers in the military academy, the change in their general physi-
cal fitness by 62.3% was due to the change in static endurance,
aerobic endurance and coordination in cyclic locomotions; the
remaining 37.7% contained non-established motor abilities.

During the third year of training of girls - future of-
ficers, it was found that the change in their general physical
fitness is characterized by a structure formed by four statis-
tically independent factors. The total contribution of three
of them to the total variance was 55%, the contribution of
other, but not established by us, factors was at the level of
45%. At the same time, only one of the most important in-
dicators was singled out on the first factor, and it was the in-
clination of sitting forward. The factor load of this indicator
was (r =-0.831; p < 0.05), and the contribution of the factor
to the total variance was 16.7% (Table 7-9).

The second factor also identified only one of the most
important indicators. It was a long jump from a place, the
factor load of which was 0.667 (p < 0.05), and the contribu-
tion to the total variance was 19.9%.

The third factor was marked by the contribution to the
total variance at the level of 18.4%. The most important in-
dicator of this factor was Cooper-Test, and the value of its
factor load was 0.742 (p < 0.05).

Given the above, the change in the general physical fit-
ness of girls — future officers during the third year of training
by 55% was due to changes in flexibility, explosiveness and
aerobic endurance; the remaining 45% contained unidenti-
fied motor abilities.

In the last year of training, the data obtained showed four
statistically independent factors that determine the change in
the general physical fitness of girls - future officers. At the same
time, the total contribution of the three factors was 60.6%, and
the remaining 39.4% were unidentified factors. The specification
of the selected factors indicates that the first factor contained
one indicator with a statistically significant value of the factor
load. This indicator was the dynamometry of the hand, and the
value of the factor load was 0.744 (p < 0.05) (Table 10-12).

The contribution of the second factor to the total variance
was equal 18.7%. To a large extent, this volume was formed
by one indicator, namely running 30 m, as it was marked by
the largest factor load, which was (-0.699) (p < 0.05).

On the third factor, only one indicator was singled out,
but the contribution to the total variance was 17.2%. Such
an indicator was Cooper-Test, and the value of the factor
load - (-0.889) (p < 0.05).

Given the above data, it was noted that the change in
the general physical fitness of girls — future officers during
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Table 10. Evaluation of the Feasibility of Applying Factor
Analysis Matrix in the change of the girl’s physical fitness
during the fourth year of study

KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure 0.504
of Sampling Adequacy (KMO) )
Bartlett’s Test Approx. Chi-Square 40.010
of Sphericity Df 21
Sig. 011

Table 11. Results of Factor Analysis. Rotated Component
Matrix in the change of the girl’s physical fitness during the
fourth year of study

No Indicator Component h?
1 % 3
1. Running 30 m 229 -.699 -202 582
2. Wrist dynamometry 744 004 .042 555
3. Long jump from a place 448 473 238 481
4. Leaning forward while sitting .650 -.174 .119 467
5. Shuttle run 4x9 m .081 .672 -278 536
6. 12-minute run 124 051 -889  .809
7. Hanging on the crossbar 692 329 -469  .808

Table 12. Total Variance Explained Matrix in the change of
the girl’s physical fitness during the fourth year of study

Rotation Sums of Squared Loadings

Component
% of Variance Cumulative %
1 24.714 24.714
2 18.651 43.363
3 17.161 60.524

the fourth year of training by 60.6% was due to changes in
muscle strength, speed and aerobic endurance, while the
remaining 39.4% — a change in undetected motor abilities.

Discussion

Establishing the structure of physical fitness of girls -
future officers during each year of study at the military acad-
emy is an important task. This is primarily due to the ability
to identify the components of physical fitness on which it
depends the most (Ivashchenko et al., 2016; Melnykov et
al,, 2018). In practical terms, such data can contribute to the
formation of a training program that takes into account the
identified dependence. In particular, the content of the pro-
gram focuses on the development of motor skills that form
the established structure.

The obtained data allowed to establish the motor quali-
ties to which the training program should give priority status
in a certain year of girls’ education. Thus, during the first
two years of study, one of the leading places in the struc-
ture of changes in the general physical fitness of girls was
occupied by static strength endurance, and during the sec-
ond or fourth years of study - aerobic endurance. As for the

other studied components of general physical fitness, there
is another feature. It consisted in the fact that during a cer-
tain year of study, motor qualities were additionally singled
out, which also occupied a leading place in the structure
of change. For example, during the first and third years of
girls’ training, this quality was flexibility, during the first and
fourth years - speed and muscle strength, during the second
year — coordination in cyclic locomotions, during the third -
explosive force.

The identified features were associated with a set of rea-
sons, one of which is a sensitive period of development of
motor quality. Thus, for muscle strength, this is the period of
17-18 years (Balsevich, 2000), ie during the first year of girls’
training at the military academy. The data obtained showed
a significant improvement in this motor quality during the
first year of girls’ education and a tendency to deteriorate
during the fourth. In the latter case, the result was associated
with a lack of loads in the training program used to develop
this motor quality. This age period, although not sensitive
to the development of muscle strength, but here you can
also achieve a positive result. The main condition for this is
a larger amount of training loads than in the case when the
motor quality is in the sensitive period (Katzmarzyk & Silva,
2013). The use of such amounts of training will not only
improve the muscular strength of girls, but also a positive
change in the state of general physical fitness. This is due
to the cross-effect, which may form the basis of cumulative
adaptation, which is formed in girls (Wilmore, Costill, &
Kenney, 2012). The essence of this effect is the development
of motor quality or several that were not exercised (Schmidt
& Lee, 2013).

For another motor quality, which was distinguished in
girls, namely explosive power, the period of 19 and 22 years
is sensitive (Radzinska, 1999). The obtained data are to some
extent consistent with the above: during the third year of
study at the military academy, the explosive power of the
girls — the future officers of the girl showed a tendency to im-
prove. This slight change was explained by the lack of loads
in the training program used to ensure the development of
explosive power. This is one of the determining reasons for
the lack of significant growth in the level of development of
any motor quality (Wuest & Bucher, 2005).

A similar conclusion was made after analyzing the data
on the positive trend, which marked the state of develop-
ment of coordination in running, because sensitive for girls
is the period of 17-19 years (Balsevich, 2000).

As for the static strength endurance of girls, the sensi-
tive period is 17-18 years, for endurance during the dynamic
mode of operation in the zone of maximum and submaximal
intensity — 17 years (Kuramshin, 1998), general coordina-
tion — 19-20 years (Karpeev, 1998). This was considered as
the main reason for the separation of static strength endur-
ance in the structure of changes in the general physical fit-
ness of girls during the first two years of study. The need for
a targeted impact on this motor quality was also confirmed
by the data of its changes, namely a significant improvement
during the first and a positive trend during the second year
of study.

Other motor qualities, identified in the structure of
changes in the general physical fitness of girls — future of-
ficers, to some extent consistent with existing information.
In particular, the aerobic endurance of girls at the age of
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17 reaches high values, but usually does not exceed 90% of
the level of an adult. Therefore, the period of 15-20 years is
considered sensitive, and the maximum values of girls reach
25 years (Bergtraum, 2020). Such information is to some
extent consistent with the data obtained on the change in
the state of development of this motor quality. The change
is positive during the second, negative during the third year
of study, and during the fourth shows a significant improve-
ment. One of the reasons for the negative trend in the change
of the state of development of this motor quality was as-
sociated with the inadequate amount of loads of the corre-
sponding orientation, which were provided by the training
program of the girls.

The interpretation of data related to speed qualities was
similar, except for the following: the period up to 14 years is
sensitive, maximum values are reached at 15 years, but some
characteristics can improve up to 25 years and even later (Bal-
sevich, 2000; Katzmarzyk & Silva, 2013; Bergtraum, 2020). As
for flexibility, its development can occur after the most favor-
able adolescence, in particular during 18-25 years and even
later; but a positive result is provided by a very large number
of repetitions of each such exercise (Alter, 2004). According
to our data, the flexibility of girls improved significantly dur-
ing the first year of study, but deteriorated during the fourth.
In the latter case, this result was associated with the lack of
loads aimed at developing this motor quality, which were
provided by the training program used by the girls.

Conclusions

During training at a military academy, the general phys-
ical fitness of girls — future officers changes every year, which
has its own structure with features that depend on the year of
study. During the first such structure is determined by static
strength endurance, flexibility, speed qualities and muscu-
lar force, during the second year of study - static strength
endurance, aerobic endurance and coordination in cyclic
locomotions, during the third - flexibility, explosive force
and aerobic endurance, during the fourth — muscle strength,
speed and aerobic endurance. To improve the general physi-
cal fitness of girls - future officers, it is advisable to design
the content of the program, taking into account the results.
The program should focus on the development of motor
skills that form a certain structure of change in the general
physical fitness of girls in a given year of study.
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CTPYKTYPA 3ATAJIbHOI ®I3U4HOI NIATOTOBJIEHOCTI AIBYAT -
MAMBYTHIX O®ILIEPIB NI/} YAC HABYAHHA Y BIICbKOBI AKAAEMI

Bikrop Cmrocapuyk'*®<P, Iennapiit Egumuak**®, Oxcana brapr*"¥,
Pocrucnas Yanmincpkuit™ %, Jleca Tamamamxyk’“PE, Bagum Craciok®PE, Onena Knroc?5¢

'Hanjionanpuuii yHiBepcureT iMeHi Tapaca [lleBuenka “UepHiriBcbkuii Koneriym”
*Kam’sinenip-Ilofinbcbkmit HaljioHanpHNi YHiBepcuTeT iMeHi IBana Orienka
*Hanionanbunit yHiBepcuTeT “JIbBiBCbKA MOTiTEXHiKa”

ABTopcbkuii BKaj: A — gusaits gocmimpkeHHst; B — 36ip panux; C — crataHanis; D — migroroska pykomnucy; E — 36ip Kourtis

Pedepar. Crarts: 8 c., 12 Tabn., 32 mxepena.

Mera goCHigKeHHA I0/ATaNa y BUBYEHHI CTPYKTYPY,
SIKOIO Bifj3HavYasacs 3MiHa 3arasbHOI Gi3MIHOI MATOTOBIEHOC-
Ti TUX CaMMX JiBYaT IMPOTATOM YCbOIO II€piofy IXHbOTO Ha-
BYaHHA y BilICbKOBIIT aKajeMil.

Marepianu Ta MeTomM. Y [OCTiI>KeHHI B34/10 y4acTb 108
JiBYaT, iXHil BiK Ha TIOYAaTKY NOCTiKEHHA CTaHOBMB 17-18 po-
KiB. YpaxoByioun pexoMeHzpanil (axiBIliB, BUKOPICTOBYBAIN
6aTapero TeCTiB, 10 HO3BOJISA/IA OLIHUTH PO3BUTOK OCHOBHMX
pyxoBux sikocTeit. TecTyBaHHs BifOyBaIoCsi Ha OYATKY KOX-
HOTO HOBOTO HAaBYa/JIbHOTO POKY.

Pesynbratu. Opepskanu fasi, 1o cBigyarhb mpo take. I1ig
yac HaBYaHHA y BilICbKOBiil akajjeMil B 3aranbHiil QisuyHii
Ii/ITOTOB/IEHOCT] AiBYAT LOPOKY BiOYBAa€ThCS 3MiHa, 110 Ma€
CBOIO CTPYKTYPY 3 OCOOMMBOCTAMM, SKi 3a/IeKaTb Bifl POKY
HaBYaHHA. [IpoTATroM nepuioro BU3Ha4al0Th TaKy CTPYKTYPY —
CTaTMYHA CUJIOBA BUTPUBAICTh, THYYKiCTh, IIBUJKICHI AKOCTI
i1 M’s130Ba CIJIa, IPOTSTOM JPYroro pOKy HaBYaHHS — CTaTH4-
Ha CM/IOBA BUTPUBAJICTb, aepOOHa BUTPUBATICTD i KOOPHU-
Halid y UMK/IIYHUX IOKOMOIifIX, IPOTATOM TPeTbOro — THyY-
KicTb, BOyXOBa C1jIa il aepoOHAa BUTPUBAJICTD, IPOTATOM
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YeTBepTOro — M 'A30Ba CM/IA, MIBU/KICHI AKOCTi Ta aepobHa
BUTPUBAICTD.

BucnoBku. BcraHoBneHHA cTpyKTypu ¢isuvHoi mifro-
TOBJICHOCT] fiiBUaT — MaitbyTHIX odilepiB mif 4ac KOXXHOTO
POKy HaBYaHH:A y BiliCbKOBill aKajieMii € BayK/IMBUM 3aBflaH-
HAM. [l mosinieHHs 3araabHOI (isMYHOL MiTOTOBIEHOCTI
HiBYaT — MaitOyTHIX odilepiB OLINBbHO IPOEKTYBATYU 3MICT

BiJJIIOBiIHOI IpOrpaMM, BPaXOBYIOUM OJepKaHi pe3yabTaTH.
ITporpama moBMHHA IepefOavaTy AKI[EHT Ha PO3BUTOK Py-
XOBUX AKOCTEN, 1[0 YTBOPIOIOTh BU3HAYEHY CTPYKTYPY 3MiHMU
B 3arabHiil (i3M4Hil MifrOTOBIEHOCT] AiBYAT y MEBHUIT PiK
HaBYaHHS.

Kirouosi cnoBa: BijicbkoBa axkageMmist, pisndHa migroTos-
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Abstract

Purpose. Soccer is one of the most popular sports worldwide. Soccer goalkeepers are more likely than outfield
players to injure their upper extremities, particularly their shoulders. The Fédération Internationale de Football

Association (FIFA) 11+ Shoulder Injury Prevention Program (FIFA 11+S) was developed to prevent upper extremity
injuries. The aim of this study was to assess soccer goalkeepers” and goalkeepers’ coaches’ awareness, implementation,
and opinion of FIFA 11+S effectiveness in reducing upper extremity injuries.

Materials and methods. A self-administered questionnaire was developed and distributed to worldwide professional

soccer goalkeepers and goalkeepers’ coaches. The survey was available in 10 different languages. The questionnaire
consisted of questions covering the awareness, implementation, and goalkeepers” and goalkeepers’ coaches’ opinion
of the FIFA 11+ Shoulder Injury Prevention Program in reducing upper extremity injuries. Questions development
was guided by several authors expert in sport medicine and injury prevention programs.

Results. A total of 722 goalkeepers and goalkeepers’ coaches completed the survey. The vast majority (97.60%)

of the participants were goalkeepers. Only 204 (28.25%) participants were aware of FIFA 11+S, and 155 (21.46 %)
were implementing FIFA 11+ in their current practice. Participants who implemented FIFA 11+S reported a positive
opinion about the program efficacy, with a score of 8.19 + 0.93 out of 10.

Conclusions. This study is the first to investigate goalkeepers’ and coaches’ awareness, implementation, and opinion
of the effectiveness of the FIFA 11+S program in reducing shoulder injuries globally. Overall, the awareness rate

was exceptionally low, but the implementation level among aware participants was good. Goalkeepers and coaches
attained a positive score regarding the FIFA 11+S effectiveness in reducing shoulder injuries. Further efforts and
research are needed to increase the awareness and usage of the FIFA 11+S program.

Keywords: football, shoulder trauma, upper extremity, surveys, questionnaires.

Introduction

Soccer (which is also known as football) dominates the
global sporting world; there are a total of 275 million male
and female players internationally (Tomlinson, 2014). The

© Al Attar, W.S.A., Yamani, S., Ghulam, H., Eyad Alharbi, E.,
& Sanders, R.H., 2022.
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Fédération Internationale de Football Association (FIFA) as-
sumes a governance role for the sport while also overseeing
the organization of international competitions, such as the
World Cup, which occurs every 4 years (Longo et al., 2012).
Previous studies have shown that elite soccer players sustain
1.5-7.6 injuries for every 1,000 hours of training, while 12-35
injuries may occur for every 1,000 match hours (Ejnisman
et al., 2016). Previous studies have also revealed that low-
er limb injuries are the most frequently occurring injuries
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(67.7%), while upper limb injuries account for 13.4% of all
cases (Ejnisman et al., 2016). During the World Cup that was
held in Athens in 2004, 3.8% of athletes sustained a shoul-
der injury; while a slightly higher percentage (4.4%) was
recorded for the same injury during the European Football
Championship in 2004 (Ejnisman et al., 2016). Most shoul-
der-related injuries affect the glenoid labrum (84%); whereas
labral injuries with associated rotator cuff involvement are
less likely to occur (8%) (Ejnisman et al., 2016). A similar
proportion (8%) was found for isolated rotator cuff injuries
(Ejnisman et al., 2016). Sports injuries are usually associated
with considerable costs, which places financial burden on
injured players in terms of funding surgical interventions
or rehabilitation programs. Furthermore, being forced to
withdraw from sporting participation owing to injuries may
adversely affect athletes’ overall health and well-being (Al
Attar et al., 2021).

Most shoulder injuries gradually manifest over a period
of time, with chronic strain conditions resulting from over-
load (Cools, Johansson, Borms, & Maenhout, 2015). Over-
head athletes may experience chronic shoulder pain because
of repeated exposure to exercise arising from the principle
of adaptation. Other contributory factors include changes in
strength, flexibility, and posture, which may occur in the gle-
nohumeral joint and other kinetic chain links (Cools et al.,
2015). Thus, shoulder-related injuries indicate a clear need
to develop prevention strategies. Furthermore, the identifi-
cation of risk factors associated with shoulder injuries may
be essential in their prevention (Asker et al., 2018).

Depending on the nature of sport, overhead athletes
may be exposed to various levels of risk of sustaining shoul-
der injuries. For example, athletes who are engaged in con-
tact sports were found to be at a greater risk of experiencing
traumatic shoulder injuries (Asker et al., 2018). In addition,
the key characteristic associated with overhead sports is the
need to perform repeated overhead movements (Asker et al.,
2018). Therefore, similarities may be observed between the
mechanisms that can cause non-traumatic shoulder injuries
and those that are required to participate in overhead sport-
ing activities (Asker et al., 2018). Furthermore, age and gen-
der-related variations may have a link to shoulder injuries, as
evidenced by different anatomical positioning seen in diverse
types of sports. Biomechanical risk factors are also important
to consider; impaired shoulder functioning and coordination
or poor throwing techniques may increase the risk of devel-
oping shoulder injuries during overhead sports (Asker et al.,
2018). Accordingly, in seeking to address these challenges,
sport injury prevention programs (IPPs) have been the subject
of significant attention over recent years (Al Attar et al., 2016).

Based on the well-established FIFA 11+IPP, which has
a proven record of accomplishment in preventing injuries,
the FIFA 11+ Shoulder IPP (FIFA 11+S) program adopts a
similar format (Ejnisman et al., 2016). A collaborative effort
between leading global experts in the fields of orthopedics,
physiotherapy, and sports rehabilitation with a particular
interest in shoulder injuries led to the development of the
FIFA 11+S program (Ejnisman et al., 2016). Ensuring that
all sporting activities are performed correctly is critical to
its success. Thus, coaches are essential in overseeing its im-
plementation and advising the players, if required, on how
to perform the exercises to ensure optimal benefit (Ejnis-
man et al., 2016). FIFA 11+S injury prevention program was

used by Al Attar et al. (2021), who observed a reduction of
50% in upper extremity injuries among soccer goalkeepers
compared to using normal warm-ups. The FIFA 11+S pro-
gram can be divided into three main parts. Part I consists of
general warm-up activities, while Part II focuses on build-
ing strength and balance for the shoulder, elbow, wrist, and
finger muscles. Finally, in Part III, participants engage in a
series of advanced exercises to strengthen core stability and
muscle control. The program requires 20-25 min to complete
in full, and it is typically used instead of normal warm-up
activities before training practice (Ejnisman et al., 2016). All
exercises included in the program pay particular attention to
players’ skills such as core stability, neuromuscular control,
eccentric rotator strength, and agility (Ejnisman et al., 2016).
It is reccommended that these exercises are performed three
times per week, and they should be incorporated into the
training sessions of soccer goalkeepers. Part I usually re-
quires 7 min to complete as part of general warm-up activi-
ties. Part II aims to enhance participants’ strength and local
muscular endurance. Program developers recommend that
these exercises are performed for 9-10 min using a combina-
tion of low-resistance (light tubing strength or 2-3 kg) and
high-resistance (three sets of 15-20 repetitions) approaches.
Program developers also suggest that these exercises should
be adapted based on the tolerance levels of individual ath-
letes. The aim of exercises outlined in Part III is to increase
muscular endurance; therefore, participants are required to
perform activities at high velocity with either 5 or 6 sets of
15-20 repetitions (Ejnisman et al., 2016).

Therefore, this study aims to assess soccer goalkeepers
and goalkeepers’ coaches’ awareness, implementation, and
opinion of FIFA 11+S in reducing upper extremity injuries.

Materials and methods

Study Design and Questionnaire

Based on the study objective, a questionnaire was de-
veloped by the study authors to collect information about
the awareness, knowledge, and opinion of goalkeepers
and coaches, along with their views regarding the FIFA
114S program. The developed questionnaire was validated
through pilot testing that was performed before beginning
the study. The study was a cross-sectional survey that tar-
geted goalkeepers and coaches from different continental
football federations. The questionnaire consisted of socio-
demographic questions that included: gender, age, type
(goalkeeper or coach), and the country. The second sec-
tion was on the awareness, where participants were asked
whether they were aware of the FIFA 11+S program; the
participants could answer yes or no. The third section was
on the implementation (yes or no) and was supposed to be
answered only by aware participants. Then, participants who
reported implementing the FIFA 11+S program were asked
about their opinion regarding the program effectiveness in
the prevention of shoulder injuries on a 10-points scale from
0 (ineffective) to 10 (highly effective). The survey was avail-
able in Arabic, Chinese, English, French, German, Italian,
Japanese, Portuguese, Russian, Spanish, and Turkish. This
study was reviewed and ethically approved by the Biomedi-
cal Ethics Committee at Umm Al Qura University, approval
number: HAPO02K012202011487.
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Questionnaire Administration

The survey was uploaded to the well-known online sur-
vey software Google Forms (Alphabet Inc., Mountain View,
California, United States). The link was sent to the goal-
keepers and coaches from different Football Federations;
the purpose of the survey was outlined, and survey ques-
tions were provided. The link was limited to one responder
only. Participants were informed that their participation was
voluntary, and that all data would be kept anonymous, confi-
dential, and used for research purposes only. Responses were
collected from June 2019 to June 2020.

Sample Size and Statistical Analysis

Considering a 4% margin of error at 95% confidence
level, the target number was 900 participants. Responses
were organized in Microsoft Excel 2019 (Microsoft Corp.,
Redmond, Washington, United States). The data were ana-
lyzed using the Statistical Package for the Social Sciences
(SPSS) version 24.0 (IBM Corp., Armonk, New York, United
States). Descriptive statistics were presented as percentages.
Percentages with a 95% confidence interval (CI) are report-
ed. The p-value of 0.05 was set as statistically significant.

Results

The total number of respondents was 722 goalkeepers
and coaches; most of them were males (95%), while females
represented only 5%. Coaches represented 2.40%, and the
remaining 97.60% were goalkeepers. The highest participa-
tion rate was from the Union of European Football Asso-
ciations (UEFA) (36.60%), followed by the Asian Football
Confederation (AFC) (30.60%); while the lowest contribu-
tion was reported from the Oceania Football Confederation
(OFC) (2.20%). The participant characteristics are shown in
Table 1.

When the participants were asked if they were aware
of the FIFA 11+S program, most of them reported «No»
(71.70%); while only 28.30% reported that they were aware
of it. When evaluating the implementation rate among the
minority who were aware of the FIFA 11+S program, it was
determined that most participants were implementing it
(21.50%) vs. 6.80% of those who were not implementing the
FIFA 11+S program. Regarding the opinion of effectiveness
of the FIFA 1148 program in preventing shoulder injuries,
almost all of the participants consider it as being effective at
diverse levels of effectiveness, with the mean (+SD) score of
8.19 (+ 0.938).

The obtained results show significant association be-
tween both the awareness and implementation and the ef-
fectiveness of the FIFA 11+4S program. The awareness level
did not significantly differ either by gender (because the P
value was 0.14) or by the continental football federations;
the awareness level was the highest among the participants
from UEFA (41.7%) and the lowest among those from OFC
(3.4%) (P = 0.33). The data are shown in Table 2.

The continental football federation that reported the
highest implementation of the FIFA 11+S program was OFC
(37.5%), followed by the Confederation of North, Central
American and Caribbean Association Football (CONCA-
CAF) (29.8%); while the lowest implementation rate was

Table 1. Participant Characteristics:

Indicators Frequency (%)

Continental Football Federations

AFC 221 (30.6%)
CAF 116 (16.1%)
CONCACAF 57 (7.9%)
CONMEBOL 48 (6.6%)
OFC 16 (2.2%)
UEFA 264 (36.6%)
Gender

Female 36 (5%)
Male 686 (95%)
Type

Coach 17 (2.4%)
Goalkeeper 705 (97.6%)
Age groups

18-25 61 (8.45%)
26-30 616 (85.31%)
31-35 36 (4.99%)
36-40 9 (1.25%)

Asian Football Confederation (AFC); Confederation of African
Football (CAF); American and Caribbean Association Football
(CONCACAF); South American Football Confederation
(CONMEBOL); Oceania Football Confederation (OFC); Union of
European Football Associations (UEFA)

reported from the South American Football Confederation
(CONMEBOL) (14.6%); however, the difference was not
significant. Moreover, the continental football federations
did not differ significantly in their opinion regarding the
effectiveness of the FIFA 11+S program in preventing shoul-
der injuries, as shown in Table 2. The implementation level
by country is shown in Figurel.

Discussion

This cross-sectional survey study was designed to as-
sess goalkeepers’ and coaches’ awareness and implementa-
tion of the FIFA 11+S program and to assess their opinion
regarding its effectiveness in preventing shoulder injuries.
This study is the first to address this topic. The results of this
study revealed that, globally, the awareness level of the FIFA
11+S program among goalkeepers and coaches was poor.
However, the implementation rate among aware participants
was good, and they rated it as effective in preventing shoul-
der injuries.

It is known that goalkeepers are more exposed to up-
per limb injuries than other soccer players (Cohen, Abdalla,
Ejnisman, & Amaro, 1997; Terra et al.,, 2012). In addition,
shoulder injuries are more common than other soccer inju-
ries (Hart & Funk, 2015). Therefore, goalkeepers and coach-
es should be aware of the programs that may help prevent
such injuries (e.g., the FIFA 11+S program); however, unex-
pectedly, the results of this study showed that the majority of
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Table 2. Comparison between the continental football federations

Continental Football Federations

AFC CAF CONCACAF CONMEBOL OFC UEFA
Indicators

(n=221) (n=116) (n=57) (n=48) (n=16) (n=264)
Awareness
No 165 (74.7%) 89 (76.7%) 39 (68.4%) 37 (77.1%) 9 (56.3%) 179 (67.8%)
Yes 56 (25.3%) 27 (23.3%) 18 (31.6%) 11 (22.9%) 7 (43.8%) 85 (32.2%)
Implementation
No 19 (8.6%) 5 (4.3%) 1(1.8%) 4 (8.3%) 1(6.3%) 19 (7.2%)
Yes 37 (16.7%) 22 (19.0%) 17 (29.8%) 7 (14.6%) 6(37.5%) 66 (25.0%)
Opinion*
0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
1 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
2 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
3 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
4 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
5 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
6 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
7 8(21.6%) 8(36.4%) 2 (11.8%) 4(57.1%) 2(33.3%) 17 (25.8%)
8 16 (43.2%) 8 (36.4%) 4(23.5%) 1(14.3%) 3 (50.0%) 27 (40.9%)
9 11 (29.7%) 3 (13.6%) 5 (29.4%) 0 (0.0%) 1(16.7%) 20 (30.3%)
10 2 (5.4%) 3 (13.6%) 6 (35.3%) 2 (28.6%) 0 (0.0%) 2 (3.0%)

Asian Football Confederation (AFC); Confederation of African Football (CAF); American and Caribbean Association Football
(CONCACAF); South American Football Confederation (CONMEBOL); Oceania Football Confederation (OFC); Union of European
Football Associations (UEFA) *10-points scale from 0 (ineffective) to 10 (highly effective).

Implementation Level by Country
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Figure 1. The FIFA 11+ Shoulder Injury Prevention Program implementation level by country
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worldwide goalkeepers and coaches were unaware of such
programs. However, the lower degree of awareness seems
plausible because coaches are the program deliverers (not
the goalkeepers), and coaches represented less than 2.5% of
the total participants. In addition, the results of this study
showed that the level of awareness and implementation was
significantly higher among coaches.

Previous studies confirmed the preventive and perfor-
mance improvement effect of the FIFA 11+ program in fe-
male and male amateur soccer players (Bizzini & Dvorak,
2015). Based on this, FIFA 11+S was structured to prevent
shoulder injuries. Al Attar et al. (2021) conducted a random-
ized controlled trial aimed to investigate the FIFA 11+S ef-
fectiveness in reducing the incidence of upper extremity in-
juries, and they determined that FIFA 11+S implementation
reduced the upper extremity injury rate among goalkeepers
more than usual warm-up training sessions. The results of
this study confirm the results of the abovementioned study
because most of the participants who implemented this pro-
gram stated that it was effective.

Regarding the implementation rate, the results of FIFA
11+S seem to agree with those obtained for FIFA 11+, and
Al Attar et al. (2018) demonstrated that most of the aware
Australian coaches used it. Though most of the aware par-
ticipants in this current study reported implementing FIFA
1148, a considerable number did not apply it. Similar in-
complete implementation has been also observed in other
IPPs (McKay, Steffen, Romiti, Finch, & Emery, 2014; Wilke,
Niederer, Vogt, & Banzer, 2018). Unfortunately, this study
did not address the reasons for non-usage; however, several
factors have been addressed in previous studies including
non-availability of equipment, limited space, lack of time,
and lack of rated program quality (Joy et al., 2013; McKay,
Merrett, & Emery, 2016).

The results of this study highlighted the need for fur-
ther research. Based on the obtained results, the adherence
to FIFA 1148 necessitates both raising awareness among
unaware subjects and facilitating usage in aware subjects.
Increasing awareness level can be done by improving com-
munication strategies aimed at promoting injury prevention
and warm-up programs. For those who are already aware
but do not use the program, they might need a more detailed
explanation about the program, or they may have difficul-
ties implementing the program that need to be addressed.
Inadequate implementation knowledge has been reported
to be the major obstacle in delivering the prevention pro-
gram for anterior cruciate ligament injuries (Joy etal., 2013).
Therefore, it is highly recommended that FIFA 11+S con-
tents should be adjusted based on the coaches’ educational
background.

As with any study, this study has some limitations. The
implementation of IPP is a complex process, and the vari-
able ‘implement, which was assessed in this study, is only
one facet. In addition to goalkeepers and coaches, who were
invited to participate in this study, medical professionals
and players are other relevant participants that may affect
the success of implementation. Another related aspect to be
considered is the questionnaire design. Overall, and based
on the obtained data, further research should aim to define
and allocate several factors that contribute to concepts such
as program usage, feasibility, or suitability. Despite these lim-
itations, the data were collected from different continental

football federations; therefore, the results can be generalized
globally.

Conclusions

This study is the first to investigate goalkeepers’ and
coaches’ awareness, implementation, and opinion of the ef-
fectiveness of the FIFA 11+S program in reducing shoulder
injuries globally. Overall, the awareness rate was exception-
ally low, but the implementation level among aware partici-
pants was good. Goalkeepers and coaches attained a posi-
tive score regarding the FIFA 11+S effectiveness in reducing
shoulder injuries. Further efforts and research are needed to
increase the awareness and usage of the FIFA 11+S program.
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OBMEXEHE BIMPOBAAXEHHA MPOrPAMU
NPOOUIAKTUKN TPABM MJIEYEN FIFA 11+ (FIFA 11+ S)
CEPEA NPO®ECINHUX ®YTBOJIbHUX BOPOTAPIB

Becam Canex A., Anb-Arrap’>*A5°PE, Camip SAmani'®>,
Xyceitn I'ymam*®®, Esim Anpxap6i'®®, Pocc X. Cangepc? P

'VuiBepcuter YMM Anb-Kypa
*CipHeiicbKuil yHiBepcUTeT
*basenbcbkuil yHiBepcuTeT
*YuiBepcuter Hamkpan

ABTOpPCHKMIT BKTIAZ: A — Am3aitH gocnipkeHHs; B — 36ip ganux; C — crarananis; D — migroroska pykomnucy; E — 36ip komtis

Pedepar. Crarra: 7 c., 2 Tabm., 1 puc., 16 mxeper.

Merta gocmimkenns. OyT6on € OZHUM 3 HANIIOMY/LIp-
HIIVX BUAIB CIIOPTY B ycboMy cBiti. ®yTbONDBHI BOpOTa-
pi 4acTile, HiXXK IIO/IbOBI I'PaBLi, TPAaBMYIOTb CBOI BEPXHI
KiHIIiBKY, 30KpeMa 11edi. [Iporpama npoginakTuku TpaBM
wiedeit 11+ MibkuapoaHoi ¢penepanii pyr6ony (FIFA) 6yna
po3pobiieHa ajst 3amobiraHHs TpaBMaM BEPXHIX KiHI[IBOK.
JaHe TOCTimKeHHS Malo Ha MeTi OLiHUTK 06i13HAHICTB, pi-
BEeHb BIIPOBA/PKEHH: Ta NIYMKY QyTOOIbHUX BOPOTapiB Ta
ix TpenepiB mopno edexrusHocti FIFA 11+4S y smeHuIeHHi
TpaBM BEpPXHiX KiHI[iBOK.

Marepiamu i MeTopu. Byno po3po6eHo onmnTyBagbHIK
IJIs1 CAMOCTIVIHOTO 3aIIOBHEHH: Ta PO3IIOBCIOJI)KEHO cepeq,
npodeciitHux GpyTOONBHUX BOPOTAPIB Ta TPeHePiB BOpOTa-
piB y BcboMmy cBiti. OnuryBanHs 6ymo goctymHe 10 pisHnmu
MoOBaMI. AHKeTa CK/ajanacs 3 IUTaHb, [0 OXOIUIIOBA/IN

00i3HaHiCTh, BIPOBaI>KeHH: Ta IYMKY BOPOTapiB Ta TPEHe-
piB Boporapis mozo [Tporpamu npo¢inakTuku TpaBM Inte-
yeit FIFA 11+ y 3MeHIIeHH] TpaBM BepPXHIX KiHIIiBOK. Po3-
POOKOIO IMTaHb KepyBamy KilbKa aBTOPIB, CHEIaCTiB 31
CIIOPTUBHOI MEMIIVHY Ta IPOrpaM MPODITaKTUKN TPABM.

Pesynpratu. Bcboro B onMTyBaHHI B3ANMM y4acTb
722 Boporapi Ta TpeHepu Boporapis. IlepeBaskHy 6inb-
mmicThb (97,60%) y4acHUKIB ckmafanu BopoTapi. JInmre 204
(28,25%) yuacuyky sHajm 1ipo icayBanHA FIFA 114§, a 155
(21,46%) Buposamxysamm FIFA 11+S y cBoiit moToyHiit
MpaKTULi. Y4YacHUKY, AKi 3acTrocosyBamu FIFA 11+S, mamm
MO3UTUBHMIL BIITYK PO epeKTUBHICTb IPOrpaMu 3 OLjiH-
Koo 8,19 £ 0,93 3 10.

BucnoBknu. lle mocnmimkeHHs € nepummmM, y AKOMY Ji0-
CITIKY€EThCs 0613HAHICTD, PiBEHD BIIPOBAKEHHS Ta [YMKa
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BopoTapiB i TpeHepis mwofo edextuHocti mporpamu FIFA  tuBHOCTi FIFA 11+S y 3meHIenHi TpaBm nnedeit. Heo6-
11+S y 3MeHIlIeHHi TpaBM I/Iedell Y BCbOMY CBiTi. 3arajioM  XifHi Mofjanblii 3ycuIa Ta JOCTi/KeHHA i MifBUILeHHA
piBeHb 06i3HAHOCTI OyB Ha/I3BMYAIIHO HU3BKVIM, ajIe piBeHb  00i3HaHOCTI Ta piBHA BuKOpyucTaHHA nporpamu FIFA 11+8S.
BIIPOBA/PKEHHA cepel; 00i3HaHNX YYacHMUKIB OYB XOpOLIMM. Kmouosi cnoBa: ¢pyr6071, TpaBMa IUIeya, BepXHs KiH-
Boporapi Ta TpeHepu maim MOSUTUBHY OL[iHKY IIOKO eek-  IIiBKa, OUTYBaHHA, aHKeTyBaHHS.
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Abstract

Background. Body balance is among the most important aspects for achieving athletic excellence in competitive
sports. Body balance helps in the development of proper body posture control, which supports high performance
and skill demonstration across all sports. Body balance is known to be positively correlated to competitive athletic
performance. In sports, good balance implies moving more efficiently and with better body control. Yoga is one of
the means of improving body balance, and it has also been linked to enhancing athletic performance. Vinyasa yoga is
a powerful method that targets the entire body. Navigate challenging poses to improve your strength, flexibility, and
balance, especially if you want to target muscle groups that aren’t used in your preferred sport.

The focus of this study. To analyse the efficacy of a 6-week Vinyasa Yoga Training Programme (VYTP) in improving

dynamic body balance of male national level yoga players.

Materials and methods. Twenty male national level yoga players (18-25 years) from the Lakshmibai National
Institute of Physical Education, Gwalior, India, participated in the study. The participants were then randomly
allocated into two groups, one experimental (Vinyasa) and the other control. The Sensbalance machine was used to

measure the dynamic body balance.

Results. ANCOVA indicates a significant difference in the selected variable of dynamic body balance in the
experimental group compared to the control group. When compared to the control group which did not receive any
training, the post-test found that the experimental yoga group significantly improved in dynamic body balance.
Conclusions. VTYP was found to be helpful in enhancing dynamic body balance. In the current study after six weeks
of vinyasa training it was observed that the male national yoga players had a substantial difference in dynamic body

balance compared to the control group.

Keywords: yoga, vinyasa, VIYP, dynamic body balance, competitive sports.

Introduction

Competitive sporting life requires an optimum level of
body balance for better athletic performance. Balance (pos-
tural control) is the ability to maintain the vertical position
of the body’s center of gravity while undertaking coordinated
and precise neuromuscular activity to execute a task (Hrys-
omallis, 2011). Athletes concentrate their training mainly
on objectives: gaining better control over bodily posture,
avoiding injury, and improving performance. In competi-
tions, balance training has been widely required to enhance
balance and thereby minimize the possibility of injury, such
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as ligamentous sprains, which are highly common in sports
(Saraswat, 2015). There are basically two type of balance in
sports to look at equilibrium - static and dynamic balance.
Static balance (e.g., headstand) is described as the ability to
maintain a stable base of support with minimal movement
(Bressel et al., 2007), Static balance is a critical component
contributes to effective performance, particularly in sports
which demands higher bodily postural control (Rogers en
al., 2013). Many experts have inferred that static equilib-
rium is a factor for balance control and suggested for play-
ers since it not only improves sports performance but also
decreases lower extremity damage (Boccolini et al., 2013).
Dynamic balance is the ability of the body (e.g., som-
ersault in gymnastics) to maintain a body’s center of mass
while performing the combination of complex movements
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(Brown & Weir, 2001). Studies have shown that dynamic
balance and postural control are essential for success in all
competitive sports (Cote et al., 2005; Erkmen et al., 2007).
Improving dynamic balance has been found to greater agili-
ty, faster reaction times, and overall performance for athletes
and helps to reduce the risk of acute and chronic injuries,
and overall coordination of the muscle groups in executing
an activity (Brachman et al., 2017).

One of the ways to achieve optimal functioning dy-
namic body balance in athletic performance is to practice
Yoga. Yoga is derived from the Sanskrit word “Yuj”(“gsT”),
which refers to the unification of individual and universal
consciousness (Singh, 2018). Maharshi Patanjali, refers Yoga
as «Yogaschitta vrtti nirodhah,» which means Yoga is a state
of mind that is in balance without any fluctuations in mind
(Saraswati, 2016). Various types of yoga may have differ-
ent goals in terms of focus, mindfulness, and muscular en-
gagement. While Hatha yoga focuses on focused breathing
methods, flexibility, and meditation, Vinyasa yoga focuses
on muscular endurance (Sharma, 2018).

Vinyasa yoga is a yoga method that consists on putting
postures together so that one can flow from one to the next
posture with breath awareness (Ramaswami, 2005). Vinyasa
as a philosophy, acknowledges the impermanent nature of
things, it originally referred to a series, or sequence of steps,
to make something sacred with a stable stance taken up,
hold it for a few moments, and then release it (Saal, 2019).
Vinyasa yoga is one type of Yoga, that can aid in improving
dynamic balance in competitive sports. Many studies has
investigated that yoga practice aids in the improvement of
various physical and psychological dimensions to be precise.
Research revealed that yoga exercises are useful in devel-
oping balance and perception (Rayat, 2015). The findings
imply that a regular yoga practice can improve male college
players’ balance and flexibility and so improves athletic per-
formance (Polsgrove et al., 2016). Previous investigations
states that vinyasa is a cost-effective and alternative training
method, it can improve fitness and boost overall wellness
(Tsopanidou et al., 2020). Positive improvement has been
found in yoga training programme on balance, flexibility
and strength of male soccer players (Kartal & Ergin, 2020).
In a study, following six months of vinyasa training, females
had changes in maximal muscle torque, as well as alterations
in muscle topography (Busko & Rychlik, 2006). Long-term
vinyasa yoga-based programmes have shown enhancement
in health related fitness condition significantly (Boraczynski
et al., 2020). Despite the desirable findings of the studies,
however, no previous studies have investigated on the short-
term (6 weeks) effects of Vinyasa Yoga Training Programme
(VYTP), as well as research on dynamic body balance.

The focus of the present study was to examine the effect
of a short term six-week VYTP on dynamic body balance of
male national level yoga players.

Materials and methods

Study participants

Twenty male national level participants (aged 18-
25 years) with prior yoga experience (but without previ-
ous structured vinyasa training experience) consent for
this study from Lakshmibai National Institute of Physical
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Education in Gwalior, India. Participants were allocated into
experimental (vinyasa training) group and control (daily
schedule) group. Ethical approval was obtained prior to the
study.

Study organization

VYTP in this study consisted of 5 different batteries
of various bodily yogic postures mainly Surya Namaskar,
Standing Vinyasa Series, Plank Vinyasa Series, Proline Vin-
yasa Series and Supine Vinyasa Series, as displayed in Tablel.
On the other hand, Table 2 explaining with a micro-cycle
example about Vinyasa Training program 5 Days a Week.

Sensbalance was utilised as the study’s tool for data col-
lection purpose. Sensbalance is a completely computerised
system machine that is designed for improving balance
(static and dynamic), increase body awareness and coordi-
nation abilities. The angle of maximum tilt was set at 150 in
all directions and time duration was set 30 seconds. During
this test, the person moved the platform and gazed at the
computer screen to track the reference location produced by

Table 1. Six Weeks Vinyasa Programme

S. No.
1 Warmup +Prayer

Test Battery Postures/Asanas

Active Stretching+ Yogic Prayers

2 Surya Namaskar 12 Postures

Awkward chair

Goddess pose

Awkward chair

Goddess pose

Awkward chair

Standing forward bend
Standing high lunge
Pyramid

Standing stretch (Tadasana)
Tree pose

Single leg awkward chair

3 Standing Vinyasa
Series

4  Plank Vinyasa
Series

Pushup plank

Plank

Side plank

Four limbed staff
One leg raise plank
Cross side leg plank

5 Proline Vinyasa
Series

Sarpasana

Upward facing dog(bhujangasna)

Single leg salbhasana

Both leg salbhasana

Reverse boat

Single leg bow pose

Both leg bow pose

6  Supine Vinyasa
Series

Bridge

Single leg bridge
Side leg bridge
Chakrasana
Reverse plank

7  Relaxation Yogic Nidra

Note. Style Adapted from Unpublished thesis LNIPE, Gwalior., by
Singh. V, 2019, p. 18.
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the movement of the circle on the computer screen. The par-
ticipants were required to balance over a single leg through-
out the test. The test results were produced by the computer
when the test time finished.

Procedure

Two sessions were held prior to the start of the VYTP to
familiarise the participants about the data collection, VYTP
procedures and test protocol. The training intervention last-
ed 6 weeks and consisted of 30-minute training sessions (Ta-
ble 1 & Table 2). One micro-cycle lasted 7 days and included
5 training sessions (Monday-Friday) under the supervision
and guidance of the first author. Training data was collected
at two specific intervals: week 1 (before training) and weeks
6 (after training).

Statistical analysis

In this study, IBM SPSS (version 20) software was used
to run ANCOVA analyses to examine the data.

Results

ANCOVA (in Table 3), showing the descriptive statis-
tics information of experimental and control group male
national yoga player about dependent variable: dynamic
body balance after training. The experimental group had
mean and standard deviation of 75.60 + 3.27, and the con-
trol group had mean and standard deviation of 70.50 + 2.50
respectively.

Table 3. Descriptive Statistics Dependent Variable:
Dynamic Body Balance After Training

Group Mean Std. Deviation N
Experimental 75.600 3.272 10
Control 70.500 2.505 10
Total 73.050 3.859 20

The statistical significance level was set at p < 0.05. The
p-value linked with the F-statistics for leg strength is 0.004,
which is less than 0.05 (Table 4), results from ANCOVA
found a significant difference in the selected variable dy-
namic body balance in the experimental group compared
to the control group. When compared to the control group
which did not received any training, the post-test found that
the experimental yoga group significantly improved in dy-
namic body balance.

As a result, when the dynamic body balance of male na-
tional level yoga players was compared to the dynamic body
balance of the control group, the experimental group had a
substantial improvement.

Discussion

The study aimed to evaluate the effect of “six weeks vin-
yasa training on dynamic body balance of male national
level yoga players”. The VYTP included a well-structured
battery of combination of five series of vinyasa yoga posture,
it was conducted for six weeks, five days a week and a ses-
sion of 30 min each. The study resulted that the experimen-

Table 4. ANCOVA Table Dependent Variable: Dynamic
Body Balance After Training

Source Type LII Sum of Df Mean Square F Sig.
Squares
Pre-test 73.803 1 73.803 15.862 .001
Groups 49.853 1 49.853 10.715 .004
Error 79.097 17 4.653
Corrected 282.950 19
Total

Note. a. R Squared = .720 (Adjusted R Squared = .688) b. Com-
puted using alpha = .05

tal group showed significantly better improvement in the
dynamic body balance, revealing that the VYTP was effec-
tive. According to the findings in the current study, VYTP is
helpful in generating significantly positive improvements in
dynamic body balance. The very study also shows that the
five-day-a-week vinyasa yoga practice may have provided
enough stimuli to improve dynamic body balance of yoga
players. It is worth mentioning that even a 6-week interven-
tion was adequate to improve dynamic body balance.

Furthermore, we know that past studies have found that
a yoga intervention improves adolescence balance, flexibil-
ity, and strength (Fillmore et al., 2010). The findings imply
that a regular yoga practice can improve male college play-
ers balance and flexibility, as well as whole body measure-
ments, and so improve athletic performance (Polsgrove et
al., 2016). Previous researches also revealed effectiveness of
long-term vinyasa yoga-based programmes helped in im-
proving health-related fitness condition significantly. The
use of cumulative target heart rate targets resulted in greater
than predicted gains in cardio-respiratory fitness and body
composition (Boraczynski et al., 2020). Vinyasa is an alter-
native training method it can increase overall fitness and
boost wellness (Tsopanidou et al., 2020). In a study, fol-
lowing six months of Vinyasa instruction, changes found
in maximal muscle torque, as well as alterations in muscle
topography (Busko & Rychlik, 2006), regular exercise pro-
grammes with resistance training and yoga training, can
help people with multiple sclerosis improve their lower limb
strength and balance (Hosseini et al., 2018). The analysing of
data in another study revealed that yoga exercises are useful
in developing balance and perception (Rayat, 2015). It was
found that the 6-week yoga programme improved balance,
flexibility and strength of male soccer players thus coaches
must implement it in the training before the competitive sea-
son since they will help soccer players enhance their overall
motor skills (Kartal & Ergin, 2020). Evidently, these findings
strongly support present study of short term yogic interven-
tion on sports performance enhancement.

One of the potential limitations of the study that may
have affected the results could have been its limited sample
size, this study was focused at one gender (male), one sport
(yoga), and level of players (national-yoga), which may have
affect its generalizability. Another study potential limitation
was that the subjects’ lifestyle, routine, eating habits, and so-
cioeconomic background may have influenced the findings.

Over the due course of time, it is observed that this
study performs well as a pilot study, implying the possibility
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of a larger investigation. According to the findings, future
research is needed to see how well vinyasa yoga meets the
needs of other various population subgroups (e.g., eating dis-
ordered, overweight/obese, sedentary, and smokers). Future
studies should focus on different time intervals, and research-
ers could use comparable studies to address diverse groups
of players from different sports and genders. Other areas of
future research should focus on vinyasa effect on physiologi-
cal aspects such as oxygen consumption changes, metabolic
analysis and energy expenditure during different paces of
vinyasa and time intervals. Postural practices, meditative
forms such as tai-chi, and other types of yoga such as hatha
and ashtanga can also be worked up to determine if they
enhance other skill and fitness related physical components
such as static equilibrium, which is equally vital in sports.

According to the findings of the study, vinyasa yoga
could be beneficial for improving balance, reducing the
chances of injuries in competitive sports, eventually assist-
ing to enhance the performance. Coaches and teachers could
use vinyasa in training programmes since it will contribute
in the development of static body balance of the players.

Conclusion

In competitive sports, dynamic body balance is essen-
tial, and vinyasa yoga can help in improving dynamic body
balance. According to this study, VI'YP was found to be
helpful in enhancing dynamic body balance. In the current
study after six weeks vinyasa training it was observed that
the male national yoga players had a substantial difference
in dynamic body balance compared to control group. To
conclude, coaches can incorporate the vinyasa training pro-
gramme as an alternative to their training programme to
increase dynamic balance and athlete performance in com-
petitive sports.
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BrJinB TPEHYBAHHA BIH'ACA HA AUHAMIYHY
PIBHOBATI'Y TU1A CNOPTCMEHIB-4OJ10BIKIB,
AKI SANMAIOTbCA NOrol0 HA HALLIOHAJIbHOMY PIBHI

i iHTX , TEeHIIMHT M bxyTi
Bikac Cinrx*2cP, Te Hopcom bxyria

ABCD
>

Maxengpa Kymap Cinrx*®, Hi6oy P. Kpimna*®<P

Hanjionanbuuit iHcTuTyT Qisnynoro BuxosaHHA imMeni Jlaxumi bait

ABropcbknii BKaj: A — gusaits gocmimpkeHHs; B - 36ip ganux; C - cratananis; D — migroroska pykomnucy; E — 36ip xomtis

Pedepar. Crarts: 7 c., 4 Tab11., 21 mKeperL.

IIpo6nemarnka. PiBHOBara Tila € OHUM i3 HallBa>K/IU-
BilIMX ACIIEKTiB I JOCATHEHHSA aT/IETUYHOI MaliCTEpPHOC-
Ti y 3MaraJbHMX BUflaX CIOPTY. PiBHOBara Tina gomomarae
Y PO3BUTKY IPaBUILHOTO KOHTPOIO TIOCTaBY, 1[0 CIPUAE
BJMICOKMM JJOCATHEHHAM Ta JEMOHCTpalil HaBMYOK Y BCiX
BUJJAX CIIOPTY. Biomo, 1110 piBHOBAra Tijla HO3UTUBHO KOpPe-
JIIO€ 3 KOHKYPEHTOCIIPOMOXXHVMMU CIIOPTUBHUMM 3HiOHOC-
TsAMI. Y CIOPTI Xopolia piBHOBara repegbadae 6ibur eex-
TUBHMIT PYX i Kpaiuit KOHTPO/b Hay TitoM. Viora € oM
i3 3ac00iB /17151 TOKpalljeHHsI pIBHOBATM Ti/la Ta IiBUILEHHS
CIIOPTUBHUX pe3ynbTariB. Bin'Aca-ltora — e moTy>XHMI
METOJ], Halli/IeHNII Ha PO3BUTOK BCHOro Tima. Bukonyiite
CK/IafHi 1031, 1106 MOKPAIIUTY CBOIO CUTY, THYYKICTD Ta
piBHOBaAry, 0COOMMBO AKIO BY XOYeTe POSBUHYTU IPYIN
M’s131B, AKi He 3ajigHi y BallOMY OCHOBHOMY BU/Ii CIIOPTY.

Merta moOCHifpKeHHA — IpoaHaisyBary epeKTUBHICTD
6-TVKHEBOI TpeHyBaIbHOI porpamu Bin’sca-itoru (TIIBI)
Y IOKpallleHHi AMHaMi4HOI piBHOBATY Tijla CHOPTCMEHIB-40-
JIOBIKiB, fIKi 3a/IMaIOTbCs JIOTOI0 Ha Hal[iOHA/IbHOMY PiBHi.

Marepianu i MeTomy. Y4yacHMKaMy JOCTiKeHHS OY/In
IBaILIATh CIOPTCMEHIB-Y0/IOBIKiB, fAKi 3a/IMalOTbCA JIOTOI0

Ha HalioHanbHOMY piBHI (18-25 pokiB), 3 HamionansHo-
ro iHCTUTYTY ¢isuyHoro BuxoBaHHA imeHi Jlakumi Baii,
IBamiop, Inpia. YuacHUKIB BUIIAZKOBMM YMHOM OY/IO PO3-
IiTeHO Ha JBi IpyIu: eKCcllepyMeHTaIbHYy (BiH Aca) i KOHTp-
onbHY. JI71 BUMipIoBaHHA JMHAMidyHOI piBHOBAaryu Tina BU-
KOpUCTOBYBaBcs mpuaf Sensbalance.

Pesynbratn. KoBapianiitHnit aHamis Bkasdye Ha 3HAUHy
pisHuIft0 y BUOpaHilt 3MiHHIN fuHaMiYHOI piBHOBAru Tina B
€KCIIEPMMEHTAJIbHII IPYIIi IOPiBHAHO 3 KOHTPOJIBHOIO I'PY-
I010. Y TIOPiBHAHHI 3 KOHTPOJIbHOIO I'PYTIOI0, AKa He IPO-
XOfIM/Ia )KOJHOTO TPEHYBAHHS, MiJICYMKOBMII TECT TI0Ka3aB,
10 eKCIepMMeHTaIbHa TPyNa 3 JOTM 3HAYHO MOKpaIluIa
IVHaMi4HY piBHOBAry Tija.

Bucnosku. byno BusBneHo, 1o TIIBV gonomarae mo-
KpalluTHU JMHaMi4Hy piBHOBary Tina. JlaHe focCmif>KeHHA
II0KA3aJI0, 10 IiC/IA IIeCTU TVOKHIB TPEeHyBaHHA BiH sAca
CHOPTCMEHU-YOJIOBIiKM, fKi 3a/IMalOTbCs JIOTOI Ha Haljio-
Ha/JIbHOMY PiBHi, Ma/Ii iCTOTHY piSHMIIIO B AVHAMIi4Hill piB-
HOBAa3i Tijla MOPiBHAHO 3 KOHTPOJIBHOIO IPYIIOI0.

Kmto4oBi croBa: itora, Bin’sca, TTIBV, quuamiuna pis-
HOBara Ti/la, 3MarajabHi BUAK CIIOPTY.
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Abstract

Background and Objectives: There is a shortage of criteria referent standards for tests of logistic application meant

to estimate the cardiorespiratory fitness (CRF) of children and adolescents in the Republic of North Macedonia. The
goal of the research was twofold: (1) To identify the ability of CRF estimated by the 20-m shuttle-run test (20mSRT)
to discriminate between “healthy” and “unhealthy” phenotypes (by adiposity measures such as WC and WHR) in

children; (2) To determine the correlation between obesity and relatively maximum oxygen consumption (VO, peak)
tested on a relatively large respondents’ sample of Macedonian children. The research was conducted on a sample of
1,863 respondents, 957 (51.4%) of whom were boys, and 906 (48.6%) were girls at the age of 7 to 10 years. All of them
were from 19 primary schools in the central and eastern parts of the Republic of North Macedonia.

Materials and Methods: The waist circumference (WC) and waist-to-height ratio (WHtR) were used to identify body
adiposity markers. CRF was measured using the 20mSRT (VO, peak). Receiver operating characteristic curves and
logistic regression were applied in order to establish the discriminative power of CRF in anticipating the parameters

of body adiposity markers.

Results: With regard both to the boys and girls, VO, peak showed considerable predictive power of identifying the
body adiposity (area under the curve [AUC] > 0.66). In boys, when considering the full sample (7-10 years), the best
cut-point for VO, peak to detect body fat by WC were 48.8 to mL'kg™"-min~' and WHIR were 47.4 to mLkg"min~".
For girls, when considering the full sample (7-10 years), the best cut-point to detect body fat by WC were 47.4 to

mLkg"'min~' and WHtR were 47.1 to mL-kg™"min~".

Conclusions: According to these cut-points, adolescents with low CRF were more likely to be obese either by WC
or WHtR. The border values (cut-points) of CRF can be used as quantitative markers of children of healthier body

characteristics from the Republic of North Macedonia.

Keywords: epidemiology, obesity, weight status, children, adolescents.

Introduction

The lack of physical activity, and the low level of car-
diorespiratory fitness (CRF) are a huge threat for the public
health. Yet their prevailing number is rapidly increasing in
countries of development, as is generally the case with Mace-

© Elezi, A, Kadriu, V,, Elezi, G., Georgiev, G., & Gontarev, S.,
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donian children and adolescents (Gontarev & Kalac, 2016;
Gontarev et al.,, 2016; Gontarev et al., 2018). Along with
that, those of the children suffering from obesity and fat are
very likely to remain overweight persons up to their mature
age, and there is a greater possibility for them to develop
some metabolic risks during their younger age (Sahoo et al.,
2015). Although the clinical manifestations of many chron-
ic disease are chiefly displayed in the mature age, it is well
known that the long asymptomatic phase of development
has its roots early in a personss life, often in their childhood

48



Elezi, A., Kadriu, V., Elezi, G., Georgiev, G., & Gontarev, S. (2022). Cardiorespiratory Fitness Cut-Points Related to Body Adiposity
Parameters in Macedonian Children

(Balagopal et al., 2011), which indicates that the initiative of
chronic disease prevention should begin within the years of
that period of life.

The cardio-respiratory fitness is an equally powerful
predicator of a mortal risk, just as the traditional risk fac-
tors such as smoking, obesity, hypertension, dyslipidemia
and type 2 diabetes mellitus both with children, adolescents
and aged population (Kaminsky et al., 2019). A considerable
number of research works emphasize the relation between
the low level of cardio-respiratory fitness and adiposity with
a great risk of cardio-metabolic diseases among the young
(Mintjens et al., 2018). In response, the fitness and health
outcomes in youth assessment guidelines have called for a
better understanding of the close relation between the com-
ponents of fitness and body composition (Pillsbury, Oria
& Pate, 2013). In this sense, the mutual relation of the in-
creased adiposity with a lower level of cardio-respiratory
fitness is generally the strongest when adiposity is measured
by imagining techniques; it is somewhat weaker when it is
assessed by using WC and WHtR, and the weakest when
the body mass index (BMI) is used (Lee & Arslanian, 2007).

Despite that the physical fitness and body adiposity can
be correlated, they are not markers of different diseases’
risks. It is established in a certain number of studies, which
have been conducted on young population, that those of the
youngsters who have a low level of adiposity and low level of
cardio-respiratory fitness are subjected to a higher cardio-
vascular risk than those of the young persons who though
have greater adiposity but at the same time have an adequate
level of cardio-respiratory fitness, regardless their muscular
fitness and body composition (Grentved et al., 2015; Silva et
al., 2018). Recently, Silva et al. (2018) have established that
the results obtained from the 20-m shuttle run test, which
was applied to Canadian children at the age from 8 to 12
years, were correct so that the sample could be classified
according to the fat indicator in relation to the CRF level.
In the present study, when using sex-specific cut-points, it
was found that regardless of the 20mSRT indicator (laps,
VO,peak or speed), those children having less of the recom-
mended values face a greater possibility to become obese,
either by WC, BMI, or both, regardless the factors as the age,
the time spent on electronic devises, and the level of physical
activity. These results confirm the results obtained in other
research works which have established that the cardio-respi-
ratory fitness is independent of the factor of obesity risk and
increases the necessity of development of CRF health-related
standards in order to predict the cardio-metabolic health of
young people. According to that, the comparison of the dif-
ferences in the criteria referent standards of different pred-
icative equality that are used for assessing the aerobic capac-
ity will help to identify different phenotype risks (optimal
and poor health) from the CRF levels estimated by 20mSRT
performance and will be of significant public health value.
Apart from the fact that there are criterion-referenced cut-
points in many countries of high economic development,
there is only one study conducted in the R. N. Macedonia
(Pireva et al., 2018).

The instructions of estimating the fitness activity of the
young population suggest of better understanding of the
mutual correlation between the physical fitness and body
composition (Pillsbury, Oria & Pate, 2013). Therefore, the
defining of the criterion-referenced cut-points connected

with the body adiposity parameters in children and adoles-
cents can be useful in identifying the target population for
prevention of primary chronic diseases, as well as for creat-
ing national politics for promotion of health. The goals of
the present research were twofold: (1) To identify the ability
of CRF estimated by the 20mSRT to discriminate between
“healthy” and “unhealthy” phenotypes (by adiposity mea-
sures such as WC and WHR) in children; (2) to establish
the connection between the obesity and relative maximum
oxygen consumption (VO,peak) on a relatively big sample of
Macedonian children.

Materials and Methods

Participants

The research was conducted on a sample of 1863 children
from 19 primary schools in the central and eastern part of the
Republic of North Macedonia, of which 8 are located in rural
and 11 in urban areas. The sample was divided into two sub-
samples by gender: 957 respondents were boys and 906 re-
spondents were girls. The average age of the respondents was
8,98+2,37 years. The study included all students whose par-
ents agreed to participate in the study, who were psychophysi-
cally healthy, and who regularly attended physical and health
education classes. The respondents were treated in accordance
with the Helsinki Declaration of 1961 (revision of Edinburgh
2013). The protocols were approved by the Ethics Committee
at the University “St. Cyril and Methodius” in Skopje.

The measurements were carried out in March, April and
May 2019 in standard school conditions at regular physi-
cal and health education classes. The measurements were
performed by kinesiology and medicine experts, previously
trained in performing functional tests and taking anthropo-
metric measures.

Body Adiposity Parameters

The measurements of weight, height, and WC were car-
ried out at school applying standardized procedures; all the
instruments were verified before measuring each subject.
Weight was measured in underwear and without shoes with
an medical decimal weight scales, to the-nearest 0.1 kg, and
height was measured barefoot in the Frankfort horizontal
plane with a telescopic height measuring instrument (Mar-
tin’s anthropometry) to the nearest 0.1 cm. Body mass index
was calculated as bodyweight in kilograms divided by the
square of height in meters. Waist circumferences were mea-
sured twice using inextensible anthropometric tape with the
children standing erect and relaxed, with arms at the sides
and feet positioned close together. Waist circumference was
measured midway between the lowest border of the rib cage
and the upper border of the iliac crest, at the end of nor-
mal expiration (de Oliveira & Guedes, 2018) WC and height
were used to calculate WHtR, with obesity defined as >0.50
according to previous reports (Schwandt & Haas, 2016). The
75th percentile of WC according to age and gender were
determined based on data collected from the de Ferranti et
al. (de Ferranti et al., 2004). WC and WH{tR have been used
as proxies for central (visceral) adipose tissue which has re-
cently received attention as a marker of ‘early health risk’ in
many populations (Ashwell & Gibson, 2016).
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Cardiorespiratory Fitness (CRF)

The 20 meter shuttle run test (Leger et al., 1988) was
used to measure fitness. All testing was completed on a firm
and level surface (concrete play area at each school). For this
test, children were required to run back and forth between
two lines placed 20 meters apart. A sound signal was emitted
from a pre-recorded tape to dictate running speed. Frequen-
cy of the sound signals increased such that running speed
increased by 0.5 km/hour each minute from the starting
speed of 8.5 km/hour. The test ended when children could
no longer keep pace with the sound signal. The last stage
that children reached was used to predict maximal oxygen
uptake (VO,max) from the running speed corresponding to
that stage (VO,max = 31.025 + 3.238 X - 3.248 A + 0.1536,
where X = the final speed and A = age). This test showed
good to very good repeatability and validity (Ramirez-Vélez
etal., 2015).

Statistical Analysis

The basic statistical parameters (arithmetic mean, stan-
dard deviation, frequency) were calculated for all variables.
The normal distribution of all variables was controlled by
Kolmogorov-Smirnov method. None required transforma-
tion due to normally distributed. In order to establish the
gender differences, the following tests were applied: T-test,
Cohen d and 2 tests. Pearson’s correlations were calculated
in order to quantify the connection between CRF and the
body adiposity parameters. Diagnosis screening tests (Swets,
1973) (sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive likelihood
ratio (LR+), and negative likelihood ratio (LR-)) and ROC
(receiver operating characteristic) curve analysis have been
applied in the determination of cut-off values for analyzed
parameters. In addition, the present sample was classified

Table 1. Characteristics of the sample

according to the cut-points suggested in the present study
and logistic regression analysis with odds ratio (OR) and
95% confidence intervals (CI) was calculated. Univariate and
multivariate analysis adjusted for age were used separately
for boys and girls. All the analyses were performed using the
statistical programs MedCalc 16.8.4° (Ostend, Belgium) and
SPSS 24.0° software (SPSS, v. 24.0 for WINDOWS; SPSS Inc.,
Chicago, IL, USA), and values of p < 0.05 were considered
statistically significant.

Results

The research was conducted on a sample of 1863 respon-
dents, of whom 957 (51.4%) boys, and 906 (48.6%) girls, all
at the age of 7 to 10 years. The average age of the respondents
was 8.98 £ 2.37 years.

Table 1 represents the characteristics of the sample. The
inspection of Table 1, which represents the values of the
arithmetic means, standard deviation, and the level of statis-
tic significance, shows that there are statistically significant
differences between the male and female respondents with-
in the variables: BMI (kg/m?), Waist circumference (cm),
Waist-to-height ratio, 20-m shuttle run test (Laps), and 20-m
shuttle run test (VO, peak). The inspection of the obtained
results shows that the boys have a greater body mass index,
waist circumference, waist-to-height ratio and achieve better
results in the test of assessing the cardio-respiratory fitness,
as compared to the girls.

The distribution of the state of obesity, calculated by
the body mass index (BMI), WC >75th percentile for age
and sex, waist-to-height ratio > 0.50, BMI and waist cir-
cumference and BMI and waist-to-height ratio in children
regarding their gender, is presented in Table 1. The analysis
of Table 1 and inspection of x2 tests show that statistically
significant differences between the boys and girls exist in the
fat calculated by the waist-to-height ratio > 0.50 and BMI

S Full Sample Boys Girls p Value (Cohen d)
Mean SD Mean SD Mean SD for Sex
Age (years) 8.98 2.37 8.90 1.13 9.07 3.20 0.129 0.03
Height (cm) 134.92 9.21 134.89 9.05 134.95 9.37 0.898 0.01
Weight (kg) 34.55 10.44 34.71 10.95 34.39 9.88 0.507 0.03
BMI (kg/m?) 18.98 3.76 19.18 3.97 18.76 3.52 0.021 0.11
BMI z-score 0.01 0.99 0.01 0.99 0.01 0.99 1.000 0.00
Waist circumference (cm) 61.43 9.05 62.41 9.57 60.41 8.35 0.000 0.22
Waist-to-height ratio 0.45 0.07 0.46 0.07 0.44 0.06 0.000 0.31
Overweight/Obesity* 717 38.5% 362 37.8% 355 39.2% 0.290 (N.A)
Obesity (WC >75" percentile for age and sex)® 510 23.0% 258 23.3% 252 22.8% 0.414 (N.A)
Obesity (waist-to-height ratio > 0.50)° 411 18.4% 253 22.6% 158 14.2% 0.000 (N.A)
BMI and waist circumference 398 21.4% 203 21.2% 195 21.5% 0.457 (N.A)
BMI and waist-to-height ratio 334 17.9% 200 20.9% 134 14.8% 0.000 (N.A)
Stg 3.56 1.45 3.89 1.60 3.21 1.16 0.000 0.49
VO,max 48.19 3.45 49.04 3.73 47.29 2.86 0.000 0.53

* Obesity defined as Cole et al. (2000); ® >75™ percentile waist circumference definition established by De Ferranti et al. (2004); © obesity
defined as >0.50 according to Schwandt and Haas (2016). BMI: body mass index; WHIR, waist-to-height ratio. No applicable (N.A).
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Table 2. Diagnostic properties of VO, peak (20-m shuttle run test) according to the equation of Léger et al. to detect body fat by age and sex group.

Specificity (%) LR (+) R (-) PPV (%) NPV (%)
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Sensitivity (%)

Cut-Points,
mL-kg!-min~!

AUC (95% CI)

Age/Sex

Boys
Obesity by WC >75th percentile for age and sex

85.12 (77.5-90.9)
83.17 (74.4-89.9)
87.84 (82.8-91.8)

2.47 (2.1-2.9) 0.23 (0.1-0.3) 42.4 (36.1-48.9) 93.7 (90.2-96.2)

0.792 (0.754 to 0.825) <49.0 65.52 (60.7-70.1)
<47.0

7-8 years old

2.70 (2.2-3.2) 0.24 (0.2-0.4) 45.9 (38.5-53.4) 92.9 (88.9-95.8)

69.16 (63.8-74.2)
60.25 (56.6-63.8)

0.826 (0.787 to 0.861)

9-10 years old

0.20 (0.1-0.3) 40.3 (35.9-44.8) 94.2 (91.7-96.1)

2.21(2.0-2.4)

0.796 (0.769 to 0.821) <48.8

7-10 years old

Obesity by WHIR (0.50)

68.25 (63.7-72.6)

2.5 (2.1-3.0) 0.30 (0.2-0.5) 34.3 (27.9-41.1) 94.1 (90.9-96.4)

2.69 (2.2-3.3)

<48.6 79.35 (69.6-87.1)

0.796 (0.759 to 0.829)

7-8 years old

53.5 (46.0-60.9) 88.3(83.5-92.1)

0.31 (0.2-0.4)

71.04 (65.5-76.1)

77.95 (69.7-84.8)
73.06 (66.7-78.8)

<47.0
<47.4

0.786 (0.744 to 0.824)

9-10 years old

2.88 (2.5-3.3) 0.36 (0.3-0.5) 46.1 (40.8-51.5) 90.3 (87.7-92.6)

74.66 (71.4-77.8)

0.802 (0.775 to 0.827)

7-10 years old

Girls
Obesity by WC >75" percentile for age and sex

66.96 (57.4-75.6)
60.00 (49.7-69.7)

1.72 (1.4-2.1) 0.54 (0.4-0.7) 35.0 (28.7-41.8) 85.4 (80.5-89.5)

60.96 (55.7-66.1)

0.664 (0.619 to 0.706) <47.7

7-8 years old

2.29 (1.8-2.9) 0.54 (0.4-0.7) 40.8 (32.8-49.2) 86.0 (81.4-89.8)

73.8 (68.7-78.4)
50.73 (46.9-54.5)

<44.8
<47.4

0.716 (0.671 to 0.758)

7-10 years old  0.666 (0.634 to 0.697)

9-10 years old

0.48 (0.4-0.6) 32.1(28.0-36.4) 87.0 (83.3-90.2)

1.53 (1.4-1.7)

75.47 (69.1-81.1)

Obesity by WHtR (=0.50)

68.08 (63.3-72.6)

0.50 (0.4-0.7) 25.6 (19.2-32.8) 92.2 (88.6-95.0)

2.06 (1.6-2.6)

65.67 (53.1-76.8)

0.703 (0.659 to 0.744) <47.3

7-8 years old

68.08 (63.3-72.6) 2.06 (1.6-2.6) 0.50 (0.4-0.7) 25.6 (19.2-32.8) 92.2 (88.6-95.0)

0.687 (0.641 to 0.730) <457 65.67 (53.1-76.8)

9-10 years old

66.14 (63.7-68.5) 2.12 (1.9-2.3) 0.43 (0.4-0.5) 33.4(30.1-36.9) 90.8 (88.9-92.4)

<47.1 71.71 (66.7-76.3)

0.736 (0.715 to 0.756)

7-10 years old

AUC: area under the curve; 95% CI: 95% confidence interval; LR+: positive likelihood ratio; LR: negative likelihood ratio; PPV: positive predictive value; NPV: negative predictive value; WC, waist circumference;

WHIUtR: waist-to-height ratio.

and waist-to-height ratio. It is not established statistically
significant differences between the boys and girls in the rest
of the indexes of assessing the obesity. The percentage values
suggest that a greater percentage of the boys are classified in
the category of fat ones, calculated by waist-to-height ratio >
0.50 and BMI and waist-to-height ratio.

For boys and girls (Table 2, VO, peak showed signifi-
cant predictive capacity for obesity (area under the curve,
AUCs > 0.66). In boys, when considering the full sample (7-
10 years), the best cut-point for VO, peak estimated by the
equation of Léger et al. to detect body fat by WC were 48.8
to mL-kg™"-min~' and WHtR were 47.4 to mL-kg"-min~". For
girls, when considering the full sample (7-10 years), the best
cut-point to detect body fat by WC were 47.4 to mL-kg™"-min™"
and WHtR were 47.1 to mL-kg™"-min".

Across all age and sex groups, CRF was weak to moder-
ate negative correlated with WC and WHtR (Table 3).

Finally, according to cut-points suggested (Table 2), ad-
olescents with low CRF were more likely to be obese either
by WC or WHIR (Table 4).

Discussion

The basic results of the present study suggest that the
cardio-respiratory fitness (estimated by 20-m shuttle run
test) presented discriminatory ability in identifying a poor
health profile (estimated by body fat parameters) in both
girls and boys aged 7-10 years. Additionally, the suggested
cut-points for low CRF were associated with obesity in all
ages and sexes.

The study results are in accordance with the research
conducted on a sample of 8740 Canadian children at the
age of 8.0-12.9 years, and these results show the negative
connection between the 20-m shuttle run test and and
cardiometabolic risk (as assessed by adiposity measures),
and that CRF cut-points obtained by ROC analysis have
a good discriminative power of predicting the obesity
(Silva et al., 2018). In the present research, the offered
optimum CRF cut-points for children of 8 to 12 years
were 41 mL-kg™"-min™' for the boys and 39 mL-kg™"-min™'
for the girls. In another similar research which has been
conducted on a sample of 16.619 British children at the
age of 11-13.9 years from Liverpool (Boddy et al., 2012),
the offered values for identification of children exposed to
the risk of obesity were 41.9 mL-kg'-min! for girls, and
46.96 mL-kg™"-min™" for boys. In research conducted on a
sample of 72.505 adolescents from Chille and Columbia, at
the age of 13 and 15 years (Prieto-Benavides et al., 2019),
the offered values of children exposed to obesity risk were
43.77 mL-kg™'-min! for boys and 38.53 mL-kg'-min™' for
girls. In our research, regarding the whole sample of the
male respondents, the optimal cut-points for WC was 48.8
mL-kg™-min~ while for WHtR it was 47.4 mL-kg"-min™".
The whole sample of female respondents has the optimal
cut-points’ value for WC of 47.4 mL-kg™"-min~', while those
of WHtR were 47.1 mL-kg™"-min~".

Two studies of research (Lang et al., 2019; Ruiz et al.,
2016) regarding CRF cut-points to identify red flags for
healthy and unhealthy phenotypes in children and adoles-
cents, offer two temporary international referent criterion
standards of 42 mL-kg™"min"' u 35 mL-kg"-min™" for boys
and girls at the age of 8-18 years, respectively.
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Table 3. Pearson correlation coefficient of association between cardiorespiratory fitness and body fat parameters by sex

Boys Girls
Indicators
7-8 years old 9-10 years old 7-10 years old 7-8 years old 9-10 years old 7-10 years old
WC (cm) -0,376* -0,486% -0,462% -0,320% -0,438* -0,301%
WHItR -0,276* -0,359% -0,341* -0,227% -0,300% -0,248%
WC, waist circumference; WHIR, waist-to-height ratio. * p < 0.001 (r, Pearson correlation coefficient).
Table 4. Association between unhealthy level of cardiorespiratory fitness and obesity by sex
Boys Girls
Indicators Crude Analysis Adjusted Analysis Crude Analysis Adjusted Analysis
y ) Y ! ) Y
(OR (95% CI) (OR (95% CI) + (OR (95% CI) (OR (95% CI) +

Obesity by WC >75" percentile for age and sex

Low cardiorespiratory fitness

9,76 (6,68-14,26)* 9,77 (6,69-14,28)*

8,12 (5,54-11,92)* 8,53 (5,78-12,61)*
Obesity by WHtR (>0.50)

3,39 (2,47-4,67)*
4,12 (3,27-5,19)*

3,40 (2,46-4,69)*
4,95 (3,84-6,37)*

Sex-age-specific cut-points

Sex-specific cut-points

Low cardiorespiratory fitness
7,21 (5,03-10,32)*
8,35 (5,65-12,35)*

Sex-age-specific cut-points

Sex-specific cut-points

7,21 (5,02-10,35)*
7,89 (5,33-11,70)*

3,25 (2,23-4,74)*
4,98 (3,84-6,44)*

3,26 (2,23-4,76)*
5,21 (3,96-6,86)*

OR: odds ratio; 95% CI: 95% confidence interval; WC, waist circumference; WHtR, waist-to-height ratio. T Adjusted analyses for age;

* Logistic regression (p < 0.001).

The cut-points offered in our study are higher than those
offered by Lang et al. (2019) and Ruiz et al. (2016). The rea-
son for these differences might lie in the fact that our study
makes use only of indexes of assessing the excessive body
weight and obesity in order to define the poor health profile,
whereas whereas the Ruiz and Lang cut-points used dif-
ferent cardiometabolic factors of risk. In addition, most of
those studies have been conducted on a local sample of re-
spondents who might not have the necessary representativ-
ity with regard to the whole population level. Further, both
studies showed cut-points for CRF for many high-income
countries, and, so far, there are very few studies conducted
on a large sample of children and adolescents from the West
Balkan, and especially from the Republic of North Macedo-
nia (Pireva et al., 2018).

In general, these studies suggest the existence of signifi-
cant connection between CRF and the indexes of assessing
the obesity which is detectable as early as in the childhood
and adolescent period, and which can be used in creating
strategies and prevention measures for reducing the car-
diometabolic factors of risk. The harmful results that are
ascribed to the obesity can be reduced to a certain degree by
maintaining the suitable levels of CRF (Mintjens et al., 2018;
Lang et al., 2018a). In our research, we have also tested the
connection between CRF and indexes of assessing obesity as
well as the proposed cut-points of low CRF and obesity. The
connection between our cut-points for low CRF and obesity
give a clear insight of the connections between the unfavour-
able CRF and the lower health status, and emphasizes the
necessity of the public-health intervention for raising the
level of physical fitness of young population.

Such kind of interventions — for example in the school
environment - should include promotion of physical activity
in order to increase the CRF levels (Pozuelo-Carrascosa et

al., 2018), which were alluded to in the most recent guide-
lines for physical activity (Physical Activity Guidelines Advi-
sory Committee, 2018). Having in mind the results obtained
in our research and comparing them with 142 studies (Lang
et al., 2018b), which have examined the correlation between
20mSRT and different health indicators in children and ado-
lescents, it can be concluded that 20mSRT is positively con-
nected to the physical, physiologic and psycho-social and
cognitive health of young persons, and it can be used as a
holistic indicator of health which can help to identify the
young persons running the risk of developing poor health.

Our research has several limits which should be taken
into consideration when interpreting the results. In the first
place, the pattern of a vertical zonation of our study does
not allow us to explain the causality. Secondly, if the study
had covered some other cardiometabolic factors of risk (e.g.,
dyslipidemia, blood pressure and insulin resistance), some
additional information might have been obtained about the
prognosticated assessment values. And finally, VO,peak was
established by the formula of results obtained from 20mSRT,
but standard methods of testing by direct measuring of oxy-
gen consumption are required to be applied in order to con-
firm out cut-points.

The chief advantage of the present study is its potential
usefulness of the cut-points, which can be used in the train-
ing research by the teachers in the subject of Physical Educa-
tion as well as the health workers in the countries of the West
Balkan, and especially in the Republic of North Macedonia.
Since 20mSRT is a simple, practical and cheap method of
assessing CRE, it can be used in examining the connection
between the physical activity and health of children and
adolescents with regard to the population level (Lang et al.,
2018). Finally, the significance of the present study is the rel-
atively great sample of respondents, which makes it possible
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to have a sensible examination of different indicators of the
excessive weight and obesity on the level of a whole popula-
tion in order to have better profile of Macedonian children.

Conclusions

Though a transversal research was conducted, AUC
demonstrated moderate discriminative power, and our re-
sults confirm the ability and usefulness of CRF (assessed by
20mSRT) in detecting fat in children. Our findings also sug-
gest that the proposed cut-points for low CRF are associated
with obesity, in both genders. Therefore, teachers of Physical
Education and health workers can use locally the obtained
cut-points values for VO, as a cheap and practical method
which can help to identify children and adolescents under
the threat of poor health.
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NMOPOrOBI TOYKN KAPAIOPECNIPATOPHOI MIAFOTOBJIEHOCTI,
NOB’A3AHI 3 NAPAMETPAMW OXKUPIHHA TINIA Y MAKEAOHCbKUX QITEN

Aopynna Enesi'A®“PE, Bamon Kagpiy**®<PE, Ipeca Ene3i*ABCPE,
Teopriii [eopries***“P¥, Cepboxxa [onTapes* *Pk

"Yuisepcurer B [Ipnmruni

*YHiBepcuTeTchKuit KiiHiuHMiT neHTp KocoBa
’AMepuKaHcbKa mikapHs, [Ipumtiaa
*Kupnno-MedopiiBcbknit yHiBepcuTeT B CKOIT'€

ABTOpCBHKIMIT BKIIAL: A — FU3aiiH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepar. Crarts: 7 c., 4 Tab1., 27 IKeperL.

ITpo6memarnka ta uwini. ¥ Pecniy6miui IliBHiuna Maxke-
JIOHiA He BMCTaYae KPUTEPIIB Ta CTAHAAPTIB [JIA TECTIB JIOTiC-
TUYHOTO 3aCTOCYBAHHA, IIPU3HAYEHNUX J/IA OL[iHKM Kappiopec-
nipatopuoi npugarHocti (KPII) y miteit Ta migmiTkis. Merta
TOCTiHKEHH S 6yna nBoskomw: 1) Busnauntn smaraicte KPII,
110 OILIiHIOETHCA 3a JOIOMOIOK0 TeCTY «20-MeTpOBMIT YOBHU-
KOBIII 6ir», pO3pisHATHU «3[OPOBi» Ta «HE3AOPOBi» PEHOTUIIN
(3a mokasumkamu oxupinss, Takumu Ak OT ta CT3) y gireit;
2) BusHaunTy B3a€MO3B’SI30K MK OKMPiHHAM Ta BiTHOCHO
MaKCMMA/IbHIM CHOXUBaHHAM KucHioo (VO,peak), mepesi-
PEHMM Ha BiIHOCHO BeNUKiil BUOIpLi MaKeJOHCHKUX [iTell.
HocnifKeHHs TpoBefeHo Ha Bm6ipui 3 1863 pecnioHpeHTiIB, 3
Axux 957 (51,4%) 6ynu xnormrauku ta 906 (48,6%) — miBuara Bi-
KoM Bif 7 o 10 pokis. Yci BoHu 6ynu yaHsaMu 19 o4aTKOBUX
IIKIT [eHTpPalIbHOI Ta cXifHoi yacTuH Pecniy6mixu ITiBHiYHA
MakepoHis.

Marepianu i metogu. Oxpyxuicts Tanii (OT) Ta cmis-
BifHOIEHHA Tanii Ta 3pocty (CT3) BUKOpUCTOBYBamucA Asa
BU3HAUYEHHA MapKepis oxmpinna rima. KPII Bumiprosanu 3a
JOIIOMOroI0 TecTy “20-meTpoBuit YoBHMKOBMI 6ir” (VO,peak).
Kpusi onepaniifHux XapakTepuCTUK IpuUiiMaya Ta JOTiCTUYHA

perpecist Oy 3aCTOCOBaHi /Isl BCTAHOB/IEHHSI PO3Pi3HA0Y0L
sparHocTi KPII y mpornosyBanHi mapameTpis MapKepiB 0Xu-
PpiHHA Tina.

PesynbraTu. SIK /151 XIOITYMKIB, Tak i A/t giBdyat, VO,peak
II0Ka3aB 3HAYHY IIPOTHOCTUYHY 3JATHICTb /11 BU3HAYEHHH
oxupinus (wioma nif xpusow [AUC] > 0,66). Y X/IOI4UKIB,
npu posrisifi noBHoI Bubipku (7-10 pokiB), Hailkpaia mo-
porosa touka ast VO, peak i BUSHaueHHs XUPOBOI Macu
Tina 3a gomomoror OT 6yma fo 48,8 mm-xr'x8™, a CT3 - 5o
47,4 mirkr-x™. ¥V giBuyar, npy posrraii mosHoi Bubipku (7-
10 pokiB), HaKpaljoo TOYKOIO Isi BU3HAYEHHS >XMPOBOI
macu Tina 3a gonomoro OT 6yma o 47,4 mr-xr'-xs™!, a CT3
- 10 47,1 m-krtxsL,

BucHOBKI. 3TriflHO 3 I[MMM ITOPOTOBMMM TOYKAMM, IifI-
itk 3 Huspkoto KPII wactinte manm oxupinus 3a OT abo
CT3. Ipannuni sHauenna (moporosi Toukn) KPIT moxyTh
6yTu BUKOPUCTaHI K KiMbKiCHI MapKepu [yis fiTeit 3 6imbiin
3OPOBMMU XapaKkTepucTuKamu Tina 3 Pecny6rmixn IliBHiuHa
MaxkenoHis.

Knrouosi cnoBa: emifemiosnorig, oxupinug, mMaca Tina,
OiTU, TiTITKA.
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Abstract

The study purpose. This study aims to evaluate the effect of the Tabata aquatic training method program in

increasing the muscle power of beginner level athletes.

Materials and methods. The researcher used a mixed method in this study. There were twenty swimming athletes
(n =20, age: 14.40 + 1.18 years, height: 169.20 + 3.18 cm, weight: 62.20 + 2.26 kg) who agreed to participate in this
study and were divided into two groups. The treatment group (n = 10) received the Tabata aquatic program and the
control group (n = 10) swam every day without participating in any physical activity. The Tabata aquatic program
was carried out for 9 weeks with a frequency of 3 times a week. After implementing the Tabata aquatic program,
10 athletes were interviewed. This study applied a quantitative research instrument, including squat jumps, and a
qualitative research instrument, including individual in-depth interviews lasting for 30 minutes each. Analysis of
quantitative data using IBM SPSS version 25.0 and qualitative data using thematic analysis was applied.

Results. Quantitative study results showed that there was a significant increase in the squat jumps test (leg muscle
power) in the treatment group and vice versa, there was no increase in the control group. However, in qualitative
research results, most participants mentioned that the Tabata aquatic program is a fun training method and has a

positive effect.

Conclusions. After carrying out the Tabata aquatic program for 9 weeks, we confirmed that this training method has
a great impact on improving athletes’ leg muscle power in swimming.
Keywords: Leg muscle power, Tabata aquatic, Swimming athletes, Mixed methods.

Introduction

Muscle power is a product of force and movement speed
that plays an important role in athlete performance in all
competitive sports, such as basketball, martial arts, soccer
and swimming (Loturco et al., 2015)which influences sports
performance. However, the traditional determination of the
specific workload at which power production is maximized
(i.e., optimum power load. Previous studies reported that a

© Gani, R. A, Achmad, I. Z., Julianti, R. R., Setiawan, E.,
Németh, Z., Muzakki, A., Yanti, N., & Habibie, 2022.
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great muscle power resulted a long throw in shot put train-
ing (Zaras et al.,, 2013). Similar results were shown in judo,
a great muscle power could improve athletes’ performance
much better in the competition (Campos et al., 2018). In
sports like soccer, muscle power plays a key component to
generate a hard kick (Burhaein, Ibrahim & Pavlovic, 2020). A
study conducted by Alricsson, Bjérklund, Ekstrom & Osten-
berg (2016) reported that athletes’ experienced a decline in
physical condition in the era before and during COVID-19
(Setiawan, Iwandana, Festiawan & Bapista, 2020). Based on
these facts and data, athletes and coaches need to find an ap-
propriate training method to increase muscle power.
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Nowadays, Tabata training or known as high intensity
interval training (HIIT) (Biddle & Batterham, 2015; Foster et
al.,, 2015; Tabata, 2019; becomes popular in among athletes and
coaches in several countries (Evangelista et al., 2017; Muraws-
ka-Cialowicz et al., 2020) obesity, type-2 diabetes. Tabata is a
method that combines high-intensity exercise and rest (Joo,
201515.3 + 1.2; the final bout, 18.6 + 0.9; P< 0.001; Sumpena &
Sidik, 2016). Tabata training works in 20 seconds intervals of
high intensity exercise and 10 seconds for rest and repeated 8
times for a total of 4 minutes (Ekstrém, Ostenberg, Bjérklund
& Alricsson, 2017). Previous studies reported that the Tabata
training method had an effect on increasing muscle power
(Gillen & Gibala, 2014). A recent study has proven that Tabata
training method is effective for improving physical fitness in
handball athletes (Setiawan et al., 2020) and martial arts (Patah
etal,, 2021). Another advantage of the Tabata training method
that has been reported is the ability to increase V02max endur-
ance (Greenlee et al., 2017) and reduce obesity rates (Burhaein
et al,, 2020). The effects of the Tabata training method have
been reported internationally by researchers in various coun-
tries (Kong et al., 2016; Wewege et al., 2018; Torma et al., 2019).
However, the analysis focused only on traditional Tabata-
based training methods or often performed in closed or open
spaces, while this research focuses more on evaluating Tabata
aquatic which is a training or physical activity carried out in
a water with or without music (Ryzkova, Labudova, Grznar
& Smida, 2018). The Tabata aquatic training method should
be carried out twice a week and each exercise must reach an
intensity load of 50-85% HRmax (Rebold, Kobak & Otterstet-
ter, 2013). Previous studies have found that Tabata aquatic is
effective in improving cardiorespiratory fitness (Mcdaniel et
al., 2020). However, as far as we know this research is the first
work that evaluate Tabata aquatic training method to increase
the leg muscle power of swimming athletes. In addition, our
study presents different method from previous studies, namely
a mixed method in an effort to evaluate the effect of Tabata
aquatic training method has based on a quantitative and quali-
tative perspective. This research has implications as a valuable
information or reference for coaches, lecturers and athletes
regarding the importance of using the Tabata aquatic training
method and being a solution for trainers about methods that
can be used during the COVID-19 pandemic. Therefore, this
study aims to evaluate the effect of Tabata aquatic training
method on improving athletes’ leg muscle power.

Materials and Methods

Participants

This study used a mixed method, which is a type of re-
search that combines quantitative (experimental) and quali-
tative (in-depth interviews) method. Based on data from
previous studies, it shows that mixed method was effective
for uncovering and overcoming a problem.

Participants was taken from 20 beginner level swim-
ming athletes in Karawang Regency (age: 14.40 + 1.18
years, height: 169.20 + 3.18 cm, weight: 62.20 + 2.26 kg).
Participants were divided into an treatment group (Tabata
aquatic group, n = 10), in which the training program was
carried out in the water for 9 weeks and a control group
(CG, n=10), in which the participants performed their daily
swimming exercise routine or without followed any physical

exercise program for 9 weeks. Before starting this research,
all participants were asked to write a statement letter about
their willingness to participate in all activities in this study.
This study was approved by the Indonesian National Sports
Committee Karawang Regency (E-177/9/2021) and in ac-
cordance with the World Medical Association Code of Eth-
ics (Helsinki Declaration for humans).

Instruments

Quantitative Instruments

In this mixed method study, the instrument for mea-
suring the level of leg muscle power was squat jumps (SJ)
(Alemdaroglu, 2012). All participants work on SJ in twice
trials and the best score was used for statistical analysis
(Garcia-Pinillos, Camara-Perez, Soto-Hermoso & Latorre-
Roman 2017).

Qualitative Instruments

Meanwhile, the qualitative instrument used in-depth
interviews with participants with a duration of 30 minutes
per person. Interviews were conducted directly and used
Bahasa language.

Study organization

This mixed research was conducted from September
until October 2021 in Karawang district (Indonesia). There
were several meetings that had been held for quantitative
research. The first meeting was conducted on September 15,
2021, with 20 participants involved in initial test activities
(S]) and swimming tests. The second meeting on September
8, 2021, the treatment group carried out the Tabata aquatic
training program until the 21st meeting (22 October 2021).
The 22nd meeting (24 October 2021), all participants carried
out the final test activity, namely S]. The Tabata aquatic train-
ing is held in the morning in the swimming pool located
at Singaperbangsa University Karawang (Indonesia). This
study strictly implement COVID-19 health protocol, for ex-
ample, all participants and the research team were checked
for body temperature and used hand sanitizer prior training.
While, the qualitative research was carried out on 27 and
29 October 2021, the treatment group were interviewed for
30 minutes each and the interviews were conducted using
Bahasa. The Tabata aquatic program is presented in Table 1.

Table 1. Tabata aquatic program

Training Unit

Exercise Activities Duration
Components
Warm-up Prestretch and cardiorespiratory 10 min
warm-up (e.g. Jogging).
Focuson  Exercise is done at high intensity for
practice 20 seconds for one form of exercise
and 10 seconds for rest.
Tabata aquatic program: 4 min
Squat jump, jumping jack, barrier
hop, high knee.
Cool-down Cardiorespiratory cool down and the 10 min

poststretch.
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Statistical analysis

Quantitative analysis

Normality and homogeneity testing used Shapiro-Wilk
analysis and Levene Test (p > 0.05). While the descriptive sta-
tistics (M + SD) and the difference in the pre-test and post-
test SJ scores of the Tabata aquatic and control groups were
tested using Independent Sample t-test analysis. The level
applied in this study was p < 0.05, which means it is accepted
as significant. The size of effect size was calculated as follows:
small d: <0.5, medium d: 0.5-0.79 and large d: >0.85. All data
were analyzed using the IBM SPSS tool (version 25.0).

Qualitative analysis

The qualitative analysis in this study was thematic, the
results of in-depth interviews were coded and categorized
into three themes (Ekstrom, Ostenberg, Bjorklund & Alrics-
son 2017), namely: theme 1: Tabata aquatic training experi-
ence, theme 2: benefits of training Tabata aquatic and theme
3: disadvantages of Tabata aquatic training.

Results

The normality test results were normally distrib-
uted (p = 0.110>0.05), similar with homogeneity test
(p=0.126>0.05). In the pre-test and post-test of SJ, the Tabata
aquatic group showed a significant increase (p = 0.002<0.05),
it was indicated by the size of effect (d = 0.76) (Table 2).
Meanwhile, the control group showed that there was no im-
provement in SJ (p = 0.567>0.05) and effect size (d = 0.00).

The results of qualitative research through in-depth in-
terviews with participants obtained the following results:

Theme 1: Tabata Aquatic Training Experience

Most of the participants mentioned that “the applica-
tion of Tabata aquatic makes us feel satisfied and fun while
doing leg muscle power training. In addition, we feel Tabata
aquatic is the right method to increase leg muscle power
during the current pandemic crisis””

While some of the participants stated that “Tabata
aquatic provides a lot of training or movement experience
for us and we also feel very enthusiastic in practicing because
it is accompanied by music”

And the rest argued that “Tabatata aquatic training ac-
companied by music, so it cause us to not feel bored while
doing the exercises. And we agreed to continue using Tabata
aquatic to increase our muscle power, even though this re-
search has been completed.”

Theme 2: Benefits of Tabata Aquatic Training

Most of the participants expressed the opinion that “The
benefits of applying the Tabata aquatic training method are it
is easy to implement and fun.”

While some argue that “Tabata aquatic increases the
muscle mass of our leg, so our swimming speed becomes
better”

Some argue that “The Tabata aquatic training method
has a better efficiency rate than other types of training or this
training can save more time.”

Theme 3: Disadvantages of Tabata Aquatic Training

Most of the participants argued that “If physical fitness
is not in good condition, Tabata aquatic will pose a risk of
injury to the user”

Then some argue that “When going to do Tabata aquatic
training it is better to do optimal warm-up, because high-
intensity training is possible to cause injury or leg cramps.”

Discussion

The objective of this study was to evaluate the effect
of the Tabata aquatic training method on increasing ath-
lete’s leg power. The main finding in our quantitative study
showed that the Tabata aquatic (EG) training method which
had been carried out for 9 weeks has a positive effect on
increasing leg muscle power (7-10% muscle performance),
thus increasing the speed in swimming athletes. The im-
provement in high muscle power occured because Tabata
performed in water (aquatic) has a heavier load than Tabata
performed on land, thus requiring the muscles to work more
optimally (D’Acquisto et al., 2015). In addition, the form
of exercise or movement used in the Tabata aquatic pro-
gram is explosive with high intensity (80-90%) and it is the
key to success in triggering an increase in the power aspect
(Fajrin, Kusnanik & Wijono, 2018). Similarly, research by
Garcia-Pinillos et al. (2017) found that HIIT/Tabata training
resulted in an increase in muscle performance (6-9%), sprint
performance, speed swimming and cycling. Even, Herbert
et al. (2017) reported that conducted Tabata for 6 weeks can
increase the muscle power of master level athletes. On the
other hand, the control group (CG) did not show a signifi-
cant increase in leg muscle power.

While in qualitative research show that most athletes
agreed that the Tabata aquatic method is a very fun and not
boring exercise because it is accompanied by energetic music
and of course this training has a positive effectiveness for
improving the condition of leg muscle power possessed by
swimming athletes. The results of this study are in line with

Table 2. Differences values in pre-test and post-SJ in the EG and CG groups

EG CG
Dependent Pre-Test Post-Test ES Pre-Test Post-Test ES
Variable p 5 p K
Mean(SD) Mean(SD) (d) Mean(SD) Mean(SD) @«
SJ 42.0 (9.3) 52.8 (11.4) 0.002  0.76 352 (4.1) 34.4(3.9) 0.567  0.011

SJ: Squat Jumps, SD: Standard Deviation, EG: Eksperimental Group, CG: Control Group, p: Signifikansi; ES (d): Effect Size

(Cohen’s d)
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previous studies (Garcia-Pinillos et al., 2017). For example,
an aquatic-based Tabata performed for 10 weeks was effec-
tive to improve the physical fitness of students (Ryzkova et
al., 2018).

In summary, our research has implications for provid-
ing alternative methods for swimming and other researcher
could use this study as a reference for further research. In
addition, according to the training effect size, Tabata aquatic
has a moderate effect on increasing the leg muscle power
of beginner level swimming athletes. Future studies are in-
teresting to follow up, for example comparing the Tabata
aquatic training method with Tabata that conducted on land.

Conclusions

Based on the results and findings in this study, it can be
concluded that the Tabata Aquatic training method program
has been shown to have an effect on increasing leg muscle
power. However, this study still has limitations, namely the
limited number of participant and scope is relatively small,
only from one sport. Therefore, it is suggested further stud-
ies need to be carried out with many athletes from other
sports. This research has implications for being a solution for
coaches to improve the physical condition of athletes during
the COVID-19 pandemic crisis and provide information for
lecturers, coaches, students or athletes about the importance
of using the Tabata aquatic training method.

Acknowledgement

We would like to express our gratitude to all parties,
especially to the University of Singaperbangsa who has sup-
ported us in the journal preparation process.

Conflict of interest

All researchers declare that there is no conflict of inter-
est in this research.

References

Loturco, L., Nakamura, E Y., Tricoli, V., Kobal, R., Abad, C.
C. C,, Kitamura, K., Ugrinowitsch, C., Gil, S., Pereira,
L. A, & Gonzélez-Badillo, J. J. (2015). Determining the
optimum power load in jump squat using the mean
propulsive velocity. PLoS ONE, 10(10), 1-12.
https://doi.org/10.1371/journal.pone.0140102

Zaras, N., Spengos, K., Methenitis, S., Papadopoulos, C.,
Karampatsos, G., Georgiadis, G., Stasinaki, A., Manta, P,
& Terzis, G. (2013). Effects of strength vs. Ballistic-power
training on throwing performance. Journal of Sports
Science and Medicine, 12(1), 130-137. http://www.jssm.org

Campos, B. T., Cabido, C. E. T., Soares, Y. M., Pedrosa, G. E,
Mendes, T. T., & de Almeida, R. S. V. (2018). Exercicio
preparatorio de forca isométrico aumenta o desempenho
de poténcia muscular de judocas. Journal of Physical
Education (Maringa), 29(1), 1-8.
https://doi.org/10.4025/jphyseduc.v29i1.2910

Burhaein, E., Ibrahim, B. K., & Pavlovic, R. (2020). The
relationship of limb muscle power, balance, and
coordination with instep shooting ability: A correlation

study in under-18 football athletes. International Journal
of Human Movement and Sports Sciences, 8(5), 265-270.
https://doi.org/lO.13189/saj.2020.080515

Alricsson, M., Bjorklund, G., Ekstrom, A., & Hafsteinsson
Ostenberg, A. (2016). Introducing Tabata intervals and
stability exercises in school children by a school-based
study. European Journal of Public Health, 26(suppl_1).
https://doi.org/10.1093/eurpub/ckw174.222

Setiawan, E., Iwandana, D. T., Festiawan, R., & Bapista, C.
(2020). Improving handball athletes’ physical fitness
components through Tabata training during the outbreak
of COVID-19. Jurnal SPORTIF, 6(2), 375-389.
https://doi.org/10.29407/js_unpgri.v6i2.14347

Biddle, S. J. H., & Batterham, A. M. (2015). High-intensity
interval exercise training for public health: A big HIT
or shall we HIT it on the head? International Journal of
Behavioral Nutrition and Physical Activity, 12(1), 1-8.
https://doi.org/10.1186/s12966-015-0254-9

Foster, C., Farland, C. V, Guidotti, E, Harbin, M., Roberts, B.,
Tuuri, A., Doberstein, S. T., & Porcari, J. P. (2015). The
Effects of High Intensity Interval Training vs Steady State
Training on Aerobic and Anaerobic Capacity. Journal of
Sports Science and Medicine, 14(August), 747-755.

Tabata, 1. (2019). Tabata training: one of the most energetically
effective high-intensity intermittent training methods.
Journal of Physiological Sciences, 69(4), 559-572.
https://doi.org/10.1007/s12576-019-00676-7

Evangelista, A. L., Evangelista, R. A. G. d. T., Rica, R. L,,
Machado, A. F, Miranda, J. M. Q,, Teixeira, C. V. L. S.,
Lopes, C. R., & Bocalini, D. S. (2017). Effects of high-
intensity calisthenic training on mood and affective
responses. Journal of Exercise Physiology Online, 20(6),
15-23. https://www.asep.org/resources/jep-online/

Murawska-Cialowicz, E., Wolanski, P., Zuwala-Jagiello, J.,
Feito, Y., Petr, M., Kokstejn, J., Stastny, P., & Golinski,
D. (2020). Effect of hiit with tabata protocol on serum
irisin, physical performance, and body composition in
men. International Journal of Environmental Research and
Public Health, 17(10), 1-15.
https://doi.org/10.3390/ijerph17103589

Joo, C. H. (2015). Development of a non-damaging high-
intensity intermittent running protocol. Journal of
Exercise Rehabilitation, 11(2), 112-118.
https://doi.org/10.12965/jer.15195

Sumpena, A., & Sidik, D. (2016). The Impact of Tabata
Protocol to Increase the Anaerobic and Aerobic Capacity.
Journal of Physics: Conference Series, 755(1).
https://doi.org/10.1088/1742-6596/755/1/011001

Ekstrém, A., Ostenberg, A. H., Bjorklund, G., & Alricsson, M.
(2017). The effects of introducing Tabata interval training
and stability exercises to school children as a school-
based intervention program. International Journal of
Adolescent Medicine and Health, 31(4), 1-11.
https://doi.org/10.1515/ijamh-2017-0043

Gillen, J. B., & Gibala, M. J. (2014). Is high-intensity interval
training a time-efficient exercise strategy to improve
health and fitness? Applied Physiology, Nutrition and
Metabolism, 39(March), 409-412.
https://doi.org/10.1139/apnm-2013-0187

59



ISSN 1993-7989 (print). ISSN 1993-7997 (online). ISSN-L 1993-7989. Teopia ma memoouka ¢i3uyHo20 8uxo8aHHA. Tom 22, N2 1

Patah, I. A, Jumareng, H., Setiawan, E., Aryani, M., & Gani, R.

A. (2021). The importance of physical fitness for pencak
silat athletes : Home-based weight training tabata and
circuit can it work ? Journal Sport, 6(1), 86-97.
https://doi.org/10.25299/sportarea.2021.vol6(1).6172

Greenlee, T., A, Greene, D., Ward, N., Reeser, G., Allen, C,,
Baumgartner, N., Cohen, N., Kramer, A., Hillman, C,,
& Barbey, A. (2017). Effectiveness Of A 16-Week High-
Intensity Cardioresistance Training Program In Adults.
The Journal of Strength and Conditioning Research, 31(9),
2528-2541.
https://doi.org/10.1519/JSC.0000000000001976

Kong, Z., Sun, S., Liu, M., & Shi, Q. (2016). Short-Term High-
Intensity Interval Training on Body Composition and
Blood Glucose in Overweight and Obese Young Women.
Journal of Diabetes Research, 4073618, 10-12.
https://doi.org/10.1155/2016/4073618

Wewege, M. A., Ahn, D,, Yu, J., Liou, K., & Keech, A. (2018).
High-Intensity Interval Training for Patients With
Cardiovascular Disease - Is It Safe? A Systematic Review.
Journal of the American Heart Association, 7(21), 1-19.
https://doi.org/10.1161/JAHA.118.009305

Torma, E, Gombos, Z., Jokai, M., Takeda, M., Mimura, T., &
Radak, Z. (2019). High intensity interval training and
molecular adaptive response of skeletal muscle. Sports
Medicine and Health Science, 1(1), 24-32.
https://doi.org/10.1016/j.smhs.2019.08.003

Ryzkov4, E. V. A., Labudovs, J., Grzndr, L., & Smida, M.
(2018). Original Article Effects of aquafitness with high
intensity interval training on physical fitness. Journal of
Physical Education and Sport, 18(1), 373-381.
https://doi.org/10.7752/jpes.2018.5151

Rebold, M. J., Kobak, M. S., & Otterstetter, R. (2013). The
influence of a Tabata interval training program using an
aquatic underwater treadmill on various performance

variables. Journal of Strength and Conditioning Research,
27(12), 3419-3425.
https://doi.org/10.1519/JSC.0b013e3182908a09

Mcdaniel, B. B., Naquin, M. R., Sirikul, B., & Kraemer, R. R.
(2020). Five Weeks of Aquatic-Calisthenic High Intensity
Interval Training Improves Cardiorespiratory Fitness and
Body Composition in Sedentary Young Adults. Journal of
Sports Science and Medicine, 19(1), 187-194.
https://doi.org/10.1249/01.mss.0000563036.95297.1d

Alemdaroglu, U. (2012). The Relationship Between Muscle
Strength, Anaerobic Performance, Agility, Sprint Ability
and Vertical Jump Performance in Professional Basketball
Players. Journal of Human Kinetics, 31(March), 99-106.
https://doi.org/10.2478/v10078-012-0016-6

Garcia-Pinillos, F, Cdmara-Pérez, J. C., Hermoso, V. M., &
Latorre-Romén, P. A. (2017). A High Intensity Interval
Training (HIIT)-Based Running Plan Improves Athletic
Performance by Improving Muscle Power. Journal of
Strength and Conditioning Research, 31(1), 146-153.
https://doi.org/10.1519/JSC.0000000000001473

D’Acquisto, L. J., Miller, L. J., D’Acquisto, D. M., Roemer, K., &
Fisher, M. G. (2015). Physiological and Psychophysical
Aspects of Shallow Water Exercise. International Journal
of Aquatic Research and Education, 9(3).
https://doi.org/10.25035/ijare.09.03.05

Fajrin, E, Kusnanik, N. W,, & Wijono. (2018). Effects of High
Intensity Interval Training on Increasing Explosive
Power, Speed, and Agility. Journal of Physics: Conference
Series, 947, 012045.
https://doi.org/10.1088/1742-6596/947/1/012045

Herbert, P,, Hayes, L., Sculthorpe, N., & Grace, F. (2017). HIIT
produces increases in muscle power and free testosterone

in male masters athletes. Endoc Rine Connec Tions, 6(7),
430-436. https://doi.org/10.1530/EC-17-0159
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Pe¢epar. Crarts: 6 c., 2 Tab1., 28 mKepert.

MeTa pOCHilPKeHHA — OLIHMTY BIUIMB IIPOTPaMy BOJ-
HUX TpeHyBaHb TabaTa Ha 30i/1bIIeHHA M A30BOI CHUIM

CIOPTCMEHIB-TTOYATKiBIIiB.

Marepianu i meTomgu. Y faHOMY JOCTi/[KEHH] BUKOPUCTa-
HO 3MiLTaHuil MeTOx. [IBafLATh CIOpPTCMeHIB-11aBLiB (n = 20,
Bik: 14,40 *+ 1,18 pokis, spict: 169,20 + 3,18 cm, maca Tima:
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62,20 + 2,26 Kr) HOTOAVINCS B3SATU YYaCTb y KOC/I/PKEHH]
Ta 6ynu pospmineHi Ha ABi rpynu. ExcrepuMeHTaIbHa TpyIa
(n=10) saitmasacs 3a BogHO!0 porpamoro Tabata, a KOHTPOJIb-
Ha rpymna (n = 10) 3aiiMaracs IIaBaHHAM IOfH: 6e3 Oyab-aKol
inmoi ¢isnyHoi akTMBHOCTI. BogHa mporpama Tabara 3acro-
COByYBajIacsA MPOTAroM 9 TIDKHIB 3 pasu Ha TWoKAeHb. Ilicna
BIPOBaKeHHs BofgHOI nporpamu Tabarta 6ymo onmrano 10
CIIOPTCMEHIB. Y JOCTiIPKeHHI BMKOPUCTOBYBABCA KilbKiCHMIT
aHasIi3, SIKUII BK/IFOYAB [IPUCIAaHHS 3 BUCTPUOOM, Ta SKICHUI
aHasi3, AKUI BK/IIOYAB iHAMBiflya/lbHi JOK/IAaJHI ONMMTYBaHHA
tpuBanictio 30 xByumH koxHe. KinbkicHi fani 6yno npoanari-
30BaHo 3a goromoroto IBM SPSS Bepcii 25.0 Ta sAKicHi gani - 3a
TOIIOMOTOI0 TEMAaTUYHOTO aHaIi3y.

PesynbraTn. Pesynpraty KijIbKiCHOTO JOCTif)KeHHA IO-
Kasa/ju 3HauHe 301/IbIIeHHA MOKasHMKIB y TecTi «[Ipuciganusa
3 BUCTpuOOM» (Cuma M’AA3iB HIr) B eKCIepMMeHTa/IbHill IpyIi
i, HaBIIaKy, y KOHTPOJIbHII TPy 36i/IblIIeHHA He CIOCTepira-
nocb. OffHaK, 3a pe3y/lbTaTaMy AKiCHOTO JJOCi/IKEHHS, 6i/1b-
IIiCTh YYaCHUKIB BiASHAuMIN, 110 BogHa mporpama Tabara €
LJiKaBMM METOJOM TPEHYBaHb i Ma€ MO3UTUBHMII BIIUB.

Bucnosxku. Ilicns 3acrocyBanHs BogHOI porpamu Taba-
Ta IPOTATOM 9 TVDKHIB MU MiATBEPANIN, IO Lieil METOf, Tpe-
HyBaHb Ma€ BE/MKNII BIUIMB Ha IIOKPAILeHHsA CUIM M A31B Hir
CIOPTCMEHiB-II/TaBIIiB.

Kirouosi cmoBa: cmma M’si3iB Hir, BogHa Tabara, cioptc-
MeHMU-I/IaBIli, 3MilllaHi METO/IN.
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Abstract

Objective. This study aims to examine the effectiveness of the part and whole combination-based smash training
model on smash techniques in volleyball athletes aged 11-12 years.

Materials and method. This study used an experimental field testing method, with a pretest-posttest control group
design approach. The participants were 52 male volleyball athletes aged 11-12 years and had an average weight and
height of +36.02 kg and +144.63cm. The instrument used to measure the smash technique was a volleyball skill test.
Results. The results of the descriptive analysis showed differences in the mean and standard deviation of the
conventional group and the experimental group. The average value of the conventional group is 75.562 with a

standard deviation of 8.7956, while the average value of the experimental group is 87.492 with a standard deviation of
1.9343. Hypothesis testing conducted using Mann-Whitney analysis found that the value of Asymp sig (2-tailed) was
0.000 <0.05, which indicates that the hypothesis is accepted.

Conclusions. Knowing the descriptive results and hypothesis testing, it is concluded that the experimental group
experienced a significant improvement and was better than the conventional group. Based on the category of posttest

average result assessment, the experimental group was included in the very good category. In other words, the
experimental group was very competent. On this basis, this research can be used as a reference in training smash

techniques for volleyball athletes at the beginner age.

Keywords: training effect, smash technique, volleyball, part and whole combination, 11-12 years old.

Introduction

Volleyball is a team sport. It takes good mental, physical,
tactical and technical aspects to improve performance in vol-
leyball (Coté, Baker & Abernethy, 2003; Gongalves et al., 2021).
All of these aspects require training and hard work supported
by a systematic, tiered, sustainable and long-term program.

Most practitioners and sports experts state that it takes
long-term training for 10 years in a programmed manner to
create outstanding athletes in the international arena, both to
improve the team and individual abilities (Chevrier et al., 2016;
Sulistiyono et al., 2021). In line with other literature, becoming
an Olympic champion and winning various events requires

© Wicaksono, D., Hidayatullah, F, Kristiyanto, A., &
Purnama, S.K., 2022.
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approximately 100.00 hours of practice (Giillich, 2014; Baker &
Young, 2014). Strengthened by Bompa and Buzzichelli (2019),
improving the quality of training requires adequate infrastruc-
ture, knowledge of qualified coaches, supporting knowledge
other than coaching knowledge, and good quality of competi-
tion so that the athletes involved can explore techniques and
have high motivation. The synergy of various sectors thus plays
a very important role in advancing sports achievements, espe-
cially early childhood development which must be optimized.

Balyi, Way and Higgs (2013) stated that the long-term
athlete development theory is a process that is carried out
systematically according to the athlete’s chronological age. The
development of basic techniques and skills needs to be opti-
mized from an early age so that when athletes reach the senior
stage, they are no longer talking about technical development,
but rather maximizing existing techniques and performance
and competing experiences to reach peak performance.
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Miiller (2009) explained that at the age of 10-12 years,
volleyball athletes enter the basic development phase. The
purpose of training at this stage is the general development
of motivation to play volleyball, where the exercises applied
are fun and develop perfect form and mastery of basic tech-
niques. The six basic elements in volleyball include serving,
reception, setting, block, defense, and attack (Koch & Tilp,
2009). Athletes who master good basic techniques will carry
out the defense and attack effectively and efficiently. In this
case, the role of the coach is very influential to create young
athletes who have adequate basic techniques.

Coaches are required to be like heroes as they must have
flexible roles, such as being able to act as parents, older sib-
lings, facilitators, motivators and always updating knowl-
edge to be later shared with the athletes. Thus, the knowledge
and skills of athletes will be more developed in terms of
cognitive and technical. Tirtawirya, Tomoliyus and Sudarko
(2020) explained that being a champion is not easy where
all aspects must be programmed and monitored properly so
that the athlete’s mental, physical and technical progress can
be monitored.

Based on the explanation above, it is clear that the role
of the trainer is needed to provide a good program, model,
and basic technique. The importance of the coach’s role is
because the first key to increasing peak performance is the
perfect technique formed at an early age that can be taught
by the coach. However, there are still problems that need to
be studied in depth in the application of technical training.

The basic problem for athletes aged 11-12 years, espe-
cially in volleyball is the development of basic smash tech-
niques. In line with the opinion of Harrison et al. (1999), it
is stated that teaching or training activities are complicated
and complex things. Therefore, when using an approach that
is not appropriate to the needs, it will be more difficult to
develop skills in volleyball athletes, especially at an early age.
It is often found that there is an inaccurate perspective that a
good exercise is an exercise that emphasizes the quantity or
amount of movement, not the quality of the movement. This
kind of assumption makes the target of training less clear,
whether it is aimed at physical or technical training.

According to a study by Pranopik (2017), the smash
technique is the most difficult basic technique to apply to
volleyball athletes. This is in line with previous research that
one of the most difficult smash techniques to learn is the
straight smash technique from starting, jumping, hitting the
ball to landing (Dasar et al., 2021).

The previous study applied the basic smash technique
training with the drill method. The study found that the ap-
plied technique succeeded in improving basic smash skills
aged 16-18 (Marzug, 2018). However, this drilling method is
less effective when given at the age of 11-12 years consider-
ing that the drill method focuses more on physical exercise
because the movement is done quickly and requires good
basic techniques before applying this method.

Another study on testing the effectiveness of developing
smash drills found that the drill training method was able to
improve smash technique skills (Mustaqim, 2019). However,
this study was focused on beginner-level volleyball players
in high school so it was not suitable when applied to athletes
aged 11-12 years. A scientific approach that aims to achieve
effective and efficient training success is therefore very much
needed (Apidogo, Burdack & Schéllhorn 2021).

Based on the description that has been explained, it was
found that there were problems with the volleyball smash
training method at the beginner stage at the age of 11-12 years.
For this reason, the researcher provides a solution to deal with
these problems by applying the exercise model that has been
developed by the author, namely through a part and whole
combination-based exercise model. The training model of
course adheres to multilateral principles, motor skills, and
the development of physical literacy that are adapted to the
growth and development of young volleyball athletes. The goal
of this research was to see how well a training model based on
a combination of parts and wholes worked. Researchers have
a hypothesis that this method can improve the mastery of
smash techniques for volleyball athletes aged 11-12 years.

Materials and methods

Study participants

This research is an experimental study using field test-
ing with a pretest-posttest control group design (Yulianto, &
Yudhistira, 2021). The participants were 52 male volleyball
athletes aged 11-12 years old, with a height of +144.63 and a
weight of £36.02. The first step in this study was to conduct
a pretest on 52 athletes using a volleyball skill assessment
(Fauzi et al,, 2019). After that, the A-B-B-A patter was is
used to implement match ordinal pairing (MSOP). After
all, stages were carried out, 26 athletes were chosen for the
control group where the conventional training model was
applied and 26 athletes for the experimental group applied
the part and whole-based combination training model.

The development of a model certainly cannot be sepa-
rated from validation. The validity of Aiken’s part and whole
exercise model used showed results from 0.78 to 0.80 or
included in the good category. This categorization is in line
with the expert opinion that a coefficient of more than 0.78 is
included in the good category (Dewangga, 2020; Dewangga
etal., 2021; Yudhistira et al., 2021). Researchers in this study
were assisted by four trainers to carry out the treatment that
had been designed for group B. Athletes were given treat-
ment with a frequency of 3x a week for 7 weeks. The dura-
tion of one training session is 90-120 minutes with adjusted
dosage and intensity.

Study organization

Participants must fill in the attendance list in one prac-
tice session. Attendance of participants must reach 80%
within 7 weeks of training. The instrument used is a volley-
ball sports skill assessment from Fauzi et al. (2019). In this
case, the aspects that are assessed are an introduction, warm-
up, preparatory motion, imposing motion, final motion, and
closing with the following assessment categories:

Table 1. Rating Categories

Final Score Criteria  Category Category Meaning
286 Excellent Very Competent
76 > 85,9 Good Competent
66 2 75,9 Poor Incompetent
<659 Very Poor Very Incompetent
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Table 2. Part and Whole Based Exercise Programs and Models

No Material Dose
1  Introduction
Pray
Material Delivery 5 minutes
Giving Motivation
2 Warming up
Jogging
Static flexibility 15 minutes
Dynamic flexibility
Warming up with the ball
3
Procedures 10 reps
a.  Core Exercises 1: Hitting the volleyball as high as the stomach straight down/floor 5 sets
b.  The batting arm is ready straight above the head
c.  Drop the hands on the ball in a relaxed manner
d.  Keep your elbows straight when hitting the ball
e.  Wrist flex
f.  Hit the ball right in front of the body and right on the palms
g.  Catch the ball bounce back off the floor
h.  Repeat the series of movements from the beginning until the touch of the ball on the palm can be felt properly
with the appropriate form of technique.
i.  Note: feel and adjust wrist flick (slow, medium, fast)
FrYrrre k
y 8 7 ¥ 7 °F
Procedures 10 reps
a.  Core exercise 2: Hitting a volleyball as high as the head forward 4 sets
b.  The batting arm is ready straight above the head
c.  Drop the hands on the ball in a relaxed manner
d.  Keep your elbows straight when hitting the ball
e.  Wrist flex
f. Hit the ball right in front of the face and right on the palm
g.  Aim for the ball 3-4 meters forward
h. Do itin pairs. If you practice independently, then do it in front of a wall so that the exercise would be effective

and efficient

Repeat the series of movements from the beginning until the touch of the ball on the palm can be felt properly
with the appropriate form of technique

Note: feel and adjust wrist flick (slow, medium, fast)
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Procedures 10 reps
a.  Core exercise 3: hitting a bouncing ball from someone else 3 sets
b.  The ball is tossed by another person (coach or partner with the athlete)
c.  Both hands are ready straight down the side of the body
d.  Swing both arms at the same time keeping your elbows straight

e.  With one swing, the bat is immediately brought up, with the arms straight above the head ready to hit the ball
at the highest point of reach

f.  Keep the other hand relaxed
g.  Hit the ball with feeling followed by a few steps forward as a follow-up movement of the foot
h.  Note: The ball stroke must always be at the highest point of the arm reach

Procedures 10 reps
a.  Core exercise 4: hitting the back ball of someone else with one final smash 3 sets
b.  The ball is tossed by someone else
c.  Both hands are ready straight down the side of the body
d.  Swing both arms with your elbows still straight at the same time doing one long stride as the final step of the

smash

e.  One swing jump and the bat is immediately brought up, with the arms straight above the head ready to hit the
ball at the highest point of reach

The other hand, body, and legs relaxed
Hit the ball at the highest point of reach

5o o

Land with both feet at the same time
i.  Bend the knees slightly during landing to reduce the landing force

j. Note: Do it in pairs or with a drill from the trainer so that the exercise would be effective and efficient

Procedures 10 reps
a.  Core exercise 5: Hitting the back ball from someone else by jumping on the spot 3 sets

b.  The ball is tossed by someone else
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Both hands are ready straight down the side of the body with the knees in a bent position

d.  Swing your arms at the same time straighten your knees with your elbows straight

e.  With one swing, the bat is immediately brought up, with the arms straight above the head and ready to hit the

ball at the highest point of reach
The other hand relaxed
Hit the ball with feeling at the highest point of reach

5 oRom

Land with both feet at the same time

-

—

Bend the knees slightly during landing to reduce the landing force

Note: Do it in pairs or with a drill from the trainer to be effective and efficient in practice

4 Cooling Down

Jogging
Static flexibility

8 minutes

5 Closing
Evaluation
Motivation
Closing pray

5 minutes

Statistical analysis

SPSS 23 was used to analyze the data. The first step in
the data processing was to present descriptive data, such as
mean and standard deviation. The Mann-Whitney nonpara-
metric test was used for this case’s comparative analysis. The
purpose of this test was to compare the control group and
the experimental group by applying a part and whole-based
training model to improve the smash technique of volleyball
athletes aged 11-12 years.

Results

Table 3 above presents the results of the control group
descriptive analysis where this group has an average pretest
value of 73.262 with a standard deviation value of 3.4408,
while the posttest average value gets 75.562 with a standard
deviation value of 8.7956. In the part and whole group, the
mean values of pretest and posttest are 73.485 and 87.492
with standard deviation values of 2.9568 and 1.9343, respec-

Table 3. Descriptive Analysis Results of Pre-test and
Post-test

Pre-test Pos-test
Group Variable
Mean SD Mean SD
Introduction
Warming Up

Control Preparatory Move 73.262 3.4408 75.562 8.7956
Group Hit motion
Final Move

Closing

Introduction
Warming Up

Part and Preparatory Move
Whole _ .

Hit motion

Group

Final Move 73.485 2.9568 87.492 1.9343

Closing
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tively. It can be concluded that based on the posttest average
between the control group and the part and whole group, the
part and whole group is better than the control group.

Table 4. Hypothesis testing of the control group and the
part and whole group

Group Mean Asymp sig (2-tailed)
Post-test-Control Group 75.562 0,000
Post-test- Part and Whole Group ~ 87.492 ‘

The results of hypothesis testing using Mann-Whitney
analysis are presented in Table 4. The hypothesis is rejected
if the Asymp sig (2-tailed) value> 0.05 and vice versa, while
the hypothesis is accepted if the Asyimp sig (2-tailed) value
is <0.05. The value of Asymp sig (2-tailed) 0.000 <0.05 is
the value obtained in this study which indicates that the
hypothesis is accepted. Thus, it can be concluded that there
is a significant difference between the control group and the
part and whole training model group in improving smash
technique in athletes aged 11-12.

Discussion

The part and whole method is a method of learning that
aims to teach skills in stages. The learning stage begins with
simple and easy movements and progresses to the overall
movement (Setiawan & Purnomo, 2020). Another viewpoint
stated that the part and whole method is commonly used in ed-
ucational sports in elementary and junior high schools to teach
motor skills ranging from simple to complex (Tuasikal, 2021).

Decaprio (2013) stated that in learning motion, edu-
cators must set an example by dividing skills into several
parts from simpler ones and leading to broader movements.
Reinforced by van Merriénboer & Liesbeth Kester (2008), in
learning one must look at the complexity and characteristics
of an interrelated skill such as the specification and level of
difficulty as well as the duration used to teach the skill.

Previous research revealed that the part and whole
training method in achievement sports is a method that
provides training from the more general to the specific



Wicaksono, D., Hidayatullah, F,, Kristiyanto, A., & Purnama, S.K. (2022). The Effect of Training Based on Part And Whole Combinations
on Smash Techniques Improvement in Volleyball Sports for 11-12 Year Old Athletes

(Mariyanto et al, 2020). Sports achievement is an effort to
develop and maximize aspects that support the progress of
athlete achievement. This is similar to teen volleyball, which
necessitates a modern training approach with a few train-
ing variations to encourage athletes to develop motor skills.
However, expectations and reality are frequently out of sync
since some still technical exercises have not applied the prin-
ciples of practice such as the principle of progressive and the
principle of variation. Furthermore, athletes’ understand-
ing of a coach’s explanation of the basic smash technique is
sometimes lacking, making it difficult for them to process
the information provided.

Because of the complexity of the smash technique’s mo-
tion, practicing smash techniques at the age of 11-12 has a
high level of difficulty. The cognitive level of children at this
age influences their understanding of the material taught
by the trainer, necessitating careful method selection. Part
training can be a good way to practice smashing techniques.
The practice process is modified as it progresses from easy to
more difficult stages.

Literature review states that technique in volleyball has a
fundamental role related to the actual match. Techniques in
volleyball that must be mastered are the technique of start-
ing position, passing, serving, blocking, and attacking. The
importance of improving basic techniques to become better
is therefore very important so that performance at higher
stages can be optimized (Abdiravupovich, 2021). Martens
(2012) added that to learn difficult skills, especially complex
skills, these skills need to be broken down into smaller and
simpler parts or segments. It aims to make it easier for stu-
dents to apply the material provided.

Based on the opinion explained previously, the part and
whole method is an ideal method for learning motion in the
context of sports education. This method could, however, be
adopted and applied to sports that lead to achievement. This
is what drove the researchers to create a part-and-whole-
based smash training model and put it to the test in the
hopes of improving smash technique mastery in volleyball
athletes aged 11 to 12.

Based on the results of the descriptive analysis in the
control group, it was found that the mean value of the pretest
was 73.262 with a standard deviation of 3.4408. Meanwhile,
the average posttest value is 75,562 with a standard devia-
tion of 8.7956. The pretest and posttest values indicated an
increase in the posttest scores in the control group.

The results of the descriptive analysis in the part and
whole exercise model group showed 73,485 for the mean
value of the pretest with a standard deviation of 2.9568. The
average value of the posttest of the part and whole exer-
cise model, meanwhile, was 87,492 with 1.9343 as the stan-
dard deviation value. This finding indicates that the control
group’s posttest scores have increased. However, when the
posttest scores of the control and part and whole exercise
model groups were compared, it was discovered that the
control group’s posttest score was lower. The hypothesis
was tested using Mann-Whitney analysis, which yielded an
Asymp sig (2-tailed) value of 0.00 0.05, indicating that the
hypothesis was accepted. In other words, the difference be-
tween the control group and the part and whole exercise
model group was significant.

According to the results of descriptive analysis and hy-
pothesis testing, the part and whole-based smash training

model developed by the researcher has been shown to im-
prove the mastery of smash techniques in volleyball athletes
aged 11-12 years. Furthermore, in the post-test of the part
and whole exercise model group, the outcome assessment
category was included in the very good category means that
had a very competent meaning. Thus, this finding can be
used as a reference in training volleyball athletes at the be-
ginner age and as a reference in writing scientific papers
related to sports coaching, particularly volleyball.

Conclusions

Knowing the research findings and discussion, it was
found that the experimental group through the application
of the part and whole-based smash training model showed
a significant improvement and was better than the conven-
tional group. On this basis, this research can be used as a
reference to train volleyball athletes’ smash techniques at
the beginner age.
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BranB TPEHYBAHHA HA OCHOBI YACTKOBUX TA LINTICHNX
KOMBIHALIN HA BAOCKOHAJIEHHA TEXHIK CUJIbHOIO ATAKYIOYOIO
YAOAPY Y BONIENBOJII )19 CMOPTCMEHIB 11-12 POKIB

1AB

Tananr Bikakcono"?A*“PE, @ypkon Xigaarymwra's?,

Aryc KpicrigaTo'*®, Canta Kynra Ilypaama

"VuiBepcurer Cebenaca Mape
[lepxaBHuii yHiBepcuteT [IDKOK IKapTH

1AB

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

Pegepar. Crarts: 6 c., 4 Tab., 5 puc., 29 mxeper.

Meta mocmigKeHHs — JOCTiAUTK edeKTUBHICTh MOfeni
TPEHYBAHHs CUJIPHOTO aTaKyI04OIo yJapy Ha OCHOBi YacTKO-
BUX Ta LiNiCHUX KOM6iHALill y BJOCKOHA/IEHH] TeXHIK yAapy y
BOJIeit60i fist criopTcMeHiB 11-12 poxkiB.

Marepianu i MmeTomu. Y HoCIifyKeHH]I BUKOPUCTOBYBaBCsA
eKCIIepMMEHTA/IbHMI METOJ, IPaKTUYHOrO BUIPOOYBaHHS 3a
IJIAHOM IIOIIEPEJHbOTO Ta IiJICYMKOBOTO TeCTYBaHHS KOHTP-
OJIBHOI IPpyIN. YYacHMKamit Oy/u 52 CIOpTCMeHM-BOIeitbormic-
TI 9O/IOBiYO1 cTaTi y Bimi 11-12 pokKiB i3 cepenHbOI0 Barow Ta
3pocToM 36,02 kr Ta +144,63 cMm. [HCTpyMeHTOM /14 OLiHKM
TeXHIKM yAapy 6yB TeCT Ha BOJIeI60/IbHI HaBUYKIL.

PesynpraTu. Pesynbraty onmcoBoro aHajisy IoKasaun
BiIMiHHOCTi B C€pPESHbOMY Ta CTaHJaPTHOMY BiIXUJIEHHi y
3BMYAIIHIi Ta eKCIIepyMeHTa/IbHil rpynax. CepeHe 3HAYeHHS
3BMYAITHOI TPyNIM CTAaHOBUTDH 75,562 i3 CTaHJapTHUM BifXu-
NeHHAM 8,7956, TOofli AK cepefiHE 3HAYEHHA eKCTIIEpUMEHTaTbHOI

BipKa rirnoresu, IpoBeieHa 3a JOIIOMOTrolo Kpurepito MaHHa-
YirtHi, BUsABWIA, [0 3HaYeHHs Asymp sig (IBOCTOpPOHHI) 6y/10
0,000 <0,05, m0 BKasye Ha Te, 1O Iil0Te3y NPUITHATO.

BucHoOBKM. 3HaI0uM ONMCOBI Pe3yIbTATU Ta PE3YNbTATU
HepeBipKy TiloTesn, MOXXHA 3pOOUTU BUCHOBOK, IO B eKC-
HepUMeHTa/IbHIN Ipymi BifOy/mucs sHauHi [TOKpalleHHs I0-
piBHAHO 3i 3BM4aliHO0 rpymoo. Ha ocHOBI oLliHKM cepeHbOTrO
pe3y/nbTaTy IiJ[ICyMKOBOTO T€CTYBaHHHA, €KCIIepMMEHTA/IbHY
IPyIly BifHECEHO IO Jiy>Ke XOpoluoi kareropii. Inmmmu cno-
BaMI, eKCIIepMMEHTa/IbHA IPyIla CTala Jy>Ke KOMIIETEHTHOIO.
Buxopsiunm 3 1{pOro, faHe ZOCTIKEHHS MOXe OYTI BUKOpUC-
TaHO fIK OPIEHTUP y TPEHYBaHHIi TEXHIK CMJIPHOTO aTaKyl040oro
yAApy AJIs1 BOTEO0/MICTiB-TOYATKIBIiB.

KirouoBi cmoBa: TpeHyBanbHUIT eeKT, TeXHiKa CUIBHOTO
aTaKyI4doro yfiapy, BOJIeit60I, YacTKoBa Ta IiTicHa KoMOiHa-
i, 11-12 pokis.

rpymu — 87,492 i3 cranmapTHuM BigxmieHHAM 1,9343. Ilepe-
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Abstract

Objective. One of the most widely used training methodologies in football is high intensity interval training (HIIT),
which aims to improve performance through training sessions characterised by exercises that involve alternating
percentage load intensity. In the literature, although there are studies that demonstrate the effectiveness of HIIT in
improving quantitative aspects, i.e. different expressions of strength, there are not as many studies that attest to the same
effectiveness in improving qualitative components, i.e. elements related to the precision of specific football gestures.

The study purpose was to verify whether the application of a specific HIIT protocol for football over a given period
of time can be equally effective in simultaneously improving the quantitative and precision components.

Materials and methods. The sample analysed consisted of 16 movement players from the ASD Nuova Antoniana
sports club, aged between 14 and 15 years. The sample was subjected to a mesocycle of training lasting 8 weeks
characterised by the HIIT methodology. Before and after this period, data were collected by means of a battery of
tests aimed at assessing rapid, explosive, fast and resistant strength, and passing and shooting skills: the parameters
relating to expressions of strength were assessed by means of quantitative tests specific to each parameter; passing and
shooting skills were assessed by means of accuracy score tests (from 0 to 4 according to accuracy).

Results. The results showed an improvement in all tested parameters (p < 0.05). Therefore, the effectiveness of the
protocol in improving football performance in terms of quantity and accuracy is confirmed.

Conclusions. This study has increased knowledge of the effects of the HIIT protocol on the performance of young

football players.

Keywords: High Intensity Interval Training, football training, football technique, physical skills.

Introduction

Football is one of the most popular sports in the world.
It is a team sport played by two teams of 11 players (substitu-
tions are possible due to injuries or tactical reasons). The aim
of the game is to score goals against the opposing team by
getting the ball all the way across the goal line. Youth teams
play according to their category, with varying playing times,
field sizes and goals.

It is a situational, open skill sport (Wang et al., 2013),
with a high competitive commitment (Altavilla et al., 2018)
that assumes an adequate level of individual technique and
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tactical sense within the team group (Raiola et al., 2020a,b).
An important role is also given by the physical characteris-
tics of the athletes, i.e., the ability to express adequate levels
of strength both in general and specific terms (D’Isanto et
al.,, 2017) with respect to the role and situations. Finally, the
psycho-motivational components should not be forgotten,
i.e. determination, courage is the ability to control aggres-
sion and tension (Castro-Sanchez et al., 2018).

The type of force that is applied is mixed, as one goes
from fast to resistant force in a short time, furthermore, de-
pending on the circumstances one can have concentric and
eccentric muscle contraction regimes (Mitchell et al., 2022;
Ardern et al., 2015). High levels of maximal strength are
not required, but rather a good level of general strength, on
which a good expression of fast strength, resistant strength
and explosive strength can be built.
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Football can be defined as a mixed-energy sport, as the
actions of the game last several minutes, or follow each other
quickly, giving the body the opportunity to alternate work in
both aerobic and anaerobic conditions (Coppola et al., 2019).
Especially in modern football, qualitative aspects (Ceruso et
al., 2019) should be considered: it is not useful to separate
the technical and tactical aspects of the game from the physi-
cal abilities of the players, as all these aspects influence, in a
decisive way, the quality of the game (Esposito et al., 2019).

For these reasons, the programming of the training pro-
cess, in order to effectively achieve the set objectives, must
include training protocols that, in an integrated manner and
with the right load, consider the greatest number of vari-
ables, from the subjective ones, related to the structural and
psychomotor characteristics of the athletes, to the overall
ones of the team as a complex adaptive system, in which
the multitude of parts that constitute it, continuously form
coordinated (or synergistic) patterns (D’Isanto et al., 2021;
Renshaw et al. 2019). One of the most widely used train-
ing protocols in football is high-intensity interval training
(HIIT) (Aliberti et al., 2021), as it optimally addresses the
needs listed above. The first scientific studies demonstrating
the effectiveness of HIIT were published in the late 1950s
and early 1960s (Roskamm et al., 1962; Astrander et al,,
1960). The ability to perform exercises with intermittent in-
tensity levels for prolonged periods is now a key prerogative
in competitive football (Federici et al., 2019). Consequently,
training strategies and tests have been proposed to monitor
and improve players’ ability to perform high intensity activi-
ties during competition (Raiola & Altavilla, 2020).

The effectiveness of this protocol is attested by several
recent studies (Dupont et al., 2004; Ibba et al., 2016) that,
however, focus their attention mainly on quantitative aspects
(Hostrup et al., 2019; Leahy et al., 2020).

High Intensity Interval Training can be considered as a
hybrid of aerobic and anaerobic training. It comprises intense
exercises of approximately 30/45 seconds, alternating with
15/30 second rests. This continuous variation of intensity al-
lows both anaerobic and aerobic energy systems to be exploit-
ed (Rago etal., 2017; Iaia et al., 2009). The particularity of this
methodology is that it can be appropriately adapted to specific
performance needs. It can include exercises for the develop-
ment of strength, under the various expressions and with the
intensities most useful for the purpose, or even dexterity, a
very important characteristic in the game of football. Dexter-
ity has been defined (Valero-Cuevas et al., 2003) as the ability
of a part of the body (e.g. lower limb) to dynamically regulate
the intensity and direction of the end-point force when in-
teracting with the environment, such as, for example, in the
precision of the pass or the final goal and in the choice of the
timing and intensity of force appropriate to the situation.

As can be seen from the literature, it is not clear whether
a period of training with the HIIT protocol can bring the
same level of improvement in physical abilities and qualita-
tive aspects, i.e. the effectiveness of the gestures with respect
to the objectives.

The aim of this work was to verify whether the use
of a High Intensity Interval Training protocol specific for
football, lasting 8 weeks, was able to improve the sporting
performance of young footballers, in terms of both qualita-
tive aspects, relating to the accuracy of the finalisation and
passing, and quantitative aspects, i.e. the levels of VO,max,
explosive strength, fast strength, and speed.

Materials and methods

Study participants

Sixteen young male (n=16) soccer players (age:
15.81 = 0.83 years, height: 162.9 + 0.6 cm, weight:
58.4 + 3.8 kg, BMI 22.05 + 1.22) participated in this study.
All players were members of the same youth football team
(Societa Nuova Antoniana, in the province of Naples), par-
ticipating in the provincial under-16 championship. All the
players had been practicing for about 5 years.

All participants were in good health and participated in
all competitions and training sessions.

All players and parents were informed about the re-
search procedures, requirements, benefits and risks and
written informed consent was obtained prior to the study.

Study organization

The study lasted a total of 10 weeks: one week of in-
bound testing, 8 weeks of training with the experimental
protocol, one week of outbound testing (Table 1).

The tests, after an adequate warm-up, had a succession
and adequate recovery times to allow full psychophysical
recovery of the athletes from one test to the next. For each
day of testing, first a qualitative test inherent to accuracy was
done and then one or two quantitative tests.

On the first day, the ability to finalise and quick strength
were assessed. A scoring test was used for the finishing abil-
ity: the goal was divided into 6 areas and each area was giv-
en a score (4 points for high corners; points for low corners;
2 points for high central area; 1 point for low central area).
Each player took 4 shots at three different distances (11 metres,
18 metres and 22 metres). At each distance, 2 shots were taken
from a standing position and 2 shots were taken with the ball
in motion, with a grazing pass coming from the edge of the
penalty area. At the end of the shots, total scores were record-
ed for each player. Quick strength was assessed with a timed
test: a 2.5-metre speed ladder with 6 spaces was placed on the
ground, and when the instructor gave the go-ahead the ath-
letes touched each space twice (once with the right and once
with the left) in the shortest possible time and were timed.

On the third day, passing ability and explosive strength
were assessed. With regard to the passing ability, a scoring
test was used: the player led the ball to a line and from that
point tried to pass the ball inside a mini-goal measuring
1 metre wide by 50 centimetres high, positioned 11 metres
away. Points are awarded according to the accuracy of the
pass (3 points for each ball that ends up in the goal, 1 point
if the ball hits the post or crossbar, 0 points if the ball ends
up outside). Then another ball was placed in the position
where the player was at the end of the first pass, with this the
player made a high pass from his position to another circular
target of radius 2 metres placed 36 metres away, the circle
was placed in the centre of a square area of 10 x 10 metres.
A further score was then awarded (3 points if the ball lands
in the circle or touches its circumference; 1 point if the ball
falls inside the larger square; 0 points if the ball ends up out-
side the square). The total score achieved on 3 attempts was
noted. For fast strength (speed), the athletes sprinted 15 me-
tres, the times were recorded and finally the speed values in
m/s were calculated using the space-time formula.
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Table 1. Experimental protocol

Before the experimental protocol

After the experimental protocol

Parameters

Test:
ests evaluated

Days

Training period Days

Parameters

Test:
ests evaluated

1 Warmup 10’ (rest 2°)

Finalization test (rest 5’)  Shot accuracy

1 Warm up 20’ (rest 2°)

Finalization test (rest 5)  Shot accuracy

Speed ladder Test Speed Speed ladder test Speed
2 Rest 2 Rest
3 Warm up 20’ (rest 2) Eight weeks of 3 Warm up 20’ (rest 2°)
Abalakov JS test (rest 5°)  Explosive Strength  HIIT protocol Abalakov JS test (rest 5°)  Explosive Strength
Passages ball test Passage accuracy  training Passages ball test Passage accuracy
4  Rest 4  Rest
5  Warmup 15 (rest 2°) Warm up 15 (rest 2°)
Cooper test Endurance Cooper test Endurance
6  Rest 6  Rest
7 Rest 7  Rest

Finally, on the fifth day, endurance strength was assessed
using the yo-yo endurance test. Using a conversion table
(Bangsbo, 1997), VO, max levels were derived.

After the incoming tests the players underwent an
8-week training protocol. The players trained 3 days a week
for about 1 hour and 15 minutes per session. On each day,
there was a low-intensity warm-up phase lasting 20 minutes,
a middle phase with a HIIT protocol lasting about 25 min-
utes, and a cool-down phase lasting about 20 minutes.

Table 2 shows the structure of a typical training session
developed for the study.

Table 2. Structure of the training session

In the first mesocycle (4 weeks), after the warm-up
phase, the players underwent HIIT training lasting 27 min-
utes, followed by defatigue.

The training in the first mesocycle (Table 3) was struc-
tured as follows: seven training stations were set up on the
pitch, four for developing strength and one for shooting.

At each station there are two players, who, when the
instructor gives the go-ahead, start to perform their exercise.

The exercise must be completed as many times as pos-
sible in 1 minute, which allows the players to work at a maxi-
mum intensity of between 75 and 90% of VO, max.

. Rest between  Exercitation Restbetween  Phase
Phase Exercises Sets . . . .
exercitations duration series duration
Warm up Neuro-muscular activation 60” 20°
Core Ability and core stability
Dynamic stretching
Core Phase Circuit with 5 exercitations (alternating work 3 307 60” 60” 23’107
phases of 60” at 75-90% of VO,max with
active recovery of 30”)
Final phase =~ Low intensity exercise 20°
Stretching
Table 3. Structure of the first 4-week mesocycle
Exercise Equipment Description
1 3 cones The 3 cones are placed along a straight line 10 meters apart. the subject sprints from the first to the second
cone, stops and sprints from the second to the third cone, stops and sprints back
2 4 hoops, 1 cone  Four circles have been placed on the ground in a staggered manner and a cone at a distance of 10 meters,

1 trampoline, 1
cone, 1 hoop

4 obstacles 50cm
high, 1 cone

1 ball

the subject performs a monopodalic lunge inside the circle, with a hop inside the next circle and lunge
with the opposite foot, at the end of the circles perform a sprint of 10 meters

The trampoline and hoop were placed close together and the cone 10 meters away. The subject performs
a bipodal jump on the trampoline, lands inside the hoop, and sprints to the cone;

The four obstacles have been positioned at a distance of 50 cm from each other and the cone at a distance
of 10 m. the subject performs a series of 4 bipodal jumps to overcome the obstacles and immediately after
performs a sprint towards the cone

The subject passes the ball to a teammate who performs a support pass or a high pass, after which the
subject kicks the ball into the goal, either by stopping the ball or kicking it directly.
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Table 4. Structure of the second 4-week mesocycle

Exercise Equipment Description
1 1 speed ladder,1 A speed ladder of 2.5 meters and 6 spaces and a cone at 6 meters distance from the last space has been
cone placed. the subject performs several gaits on the speed ladder and makes a sprint towards the cone
2 2 obstacles, 1 cone Two obstacles have been placed on the ground parallel to each other at a distance of 50 centimeters and
a cone at a distance of 6 meters. the subject positioned between the two obstacles, performs jump with
passage over the obstacle on the right, then returns to the center and performs jump over the obstacle
on the left, returns to the center and shoots towards the cone
3 2 sticks, 1 cone The two rods were placed 50 centimeters apart, and a cone 6 meters away. Subjects positioned themselves
before the two rods, performed a single-footed jump between the rods, once they had passed both,
returned between the two rods, and then sprinted toward the cone.
4 4 football goalsin  Two cones are placed 6 metres apart and the goals on a line 10 metres away from the second cone. The
different colours  subject leads the ball with his feet from one cone to the other, after which he tries to hit the goal of the
(1.2x0.8 m), colour indicated by the coach.
2 cones
1 ball
5 8 cones The players pass the ball to the instructor who makes a support pass, the players then receive the ball
1 ball and afterwards either pass it to the small door in the centre of the field goal or throw it to one of the two
1 football squares in the corners of the field.

The training in the second mesocycle (Table 4) was  Results
structured as follows: four stations for the development of
quickness and fast strength, one for the improvement of
dribbling, passing and quickness, two for the improvement

of passing and receiving.

Table 5 shows that there were improvements in all the
parameters tested after the period of training with the HIIT
protocol. These improvements, as shown in Table 6, are sig-
nificant (p < 0.05) in all the parameters tested.

Statistical analysis . .
Discussion
Data were represented as mean + SD. The Shapiro-Wilk

normality test revealed that all recruited data were normally
distributed. Within-group differences in psychophysiologi-
cal responses between pre- and post-protocol results were

The aim of the study was to investigate whether an
8-week HIIT protocol training intervention adapted to foot-
ball could bring about significant improvements in quantita-

assessed using the paired sample t-test. Statistical analyses
were performed using SPSS software. The level of statistical
significance was set at p < 0.05.

Table 5. Test results

tive parameters (aerobic power, explosive strength, speed)
and qualitative parameters of accuracy (in passing and fin-
ishing) in young male footballers. The results demonstrated

N=16 VO,max (ml/min/kg) Abalakov]JS Test (cm) Spee(‘:el:::;:)TeSt Finalization (score) Passages (score)
Pre Post Pre Post Pre Post Pre Post Pre Post
Mean 38,10+£3,92 42,31+5,36 39,1+3,38 42,37£3,97 2,78+0,35 2,33+0,39 20,19£3,49 23,25+4,42 9,06£2,98 11,56+2,85
Table 6. T-test results for paired samples
Paired Samples Test
Paired Differences
Indicators Std. Std. Error 95% Conﬁde.:nce Interval df Sig.
Mean o o Mean of the Difference (2-tailed)
Lower Upper
Pair 1 Abalakov pre —post -3.26875 96728 24182 -3.78418 -2.75332 -13.517 15 .000
Pair 2 VO,max pre - post -4.20750 1.57363 39341 -5.04603 -3.36897 -10.695 15 .000
Pair 3 Speed ladder pre —post 45438 .05933 .01483 42276 48599 30.636 15 .000
Pair 4 Finalization pre —post -3.06250 1.38894 .34724 -3.80262 -2.32238 -8.820 15 .000
Pair 5 Passages pre —post -2.50000 .81650 20412 -2.93508 -2.06492 -12.247 15 .000

73



ISSN 1993-7989 (print). ISSN 1993-7997 (online). ISSN-L 1993-7989. Teopia Ta meToanKa $i3vYHOro BUXOBaHHA. Tom 22, N2 1

the effectiveness of the protocol, with improvements in every
parameter tested.

The results of the study with regard to quantitative as-
pects are consistent with other previous studies. In a study
by Sperlich et al. (2011), it was shown that the 5-week HIIT
protocol in youth and adult football improves oxygen up-
take (VO,) and thus performance. The study involved a
sample of 19 male football players with an average age of
13.5 + 0.4 years. The VO,max, after the HIIT protocol ap-
plied, increased significantly (7.0%) from pre to post. An-
other more recent study (Arslan et al., 2020), which com-
pared the results of two training protocols on two samples
of football players with an average age of 14.2+0.5, showed
significant improvements in VO,max levels between pre-
and post-training. In addition, the same study found signifi-
cant results in repeated sprinting as well as other parameters.
However, these studies reviewed emphasised the quantita-
tive aspects, leaving out the qualitative ones. The integration
of both parameters is the fundamental prerequisite for an
optimal performance level (Nelson & Groom, 2012; McCul-
lagh et al. 1990).

Our study sought to investigate the effects of HIIT on
these characteristics. And, indeed, improvements deter-
mined by the protocol were evident. The improvement in
shooting and passing accuracy observed in this study is prob-
ably also attributable to a better physical condition achieved
through the protocol used, which indirectly contributed to
improving these aspects. The fitter athlete generally has a
higher tolerance to the effects of fatigue, both central and pe-
ripheral (Bartolomei et al., 2017; Noakes, 2012) and, there-
fore, has a higher level of concentration that allows him to
complete motor tasks with precision and effectiveness.

One of the main limitations found in the present study
is the relatively small sample size of young male footballers.
For this reason, our results may not be generalised to players
of different sexes, levels or age groups. Another limitation
is represented by the choice of only some of the parameters
that may affect the performance of the young footballer.
Therefore, further studies could broaden the knowledge on
the topic by selecting larger samples and choosing additional
parameters that adequately address the needs of footballers
according to age, level, gender and role.

Conclusions

In conclusion, this study has increased knowledge of the
effects of the HIIT protocol on the performance of young
football players. The statistical analysis confirmed the initial
hypothesis of a significant improvement in the performance
capacity of the subjects. Therefore, the results suggest that
athletic trainers and coaches can effectively use this meth-
odology to improve the performance levels of young foot-
ballers not only in strength-related aspects, but also in the
characteristics of accuracy in passing and finishing. The im-
provement of these aspects is probably linked to the better
physical condition that athletes achieve through this training
protocol. Further future studies will aim to investigate this
issue.
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NMOKPALLEHHA AKICHNX TA KUIbKICHUX ACMNEKTIB
CNMOPTUBHOI NIATOTOBKIU IOHUX NPABL|IB LLUTAXOM
BUCOKOIHTEHCMBHOTIO IHTEPBAJIbHOIO TPEHYBAHHA

Tiuiana [I’'Isanto'® %, @emnive [1i [Jomeniko'ABCPE,

ITano Cannikangpo®*“t, ®panvecka [I’Emia'®PF

'YuiBepcutet CanepHo
*YuiBepcuret Pomxka

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

Pedepar. Crarts: 7 c., 6 Tabn., 31 mxeperno.

Mera gocnimkenHsa. OnHi€0 3 HANOIBII MIMPOKO BUKO-
PMCTOBYBAaHIX METOAOJIOTNI TpeHyBaHb Y GyTOOII € BUCOKOIH-
TeHCHBHI iHTepBanbHi TpenysanHA (BIIT), cnpsamoBaHi Ha mifi-
BUIIEHHSA TOKA3HMUKIB 3a [JOIIOMOIO TPEHYBAa/IbHUX 3aHATD,
1[0 XapaKTepU3YIThCS BIIPaBaMu, sIKi Iepef0adanTs 3MiHHY
iHTEHCUBHICTb HaBaHTa)Xe€HHA y BifcoTkax. Xod4a € JoOCii-
IDKeHHS, SIKi IeMOHCTPYI0Th epexTuBHicTh BIIT y mokparenHi
Ki/IbKiCHMX acleKTiB, TOOTO pisHMX IIPOABIB cuy, iCHye He Tak
6araro JOCTifKeHb, AKi CBifjYaTh PO TaKy >K caMy edeKTus-
HICTb y HOKpAaIljeHH] SAKiCHMX KOMIIOHEHTIB, TOOTO elleMeHTIB,
0B $I3aHNUX 3 TOYHICTIO KOHKPeTHUX (yTOOBHIUX PYXiB.

MeTot0 HOCTi/PKEeHHA OY/I0 MepeBIpUTH, UM MOXKe 3aCTO-
CyBaHHsI KOHKpeTHOro mporokony BIIT y ¢yr6oni mporsirom
IIeBHOTO Iepiofy 6yTu 0fHaKOBO e(eKTUBHUM /I OFHOYAC-
HOTO IOKPall[eHHsA KOMIIOHEHTIB KiZIbKOCTi Ta TOYHOCTI.

Marepianu i metomu. IIpoananizoBana Bubipka ckmaja-
nacs 3 16 pyxoBux rpaBuiB 3i cmoprusHoro kiaydy ASD Nuova
Antoniana y Bini Big 14 o 15 pokis. [JocnimkyBaHi npuitmanmu

y4acTb y ME3OLMK/ TPEHYBaHb TPUBAJIICTIO 8 TVDKHIB, 3 BU-
KopucTanHAM Mertoponorii BIIT. Jlo Ta micia nporo nepiogy
36MpaIiCcs faHi 3a OIOMOrow 6arapel TeCTiB, CIIPAMOBaHMX
Ha OLi{HKY IIBUJIKICHOI, BUOYX0OBOI CV/IM, IIBUIKICHO-CUIOBUX
AKOCTEN, a TAKOXX HAaBUYOK IIE€pefadi Ta yhapy: mapaMeTpu,
II0B’s13aHi 3 IIPOABOM CIJIM, OL[iHIOBA/INCA 32 JIOIIOMOTOXO Kiflb-
KiCHMX TeCTiB, IpM3HAYEHNX [/l KOXKHOTO IapaMeTpy; HaBlU-
YKM TIepefadi Ta yapy OLiHIOBa/MUCA 3a JOIIOMOTOIO TECTiB Ha
BiIy4HicTb (Big 0 0 4 6aiB 3a BIy4HICTIO).

PesynpraTu. PesynbTaTi MoKkasanu MoKpamleHHA 3a BCiMa
nepesipennmu mapamerpamu (p < 0,05). Takum unHOM, edex-
TUBHICTb IIPOTOKONTY Y HOKpaljeHHi pyTOOIbHUX TTOKa3HUKIB
KiJIbKOCTi Ta TOYHOCTI MiJTBEPIKEHO.

BucnoBku. [lane focmipKeHHA PO3IIMPIUIO 3HAHHA PO
BiuB BIIT Ha pesynbpraTuBHICTD MOTOAUX (HYTOOMICTIB.

Knro4osi cmoBa: BUCOKOIHTEHCUBHE iHTepPBa/ibHE TPEHY-
BaHHA, TPeHYBaHHA 3 QyTOONIY, HyTOOMbHA TeXHiKa, pyXOBi
HaBUYKIL.
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Abstract

The study purpose.The Small-side games (SSG) are high intensity drills very popular in soccer training. The
knowledge of the acute effects of the exercises that make up the training session is very relevant especially to reduce
youth soccer injury risk. This study aim to assessment the acute effects of SSG on hamstring eccentric strength and to
know the lower limb strength asymmetries (LLSA) in young soccer players.

Materials and methods. The sample is composed of male young soccer players Under 17 (n = 24, 16.6 + 0.5 years,
168.8 + 4.6 cm, 58.2 + 3.5 kg). Before and after SSG (4vs4, 3x4 min, 3min recovery, no goalkeepers) the hamstring
eccentric strength and the lower limb eccentric strength asymmetry were evaluated used a specific dynamometer
(N3 Easytech, Italy) and relative software. Every young soccer player performed a single repetition of the Nordic
hamstring exercise with dynamometer; after about 2 minutes, instead, they performed 5 repetitions of the same
exercise, without interruption. For both assessments, were detected the eccentric strength and the LLSA.

Results. The hamstring eccentric strength assessment show substantial and statistically significant differences in

the assessment in comparison pre-post values. A significant reduction was observed for eccentric strength peak

(p <0.018 and p < 0.014 for right/left limb), for eccentric average strength (p < 0.017 and p < 0.006 for right/left
limb). The eccentric peak strength asymmetry value and the average strength asymmetry value revealed a significant

increase (p < 0.0001).

Conclusions. The reduction of strength after SSG requires careful consideration of the exercises order in the training
session. The practitioners can plan training sessions and apply SSGs more effectively, with more attention to the

effects on hamstrings.

Keywords: hamstring, prevention, young soccer player, small-sided games.

Introduction

Today research tends to always bring new knowledge
to the young player training (Esposito et al., 2019; Raiola
& Altavilla, 2020; Ceruso et al., 2019). These contributions
concern both general defined training (Fischetti et al., 2019;
Barbalho et al., 2018; D’Isanto et al., 2019) and the one de-
fined as specific (Kokli et al., 2015; Sanchez-Sanchez et al.,
2019; Sannicandro et al., 2019a).

Within the exercises mainly used in sport-specific train-
ing there are the so-called Small-Sided Games (SSG) (Hal-
ouani et al.,, 2017; Castillo et al., 2021).

© Sannicandro, I, Cofano, G., & Raiola, G., 2022.

" Croper

&3

/ TMOB

: @ TOB 0BC

[
=

=]

The SSG are high intensity drills very popular in soccer
training (Kunz et al., 2019; Selmi et al., 2018; Zurutuza et al.,
2020). These exercises are used to achieve technical, tactical
and conditioning goals, both with adult soccer players and
with young players: today, in fact, the staff are continuously
looking for exercises that can increase the soccer player per-
formance effectiveness in all competitive levels (Miranda et
al., 2021; Sannicandro et al., 2020, 2021b; Kokl et al., 2020).

The literature on the SSG topic is very wide and today
allows us to know in an analytical way the internal and ex-
ternal load of many formats, from 1v1 to 10vs10 (Coutinho
et al., 2018; Sanchez-Sanchez et al., 2019), with reference to
the field different dimensions (Clemente et al., 2019; Goto
& King, 2019) or to its spatial configuration (Coutinho et
al., 2018; Sanchez-Sanchez et al., 2019; Sannicandro, 2019).
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The relationship between the type of exercise chosen,
motor load and soccer injury risk is a very topical research
issue (Sannicandro et al., 2021b; Castillo et al., 2019): in fact,
despite having a large number of knowledge on injury risk
factors, numerous prevention exercises and greater knowl-
edge on muscle, epidemiological studies describe that indi-
rect trauma is on the rise in both men (Diemer et al., 2021;
Ribeiro-Alvares et al., 2020; Vicens-Bordas et al., 2020) and
female (Larruskain et al., 2018).

The diffusion of sport-specific exercises rather than gen-
eral ones (which are easier to control in terms of intensity and
volume) could lead to an overload on some muscle groups
that are most frequently engaged in soccer ability (Madison
et al., 2019; Wilmes et al., 2021; Ekstrand et al., 2016).

Infact, today there are few studies that have attempted to
know whether SSGs and the most widespread sport-specific
exercises in football player training can determine fatigue
conditions on specific muscle groups (Greig, 2019; Rhodes
et al., 2019; Greig and Siegler, 2009) and on hamstrings in
particular (Madison et al., 2019; Wilmes et al., 2021; Small
etal., 2010).

Whether for elite soccer players or for the healthy adult
population there is research in the literature that allows us
to understand how neuromuscular structures respond to
high-intensity sport-specific exercises (Diemer et al., 2021;
Ribeiro-Alvares et al., 2020; Lovell et al., 2016) or following
real or simulated matches (Matthews et al., 2017; Marshall et
al., 2014; Madison et al., 2019), for youth soccer the studies
carried out are numerically lower (Perroni et al., 2018; Koklii
et al., 2020).

Similarly, modest attention has been paid to assessing
the hamstring strength for injury prevention in youth soccer
(Sannicandro et al,, 2019), although it is known, the rela-
tionship between values of hamstring eccentric strength and
injury risk in sports where high running speeds are required
(Lee et al., 2018; Beato et al., 2021; Opar et al., 2021).

The preventive strategies organization can not charac-
terize the top player or the adult athlete, but must be placed
above all in the athlete training and athlete evolution pro-
cess: in this phase the risk factors monitoring offers greater
guarantees of long-term success (Opar et al., 2015; White et
al., 2018; Leister et al., 2018). The identification at the young
age of imbalances and strength asymmetries allow an early
intervention that can contrast a potential injury risk scenar-
io. Recent studies show that even in Under 20 soccer players
the hamstring injury incidence has its relevance, reaching
18% of total traumas (Ribeiro-Alvares et al., 2020;) or about
35%, according to other epidemiological studies (Valle et
al,, 2018).; even young players have very high risk factors of
injury, such as reduced active flexibility, lower limb asym-
metry, functional and core stability deficits (Buckthorpe et
al., 2019; Crossley et al., 2020; Lu et al., 2020).

Despite the high incidence of hamstring injuries in soc-
cer players, the most recent literature does not seem ex-
haustive in addressing the strength asymmetries and muscle
imbalances issues in young players following sport-specific
exercises. The investigations are mainly limited to over 18
years old soccer players or/and adults (Daneshjoo et al.,
2012, 2013; Sliwowski et al. 2015; Lehnert et al., 2018); there-
fore, an open problem remains the evaluation of eccentric
strength and the evaluation of the asymmetry of strength of
the lower limb in the young player.

The purpose of this study was to determine the effects of
SSG variations on hamstring strength and in strength asym-
metry values in elite young soccer players.

Materials and methods

Study participants

The sample is composed of male young soccer players
Under 17 (n = 24) belonging to a professional team, whose
age, height, weight and Body Mass Index were respectively
(mean + ds) 16,6 £ 0,5 years, 168,8 + 4,6 cm, 58,2 £ 3,5 kg
e 20,7 + 1,1 kg/m? The young soccer players who had an
hamstring injury in the previous 12 months were excluded
from the assessment.

The evaluation tool was routinely employed by staft,
however, the evaluation was carried out after receiving the
parent informed consent and with the presence of the team’s
medical staff. Moreover, all participants were informed about
the aim of the study and the relevance of the assessment. Ad-
ditionally, the research design and procedures complied with
the standards set out in the Declaration of Helsinki and was
approved by the regional soccer ethics committee.

Study organization

To assess the hamstring eccentric strength and the lower
limb eccentric strength asymmetry have been used a specific
dynamometer (N3, Easytech, Italy) with specific software.
This tool detects the strength expressed during the Nordic
Hamstring exercise (Fig.1). The tool and the software allow
to measure the peak force and the average force if you per-
form a number of repetitions higher than one.

The study participants became familiar with the used
dynamometer in the two sessions before the evaluation. The
evaluation was carried out in the field at a temperature of
23°C

Before the evaluation all the participants followed a
warm-up phase that was the same for everyone and included
a low intensity running period (10 minute at 60% HRmax),
exercises for dynamic stretching and mobility for the lower
limbs, for a total duration of about 15 minutes.

The assessment session organization had two phases:
in the first, every young soccer player performed a single
repetition of the Nordic hamstring exercise with constraint
to the N3 dynamometer; after about 2’ minutes, instead,
they performed 5 repetitions of the same exercise, without
interruption. All values were acquired using N3 software:
for both assessments, were detected the eccentric strength
and the lower limbs strength asymmetry. The asymmetry
calculation was obtained through the formula already used
in the literature (Ceroni et al., 2012).

The evaluations were carried out after the warm up (pre
test) and after the SSG session (post test). The SSG session
consisted of 4 vs 4 (3x4 minutes, 3 minutes recovery) in a
24x36m field with ball possession mode and without limita-
tion of consecutive touches.

20 balls were distributed around the perimeter of the
pitch and introduced by 4 assistants to avoid moments of
pause. At the end of the post-SSG evaluation, the partici-
pants returned the perceived exertion assessed by the CR10
Borg scale (Borg, 1982).
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Fig. 1. The N3 Easytech dynamometer and the strength
assessment: the young soccer player starts the assessment in
the traditional start position of Nordic hamstring and slowly

descends

Statistical Analysis

Descriptive statistics (M + SD) were calculated for all as-
sessed variables; Student’s paired t-test was used to verify the
existence of statistically significant differences between the
average values obtained. The significance was set at p <0.05.

Results

The hamstring eccentric strength assessment show sub-
stantial and statistically significant differences in the Nordic
exercise test with reference to pre-post exercise values.

In particular, the strength peak of right limb in the com-
parison between pre and post test showed a reduction of
about 27.1N (259.1 £ 62.7N vs 232.1 £ 30.4N, p < 0.018); the
strength peak of left limb in the comparison between pre and
post test showed a reduction of about 35.6N (256.3 + 62.1N
vs 220.7 £ 40.2N, p < 0.041). The peak strength asymmetry

value revealed an increase of about 10.9% (4.45 + 3.1 vs
15.4 + 5.6%, p < 0.0001).

The average strength of right limb in the comparison
between pre and post test showed a reduction of about 26
N (237.4 + 41.8N vs 211.3 + 30.1N, p < 0.017). The average
strength of left limb in the comparison between pre and
post test showed a reduction of about 33 N (236.2 + 42.6N
vs 203.2 £ 349N, p < 0.006). The average strength asym-
metry value revealed an increase of about 16.9% (3.9 £ 2.4
vs 20.1 + 5.2%, p < 0.0001). The results are summarized in
table 1.

The average value of Borg scale was equal to 7.8+0.7.

Discussion

This study aimed to describe the acute effects deriving
from the SSG practice on the hamstring eccentric strength
values and on the strength asymmetry values in elite young
soccer players.

In the literature, as available, this is the first study that
evaluates the hamstring eccentric strength and investigates
the lower limb asymmetries in young soccer players after
SSG session.

As is the first study that uses a specific dynamometer for
the strength hamstring with this type of sample and this type
of exercise with young soccer players of elite team.

The care of player preventive factors can not start when
the athlete reaches high levels of performance, but must char-
acterize the entire sports training process both for functional
and cultural reasons (Sannicandro etal., 2019; Ros et al., 2013).

The attention towards hamstring muscles in the field of
soccer strength and conditioning must be even more asser-
tive when looking at the data on the muscle trauma increase
related to hamstring in the last 10-15 years (Edouard et al.,
2016; Jones et al., 2019; Smpokos et al., 2018). And this inci-
dence is also relevant in youth sport (Valle et al., 2018).

The peak strength values for right and left limb showed
a significant percentage decrease respectively of about 10.5%
and 13.9%. This decrease is consistent with the results ob-
served in elite soccer players after SSG session on large field
(Madison et al., 2019).

Table 1. Peak strength values, average strength values and asymmetry values referred to the Nordic Hamstring assessment

Hamstring strength parameters Media + ds A (media + ds) p value
Strength peak (N) pre right limb 259.10 + 62.7
gth peak (N) pre rig 27.1 £40.7 0.018
Strength peak (N) post left limb 232.10 + 30.4
Strength peak (N) pre right limb 256.30 + 62,1
gth peal (N) pre rig 35.6 £ 66.1 0.041
Strength peak (N) post left limb 220.70 + 40.2
Peak strength asymmetry value pre (%) 445+3.1
109 £ 6.1 0.0001
Peak strength asymmetry value post (%) 15.40 £5.6
Average strength 5 rep (N) pre right limb 237.40 + 41.8
8 8 p (N pre rig 26.1 £23.4 0.017
Average strength 5 rep (N) post right limb 211.30 £ 30.1
Average strength 5 rep (N) pre left limb 236.20 + 42.6
33.1+41.2 0.006
Average strength 5 rep (N) post left limb 203.20 £ 34.9
Average strength asymmetry value pre (% 3.90£2.4
ge strength asymmetry value pre (%) 161455 0.0001
Average strength asymmetry value post (%) 20.10+5.2
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The average strength values for right and left limb
showed a significant percentage decrease respectively of
about 11% and 14%. No studies have been found in the
literature that have monitored the trend of the hamstring
strength values following multiple repetitions with Nordic
hamstring exercise.

The available studies concern young subjects over the
age of 18 years (Daneshjoo et al., 2012, 2013; Sliwowski et al.
2015) or with young adults assessed using isokinetic dyna-
mometer (Lehnert et al., 2018).

This value, however, is extremely important because the
execution of more repetitions allows to better analyze the
muscular behavior when the effects of fatigue begin to ap-
pear (Greig & Siegler, 2009).

The strength decrease observed following SSG exercises
agrees with what emerged after 45 minutes of match (Greig
& Siegler, 2009) or following technical exercises (Madison et
al,, 2019; Greig, 2019; Rhodes et al., 2019 ).

The asymmetry values revealed that the differences in
performance between the hamstrings of the two limbs in-
crease after SSG exercise: this increase is statistically sig-
nificant both for the value of the eccentric strength peak (+
10.9%, p <0.0001) and for the average strength produced
after more repetitions (+ 16.9%, p <0.0001).

Regarding functional asymmetries of lower limb strength
in young football players, the literature is more attentive to the
differences between dominant / non-dominant limb (Kalata
etal, 2020; Maly et al., 2016; Hewitt et al., 2012) , to asymme-
tries in functional movements (Fort-Vanmeerhaeghe et al.,
2020; Marques et al., 2017) to those concerning imbalances
(Atkins et al., 2016; Maloney, 2019) rather than what occurs
in the hamstring muscle district (Sannicandro et al., 2019).

This aspect seems to be more frequently investigated
with reference to the post traumatic picture (Rush et al.,
2020; Sherman et al., 2021).

The different strength production in fatigue conditions,
on the other hand, can constitute an interesting investigation
field especially in sports where high running speeds and
high accelerations and decelerations are required (Loturco
et al., 2016; Owen et al., 2016) because it exposes the athlete
to distribute the load between the two limbs in a way not
homogeneous.

The monitoring of this value, on the other hand, repre-
sents a relevant indicator for hamstring injury risk reducing
(Sliwowski et al., 2015; Mendiguchia et al., 2012): it allows us
to understand the effects of peripheral fatigue deriving from
sport-specific exercises and the performance relationships
(Wilmes et al., 2021; Castillo et al., 2021).

Conclusions

The study requires further analysis in relation to the
influence of fatigue resulting from more repetition of SSG
exercises to try to understand if the sport-specific exercises
volume can affect the lower limb asymmetry increase.

This study has some limitations: it did not monitor the
performance differences between the preferred limb for
kicking and the other, just as it did not investigate the effects
on the strength decrease following SSG exercises carried out
on fields of different sizes.

Subsequent studies will have to investigate this issue:
a wider sample must be envisaged and eccentric strength

and asymmetry must be monitored throughout the competi-
tive season; it is necessary to understand if there are varia-
tions related to the session scheduling, to the exercises order
structuring or to the competitive season phases.
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rOCTPUIN BNJINB MAJIOCTOPOHHIX IFTOP HA CUY
NIAKOJIIHHOIO CYXOXXWna y monogmnx oyTeonicTtiB
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Pedepar. Crarts: 8 c., 1 Tabn., puc. 1, 70 mxepernt.

Mera gocmimxeHHa. Manocroposni irpu (SSG) - 1e iH-
TE€HCHMBHi TpeHyBaHHA, fAKi Iy>Ke MONYIAPHi y TPeHyBaHHi 3
¢byr6omy. 3HaHHA TOCTPUX HACTIAKIB BIIPAB, AKi CKIAJAIOTh
TPEeHYBaHHSA, € JyXe BaX/IUBUMM, 0COOINBO I 3HIDKEHHA
PU3MKY TpaBM y MonopbkHOMy ¢yrooni. Lle mocmimxeHH
CIIpsIMOBaHe Ha OLIiHKY rOCTporo BIVIMBY SSG Ha eKcLieHTpuy-
HY CWIY HiJKOJIIHHOTO CYXOXWUIA Ta Ha BU3HAUYCHHs acuMe-
Tpii cum HIOKHIX KiHIiBoK (LLSA) y Monogux gpyT6omicTis.

Marepiamu i Mmetopu. Bubipky cxmann monozni ¢yrboic-
TU-40710BiKY 10 17 pokiB (n = 24, 16,6 £ 0,5 pokis, 168,8 + 4,6
cM, 58,2 + 3,5 kr). [To i micna SSG (4 Ha 4, 3x4 XB, BITHOBJIEHHS
3 xB, 6€3 BOPOTApiB) eKCLIEHTPUYHY CITY ITiIKOIIHHOTO CyXO0-
SKMJITIAL Ta aCUMETPil0 eKCIeHTPUYHOI CU/IN HVDKHBOI KiHLiBKI
OLIiHIOBA/IM 3a JOIIOMOTOI0 CIeljiabHOro AuHamoMmerpa (N3
Easytech, Itanis) Ta BifmoBigHOTO MpoOrpaMHOro 3abesmedeH-
Hi. KoxeH 1oHUI GyT6OIICT BMKOHYBAaB OfHOPAa30Be IIOBTO-
PeHHsA CKaH[VHABCbKOI BIIPABM Ha MiJKOTiHHE CYXOXIIIA 3
IVIHAMOMETPOM; IIPUO/IN3HO Yepe3 2 XBUIMHI BOHI BUKOHATIN

5 moBTOpeHb ofHiel i Tiel x Bipasu 6e3 mepepsu. A o6ox
OLIiHOK Oy/IM BUABJIEH] eKCIIeHTpUYHa MilHICTDb i LLSA.

Pesynbraru. O1njiHKa eKCIeHTPUYHOI CYJIN IiJKOTIHHOTO
CYXOXXM/IIA TIOKa3ye CYTTEBI Ta CTATUCTUYHO 3HAYYIIi BiMiH-
HOCTi B OLiHIi B NOPiBHAHHI 3 JONOCTOBMMU 3Ha4Ye€HHAMIMI.
3HayHe 3HVDKEHHA CIOCTepiranocs Jyid MKy eKCIleHTPUMYHOI
cuwmn (p < 0,018 i p < 0,014 st mpaBoi/niBol KiHIIBKY), A
eKcreHTpr4YHOI cepenHboi cuu (p < 0,017 i p < 0,006 st mpa-
BOI/7iBOI KiHIIiBKM). 3HAYEHHsI eKCLIEHTPUYHOI MTiKOBOI acume-
Tpii cWIM Ta cepegHbOro 3HAYEHH:A acUMeTpil cuIM BUABMUIN
3HavHe 36inbiueHHs (p < 0,0001).

BucnoBku. 3HmkeHHA cun nicina SSG BUMarae peresb-
HOTO BpaXyBaHHA NTOPAJKY BMKOHaHHA BIIPaB Ha TPEHYBaHHI.
IIpakTuKyro4i TpeHepy MOXYTb IUIAHYBaTU TPEHYBAHHS Ta
edekTuBHiIIe 3acTocoByBaTi SSG 3 BpaXyBaHHAM BIUIMBY Ha
IiIKOMiHHI CyXOXKWIITIA.
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Abstract

The study's purpose was to improve students’ Higher Order Thinking Skills (HOTS) through learning using the
Teaching Game For Understanding (TGfU) as a medium. This study uses purposive sampling with the provision of

classes that have a low average value of physical education.

Materials and methods. This research is classroom action research (CAR). The sample used in this study consisted of

one class totaling 32 students.

Results. The results of the study were that in the first cycle there were two assessments carried out, namely when
playing the first game and the second game. In the first game students got a pretty good score, namely for the average
SEI (Skill Execution Index) value of 0.72 from the highest score of 1 with a percentage of 72%, In the second cycle,
the treatment given to students was still the same as the treatment in 1st cycle. In the second cycle, this time in the 1st
game the average SEI value increased to 0.79 with a percentage of 79% then DMI increased to 0.81 with a percentage
of 81% and the SI value increased to 0.81 with a presentation of 81%.

Conclusions. The learning process using TGfU can improve students’ HOTS skills. Learning TGfU with attacking
and defending games, can improve decision making, execution skills, and player support which can be seen from
each indicator that is determined to have increased from each cycle carried out by students. Hopefully, this research
can be a support for Physical Education to grow more advanced.

Keywords: teaching game, thinking skill, classroom action research, physical education.

Introduction

In teaching Physical Education (P.E.) and sporting ac-
tivities, a directed engineering concept should be used (a
technique-led approach) (Nasrulloh et al., 2021). The main
purpose of using this approach is to help learners to be aware
of the kinds of techniques required to play various sports
activities. Students may be able to develop good techniques
at various sporting abilities but have very little knowledge of
the game. Giving learning experiences is done with multi-
purpose, multi-method, multi-source and media by making
students the subject of learning (Kristiyanto et al. 2020).

© Nopembri, S., Rismayanthi, C., Putro, K.H., Kristiyanto, A.,
Margono, A., Karakauki, M., & Pratama, K.W,, 2022.
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PE. is one of the subjects in the 2013 curriculum. PE. is
an integral part of the national education program, aims to
develop aspects of physical fitness, movement skills, critical
thinking skills, social skills, reasoning, emotional stability,
moral action, a healthy lifestyle and the introduction of a
clean environment through the provision of learning experi-
ences and carried out systematically based on the values of
faith and devotion to God Almighty (Sutapa et al., 2020).

Creativity or the application of a knowledge of the abil-
ity to exercise to an alternative learning approach that can be
applied. A response to claims that teaching games for under-
standing was not developed as a theoretically based peda-
gogical framework (Harvey et al., 2018). TGfU attracted the
attention of all sports teachers. TGfU is an instruction model
that focuses on developing the abilities of students (Wang,
M., & Wang, L. 2018). Recent studies have tended to com-
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pare or concentrate on the knowledge, psychological and
affective outcomes of this approach (Gil-Arias et al., 2020).
Research shows that tactics are more useful than approaches
and their results support the development of new teaching
theories in game-game teaching (Fani & Sukoco, 2019).

Low student achievement is not caused by a lack of abili-
ties, but a lack of motivation to learn so that students do not
direct all their abilities (Mandigo et al., 2019). For this reason,
teachers are required to be more creative in the learning process
starting from determining learning objectives, learning design,
using learning media, and applying appropriate learning mod-
els, so that the expected learning objectives can be achieved
properly. One of the strategies that teachers can do to achieve
the desired learning objectives is to determine the learning
media that suits their needs (Lodewyk & Bracco, 2018).

The learning model “tactical approach is a learning
model that is often applied to sports games that emphasize
understanding play tactics” (Barba-Martin et al., 2020).
Learning sports games through a tactical approach can help
students in making tactical and strategic decisions when
playing games (Abad Robles et al., 2020). Learning games
using a tactical approach model is an effective method of
decision making in sports games, and should be used as the
main goal in learning sports games (Gambles et al., 2018).
Therefore, games are included as an important component in
the physical education curriculum because it is better if 65%
of physical education learning is more in the form of games
(Gambles et al., 2018). More than 50% of the time spent in
physical education programs at the School of Alberta is more
directed towards learning games (Salimin et al., 2018).

The early recognition of this tactical approach was based
on the findings of Bunker and Thorpe in 1982, through
the concept of Teaching Game for Understanding (TGf{U)
(Memmert et al., 2015). In TGFU students learn a game that
is directed to awareness of playing tactics and problems when
tactical actions are taken. TGfU is designed to focus on devel-
oping tactical awareness and decision making with a frame-
work of play or an appropriate form of play” Thus, when we
apply a tactical approach to game learning, the TGfU concept
must be embedded in the thinking of a physical education
teacher. This pattern is illustrated in the sequence of learning
games in the TGFU frame, namely (1) play, (2) game appre-
ciation, (3) tactical awareness, (4) decision making, (5) skill
implementation, (6) performance (Listyarini et al., 2021).

In TGFU, it is necessary to consider the need for knowl-
edge and tactical understanding of a game, but many teach-
ers prohibit the use of this model, especially in terms of
providing material game and physical limitations. Conse-
quently, the original TGfU was simplified into a three-level
tactical approach (Tactical Games Approach / TGA) which
focused on the three basic components in physical educa-
tion lessons. The three components are: (1) modifying and
simplifying the game, (2) developing awareness of tactics
and solving problems through questions, and (3) developing
skills such as individual motion using the ball and without
the ball. Game modifications are designed or conditioned
towards tactics in various game situations, such as defending
the area or directing the ball to the target. All game condi-
tions are always related to the rules, scoring methods, and
objectives of the game, as well as providing the structure and
purpose of the game. Learning the game through a tactical
approach will get joy, excitement and motivation.

After studying several TGfU concepts described by sev-
eral experts, and based on the opinion of Metzler and Hous-
ner (2009: 9) in Chapter I, it is known that the TGfU which
was developed in England in the 1980s according to Grif-
fin, Mitchell, and Oslin, the term is “Tactical Games Model
(TGM)” (Armour et al. 2009). The Tactical Games Model
(TGM) is the same as the Teaching Game Approach (TGA)
which in the implementation of learning tends to refer to the
relationship and the overall learning plan which includes:
(1) theoretical basics, (2) statement of learning outcomes,
(3) teacher knowledge skills, (4) develop adjustment and
grouping of learning activities, (5) expect teacher and stu-
dent behavior, (6) unique task structures, (7) assess learning
outcomes, and (8) provide direction the model itself. There
are three main assumptions in-game learning with a tactical
approach, namely: (1) the game is modified in a represen-
tative manner to facilitate the form and conditions of the
game (such as changes in game rules) which lead to tactical
problems found in the game; (2) the game makes assessment
easier; and (3) the game generally has a tactical problem, its
basic form includes a classification system and a play tac-
tic model structure. The classification system includes four
main categories, namely (a) target play, (b) running / field
games, (c) net games, and (d) invasion games.

The coaching process is a decision-making process in
which the trainer is tasked with implementing the decisions
that define practice. Training requires versatility because of
the multitude of decision-making, including how to plan
training sessions and training assignments. Training ses-
sions, especially training assignments, mean developing
abilities, or innate skills of players. Various studies have
been conducted to assess how teaching and training of team
sports are carried out through task analysis, with a major
focus on the stages of sports initiation. From a non-linear
pedagogical perspective, the analysis of the tasks for teach-
ing and training sports designed by the coach is essential.
This allows us to examine the context in which athletes learn
(i.e. learning situations) and adapt to them sporting dynam-
ics. Non-linear pedagogy characterizes the learning process
in team sports as an unstable (non-linear) process, in which
students must respond to the limitations and changes pre-
sented in learning situations with dynamic behavior and
change according to the situation.

From a non-linear pedagogical perspective, there are
proposals for the design of practice situations, based on
ideas from Teaching Bunkers and Thorpe Games for Under-
standing (TGfU) in 1986, which were further developed by
Mitchell and Oslin (2005). TGfU is highlighted as a teaching
model for team sports from an alternative perspective. This
model proposes the teaching of sports from the structure
and understanding of the game itself, in which the devel-
opment of athletes regarding tactics and decision making
is given special importance. In line with this, during the
exercise initiation stage, developing the athlete’s cognitive
skills is very important. Games with limitations and small
games are the training tools and game situations proposed to
teach team sports by the TGfU Model in the sports initiation
stage. From the background above, this research has the aim
of improving higher-order thinking skills or in other words,
the High Order Thinking Skills (HOTS) of students through
learning using the Teaching Games For Understanding
(TGfU) method.
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Materials and methods

Study participants

This research is a classroom action research (CAR). Data
collection in this research was conducted at SMP Negeri 2
Godean, Sleman, Yogyakarta in November 2019. The partici-
pants in this study were students of class VII D at SMP Negeri
2 Godean. The sample used in this study consisted of one class
totaling 32 students. Consisting of 20 female students and 12
male students. Sampling using purposive sampling with the
provisions of the class that has a low average P.E. value.

Study organization

In this study, using 2 cycles to describe the improvement
in the HOTS skills of students through TGfU learning. The
research data collection technique used an observation sheet
with the following criteria: 1). Decision making (decision
making), the criteria for making decisions are: when doing
offense students can make the right decisions when passing.
Shoot when unable to pass a motion. Performs a layup when
not guarded by the enemy. Meanwhile, when in defense,
students can decide when to steal or grab the ball. 2). Skill
execution (skill execution). The standard criteria used as cri-
teria are: when students commit violations accurately, they
reach the appropriate friend/recipient. Can print numbers.
Meanwhile, when students can do intercepts appropriately.
3). Support (support). With the criteria when committing
violations Students try to change positions to accept surgery
from friends / open space to get surgery or perform screen-
ing. Meanwhile, when doing defense students are Keeping/
marking opponents who do not carry the ball.

Statistical analysis

The data analysis technique used in this study used de-
scriptive analysis. Data analysis in this study was carried out
by researchers and collaborators reflecting on the results
of observations on the learning process carried out by the
teacher and students in the classroom. The qualitative data
in the field notes were processed into meaningful sentences

treatment ’

Comi Jo—

! preliminary research
results

D —

evaluation ‘

e

Coer )

=)

Figure 1. Research flow

&~

and analyzed quantitatively. The data analysis technique is
used sequentially, namely data reduction, data presentation,
and conclusion drawing. Data reduction in this study in-
cludes selecting data through a summary or brief descrip-
tion and processing the data into a more targeted pattern.
Thus data reduction is a form of analysis that sharpens, clas-
sifies, directs so that a verifiable conclusion can be drawn.
In addition, this study also compares the suitability of the
learning plan together with the collaborator that has been
adjusted to the ongoing learning.

Results

Cycle 1

In the first cycle, learning was carried out using the TGfU
learning model through attack and defense games. Initially,
the teacher divided students into groups consisting of groups
of women and groups of men, each group consisting of 3-5
people according to the number of students. Learning is
quite conducive and the teacher has also conveyed the stages
of learning well, as evidenced by enthusiastic students dur-
ing learning and experiencing progress in learning.

In this first cycle, two assessments were carried out,
namely when working on the first game and the second
game. In the first game, students get a pretty good score,
namely for the average SEI score (skill implementation in-
dex) of 0.72 from the highest value of 1 with a percentage
of 72%, then the average DMI (decision-making index) was
0.74 with a percentage of 74%, and the SI (support index)
value was 0.76 with a percentage of 76%.

After doing the first game the teacher evaluates and
takes the second measurement. From the second game, the
increase in the increase of each of the following criteria: SEI
reaches 0.75 with a percentage of 75% then DMI increases to
0.79 with a percentage of 79%, and the SI value increases to
0.79 with a percentage of 79%.

Thus the average student gets a good score for the meet-
ing in this first cycle. However, because there are still some
students who have unsatisfactory scores or below the desired
KKM, which is 75 of the total scores. Then there will be
evaluation and improvement in the second cycle.

Cycle 1

Figure 2. Diagram of games 1 and 2 in Cycle 1

Cycle 2

In the second cycle, the treatment given to students was
still the same as the treatment in cycle 1. In the second cycle,
this time in the first games, the average SEI score increased
to 0.79 with a percentage of 79% then the DMI increased to
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0.81 with a percentage 81%, and the SI value increased to
0.81 with a presentation of 81%.

In the second game, the teacher again gave evaluations
to students and the result was an increase in all the assess-
ment criteria. For the average SEI value increased to 0.82
with a percentage of 82%, then the IDM value increased to
0.83 or 83% and the SI value increased to 0.83 with a per-
centage of 83%. In this second cycle, the results can be seen
and we can compare where from the first cycle to the second
cycle there is a high enough difference from each of the pre-
determined criteria which we can see in the following graph:

Cycle 2

0.84
0.83
0.82
0.81
0.8

0.79

0.78

0.77

Figure 3. Diagram of games 1 and 2 in cycle 2

Based on these results, it can be compared to the results
of cycle 1 and cycle 2, there is an increase in each learning
carried out, thus learning using TGFU through an effective
attack and defense games to improve children’s cognitive
abilities, especially the HOTS ability of the child.

Discussion

Based on the comparison of the results of cycle 1 and
cycle 2, there was an increase in each lesson carried out,
thus learning using TGfU through attacking and defending
games was effective to improve students” cognitive abilities,
especially the HOTS abilities possessed by these students.
These results are in accordance with the research of Gil-
Arias et al. (2021) that significant differences in student
motivation were observed for both boys and girls who par-
ticipated in the hybrid TGfU/SE unit in both analyses across
all motivational outcomes. Furthermore, Batez et al. (2021)
denoted that the effectiveness of the TGfU model of short
duration (12 lessons) in an educational context to improve
volleyball skills.

In addition, a research by Harvey et al. (2020) denoted
that the effectiveness of the TGfU unit in developing adapta-
tions to long-term memory that improved the quality of the
students’ tactical knowledge at all three levels of analysis
(conceptualcontent, sophistication, and structure). the need
to use pedagogical models such as TGfU to increase stu-
dents’ capacity to evaluate game situations and develop their
tactical reasoning. Meanwhile, the research by Sierra-Rios et
al. (2020) claimed that TGfU seems to be more appropriate
than direct instruction to increase the light PA levels during
sessions while no significant differences were found between
programs in moderate and vigorous intensities. Regarding

the effects of programs in decisions, greater improvements in
decisions with the ball were found in TGFU compared to DI.

By the end of the TGfU basketball unit, students modi-
fied the conceptual content of their tactical knowledge, as
significant increases in their scores in all concepts, goals,
conditions and predictions were observed. This increase in
all concepts allowed students to have a greater capacity to
reflect upon on executed actions and its influence on future
actions. Moreover, a significant increase in conditions is im-
portant, because this shows that students generated specific
advanced conditions to adapt and modify their interpreta-
tions of every game action over the course of the TGfU unit.
Thus, students displayed a more in-depth tactical approach
to the game situations they observed, continuously repre-
senting relevant information, which allowed them to explain
how the players they observed would choose relevant skills
to be executed (i.e. “if he cannot find one, he passes to his
teammates or he just passes it off the wall”’; “he charges for
the ball when he has the chance to”) (McPherson & Ker-
nodle, 2007).

Likewise, these changes demonstrate that the students
were more competent in modifying their interpretations of
the game actions during each game play episode they ob-
served, updating their action plan profiles (tactical action
models faced with explicit conditions) and current event
profiles (tactical condition prototypes used to take deci-
sions), and referring to these profiles with an increasing level
of complexity (McPherson, 2008). These changes in concep-
tual content lead to greater cognitive flexibility and greater
capacity for participants to predict possible game events (i.e.
“he knows when passes are going to be made to the other
team”; “she anticipates that the other teammates is going to
go into the direction towards their goals”) that would help
them select an effective response during game play (McPher-
son & Kernodle, 2007).

Regarding motor development through TGfU model
studies Gonzalez-Villora et al. (2019), and Wang, M., and
Wang, L. (2018), improved physical and physiological per-
formance was shown, as well as levels of physical activity.
Moreover, a novel study by Garcia-Gonzalez et al. (2020)
showed that a hybrid Sports Education/TGfU volleyball
teaching unit permits designing learning environments
where students can make decisions and assume responsi-
bilities, perceive themselves as skilled, and establish positive
relationships with teammates. One more study by Broek et
al. (2011) confirmed that an instructional model consisting
of TG{U, sports education, cooperative learning and peer
instruction with a determinant contribution of thoughtful
decision-making skills might be key elements to create a
powerful learning environment in which students can be-
come self-regulated. The results from the current study by
Barba-Martin et al. (2020) showed that the TGfU model
improves not only the tactical knowledge but also the techni-
cal knowledge, which was confirmed by improved volleyball
skills in our students. Therefore, our results and the results of
the different studies highlight the TGfU as a positive peda-
gogical model in PE by promoting learning through under-
standing and knowledge, thus enjoying the fun of playing,
which was confirmed in our study showing better enjoyment
than PE classes.

Several limitations and future research directions should
be considered. First, the small number of participants limits
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the capacity to generalize the results. Consequently, future
research can extend the current sample by, for example, in-
creasing the number of students who complete the task in
each class, and/or by using more PE classes/PE teachers at
the same/different schools. Second, researchers did not in-
clude a control group to test the differences between groups.
Therefore, it is not possible to guarantee that significant
changes in tactical knowledge were a sole consequence of the
TGfU unit. Third, only one TGfU unit has been developed in
the current study. Consequently, it would be valuable to rep-
licate this study and examine the effect on tactical knowledge
over a more longitudinal time frame with the application
of consecutive TGfU units in different team sports. Finally,
future research could capture game performance data to link
these data to student tactical knowledge development.

Conclusions

Based on the research result above, it can be concluded
that learning using TGfU can improve students’ HOT'S sKkills.
From TG{U learning through attack and defense games, it
can improve decision making, skill execution, and player
support, which can be seen from each determined indicator
that has increased, from each cycle that is carried out.

There are many limiations in this research both in terms
of time and existing facilities and infrastructure. Construc-
tive suggestions are needed to build better research. It is
hoped that after this research, there will be further research-
ers that develop Teaching Game for Understanding (TGfU),
which will later build and open the gates of progress in the
field of education in Indonesia to grow more advanced.
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YAOCKOHAJIEHHA METOAY HOTS Y BACKETBOJIbHIN

P11 YEPE3 HABYAHHA TGFU

Coni Homem6pi'4¢, Yepika Picmasuti'®P%, Kykyx Xapaomno IlyTpo'48, Aryc KpictisnTo*PF,
Aryc Maprono®®?, Manin Kapaxkayki*®, Kykyx Baxrogin IIpaTama*‘PE

'Ilep>xaBHMit yHiBepcuTeT [)KOK IKapTH
*YuiBepcuret Cebemac Mapet

*Marnaiicbknit yHiBepcuTeT

‘[HCTUTYT NepeloBOi HAyKM, TEXHIKM Ta OCBITH

ABTOpPCHKMIT BRI A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E — 36ip komrtis

Pedepar. Crarts: 7 c., 3 puc., 27 mKeper.

MeTa JOCTif[)KEHHs TI0JIATaNa B TOMY, 1[00 IOKPAIUTI
HaBUYKM MUCIeHHs Buioro nopsaaky (HOTS) uuisaxom Ha-
BYaHHA 3 BUKOPUCTaHHAM HaBYa/JbHOI I'PU /I PO3YyMiHHA
(TGfU) sx 3aco6y. Y upoMy [OCIi/)KEHH]I BUKOPUCTOBYETD-
Cs1 LizecripsIMOBaHa BMOipKa 3 HaJJaHHAM 3aHATH, sKi MalOTh
HU3BKE Ta CepeHE 3HAYeHHsI (Pi3UIHOrO BUXOBAHHSI.

Marepianu ta Meropu. lle focmifi>keHHA € HOCTimKeH-
HAM Aill y k1aci. Bubipka, BUKOpycTaHa B 1IbOMY JOCT/PKEHHI,
CKJIaflaziacd 3 OTHOTO K/Iacy 3arajbHOI0 KiIbKiCTIO 32 y4Hi.

Pesynbraru. PesynbraTu BOCTiPKEHHA TOJIATANMNA B TOMY,
IO B IIEPIIOMY LUK/ 6Y/I0 IPOBEEHO /B OLIIHKY, @ CaMe IIift
4ac Ipyu B IIepUIy IPy Ta JPYTy Ipy. Y MepuIiii Ipi y4Hi oTpuma-
JIV TOCUTD XOpoluuit 6art, a came 3a cepepgHe 3HadenHs IBH (iH-
JIleKC BUKOHAaHHA HaBM4YOK) 0,72 Bij HaiBuioro 6ana 1 3 Bifco-
TKOM 72%. Y IpyroMy LUK/ BIUIUBY, K€ HalaBallOCs yYHAM,

BCe Ije Oy/I0 TaK caMo, AK i B 1-My 1Mk BIUIMBY. Y Apyromy
LUK, IbOro pasy B 1-7i rpi, cepegne snadenns IBH spocno
1o 0,79 3 BigcoTkoM 79%, TOTIM iHEEKC NMPUITHATTA pillleHb
3pic o 0,81 3 BimcoTkoM 81%, a 3HaAYEHHA iHIEKCA MiZTPUMKI
3pocno fo 0,81 3 BigcotkoM 81%.

BucHoBku. Ilporec HaBuaHHA 3 Bukopuctanuam TGfU
moxe noxpamutu HaBudku HOTS crymentis. BuBuenHs
TGfU 3 aTakyo4nMu Ta 3aXMCHUMM irpaMi MO>Ke IIOKPAIITI
IPUITHATTA pillleHb, HABMYKY BYKOHAHHA Ta MiATPUMKY I'paB-
1[iB, 110 MOKHA MOOAYUTY 3 KOKHOTO MOKA3HMKA, KNI, AK
BM3HAYEHO, 3PiC i3 KOXKHOTO LMK/, AKIIT BUKOHYBa/IN CTY/I€H-
. CriofiiBaeMocs, 11e LOCTi/KEHH MOXKe CTATY MiATPUMKOIO
PO3BUTKY (Pi3MYHOTO BIUXOBAHHS.
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Abstract

Objective. To study the morphofunctional characteristics of basketball players aged 17-20 years, taking into account
their game role, and to substantiate the possibility of using them as criteria for selection and orientation at the stage

of preparation for higher achievements.

Materials and methods. The study participants were 200 basketball players (17-20 years old). The following
methods were used: theoretical analysis, pedagogical observation, pedagogical experiment with the use of
instrumental methods of functional diagnostics (ergometry, chronometry, spirometry, gas analysis, and pulsometry),

anthropometric methods, statistical methods.

Results. The study determined statistically significant differences in height and weight in all playing positions: the

point guard is characterized by statistically significantly shorter body height compared to the shooting guard (U = 46.5;
z=-6.88; p < 0.01), the shooting guard is statistically significantly shorter than the small forward (U = 51.0; z = -5.58;

p <0.01), the latter is shorter compared to the power forward (U = 38.0; z = -5.56; p < 0.01). The center was found to

be statistically significantly taller than the power forward (U = 82.0; z = 4.24; p < 0.01). The model height indicators

of centers at this stage of improvement are 205.9 + 3.53 cm. Groups of athletes, depending on their roles, statistically
significantly differ in body weight (F = 64.304; p < 0.01). Centers are the heaviest and point guards - the lightest basketball
players. The dynamics of body height and weight indicators of basketball players from 16 to 20 years were determined.
Point guards and shooting guards have a statistically significantly higher level of VO,max compared to centers and
power forwards. The average level of VO,max of players in the point guard position was 57.05 + 3.78 ml-kg"-min™".

In centers, this indicator is on average 49.10 + 4.63 ml-kg’-min. Centers had the VLC in the range of 9.38 £ 0.76 |,
power forwards - 8.72 + 0.80 1, defensive players — 7.5-8 1. No statistically significant differences were found in players
with different roles in the level of AnT as a percentage of VO, max.

Conclusions. Morphological and functional characteristics serve as informative criteria for monitoring the
individual condition of players, are dynamic and can be used in different age groups, taking into account the specifics

of team training and individual qualities.

Keywords: basketball, game position (role), training, morphological and functional criteria, selection.

Introduction

The specifics of the competitive activity in basketball
require a distribution of game functions between players
on the court. Modern basketball tends to universalize the
capabilities of players, but complete unification of athletes’
playing actions is impractical (Bezmylov et al., 2013). This

© Bezmylov, M., Shynkaruk, O., Byshevets, N., Qi, G., &
Zhigong, S., 2022.
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is due to significant differences (anthropometric, functional,
physical, etc.) between players who perform certain playing
functions (Bavli, 2008; Dalextrat et al., 2009; Issurin, 2016).

According to Trnini¢ et al. (2000), in order to perform the
functions of all game roles on the court, it is necessary to satisfy
the criteria of each of them, which is quite difficult. In basket-
ball, anthropometric characteristics are crucial when distribut-
ing playing functions on the court (Cormery et al., 2008).

The dependence of successful competitive activity of
certain basketball players on anthropometric characteris-
tics is the cause of problematic issues that arise during the
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training of basketball players in children and youth sports
(Matulaitis et al., 2019). There are cases when a child starts
playing basketball too late, at the age of 13-14, during a pe-
riod of rapid growth (puberty) (Stroganov et al., 2020).

Takingintoaccountgoodanthropometriccharacteristics,
coaches enroll teenagers in a basketball section, despite
the actual lack of basic training. Contradictions arise:
teenagers are unable to catch up with their peers, who have
more experience in basketball, in mastering and using the
technical and tactical arsenal of game actions (Yixiong et al.,
2019). In basketball, there are often cases where a player with
good anthropometric qualities has a narrow range of playing
possibilities on the court. In modern basketball, there are a
lot of players with poor anthropometric characteristics (Erol
etal., 2014). This explains coaches’ interest in tall players, and
the process of enrolling such athletes contradicts the general
logic and rules of forming training groups in children and
youth sports schools and private basketball clubs (Bezmylov
et al., 2020a,b; Matulaitis et al., 2019).

The closer to the basket the player has to act, the more
important the player’s body height and weight are, allow-
ing him/her to successfully fight and effectively attack the
basket. And vice versa, the farther from the basket the ath-
lete has to perform actions, the more important the player’s
speed capabilities, effective technique of movements, etc.,
become (Dalextrat & Cohen, 2009).

This issue is widely discussed by scientists and is impor-
tant for basketball players at the stage of preparation for high-
er achievements. This determined the relevance of the study.

Objective. To study the morphofunctional characteris-
tics of basketball players aged 17-20 years, taking into ac-
count their game role, and to substantiate the possibility of
using them as criteria for selection and orientation at the
stage of preparation for higher achievements.

Materials and Methods

Study participants

The study participants were basketball players of the
youth national teams of Ukraine U 18 and U 20, players of
the youth club team “Kyiv-Basket”, who were at the stage of
preparation for higher achievements (17-20 years old). A to-
tal of 200 players were examined.

Study organization

The study used the following methods: theoretical analy-
sis, pedagogical observation, pedagogical experiment with
the use of instrumental methods of functional diagnostics,
morphological methods. The response of basketball players’
cardiorespiratory system to aerobic and anaerobic exercise
was studied in standardized laboratory conditions, using
such methods as ergometry, chronometry, spirometry, gas
analysis, and pulsometry. The ergospirometry complex “Oxy-
con Pro” (Jaeger, Germany) was used for gas analysis (Fig. 1).

Devices were calibrated automatically before and after
testing each athlete. The error in registration of indicators
was 0.02%. The composition and volume of the calibration
mixture were 5% CO, and 17% O, in the N, balance (95%).

Test loads were performed on the LE-200 treadmill ac-
cording to the standard program. Heart rate (HR, beats-min™)
was measured using the “Sport Test Polar” RS 800 (Finland).

Fig. 1. Fragment of testing basketball players in laboratory
conditions, using ergometry and gas analysis

The anaerobic threshold (AnT) was determined in the
conditions of incrementally increasing exercise intensity in
a non-invasive way, using the computer graphics analysis at
the beginning of a non-linear increase in VE and VCO,, the
beginning of an increase in VCO,-VO,, and at the beginning
of an increase in EQCO,, which was not accompanied by
a concomitant increase in EQCO,, as well as at the begin-
ning of an increase in the O, fraction in exhaled air (FEO,,%).
The study determined the point of anaerobic threshold and
corresponding values of work intensity (WAnT), the time of
achievement of AnT (PAnT), and other physiological indica-
tors (VO, — AnT, VCO, - AnT, VE — AnT, HRAnNT). Absolute
and relative (in % of maximum) amount of O, consumption at
the level of anaerobic threshold (VO, — AnT in % of VO,max)
was determined.

The indicators of body height (cm), weight (kg) were
measured according to the standard. The subject was ex-
amined in a standard upright position. The study analyzed
the peculiarities of manifestation of these indicators, taking
into account the playing specialization of basketball players.
The TANITA body analyzer (Japan) was used to determine
the percentage of fat, muscle, and bone tissue of different
body segments of basketball players. The study determined:
body weight and height, percentage of fat in the body, trunk,
and limbs — FAT %, fat mass in the body, trunk, and limbs -
FAT MASS, kg, weight without fat in the body - FEM, kg,
predicted muscle mass in the trunk and limbs - Predicted
Muscle Mass (PMS), kg, total body water - TBW, kg, body
mass index - BMI, and basal metabolic rate - BMR, kcal.

The study was conducted on the basis of the laboratory
of the Research Institute of the National University of Physi-
cal Education and Sports of Ukraine.

Statistical analysis

The statistical analysis of data included verification of
the observed data for normal distribution, using the Shap-
iro-Wilk test. If the indicators of basketball players in their
role were normally distributed (such as body weight of ath-
letes), the equality of variances of characteristics in compari-
son groups was assessed by the Levene’s test and, since the
conditions were met, comparative analysis of the indicators
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was performed using the one-way ANOVA. The differences
between the indicators in all groups were assessed using the
Fisher’s F-test, and pairwise comparisons — the Bonferroni
test. In the case when the indicators did not meet the neces-
sary conditions for using the one-way ANOVA (for example,
the body height of athletes), its non-parametric analogue
was used, namely the Kruskal-Wallis H test. Post hoc com-
parisons were performed with the help of the Mann-Whit-
ney U test (Mann, Whitney, 1947; Byshevets, Denysova et al.,
2019; Byshevets, Shynkaruk et al., 2019).

The value a = 0.05 was taken as the level of statistical sig-
nificance. Note that in the case when the calculated p-value
was less than 1.0-10°, it was presented as p < 0.01. In other
cases, the exact p-value is given.

Statistical processing of empirical data was implement-
ed using the statistical analysis package STATISTICA 10.0
(StatSoft, USA).

Results

The analysis of the studied indicators of basketball play-
ers, who are at the stage of preparation for higher sports
achievements, made it possible to determine model charac-
teristics for each playing position. The indicators of young
players of European championships (Spain, France, Lithu-
ania, Serbia, Ukraine) were analyzed. Thus, the data on the
body height and weight of basketball players were deter-
mined (Tables 1, 2). Statistically significant differences are
observed between players of all roles.

Statistical analysis showed that not all indicators of the
body height were normally distributed (The Shapiro-Wilk
test ranged from 0.933 to 0.969, with p from 0.023 to 0.461),
so to compare the body height of athletes, depending on
their role, the study used the Kruskal-Wallis non-parametric
test (see Table 1). It was found that H (4; 147) was 132.54,
with p < 0.05, which indicates the statistical significance of
differences between the body height of athletes, depending
on their role.

The point guard is characterized by statistically signifi-
cantly shorter body height compared to the shooting guard
(U =46.5; z = -6.88; p < 0.01) (see Table 1). The shooting

guard is statistically significantly shorter than the small for-
ward (U = 51.0; z = -5.58; p <0.01), who is statistically sig-
nificantly shorter compared to the power forward (U = 38.0;
z = -5.56; p <0.01). For his part, in contrast to the power
forward, the center was found to be statistically significantly
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Fig. 2. Comparative analysis of the body height of athletes,
depending on their role (n = 147), where 1 - point guard; 2 -
shooting guard; 3 - small forward; 4 - power forward; 5 — center

taller (U = 82.0; z = 4.24; p = 2.3 10-5 <0.01). It was proved
that all groups of basketball players statistically significantly
differ in the body height, depending on their role (Table 1,
Fig. 2). Note that the model body height indicators of centers
at this stage of improvement are on average 205.9 + 3.53 cm.

All body weight indicators of basketball players were
normally distributed (0.929 < W <0.972; 0.104 < p< 0.515),
ANOVA was used to compare the body weight of athletes
depending on their role (Table 2). Using the Levene’s test, the
study determined that the variances of athletes’ body weight
indicators do not differ statistically significantly (F = 0.559;
p = 0.693), so the conditions for using the analysis of vari-
ance are met. Groups of athletes, depending on their roles,
statistically significantly differ in body weight (F = 64.304;
p <0.01).

Table 1. Results of statistical analysis of the body height of basketball players, depending on their role (n=147)

Calculated indicators

“Point guard”

Role (n=39)

Shooting guard”
(n=35)

“Power forward”
(n=31)

“Small forward”

(n=23) Center” (n=19)

Average indicators: Me (25; 75)

185 (183;188)

193 (190; 195)

197 (196;198) 202 (201; 204) 206 (204; 210)

Test of samples for normal distribution: W; p

0.9335; 0.9335; 0.9326; 0.9690; 0.9333;
0.02334 0.03556 0.12448 0.49111 0.19901
Body height, cm Comparative analysis by the Mann- U z p
H (4, N = 147) = 132.54 Whitney test
< 0.00001
P PG-SG 46.5 -6.88 <0.00001
SG-SF 51.0 -5.58 <0.00001
SF-PF 38.0 -5.56 <0.00001
PE-C 82.0 -4.24 0.00002
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Table 2. Results of statistical analysis of the body weight of basketball players, depending on their role (n=147)

Calculated indicators

Role “Point guard” “Shooting guard” “Small forward” “Power forward” “Center”
(n=39) (n=35) (n=23) (n=31) (n=19)
Average indicators: Me (25;75)
82 (74; 75) 87 (83; 935) 90 (85; 93) 100 (95; 103) 101 (99; 105)
Test of samples for normal distribution: W; p
0.9497; 0.9725; 0.9289; 0.9625; 0.9518;
0.08033 0.51484 0.10359 0.33898 0.42412
Body weight, kg Comparative analysis by the Bonferroni test; Probabilities for Post Hoc Tests; Error: Between MS = 38.535,
Fiy 1 = 64.304, df = 142.00
p < 0.00001 “Point guard” “Shooting guard” “Small forward” “Power forward” “Center”
PG 0.000042 0.000002 <0.00001 <0.00001
SG 0.000042 1.000000 <0.00001 <0.00001
SF 0.000002 1.000000 <0.00001 <0.00001
PF <0.00001 <0.00001 <0.00001 1.000000
C <0.00001 <0.00001 <0.00001 1.000000

For post hoc comparisons, the Bonferroni test was used,
the results of which showed statistically significant differenc-
es between the body weight of athletes in all groups, depend-
ing on their role (Fig. 3. See Table 2). Thus, centers are the
heaviest and point guards are the lightest basketball players.

It was found that centers are significantly inferior to
adult athletes in their anthropometric parameters (Table 3).
The same differences are observed among power forwards.
A comparison of the height and weight of basketball players
by age - from 16 years and up to players of national teams,
shows the biggest differences among basketball players of the
offensive line.
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Fig. 3. Implementation of post hoc comparisons of the body
weight of basketball players, depending on their game role in
the STATISTICA 10.0 program, where vertical bars denote 0.95
confidence intervals

The study data on the functional capabilities of basket-
ball players with different roles, who prepare for higher sports
achievements, are presented in Table 4. The average level of VO,
max in point guards was 57.05 + 3.78 ml-kg-min™. The lowest

VO, max values were found in centers — 49.10 £ 4.63 ml-kg-min™.
In our study, the level of VO, max in players decreased lin-
early from the first to the fifth position.

During the step test, the highest values of maximum
voluntary ventilation were recorded in power forwards, the
lowest — in defensive players (point guards and shooting
guards). During laboratory testing, the indicators of vol-
untary ventilation of power forwards reached the level of
166.25 + 14.12 I-min".

The highest values of intensity of the work performed
during the test (W) were observed in point guards. The aver-
age level of maximum load during the step test was 357.50 +
16.26 (W). During testing, the lowest intensity was achieved
by centers — 315.50 + 18.32 (W) (see Table 4).

There were no statistically significant differences be-
tween players with different roles in the level of AnT as a per-
centage of VO,max. This indicator ranged from 70 to 90% of
the level of VO,max and characterized the player’s individual
level of fitness at the time of testing (Fig. 5). A similar situa-
tion was observed in the indicators of heart rate and exercise
intensity in basketball players when reaching the AnT.
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Fig. 4. Achievement of the anaerobic threshold (AnT) by
basketball players aged 17-20 as a percentage of maximal oxygen
consumption VO, max
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Table 3. Dynamics of the body height indicators of basketball players, taking into account the age category at international

basketball tournaments

Point guard Shooting Small forward f(f:;v::d Center
No Age (n=80) p<0.05guard(n=80)p<0.05 (n=80) p<0.05 p<0.05 (n=80) p <0.05
(n=280)
Xz*s Xzs Xz*s Xzs
X+ts
1 U16 1863+427 - 190.744.22  *4,5,6 196.4+3.60 4,56 201.3+393 4,56 203.6+3.34 2,3,4,56
2 U17  1864+493 - 19204526 56  196.5+3.88 6 20204321 56 20604375 1,56
3 U8 18774555 - 191.6+4.11 - 197.8+3.71 6  202.3%2.87 56 2059353 1,56
4 U19 18724664 - 194.6+485 1,2 199.0+4.57 1 20374296 1,6  206.9+3.34 1,6
5 U200 187.1#560 - 194.5+3.44 1,2 198.143.39 1 205.142.69 1,2,3 208.0+359 1236
6 N;z:r‘;al 187.3+4.91 - 194.6+2.48 1,2 199.148.42 123 205.1+7.05 1,2,3,4 210.249.98 1,2,3,4,5

Note: * — differences with the corresponding number in the line of national teams are statistically significant, if p < 0.05

Table 4. Morphofunctional characteristics of basketball players at the stage of preparation for higher achievements, taking

into account their game role (17-20 years)

Voluntary Vital lung Ifeak
VO;max ventilation capacity expiratory Load, Wt
. Teolamin-l > !
No Indicator mlkg!min’ p<0.05 I-min" (MVYV) p <0.05 vic,1 P <0.05 flow (I?EF), p <0.05 X4s p <0.05
X+ts Is!
X+s X+s

Xzts
1 Point guard 57.05+£3.78 4,5 144.55+12.83 4 7.54+1.02 4,5 11.10£1.18 3,5 357.50+16.26 5
2 Shooting guard  55.60+3.02 5 141.70+16.87 4,5 7.89+1.16 5 11.95£1.36 3,5 325.14%36.51 -
3 Small forward ~ 53.35+4.08 - 146.50+21.05 4 7.38+0.98 4,5 9.15+£1.06 1,2,4 343.18+24.05 -
4 Power forward  52.95+3.65 1 166.25+14.12 1,2,3 8.72+0.80 1,3 11.68+x1.92 3,5 342.70+£37.90 -
5 Center 49.10+4.63 1,2 150.05£19.20 2 9.38+0.76 1,2,3 8.79%£1.04 1,2,4 315.50+18.32 1

Note: * — differences with the corresponding role are statistically significant, if p < 0.05

Discussion

In team sports and basketball in particular, a character-
istic feature of selection at the stage of preparation for higher
sports achievements is the need to take into account the
game specialization of athletes (Shynkaruk, 2011; Bezmy-
lov et al., 2020; Kostiukevych et al., 2020, 2021). Players are
selected for the team, taking into account the specific condi-
tions of the competitive activity where the young player will
perform playing functions on the court.

According to Bezmylov et al. (2013, 2020), the height
of a basketball player increases linearly from the “first” to
the “fifth” position. These differences are most significant
between the players who perform the functions of the first
(point guard) and the fifth (center) numbers on the court. As
for other morphological features and the possibility of using
them during sports selection, experts also pay attention to
the athlete’s wingspan, body composition, etc. (Apostolidis
et al., 2004; Erol et al., 2014; Jelicié, 2002).

In the United States, when assessing the prospects of
young basketball players in the NBA draft, the following
morphological indicators of players are taken into account:
bone length and width, sitting height of the player, chest cir-
cumference, body fat and muscle percentage, etc. (Yixiong
et al., 2019; Bezmylov, Shynkaruk, & Murphy, 2020). These
morphological indicators affect the competitive activity on
the court. However, there are many examples (especially in

women’s basketball) when athletes do not meet the model
anthropometric parameters, but effectively perform game
actions on the court and counteract the opponent (Dalextrat
& Cohen, 2009).

The structure of the competitive activity in basketball is
complex, the final sports result is determined by a number of
factors (player’s level of mastery, game intuition, psychologi-
cal qualities, etc.). Some morphological indicators, that are
recommended as informative for determining the prospects
of the player, are dynamic or can be actively corrected (body
weight, fat-to-muscle ratio, etc.) (Abdelkrim et al., 2010;
Matveyev, 1999; Ostojic et al., 2006).

The use of such morphological characteristics for
sports selection at the stage of preparation for higher sports
achievements is controversial, given that athletes at this stage
(17-20 years old) continue to actively develop. In this regard,
according to experts (Jeli¢i¢ et al., 2002; Yixiong et al., 2019),
body height is among the most informative morphological
characteristics.

In the late 1980s and early 1990s, in the theory and
practice of basketball, the division of players into five game
roles — point guard, shooting guard, small forward, power
forward, center — became widespread. For the first time,
such a division of athletes was proposed in the NBA. Today,
this division is unified and basic for many basketball coun-
tries around the world (Bezmylov, Shynkaruk, 2013; Sallet
et al., 2005). This division of players is typical of elite sports.
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During previous stages of long-term improvement, there are
cases when the athlete focuses on two playing positions with
turther specification during the training process (Bezmylov
et al., 2020).

With increasing body height (208 cm and above), the
player is oriented mainly towards the functions of the fifth
number (center), with stabilized indicators - the fourth
number (power forward) (Yixiong et al., 2019).

Such temporary universalization in adjacent playing po-
sitions expands the possibility of using a tall player in subse-
quent performances in elite sports and minimizes strategic
mistakes when choosing an athlete’s playing position on the
court. It was proved that the body height of the point guard
from the age of 16 is quite stable. No statistically significant
differences were found between young players (each cat-
egory) and professional athletes (p > 0.05).

The analysis of the body composition of basketball play-
ers at the stage of preparation for higher sports achievements
showed that almost all players have a low body fat level. This
can be explained by the young age of athletes (17-20 years).
Our data complement the findings of Ben Abdelkrim et al.
(2007), which show that players of professional teams have
statistically significantly higher levels of body fat in contrast
to young athletes. We did not find any significant differences
in body mass index between players performing different
game functions on the court. Point guards and small for-
wards had an advantage, the differences are not statistically
significant. In our opinion, this indicator and body mass
index (conditional unit) are dynamic, depend on a number
of factors, and can be considered auxiliary when monitoring
players at the stage of preparation for higher achievements.

Our data showed that in the period from 16 to 20 years,
the body height of power forwards and centers significantly
changes, which must be taken into account during stage-
by-stage determination of the final game specialization on
the court. The difference between centers aged 16 and adult
basketball players of national teams is 7-8 cm, and the differ-
ence in body weight can reach 20 kg and more. These differ-
ences are statistically significant (p < 0.05). When selecting
young players, who are at the stage of preparation for higher
achievements, coaches include them in the team on the line
of attack (power forward and center) and allow players to
perform both game functions.

Players who act mainly under the baskets must have a
high level of speed and strength. Attacking players (power
forward and center) use their own body size to gain an ad-
vantage in the fight for a favorable position when attacking
the basket at a short distance, picking up the ball, or setting
a screen. At this stage, when deciding on the selection of
a player for the team and his/her subsequent orientation
to a particular role in the game, height becomes dominant
among morphological characteristics (Ostojic et al., 2006;
Sallet et al., 2005).

The trend of modern basketball development is the in-
tensification of competitive activity. This is due to the grow-
ing level of players’ mastery, the use of modern technologies
for training athletes, the change in the rules of FIBA com-
petitions in 2000. This affected the game dynamics on the
court. The time for an attack was reduced from 30 to 24 sec-
onds, less time was allotted for throwing the ball out of one’s
half of the court, etc. (Abdelkrim et al., 2007; Cormery et al.,
2008; Matulaitis et al., 2019). This affected the spectacularity

of basketball matches: the game became faster, the require-
ments for the level of athletes’ functional fitness increased.

Cormery et al. (2008) have long studied the functional
capabilities of highly qualified basketball players from lead-
ing teams. A graphical comparison showed that the level
of maximal oxygen consumption in basketball players who
played in the mid-1990s was much lower than in athletes in
the mid-2000s (after the introduction of new rules in 2000,
which accelerated the dynamic characteristics of the game).

Bompa (2000), Lysenko (2010), Marinkovic et al. (2013)
point out that the specifics of the competitive activity in
basketball require a high level of both aerobic and anaerobic
capacity. At the same time, according to scientists, it is the
level of anaerobic capacity that becomes decisive for success-
ful competitive activity in the game. Most of the competitive
actions in the game are performed mainly in submaximal or
maximal intensity zones. The average heart rate of players
during technical and tactical actions (acceleration, jumps,
throws, speed movement on the court, etc.) ranges from
85 to 95% of the maximum level (Abdelkrim et al., 2007;
Marinkovic et al., 2013).

The specificity of the competitive activity structure in
basketball is also determined by the intermittent nature of
the game. High-intensity segments of the competitive activ-
ity alternate with periods of rest (during free throws, time-
outs, rules violations, etc.), the duration of which roughly
corresponds to the segments of the game (Yixiong et al.,
2019). During short periods of rest (on average from 15 to 40
seconds), there is an active recovery of the athlete’s body due
to aerobic capacity (Abdelkrim et al., 2010; Bezmylov et al.,
2013). After 2000, the time allotted for pauses in the game
was significantly reduced. This led to increased requirements
for the level of players’ functional capabilities.

According to experts (Abdelkrim et al., 2007; Apostoli-
dis et al., 2004; Lamontagne, 2013), defensive players must
have the highest level of functional capabilities among other
players. This is due to the specific conditions of functional
responsibilities in the game. Defensive players have aver-
age and below average morphological qualities, but perform
the majority of movements on the court during the game.
The studies by Abdelkrim et al. (2007) and Apostolidis et al.
(2004) show that in some cases, the level of VO,max in elite
basketball players, who play in defensive positions, reached
60-65 ml-kg'-min™'. The lowest indicators of VO,max were
recorded in offensive players (center, power forward).

The study confirmed the data of Cormery (2008) on the
intensification of competitive activity in modern basketball.
The level of maximal oxygen consumption in skilled basket-
ball players significantly increased (from 45-50 ml-kg-'min
in the mid-1990s to 55-60 ml-kg.'min after the introduc-
tion of new rules in the 2000s).

In our study, the VO,max of defensive players aged
17-20 years reached 60 ml-kg'-min" in some cases during
testing. The highest indicators of vital lung capacity (VLC)
were shown by centers (9.38 £ 0.76 1) and power forwards
(8.72 £ 0.801), which can be explained by the larger total size
of their body compared to defensive players. Defensive play-
ers had a high level of VLC ranging from 7.5 to 8 1.

The peak expiratory flow during a forced spirometry,
which characterizes the respiratory muscle strength, was
identified as an informative indicator. A high level of peak
expiratory flow was observed in defensive players and power
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forwards (p < 0.05) compared to centers and small forwards.
This indicator can be recommended to assess the function-
al fitness of young basketball players during the selection
for teams to prepare for and participate in international
competitions.

The obtained data confirm the opinions of experts (Ab-
delkrim et al., 2007; Apostolidis et al., 2004; Lamontagne,
2013) on different levels of fitness of young basketball play-
ers, taking into account their game role.

In the process of preparing national teams during four-
six weeks, the basic functional training takes no more than
two weeks. Athletes who start preparing for competitions in
a national team in a better functional state due to individual
basic training should be rated higher than others. The char-
acteristics of assessing the level of a basketball player’s func-
tional capabilities have a significant reserve for the correction
of training, but it is necessary to take into account a conflu-
ence of factors that affect the performance in team sports.

Conclusions

The study proved the importance of morphological and
functional indicators for basketball players. The height in-
dicators of power forwards and centers were found to be
significant.

The determined morphological (height, weight, body
composition) and functional characteristics (VO,max,
MVYV, VLC, PEEF, load intensity W, AnT) serve as informative
criteria in the process of stage-by-stage and ongoing moni-
toring of the individual condition of players, are dynamic
and can be used in different age groups, taking into account
the specifics of training in a team and individually.

At the stage of preparation for higher achievements, the
specifics of the competitive activity of basketball players with
different roles put forward differentiated requirements for
the level of their functional fitness.
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MOPOOOYHKUIOHAJIbHI XAPAKTEPUCTUKIA
BACKETBOJICTIB PI3HOIO AMIVJIYA K KPUTEPIN BIABOPY
HA ETAMI NIATOTOBKAU A0 BULWLKUX BOCATHEHD

Muxona Besmunos 5P, Okcana IlInnkapyk'A5<P,
Haranisa bumesens'*“?, Ykan Ii'*?, Illao Wkuryn'AP

"Harjionanpunii yHiBepcuteT BisM4HOrO BUXOBAaHHA i ciopTy YKpainu

ABTOpChKMIT BKIAJ;: A — nu3aiis gocnipkenHs; B — 36ip ganux; C - cratananis; D - migrotoska pykomucy; E — 36ip komtis

Pedepar. Crarts: 7 c., 4 Tab1., 4 puc., 29 mKeper.

Merta pocnimkens. Jocrignty MmopdodyHKIioHanbHI
ocobmuBocTi 6acker6omicTiB 17-20 piyHOro BiKy 3 ypaxy-
BaHHSIM IrPOBOTO aMIlTya Ta OOIPyHTYBATI MOX/IUBICTB IX
BUKOPUCTAHHSI SIK KPUTEPiIo Bi6opy Ta opieHTarlii Ha etami
MiIFOTOBKM JJO BULIUX JOCATHEHb.

Marepianu i MeTogu. B focmimkeHHAx Opann yyacTb
200 6acker6omicTiB (17-20 pokiB). Bukopucrano TeopeTny-
HUJ aHaJli3, IeJlaroTivyHe CIIOCTEPEXXEHH, IeJarOTiYHMIL
€KCIIEPMMEHT 3 BUKOPVCTaHHAM iHCTPYMEHTAIbHUX METO-
miB  yHKI[iOHA/IBHOI AlarHOCTMKM (eproMeTpii, XpOHOMe-
Tpii, criipoMeTpil, ra3oaHai3y Ta myJIbcoMeTpii), aHTPOIIO-
METPUYHi METOLY, METOIM CTaTUCTUKIN.

PesynbraTin. BusHadeHo cTaTMCTUYHO 3HAYYILi BiTMiH-
HOCTi 3a ITOKa3HMKaMM POCTY Ta Baru 3a BCiMa irpoBuMu
nosnuiamim: «Point guard» xapakTepusyeTbca CTaTUCTUYHO

3Ha4yllje MEHIIO TOBXVHOIO Tila NOpiBHAHO 3 «Shooting
guard» (U = 46,5; z = -6,88; p < 0,01), «Shooting guard»
BiJIPi3HAETHCA CTATUCTUYHO 3HAYYIEe MEHILIOK JOBXXIHOI0
tima 3 «Small forward» (U = 51,0; z = -5,58; p < 0,01), Toit
Mae MeHIIy ZOBXMHY Tina mopiBHsHo 3 «Power forward»
(U =38,0; z =-5,56; p < 0,01). «Center» BUsIBUBCs CTaTHUC-
TUYHO 3Hauylle BuIuM Bix «Power forward» (U = 82,0;
z = 4,24; p = 2,3-10°<0,01). MopenbHi MOKasSHUKY POCTY
LEHTPOBUX TPaBLiB Ha I[bOMY eTalli BJJOCKOHA/JeHHA -
205,9 * 3,53 cMm. Ipynm cIOpTCMEHIB 3a/1eXKHO Bij amII-
7lya CTaTUCTUYHO 3Hauyllle BifIpi3HAIOTbCA 3a Macolo Tina
(F=64,304; p < 0,01). Backer6omictu mosuuii «Center» ma-
10T Hait6inbmry, a «Point guard» — HaitMeHIry Macy Tima.
BcraHOB/I€HO OVHAMIKY ITOKa3HUKIB JOBXMHMY Ta Baryu Tina
6ackeT0OOicTiB 3 16 K0 20 pokiB.
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Backer6omnictu «Point guard» ta «Shooting guard», ma-
I0Th CTATUCTUYHO 3HauyIe Oinbiunii piBeHb VO, max y mo-
piBHsHI i3 «Center» Ta «Power forward». Cepeniil piBeHb
VO,max rpaBIiB, 1[0 BUCTYIAIOTh Ha o3ulii «Point guard»
ckmaB — 57,05 + 3,78 mi-kr-'xs. ¥V rpasui «Center» 1jeit
IOKa3HNK B cepefHbOMY Ha piBHi — 49,10 + 4,63 M-KI-'xB™".
IpaBui mosnuii «Center» manu 3nadenHa JKEJI Ha piBHI
9,38 + 0,76 11, «Power forward» — 8,72 + 0,80 11, 6ackeT6oric-
TH MiHii 3aXUCTy - y fliana3oHi 7,5-8 1. CraTucTUYHO 3HAYY-
IIUX BiIMiHHOCTEII He BUSABJIEHO Y TPaBLIiB Pi3HOIO aMILya
3a piBHeM pocsaraenss [TAHO y Bigcorkax Big VO,max.

BucnoBku. Mopdornoriuni ta GyHKIiOHaIbHI Xapak-
TEPUCTUKU CIIYTYIOTh iHPOPMATUBHMMU KPUTEPiAMM MO-
HITOpMHIY 3a IHAMBIZya/JIbHUM CTAaHOM IPaBLiB, € JMHa-
MIiYHVMM T2 MOXKYTb BUKOPUCTOBYBATUCSA B Pi3HiN BiKOBill
TPy 3 ypaxyBaHHAM cIlenniky MirOTOBKM B KOMaH[i Ta
iHIVBiyambHUX JAHMX.

Knrouosi croBa: 6acker6or, irpoBa mosumis (aminya),
mifroroska, Mop¢osnoriuni Ta QyHKIioHaNbHI KpuTepil,
Biznbip.
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Abstract

Research purpose. This study aim to compare anthropometric characteristics between elite and novice bodybuilders.
Materials and methods. Twenty bodybuilders consisted of 10 elites and 10 novices were recruited. Percent body

fat, segmental lean mass, and segmental fat mass were measured by bioelectrical impedance analysis device. Other
measure includes circumference of body segment and body height.

Results. Results of the study indicated that significant differences were found in term of upper arm (flexed)

circumference, upper arm circumference, and chest circumference, with the elite were bigger than the novice. Elite
bodybuilders also had significantly lower body fat percentage, with better segmental lean mass of right arm, left arm,
and trunk. Interestingly neck, arm, waist, hip, thigh, and calf circumferences were not significantly different between

groups. Similar insignificant differences were also found in body mass index, segmental lean mass of right leg and
left leg, segmental fat mass of left and right arm, trunk, and left and right leg. With regards specifically to group of
bodybuilders that participated in this study, the non-significant differences variables may indicated area that can
be improved in term of training in both elite and novice. The variables with significant differences may indicate the
area that may have been over-emphasize by the elite group, which may also contributed to their better (winning)

performance.

Conclusions. As a conclusion, the results also corresponds well with bodybuilding judging criteria, where one of it
such as size (circumference) may be similar, but bodybuilders with lean and well define body will be in the winning

group.

Keywords: bodybuilding, anthropometry, lean body mass, balance, winning criteria.

Introduction

The science of anthropometric is the study of differences
in the body variations in both athletic and general popula-
tion. Anthropometric study could be performed by simple or
high technology methods of data collection (Lee et al., 2019;
Santos et al., 2004; Sterkowicz-Przybycien et al., 2011). It can
be used for athletes’ selection as coaches have to consider the
basic body structure that suit with their sport and thus could
contribute to the athletes’ success in the future (Radu et al.,
2015; WD etal., 1996). Some body composition has also been

© Sukwong, T., Chinnasee, P,, Prajongjai, V., Chinnasee, C.,
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found to be correlated with physical fitness in athletes (Hoff-
man et al., 2018; Radu et al,, 2014). At the same time, body
compositions are very important for some sports. For exam-
ple, bodybuilding in which the decision of winning or losing
in the competition must be based on physical characteristics
body proportions that meet the scoring and judging criteria.

Understanding differences or similarities between elite
and novice level bodybuilders will be the fundamental ba-
sis for coaches and fitness trainers in prescribing appropri-
ate physical training program. Typically the main reason
for the elite group of athletes were classified as “elite” are
when their sports specific performance is much higher than
other group of athletes, with their performance experience
is much longer (years of participation). However, certain
part of their physical may or may not be similar to the begin-
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ners. This may applies to anthropometry too. Bodybuilding
competitions determine winning or losing mainly based on the
size, muscularity, symmetry conditioning level of the muscle,
posing ability and stage presentation (Gaines, 2001; Kardani
& Rustiawan, 2020). Basic anthropometry of the bodybuilders
thus becoming highly important, as the body will be trained
into winnable characteristics with anthropometry as one of
main factors that influence performance (Cevallos et al., 2017;
Latella et al., 2019).

The method of measuring body composition in the com-
ponent of body fat percentage, fat free mass, and mineral
density in bodybuilders were studied in difference methods
(Lichtenbelt et al., 2004). Girth measurement was also con-
ducted to assess the change of body segment in bodybuilders
as well (Hartgens et al., 2001; Kajaba et al., 1966). However,
the body composition of an elite and novice bodybuilders,
especially the details of body symmetry such as body fat per-
centage, lean mass, fat mass, and segmental circumferences
which are important to the results of the competition has not
yet been investigated. Therefore, the objective of this study
is to investigate anthropometric characteristics between elite
and novice bodybuilders.

Materials and methods

Study participants

The sample groups were recruited in this research con-
sisted 10 Thai national bodybuilding athletes (Elite body-
builders) (age 31.4 + 7.34 years) with 10.20 + 4.61 years of
bodybuilding experience (3 world champion, 5 Asian cham-
pion and 2 Southeast Asia champion) and 10 new training
bodybuilders (Novice bodybuilders) (age 22.2 + 2.20 years)
with 3.00 + 0.81 years’ experience in bodybuilding. All sub-
jects had read the statement and signed inform consent prior
participation in this study. This study was approved by the
institute ethical review board of Chandrakasem Rajabhat
University (No. 006/2563).

Instrumentation

Percent body fat, segmental lean mass, and segmental
fat mass were measured by bioelectrical impedance analysis
(BIA) technique using 50 kHz Accuing model BC360 (Kim
et al., 2018; Yang et al., 2018). Circumference of body seg-
ment was collected using measuring tape, with the body
height was measured using stadiometer.

Data collection

Before standing on the foothold electrodes of each mea-
suring device, the subjects’ palms and soles were cleaned
with electrolyte tissues; their ID, height, age, and gender
were keyed in, and body weight was automatically calcu-
lated. They stood in an anatomical position for the measure-
ment with their arms open and at an angle of about 30 de-
grees away from their body position was held until the end of
the measurement, and, if not necessary, they were forbidden
from speaking or moving during the process. Each calcula-
tion took approximately 2 minutes. After that, circumfer-
ence measurement was conducted using girth measurement
technique by Norton and Olds (1996).

Statistical Analysis

Data normality was analyzed using Shapiro — Wilk test
before comparison of mean between groups. Descriptive sta-
tistics (mean and standard deviation) and inferential statistic
(Independent t-test) were used to analyze the mean differ-
ence between the groups. Significant level was set at < 0.05.

Results

Table 1 showed the physical characteristics of both elite
and novice bodybuilders involved as participants in this
study. Elite bodybuilders age, weight, height and experience
means were 31.40 + 7.33 years, 81.33 £ 7.90 kg, 170.20 £ 7.23
cm, and 10.20 + 4.61 years respectively. While novice body-
builders were 22.20 + 2.20 years, 77.27 + 11.38 kg, 170.10 +
5.76 cm, and 3.00 + 0.81 years respectively.

Table 1. Characteristics of subjects

Elite bodybuilders Novice bodybuilders

Characteristics
Mean SD Mean SD
Age (years) 31.40 7.33 22.20 2.20
Weight (kg) 81.33 7.90 77.27 11.38
Height (cm) 170.20 7.23 170.10 5.76
Experience (years) 10.20 4.61 3.00 0.81

Table 2 showed the body composition data of both
elite and novice bodybuilders. It can be seen that body fat
percentage of elite bodybuilders (17.56 + 3.70%) was sig-
nificantly less than novice bodybuilders (20.99 + 3.06%) at
p < 0.05. While the segmental lean mass of right arm, left
arm, and trunk of elite bodybuilders (4.28 + 0.54 kg, 4.58
+ 0.72 kg, and 29.69 + 3.37 kg) were significantly greater
than novice bodybuilders (3.74 + 0.41 kg, 3.79 + 0.53 kg,
26.41 £ 3.05 kg) at p<0.05 respectively. However, body mass
index, segmental lean mass of right leg and left leg, segmen-

Table 2. Body composition data of elite and novice
bodybuilders

Elite Novice
Variables bodybuilders bodybuilders ¢ p
Mean SD Mean SD
BMI (kg/m?) 28.03 1.59 26.65 321 121 0.24
Percent Body Fat (%) 17.56 3.70 20.99 3.06 -2.25 0.03*
Segmental Lean Mass (kg)
Right Arm 428 054 374 041 252 0.02%
Left Arm 458 0.72 379 053 278 0.01*
Trunk 29.69 3.37 2641 3.05 227 0.03*
Right Leg 1196 131 1096 1.20 1.78 0.09
Left Leg 12.00 141 1076 1.26 2.05 0.06
Segmental Fat Mass (kg)
Right Arm 0.86 020 098 025 -1.22 0.23
Left Arm 0.84 020 099 025 -145 0.16
Trunk 728 154 837 204 -134 0.19
Right Leg 259 053 298 072 -1.38 0.18
Left Leg 2.62 055 298 0.71 -1.27 0.21

* Significant difference (p < 0.05)
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Figure 1. Body segment circumference

tal fat mass of left and right arm, trunk, and left and right leg
were not significantly different between both groups.

Figure 1 showed the body segment circumference of both
elite and novice bodybuilders. It was found that the upper
arm (flexed) circumference, upper arm circumference, and
chest circumference of elite bodybuilders (41.75 + 1.84 cm,
37 £2.59 cm, and 104.95 + 4.79 cm) were significantly great-
er than novice group (38 + 2.66 cm, 33.9 + 2.83 cm, and
99.75 £ 6.32 cm) at p < 0.05 respectively. However, neck,
arm, waist, hip, thigh, and calf circumferences were not sig-
nificantly different between groups.

Discussion

The aim of this study was to compare the anthropomet-
ric characteristics between elite and novice bodybuilders. In
bodybuilding, it is the objectives of the athletes to develop
lean body mass, muscle definition and good posing presen-
tation. This lean body mass need to be symmetrical balanced
in all parts.

Based on the World Health Organizations guidelines,
it can be seen here that both elite and novice bodybuild-
ers got more than 25 kg/m* of BMI, which mean that both
groups are overweight. However, for this kind of sport, BMI
cannot become the indicator in terms of their health risk.
This is due to the BMI that is only based on body mass and
weight, without taking care of what the mass is made up of.
Consistently lifting weights will cause their muscle to grow
and thus increase their mass. Thus, it is not shocking to for
bodybuilders to have BMI of more than the normal level
because some of study on body composition among body-
builders higher than that level (Gaines, 2001; Lichtenbelt et
al., 2004; Silva et al., 2003). For the comparison, it was found
that the BMI is slightly higher for the elite group. This was
obviously due to the body mass that is greater in elite group.
To say the elite group to have more health risks is inappro-
priate, because it can be seen the elite group body mass is
contributed by greater muscle mass while at the same time
lesser fat percentage.

Next, we look at body fat percentage. It was found that
elite group got significantly lower body fat percentage com-
pared to the novice group. This is usual, as long term train-
ing will cause the fat percentage to drop. However, one of
the main concern is the value of the body fat percentages.
17% for elite and 20% for novice are actually high for both
athletes. This findings could be attributed to the current con-
dition during data collection, which is during oft-season
due to the Covid-19 pandemic. Previous study has indicated

that within 1-weeks prior competition, significant fat loss for
desirable lean body by bodybuilders is achievable and typi-
cally done, thus making this percent of body fat acceptable
during the time of this data collection (Bamman et al., 1993).
Regardless of this, more study need to be conducted on the
effects of Covid-19 pandemic to their training activities.

For the segmental lean mass, elite group possessed
significantly greater right arm, left arm and trunk muscle
mass. No significant differences in term of segmental lean
mass of right leg and left leg. This could reflect on the need
of extra upper body training for the novice bodybuilders.
Asymmetrical value of overall body part or limbs is highly
important for bodybuilding, and this study has clearly pin-
point one of the weaknesses within this group of bodybuild-
ers, which is lack of asymmetry between upper and lower
limb. This may be caused by over emphasized on upper limb
during training. Over emphasized on upper limb or upper
body abnormalities is not surprising among bodybuilders,
which also known as upper cross syndrome as mentioned
by Daneshmandi, Harati, and Fahim Poor (2017). A lot if
training in years could differentiate the elite with the novice.
But as clearly seen here, even the elite are in need to increase
their lower limb training.

For the segmental fat mass is related to muscle defini-
tion. Elite bodybuilders were no significant differences of
segmental fat mass of the left and right arm, trunk, and left
and right leg when compare to novice group. It may effect
from their similar training program during pandemic Co-
vid-19. However, muscle definition phase need to be in the
program before competition period. It is well known that
to burn off fat as much as possible lead to improve muscle
separation, striation, and definition (Bompa et al., 2012).

For the body segment circumference, it was found that
the upper arm (flexed), upper arm, and chest circumfer-
ence of elite bodybuilders were significantly greater than
novice group but nearly elite bodybuilders in Brazilian on
flexed biceps and calf circumference (Silva et al., 2003).
Some segment circumference of elite group in this study was
also found slightly greater than the study of Gaines (2001).
Therefore, the elite group of bodybuilders would have a big-
ger proportion of their body segment, especially their up-
per body. Not only segment circumference, but also muscle
definition and symmetry are another important factor that
has been defined as a key bodybuilding competition fac-
tor (Gaines 2001). In novice group, the flexed biceps cir-
cumference and calf circumference of this study were lesser
than beginning bodybuilders before and after three months
of off-season period resistance training among beginning
bodybuilders (Tykhorskyi et al., 2018). This is just another
finding that is in line with the findings of segmental lean.
More muscle mass means more size of the muscles, thus
contribute to the more circumference. However, neck, arm,
waist, hip, thigh, and calf circumferences were not signifi-
cantly different between groups. This could be contributed
to the fact that muscle at the neck, arm and waist has their
own limitation to grow. For hip, thigh and calf, this is in line
with what has been found at the segmental lean.

Conclusions

In conclusion, the perception is that elite bodybuilders
will be having better significant differences with novice. But
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the findings of this study indicated overall, the elite may have
better body definition but lacking glaringly proper asymme-
try similarly with the novice. Further studies are suggested to
focus more on caused and solutions for the prevailing non-
asymmetrical issues of bodybuilder’s community, regardless
of their seniority or level or participation.
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PISHULA AHTPOMMOMETPNYHUX XAPAKTEPNCTUK MI2K
ENITHUMU BOAIBINTAEPAMU TA NOYATKIBUAMU B TAUTAHAI
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ABTOpPCHKMIT BKIAJ: A — Au3aitH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pykonucy; E - 36ip KOLITiB

Pedepar. Crarrs: 5 c., 2 Tabn., 1 puc., 22 mKepena.

Merta pocnimxenns. Lle ocnifyKeHH: clipAMOBaHe Ha I10-
PIBHAHHA aHTPOIIOMETPUYHNX XaPaKTEPUCTUK MK eTiITHUMU
60pi6ingepamMm Ta MOYATKIBISMIL.

Marepianu Ta MeTopu. Y HOCIiIKeHHI Opany ydacTb
aBapusTh 6oxibingepis: 10 enitamx i 10 HOBaukiB. Bigcorok
JKIPY B OpraHisMi, cerMeHTapHy Xy#y Macy Ta CerMEeHTapHY
Macy >KMPy BUMIPIOBa/IM 3a JOIOMOTOIO NPWIANY A/ aHasi-
3y 6i0€/IeKTPUYHOrO iMIIefaHCy. [HIII MOKasHUKM BK/TIOYAIOTh
OKPY>KHICTb CETMEHTA Ti/la Ta 3picCT Tina.

PesynpraTm. Pesynbratu focnigkeHHA IOKasany, 110
Oy BusiB/IeHi 3Ha4YHI BIIMIHHOCTI B TepMiHaX OKpPY)XHOCTI
Iwieva (3TMHAHHA), OKPYXXHOCTI I/Ieda Ta OKPYXXHOCTI Ipyzeit,
Ipy 1[bOMY efiTHi Oynu 6inbiui, HK HoBauku. EmiTHi 60pi-
Ginnepm TAKOXX Ma/Iyi 3HAYHO HIVDKYUI BifICOTOK >XMPY B Tisi,
3 Kpall[0l0 CETMEHTAPHOIO XY/[0l0 MACOI0 IIPaBoi PyKU, JiBOI
pyku Ta Tyny6a. LlikaBo, 1[0 OKPY>KHICTb 1ini, pyK, Taii, cTe-
TOH, CTETOH i IMTOK iCTOTHO He Bifpi3HANACA MK IpyIaMMu.

IToni6bHi He3HaYHI BIAMIHHOCTI TaKOXX Oy/IU BUSBIICH] B iHAEKCi
Macu Ti/a, CErMEHTAPHI M s130Bill Maci [IPaBOi HOTY Ta JIiBOi
HOTU, CETMEHTAPHI )XMPOBiil Maci 1iBOI Ta IPaBOI PYKM, TY/Iy-
6a Ta niBoi Ta mpaBoi Horu. IIfo cTocyeTbcA KOHKPETHO IPyNN
6onibinpepis, sKi 6pamy y4acTb y LbOMY JOCTIIKEHH], TO He-
CYTT€Bi BiIMiHHOCTi 3MiHHUX MOXXYTb BKa3yBaTl Ha 00/1acTb,
AKY MO)KHAa IIOKPAI[MTU B TepMiHaX TPeHYBaHb fAK eTiTHUX
CIOPTCMEHIB, TaK i HoBaukiB. 3MiHHi 3i 3HaYHMMU BiMiHHOC-
TSAMM MOXXYTb BKas3yBaTy Ha 00/1acTh, Ha sIKiil, MOX/IIBO, Oy/a
HaJITO aKIIeHTOBAHa €J1iTHA TPYIIA, 1[0 TAKOXX MOTJIO CIIPUATH IX
KpamoMy (IepeMo)KHOMY) MOKa3HUKY.

BucnoBku. PesynbraTi BifloBifgaloTh KpUTEPiAM OLiHIO-
BaHHsA 60ni6in}1MHry, Te ofVH i3 HUX po3Mip (OKPY>KHICTB),
MOKe OyTI cxoxum, ane 6oxibingepn 3 xyanum i fobpe Bupa-
JKEHVM TiIOM OYAYTB Y TPyIi-IIePeMOKII.

KirouoBi croBa: 60i6inAnHI, aHTPOIIOMETPIsI, HEOKUPHA
Maca Tina, 6anaHc, KpuTepil Burpamy.
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Abstract

The aim of the study. To better understanding of the indicators of functional support for special endurance and
physiological demands in canoeists at a distance of 1000 m.

Material and methods: 20 athletes (19-23 years) in canoeing from Shandong and Jiangxi provinces.

Results. According to the results of the analysis, the following typological groups of athletes-canoeists, specializing in
the distance of 1000 m, with pronounced differences in the implementation of anaerobic energy supply. Typological
groups of athletes had no significant differences in aerobic energy capacity (p > 0.05).

The first typological group (La max 90 s <10.08 mmol1’, p < 0.05) is characterized by: power indicators

4.96 + 2.35 mmol-1"! and anaerobic energy supply capacity 6.93 + 3.16 mmol-l"!, which were the lowest among other
groups of athletes. Athletes showed significantly low performance in 10-s, 30-s and 90-s tests, and performed less
work in the step test, with varying degrees of severity of fatigue compensation mechanisms.

The second typological group (La max 90 s - 10.08-16.64 mmol-1", p < 0.05), is characterized by high power

7.4 + 1.68 mmol-1" and low capacity anaerobic energy supply 13.32 + 1.52 mmol-1". Athletes performed a sufficient
amount of work in the step test (3-4 steps), but performance in the 90-s test was reduced, there were reduced
characteristics of the ability to compensate for fatigue.

The third typological group (La max 90 s — > 16.64 mmol-1", p < 0.05) is characterized by: power indicators

8.20 + 2.36 mmol-l" and anaerobic energy supply capacity 17.85 + 1.05 mmol-1", which were the highest among other
groups of athletes and significantly (p < 0.05) higher performance in 30's, 90 s tests, and the level of power at which
the maximum oxygen consumption in the step test is reached.

Conclusion. The results of the studies indicate differences in the level of functional support for special endurance for
paddlers of uniform groups for canoeists that specialize in a distance of 1000 m.

Keywords: canoeing, aerobic energy supply, anaerobic energy supply, special performance.

been approximately 210 s for the 1000-m, respectively. At
Rio 2016, medals won within 211.447 to 213.363 s, respec-
tively, for 1,000 m.

During races, energy is supplied via the anaerobic and
aerobic pathways (Garcia-Pallares, Sanchez-Medina et al.
2009), with aerobic metabolism contributing — 82 + 5.0% for
the 1000-m event (Lim et al., 1997).

Slow twitch, enduring muscle fibers with their inner
intense aerobic processes are active participants in muscle

Introduction

Canoeing and Kayaking are classified as event requiring
mixed anaerobic lactic energy production, as well as great
aerobic capacity and endurance; such reactions of energy
production prevail in 1000 m event (Bishop, 2004; van So-
meren & Howatson 2008, Nekriosius et al., 2018). The typi-
cal individual performance times for men and women have
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work. In 1000 m event, good sport results are being achieved
by athletes possessing relative maximal oxygen uptake 70
ml-min-kg* (Nekriosius, 2018; Diachenko et al., 2020; Dy-
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achenko, 2004) due to this fact, the significance and time
allocation to aerobic capacity development for paddlers
preparing for this event becomes obvious. Therefore, the
training undertaken to prepare for such arduous activity is
expected to develop several components of fitness, includ-
ing maximum oxygen uptake (V' O,max). The V'O,max is a
common indicator for aerobic fitness and higher levels allow
athletes to maintain higher power outputs and speed dur-
ing racing. For example, investigations with athletes from
national to elite international level have presented large-to-
very large inverse correlations between V'O,max and per-
formance over 1000-m on-water performance (Fry & Mor-
ton, 1991, Bishop, 2004; Bishop et al., 2002).

When overcoming the competitive distance of the 1000,
athletes row at 102% of the power of V' O,max (Zamparo et
al., 1999). A study by individual authors (Tesch, 1983; Fry and
Mortin, 1991; Bishop, 2004) demonstrated a high correlation
between distance and V'O,max, and power at the anaerobic
threshold. Anaerobic power recorded during 30-second and
2-minute ergometer tests was also associated with kayak dis-
tance in kayakers (van Someren & Howatson, 2008).

Despite the fact that a number of studies have shown
that the characteristics of the functional support of special
performance have a wide range of individual differences, the
issue of selection the typological features of the functional
support of special performance of athletes who specialize in
the distance of 1000 m in canoeing, were not the subject of
special analysis. This leads to the selection of the problem
issue that needs to be studied and analyzed.

The purpose of the study - identify differences and sub-
stantiate the typological features of the functional support
of special performance of athletes who specialize in the dis-
tance of 1000 m in canoeing.

Materials and methods

Subject

Depending on the purpose of the research phase, the
theoretical and experimental parts of the research were con-
ducted at different training periods at the national aquatic
sports training centers in Beihai, Zhizhao (PRC). The re-
search involved 20 athletes (19-23 years) in canoeing from
Shandong and Jiangxi provinces (PRC).

Research protocol

Physical Characteristics, Gas exchange, HR, and blood
lactate measurements.

Minute ventilation (V"E), oxygen consumption (V'0,),
CO, production (V'CO,), were determined on a breath-
by-breath basis using an Oxycon mobile (Jaeger) metabo-
limeter. The metabolic unit was calibrated a gas of known
composition (16.00% O,, 4.00% CO,), respectively.

HR was recorded every 5 s with an HR monitor (S610
Polar Electro, Kempele, Finland).

The blood lactate concentration ([La]b) was determined
using a portable lactate analyzer (Biosen S. line lab +) on a
blood sample obtained from the ear lobe at the end of the test.

A modified canoe-ergometer (Dansprint PRO, Den-
mark) was used. Ergometric power (EP) of work were
recorded.

All the sportsmens performed an incremental exercise
test on separate days, with at least 24 hours and no longer
than 3 days between.

The testing program is built in the form of test battery, each
test solving a task to assess certain component of anaerobic abili-
ties of athletes and cardiorespiratory system response. Test tasks
were performed in a strictly determined sequence. It was impor-
tant to preserve the parameters of the ergometric power of work
which provided for the energy release in anaerobic alactate and
anaerobic lactate (glycolytic) way, as well as the length of the rest
intervals. The rest interval between 10 and 30 s work was one
minute, between 30 s and step test- seven minutes, between step
test and 90 s — one minutes, after 90 s work - five minutes.

The composition of test tasks included the formed con-
ditions of realization of structure of energy supply of rowers
according to structure of special working capacity of rowers
on competitive distance of 1000 m:

o “test 10 s” - the load forms the conditions for the
realization of the start, taking into account the
mobilization of power and capacity of anaerobic
lactate energy supply. Indicator W 10's, W is analyzed.

o “test 30 s”- the load forms the conditions for the
realization of the capacity and capacity of anaerobic
alactate and lactate (glycolytic) energy supply in
accordance with the initial part of the competitive
distance of 1000 m. Indicators W 30 s, W, La max
30 s, mmol-l" are analyzed.

o step-increasing load (step test): the first step is the
ergometric power of work in accordance with the
coeflicientdetermined for men — canoe, at thelevel of 1.6
(coefficient x body weight). The increase in ergometric
power on each step of work is 20 W, the duration of
work on the step is 2 minutes. The work is performed to
failure (inability to maintain ergometric power of work
on the step). Features of functional training of qualified
and especially highly qualified rowers for the kinetics of
the cardiorespiratory system and aerobic energy supply.
The load forms the conditions for the realization of
body functions in terms of modeling the intensity of
competitive activity. The period of reaching a steady
state (Plateau) of consumption of O,, W VO, max,
VE/CO,, VE/CO,, VO, max c.u. are analyzed;

o critical power operation: acceleration for 90 s - “test
90 s”. It is used to model the conditions of realization
of power and capacity of anaerobic energy supply
according to the second half of the distance of
1000 m against the background of increasing fatigue
(performed one minute after performing the step-
increasing test performed according to the VO, max
registration protocol). Indicators W 90 s, W, La max
90 s, mmol-I"', VE/CO, 90 s, c.u. are analyzed.

The research related to human use has complied with al
the relevant national regulations and institutional policies;
has followed the tenets of the Helsinki Declaration, and has
been approved by the authors’ institutional review board or
al equivalent committee. Informed consent has been ob-
tained from all individuals included in this study.

Statistical Analysis

The following methods of mathematical statistics were
applied: descriptive statistics, selective method, Shapiro-
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Wilk’s normality test, non-parametric Mann-Whitney test.
Methods of descriptive analysis were used, including tabu-
lar presentation of separate variables, calculation of mean
arithmetic value (M), standard deviation (SD), coefficient of
variation (CV, %). The sample data for normality were tested
with the normal distribution formula and the Shapiro-Wilks
test. The level of p < 0.05 (the probability of error) was as-
sumed statistically significant.

Results

In the process of analyzing the experimental data, it was
noted that the high value of the coefficient of variation of the
anaerobic energy supply characteristics of the canoeists reg-
istered during the performance of the 30-second maximum
test. Permissible limits exceeded the coefficient of variation
(CV (%)>10-15 %, p < 0.05) recorded values of blood lactate
concentration at the third minute of the recovery period and
the maximum blood lactate concentration after perform-
ing a 30-second maximum test, were 26.05% and 26.27%,
respectively for athletes in canoe.

The analysis also noted high values of the coefficient of
variation of anaerobic energy supply characteristics of row-
ers registered during the 90-second maximum test, which

simulated the conditions of realization of power and capaci-
ty of anaerobic energy supply according to the second half of
the distance of 1000 m against increasing fatigue. Thus, the
largest range of variation of 24.57% and the highest power
of anaerobic energy reactions in canoeists were recorded
during the 90-second maximum test, which simulated the
conditions of increasing fatigue according to the second
half of the distance of 1000 m.13.36 + 3.28 mmol-I"* and the
range of differences of indicators - minimum and maximum
3.28-18.99 mmol 1.

It should be noted the high range of variation of indica-
tors that characterize the degree of compensation for fatigue
(ratio of indicators VE/CO, VO, max, c.u. and VE/CO, 90s,
c.u. ) In the period, performance of the step test and against
the background of growing fatigue, in the 90-second test,
and canoeists, which reached values of 76.39 %.

These differences indicate the possibility of distinguish-
ing typological groups of canoeists with pronounced differ-
ences in terms of implementation of anaerobic energy sup-
ply at La max 90s< 10.08, La max 90s — 10.08-16.64 mmol-1",
La max 90 s - >16.64 mmol-l". According to the results of
the analysis, selected the following typological groups of
athletes - canoeists, who specialize in the distance of 1000 m
(table 1).

Table 1. Indicators of functional support of special working capacity of qualified canoeists who specialize in the

distance of 1000 m (n=20), p<0,05

. The first typological The second typological group The third typological group
Indicators, group
g Lamax90s - Lamax90s -
values of indicators La max 90 s <10.08 N "
N 10.08-16.64 mmol-1 >16.64 mmol-1
(M + SD) mmol-1
n=15 n=3
n=2
Performance indicators
W10s, W 190.5+£30.41* 263.07+54.14 270.67+12.58
W30s, W 204.5+13.44* 256.47+28.58 275.33+25.15*
The amount of work in the step test, 1-2 3-4 2-4
steps
W VO, max, W 121.5+14.85 141.0+15.67 156.33+£13.58*
W9o0s, W 139.00+11.31 157.60+16.54 184.33+29.26*
Indicators of power and capacity of anaerobic energy supply
La 3min 30 s, mmol-l! 4.96+2.35 6.62+1.41 8.03+2.5
La 7min 30 s, mmol-]"! 4.59+2.12 7.30+1.7 8.17+2.32
La max 30 s, mmol-l" 4.96+2,35 7.4+1.68* 8.20+2.36*
ALa30s, mmoll! -0.37+0.23 0.68+0.77 0.15+£0.19
La 3 min 90 s, mmol-I" 6.93+5.16 12.76+1.38 17.27+1.72
La 5 min 90 s, mmol-1" 6.45+5.42 13.03+1.73 17.61+0.67
La max 90 s, mmol-]* 6.93+3.16 13.32+1.52% 17.85+1.05%
Indicators of aerobic energy supply capacity
VO, max, ml-min*-kg"* 53.11£2.20 51.83+5.44 55.73+7.46
Indicators, characterize the ability to compensate for fatigue
VE/CO, VO, max*, c.u.. 28.5%0.71 31.13+5.57 31.33£5.69
VE/CO, 90s **, c.u. 33.5+£4.95 34.27+5.09 35.67+8.74

Notes: *-1 — indicators, registered at the starting point of achievement VO, max in “step test” (averages of 30 seconds); **-2 —

indicators, registered in “test 90 s”
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The first typological group characterized: significantly
(p < 0,05) lower indicators of ergometric power in the con-
ditions of increasing fatigue 139.00 + 11.31 W (W90s, W),
in the conditions of model of the starting segment of the
distance 204.5 W (W30s, W), the indicators of ergometric
power to achieve the level of maximum oxygen consumption
in the conditions of step-increasing load were at the level of
121.5 + 14.85 W (W VO, max, W) ,which were not signifi-
cantly different from those of athletes in other typological
groups (p > 0.05). Indicators of anaerobic energy supply
capacity 6.93 £ 3.16 mmol-l" (La max 90 s) were the lowest
among other groups of athletes. Differences in indicators are
significant at p < 0.05. This group of athletes has an indicator
of lactate concentration La max was registered at 3 minutes
of the recovery period and by the seventh minute decreased
by 1-0,04 mmol-I". Indicators lactate kinetics has negative
values. This group of athletes is characterized by different
degrees of severity of fatigue compensation mechanisms.

The second typological group characterized: During the
90-second maximum test period, under the conditions of
increased fatigue and difference in fatigue compensation,
the aerobic energy supply index decreased, in some athletes
VE/CO, VO, max c.u. exceeded VE/CO, 90 s, c.u. Indi-
cators of aerobic energy supply did not differ significantly
from those of athletes of other typological groups (p > 0.05).
Indicators of power and capacity of anaerobic energy supply
7.4 + 1.68 mmol-1"! (La max 30 s) and 13.32 + 1.52 mmol-I"!
(Lamax 90 s) (p < 0.05) significantly exceeded the indicators
of the first typological group.

The third typological group “Anaerobic” characterized:
significantly higher indicators of ergometric power in con-
ditions of increasing fatigue 184.33 + 29.26 W (W90s, W),
in the conditions of modeling of a starting segment of dis-
tance 275.33 + 25.15 W (W30s, W), achieving the level of
maximum oxygen consumption in the conditions of step-
increasing load 156.33 + 13.58 W (W VO, max, W), which
were within the model range of high-class athletes (p < 0.05).
This was taken into account that volume of step-increasing
load, which was at the level of 2 to 4 steps. Indicators power
8.20 + 2.36 mmol-l" (La max 30 s) and anaerobic energy
supply capacity 17.85 = 1.05 mmol-l" (La max 90 s) were
the highest among other groups of athletes. Differences in
indicators are significant at p < 0.05. Indicators power aero-
bic energy supply did not differ significantly from the per-
formance of athletes of other typological groups (p > 0.05).

Discussion

Coaches and sport scientists must use valid and accurate
instruments with equally valid and reliable protocols to de-
tect training adaptations that could influence performance.
Ergometers simulate the movement patterns of a sport, al-
lowing access to the physiological responses in a controlled
laboratory environment (van Someren, Phillips, & Palmer,
2000). The comparison of ergometer with on-water kayaking
performance has concluded that kayak ergometers accurate-
ly simulate the physiological demands of short-term high-
intensity kayaking (van Someren et al., 2000; van Someren &
Palmer, 2002). The use of ergometers offers advantages in the
evaluation of athletes performance in a laboratory context
(Gomes et al., 2012), bringing advantages of methodologi-
cal rigor in the control of athletes in the laboratory context.

The study (Coelho, et al., 2021). In conclusion, we found
that V-O,max, stroke distance and stroke rate during the
a maximal graded exercise test (GXT) were not different
from the corresponding variables (V-O,peak, stroke distance
and stroke rate) observed during the time-trial performance
(TT), and that MAP and the corresponding stroke rate were
strong predictors of 1,000 m TT performance. The results
confirmed that V-O,max, chronological age, the speed at
VT, and VT,, stroke rate and power output are significantly
correlated with the performance in a 1,000 m time-trial.
This study demonstrated that in well-trained young kay-
akers, cardiorespiratory fitness could be assessed during a
time-trial test that mimics the actual performance attained
in flat water.

The lactate concentration values found in this study
highlights the contribution of the anaerobic energy pathway
to kayak TT performance and reinforces the role of the sig-
nificant contribution of anaerobic energy sources in sprint
kayak performance (Gomes et al., 2012).

Previous research did not report the verified correlation
of the velocity at VT, and VT, intensities with that of 1,000
m. These results support the importance of the aerobic-fit-
ness variables as a valuable and useful marker for monitor-
ing longitudinal athlete development and. They could also
reinforce that better submaximal (velocity) performance
influences the all-out time-trial performance. The relative
intensity of VT, and VT, found in study Coelho et al. (2021).

The findings Lépez-Plaza et al. (2017, 2018), Alacid and
Carrasco (2004) confirm the importance of maturity status
in sprint kayaking and canoeing since the more mature pad-
dlers were also those who revealed largest body size, physical
fitness level and best paddling performance. Additionally,
the most important variables predicting performance times
in kayaking and canoeing were maturity status and chrono-
logical age, respectively. Negative and significant correla-
tions (p < 0.01) were detected between performance times,
chronological age and anthropometry (body mass, height,
sitting height and maturity status), overhead medicine ball
throw and sit and reach for all distances.

In the beginning of the preparation for the season 2011
was carried out testing with incrementally increasing pow-
er loads capacity (4x3 min, with 1-minute interval) on the
ergometer “Dansprint” with the kayakers of national team
of the Republic of Belarus (n = 27). On the last step was
measured the work and was calculated the amount of ATP
which is necessary for it accomplishment. Based on the data
of kinetics of lactate concentration in the blood before the
beginning of rowing on the last step and during the recovery
period was revealed the rate constant of disappearance and
appearance of lactate in the blood. It allowed to calculate
the maximum lactate concentration in the compartment
within the absorption of one-compartment pharmo-kinet-
ics’ model. Taking into account its volume, were determined
the number of the formed lactate and ATP resynthesizing
as a results of anaerobic glycolysis (1.03 (0.90-1.19) mol -
men, 0.48 (0.39-0.61) mol - women) and the contribution
of latter in the energy supply of exercise — 31 (26-34)% and
22 (22-25)% (Moroz et al., 2016; Kong Xianglin et al., 2019,
2020).

Therefore, coaches can use these variables (V-O,max,
chronological age, the speed at VT, and VT,, stroke rate
and power output) as performance markers when monitor-
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ing their athletes with regards to predictive factors of sport-
specific performance. Programming training to improve
these variables may therefore also improve 1,000-m kayak-
ing performance.

Conclusions

According to the results of experimental research, sub-
stantiated the differences and typological features of the
functional support of the special performance of athletes
who specialize in the distance of 1000 m in canoeing.

According to the results of the analysis, the following
typological groups of athletes-canoeists, specializing in the
distance of 1000 m, with pronounced differences in the im-
plementation of anaerobic energy supply.

The first typological group (La max 90s <10.08 mmol-1",
p < 0.05) is characterized by: power indicators (La max 30
s) 4.96 £ 2.35 mmol-I" and anaerobic energy supply capacity
(La max 90 s) 6.93 + 3.16 mmol-I!, which were the low-
est among other groups of athletes. Athletes showed sig-
nificantly low performance in 10-s, 30-s and 90-s tests, and
performed less work in the step test, with varying degrees of
severity of fatigue compensation mechanisms.

The second typological group (La max 90s - 10.08-
16.64 mmol-l", p <0.05), is characterized by high power (La
max 30 s) 7.4 + 1.68 mmol-I" and low capacity anaerobic en-
ergy supply (La max 90 s) 13.32 + 1.52 mmol.l". Athletes per-
formed a sufficient amount of work in the step test (3-4 steps),
but performance in the 90-s test was reduced, there were re-
duced characteristics of the ability to compensate for fatigue.

The third typological group (Lamax 90 s> 16.64 mmol-1 ",
p <0.05) is characterized by: power indicators (La max 30 s)
8.20 £ 2.36 mmol-l" and anaerobic energy supply capacity
(La max 90 s) 17.85 + 1.05 mmol-I"}, which were the highest
among other groups of athletes and significantly (p < 0.05)
higher performance in 30-s, 90-s tests, and the level of power
at which the maximum oxygen consumption in the step test
is reached.

Typological groups of athletes had no significant differ-
ences in aerobic energy capacity (p > 0.05). Thus, these data
form the basis for a specialized focus of the training process
of athletes of different typological groups.

Prospects for further research consist in the implementa-
tion of the developed theoretical provisions to the management
system of training and competitive loads of athletes in canoeing.
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OCOBJINBOCTI ®YHKLIOHAJIbHOIO 3ABE3MNEYEHHA
CMNELIANbHOI MPALEE3JATHOCTI KAHOICTIB,
AKI CNELIANIBYIOTbCA HA ANCTAHLIT 1000 m

ITenuen I'o'®C, JKuan Kan?“P, IIzunzsaup Xyan'*5°, Cauminp Kyn'sc,

Auppiit Isyenko®**, Onbra Pycanosa®*P, Auppiit Pycanos

'Tlegaroriunmii yniBepcuret JI3saHci

3CD

ImaHCcbKMIT YHiBepcuTeT (i3sMYHOIO BUXOBAHHSA Ta CIIOPTY
*HanionanbHnit yHiBepcuTeT pisyYHOTO BUXOBAHHA i CIOPTY YKpaiHm

ABTOpCcbKuMI BKIaA: A — fusaitH focmimKeHHs; B — 36ip manux; C - cratananis; D — migrotoska pykomnucy; E — 36ip KouItis

Pedepar. Crartst: 5 c., 1 Tab., 22 [pkeperna.

Merta gocnimkeHHsa. BusHauntu BigMiHHOCTI QyHKIiO-
HaJIbHOTO 3a0e3IIeueHH CIIellia/IbHOI ITpale3/jaTHOCTI KaHoic-
TiB, fIKi cHeIiamisyroThcsa Ha gucTanmii 1000 m.

Marepian i meTomu: 20 cnoprcmeni (19-23 poxu) 3 Bec-
NMyBaHHA Ha KaHoe 3 npoBinnii lanpayn i [Isanci.

PesynbraTn. 3a pesynbraTamMy aHali3y BUAINAOTb HACTYI-
Hi TUIIOJIOTi4Hi IPyIIN CHOPTCMEHIB-KaHOICTiB, O CIelliaisy-
10ThcA Ha aucTannii 1000 »m, i3 BupakeHUMM BiIMiHHOCTAMHA Y
3[iiiCHeHHI aHaepoOHOro eHeprosabesmneveHHs. TuonoOrivHi
TPynu CIOPTCMEHIB He MajM NOCTOBIpHMX BiIMiHHOCTEN 3a
MOKa3HMKaMM MOTYXXHOCTi aepoOHOro eHeproszabesredeHHs
(p > 0,05).

ITepa Tunonoriyxa rpyma (La max 90-c¢ <10,08 Mmonb-™,
p < 0,05) xapaKTepusyeTbCs: IOKa3HMKAMU IIOTYXHOCTi
4,96 + 2,35 MMonb-T! Ta EMHOCTI aHaepOOHOTO eHeprosabes-
nedyeHHs 6,93 + 3,16 MMob- 1!, AKi 6ym/1 HATHVDKYMMH Cepe
iHmyx rpyn coprcMeHiB. CIopTcMeHM ITOKa3anu JOCTOBipHO
Hu3bKi pesynbprati B 10 ¢, 30 ¢ 190 ¢ TecTax, a TAKOXX BUKOHY-
Ba/IM MEHIIIe POOOTH B CTEII-TECTi 3 PI3HNM CTYIIEHEM BIpaXKe-
HOCTI MeXaHi3MiB KOMIIEHCaIlil BTOMMU.

Ipyra Ttunonoriyxna rpyma (La max 90 ¢ - 10,08-
16,64 mmonb-!, p < 0,05), XapaKTepU3yEThCA BUCOKOIO ITOTY K-

HicTI0 7,4 + 1,68 MMO/Ib-1" Ta SHV>KEHVMM ITOKAa3HUKAMI EMHOC-
Ti aHaepoOHOTO eHeprosabesmeyeHHs 13,32 + 1,52 Mmmonb-1’.
CrHoprcMeHy BUKOHA/IN JOCTATHiN 06¢sr pobOTH B CTeI-TeCTi
(3-4 xpoxm), are TOKa3HUKY B TecTi 90 ¢ 3HUMINCS, SHUSIIN-
€A XapaKTePUCTUKM 3TATHOCTI KOMIIEHCYBATH BTOMY.

Tpers Tunonoriuxa rpyma (La max 90 ¢ - > 16,64 Mmornb-1,
p < 0,05) xapakTepusyeTbcA: MOKa3HUKAMMU ITOTYXHOCTI
8,20 * 2,36 MMONb-T" Ta €MHICTIO aHaepOOHOTO eHeproszabes-
nedyeHus 17,85 + 1,05 mmoinb-n, Axi 6y1m HaBUIIVMM Cepef
iHIIMX TPYI CHOPTCMEHIB, Ta [OCTOBIpHO OiNbll BMCOKMMMU
MOKa3HMKaMM TOTY>XHOCTi poborn y 30 ¢ , 90 ¢ Tecrax, Ta
piBHEM MOTYXXHOCTI POOOTH, IIPK SAKOMY JOCATHYTO MaKCH-
MaJIbHe CIIOKMBaHHA KUCHIO y cTer-TecTi (p < 0,05).

BucHoBok. Pesynbratu gociifikeHb CBifyaTh Ipo BigMiH-
HOCTi B piBHiI (yHKIIIOHa/NbHOTO 3abe3NedeHHs CIelliaTbHOl
BUTPUBA/IOCTI Y BECIAPIB ONHOPIIHMX IPyN KaHOEICTiB, AKi
CreniamisyoTbcsa Ha aucTannii 1000 m.

Kiro4oBi cmoBa: BeclyBaHHs Ha KaHOe, aepoOHe eHep-
roszabesneveHHs], aHaepOOHe eHepromnoCTavaHHs, CrelianbHa
IIPORYKTUBHICTb.
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Abstract

The study purpose was to examine and analyze the effect of developing a hurdle-box jump plyometric model on

muscle strength, explosive power, and hypertrophy.

Materials and methods. This research was an experimental study with a two group pretest-posttest design. The
sample in this study was male sub-elite athletes from various sports aged 15-17 years who were selected at random
sampling totaling 22 athletes, divided into 2 (two) groups, the treatment group using plyometric hurdle-box jump
development (n = 11) and the control group using plyometric barrier hops (n = 11).

Results. The results showed that: (1) there was a significant effect of plyometric hurdle-box jump exercise on
strength, leg muscle explosive power, and muscle hypertrophy, (2) there was a significant effect of plyometric barrier
hops exercise (control group) on strength, leg muscles explosive power, and muscle hypertrophy, and (3) there was a
significant difference between plyometric hurdle-box jump exercises and plyometric barrier hops exercises (control
group) on strength, leg muscle explosive power, and muscle hypertrophy.

Conclusions. The percentage increase in pretest and posttest scores on strength, leg muscle explosive power,

and muscle hypertrophy showed that the hurdle-box jump plyometric exercise group was better than the control

group (barrier hops).

Keywords: plyometric exercise, strength, leg muscle explosive power, muscle hypertrophy, lower extremity.

Introduction

To achieve maximum performance in achievement
sports, very long coaching is needed (Bompa & Buzzichelli,
2019). Trainers, sportsmen, nutritionists, and several other
experts such as experts in physical conditions and physiol-
ogy also play an important role in this achievement (Bar-
namehei et al., 2020). Coaching starts from the multilateral
stage with the introduction of various sports to the special-
ization stage of one particular branch that is really involved
and prospective for maximum achievement (Clemente et
al., 2016). The role of the trainer is very large in the process,
including preparing the motor skills (physical), technique,
tactics, and mentality of athletes (Clark et al., 2018).

© Permana, D.A., Kusnanik, N.W,, Nurhasan, Setijono, H.,
Arifin, M.Z., & Purwoto, S.P,, 2022.
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Physical elements, especially leg power, are needed in
achievement sports to support and support performance
when practicing or competing (Asadi, 2016). Efforts to
prepare these abilities have been prepared by trainers with
various forms of exercise applied (DeWeese et al., 2015). The
methods used vary widely, both using inner loading and out-
er loading (Nygaard Falch et al., 2019). However, until now
the effective form of exercise to increase leg muscle power is
still being debated (Bompa & Buzzichelli, 2019). Therefore,
research on the effect of developing plyometric hurdle-box
jump models on increasing strength, leg muscle explosive
power, and muscle hypertrophy is necessary.

Plyometric exercises that use inner load have been used
as an exercise method, especially to develop strength, speed,
and explosive power (Asadi & Ramirez-Campillo, 2016).
Strength, speed and power are a series of very important
physical components in various sports (Blocquiaux et al.,
2020). In the sport of cycling, leg muscle power has a greater
contribution, when compared to the elements of balance
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and agility (33% leg power, 13% balance, and 26% agility)
(Douglas et al., 2021). This shows that leg muscle power is
also very necessary in sports, especially sports that require
fast movements such as athletics, swimming, tennis (Castillo
et al., 2012). Muscle explosive power in both the upper and
lower extremities is a dominant physical component and
has a major role in improving athlete performance (Branco
et al,, 2021). Plyometric training principles can be used in
various other sports with training loads that are tailored to
each sport (Cezar et al,, 2013). With plyometric exercises
a person can increase strength, muscle explosive power, and
hypertrophy through the process of stretching and shorten-
ing of muscle fibers (Chaabene et al., 2020).

From the various descriptions above, the form of plyo-
metric training needs to be developed so that it can be used
effectively and efficiently in various sports (Donald A. Chu
& Gregory D. Myer, 2013). The development of the exer-
cise used in this research is the plyometric hurdle-box jump
model, which is jumping forward with a given obstacle or
stimulus in the form of a goal and a box, each height of
which has been adjusted and adjusted to the anthropomet-
ric condition of the athlete (sample) (Aminaei et al., 2017).
The basis for giving weights to the plyometric hurdle-box
jump exercise refers to studies of the principles and peri-
odization of the exercise (Cuthbert et al., 2021).

The study purpose was to examine and analyze the ef-
fect of developing a hurdle-box jump plyometric model on
muscle strength, explosive power, and hypertrophy.

Materials and Methods

Study participants

The design in this study used a two-group pretest-
posttest design. This method is to tests the effect of one or
more variables on other variables. The samples used in this
study were athletes from several sports aged 15-17 years
with a total sample of 22 athletes who were divided into two
treatment and control groups. Samples from PUSLATKOT
KONI Kediri City which was prepared for PORPROV East
Java VII 2022. The sample was selected from several sports
athletes who have at least > 3 (three) years of training, have
won/ranked 3 (three) major competitions at the East Java
Province level, and have no history of recurrent severe in-
juries to the lower extremities of the body. The sample was
divided into two (2) groups, the treatment group using the
development of plyometric hurdle-box jump (n = 11) and
control groups using plyometric barrier hops (n = 11) sam-
ples and parents have read and filled Informed consent for
approval to be sampled research and provide an understand-
ing of the effects of the given exercise.

Study organization

Determination of treatment and control groups was se-
lected based on a simple random sampling technique. The
treatment group was given a hurdle-box jump plyometric
development exercise with a frequency of 3 times/week for
4 weeks with the number of obstacles (hurdles and boxes)
increasing every week. The control group was given plyo-
metric barrier hops treatment with the same loading. This
research has received an ethics test certificate from the Un-

usa Ethics Committee. All tests (instruments) selected were
to determine the effect of exercise, performed before and
after 4 weeks of exercise intervention. Tests are assessed and
administered in one session (morning 07:00-09.00 or af-
ternoon 15.30-17.30). The first test scores are leg muscle
strength using a leg dynamometer, then leg muscle explosive
power using jump MD, and the last item is measuring mus-
cle hypertrophy using a candy mini meter. Each test item is
carried out 2 (two) times to reduce the occurrence of human
errors. In the implementation of the test, a 1-2 minute rest
period is given in 1 (one) test item and 3-5 minutes between
test items to obtain maximum athlete condition so that the
test results can be taken optimally. All samples/athletes are
encouraged and asked not to do strenuous activities within
1x24 hours before the test is carried out both on the initial
ability test (pretest) and the final ability test (posttest), in
addition, samples/athletes are advised not to consume heavy
food < 2 hours before carrying out the test. This test is con-
ducted on a gravel track, and the test takers wear training/
sports equipment. Before the test, participants warmed up
both dynamically and statically for + 30 minutes to avoid
injury to the organs involved.

Statistical analysis

To test the normality of the data used Kolmogorov
Smirnov. The test criteria, if the statistical significance of the
calculated price is greater than = 0.05 (5%), the data distri-
bution is normal. To calculate the data homogeneity test, the
Levene Test formula is used. The test criteria, if the statisti-
cal significance of the calculated price is greater than = 0.05
(5%), the variance of the data is homogeneous. The data
analysis technique used is the F-test using the SPSS program.

Results

Descriptive Statistics

The statistical descriptive of the plyometric hurdle-box
jump exercise development group is presented in Table 1.

Table 1. Descriptive Statistics of the Hurdle-Box Jump
Group

Explosion

Strength Hypertroph

Statistics ¢ power o Y
Pre Post Pre Post Pre Post

N 11 11 11 11 11 11

mean 220.0 278.56 52.50 57.25 48.21 50.66
elementary school 46.22 27.732 6.240 5.754 3.324 3.591
Min 156.0 217.00 45.00 51.00 45.30 47.61
Max 291.0 301.00 68.00 70.00 56.75 61.25
Sum 3536.0 4473.0 856.0 932.0 787.3 826.55

Based on table 1, there is an increase in the average level
of strength, explosive power, and muscle hypertrophy. Av-
erage strength from 220 kg to 278.56 kg. The average leg
muscle explosive power from 52.50 cm to 57.25 cm. The
mean muscle hypertrophy from 48.21 cm to 50.66 cm.
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Table 2. Descriptive Statistics of the Control Group
(Barrier Hops)

Statistics Strength E’;P(:‘(:’Sei:n Hypertrophy
Pre Post Pre Post Pre Post

N 11 11 11 11 11 11
mean 224.25 253.37 52.25 54.68 49.79 50.59
elementary school 48.452 38.964 4.534 4.551 3.695 3.582
Min 156.0 179.00 41.00 42.00 41.30 41.85
Max 296.0 301.00 62.00 64.00 54.12 5492
Sum 3614.0 4080,0 853.0 892.0 795.35 807.95

Based on table 2, there is an increase in the average level
of strength, explosive power, and muscle hypertrophy. Aver-
age strength from 224.25 kg to 253.37 kg. The average leg
muscle explosive power from 52.25 cm to 54.68 cm. The
mean muscle hypertrophy from 49.79 cm to 50.59 cm. After
descriptive analysis, normality and homogeneity tests were
carried out using the Kolmogorov Smirnov test and Levene
test.

Normality Test Results

Table 3. Normality Test

Sig. Information

Group P
Hurdle-Box Jump Group
Strength Pretest 0.635 0.05 Normal
Strength Posttest 0.362 0.05 Normal
Explosive Power Pretest 0.833 0.05 Normal
Explosive Power Posttest 0.942 0.05 Normal
Pretest 0.681 0.05 Normal
Hypertrophy
Posttest 0.883 0.05 Normal
Hypertrophy
Control Group (Barrier Hops)
Strength Pretest 0.562 0.05 Normal
Strength Posttest 0.744 0.05 Normal
Explosive Power Pretest 0.906 0.05 Normal
Explosive Power Posttest 0.761 0.05 Normal
Pretest 0.765 0.05 Normal
Hypertrophy
Posttest 0.852 0.05 Normal
Hypertrophy

Based on table 3, it can be seen that all data have a p
value (Sig.) > 0.05, meaning that the variables are normally
distributed.

Homogeneity Test Results

The results of the homogeneity test of this study can be
seen in Table 4.

Table 4. Homogeneity Test

Group dfl df2 sig, Information
Group Hurlde-Box Jump
Pre-post Strength 1 11 0.112 Homogeneous
Pre-post Explosive Power 1 11 0.756 Homogeneous
Pre-post 1 11  0.756 Homogeneous
Hypertrophy
Control Group (Barrier Hops)
Pre-post Strength 1 11 0.137 Homogeneous
Pre-post Explosive Power 1 11 0.846 Homogeneous
Pre-post 1 11 0.879 Homogeneous
Hypertrophy

From Table 4, it can be seen that the pretest-posttest
values of sig. p > 0.05, it means that the data is homogeneous.

Based on the results of the F-test in Table 5 above, it
can be seen that the calculated F and the F table (df 15) are
4.543 with a p significance value of 0.000. Because F count
> F table 4.543, and a significance value of 0.000 < 0.05, this
result shows that there is a significant difference. Thus, the
hypothesis which states that there is a significant effect of
plyometric hurdle-box jump exercise on strength, leg muscle
explosive power, and hypertrophy, has been proven.

Table 5. Test-F Results pretest and posttest Group
Exercise Plyometic-Box Jump Hurdle

Variable mean F, Fy sig, Difference %
Strength 220.00
37856 18.880 4543 0.000 58.5625  26.49
Explosive power 52.50
5.009 4.543 0.033 4.75 8.89
57.25
Hypertroph 48.21
P Y 50.66 6.510 4.543 0.028 2.45 4.97

Based on the results of the t-test in Table 6, it can be
seen that the calculated F and the F table (df 15) are 4.543
with a p significance value of 0.000. Because F count > Ft-
able 4.543, and a significance value of 0.000 < 0.05, these
results indicate that there is a significant difference. Thus
the hypothesis which states that there is a significant effect
of plyometric barrier hops training on strength, leg muscle
explosive power, and hypertrophy, has been proven.

Table 6. Test-F Results pretest and posttest control group
(Barrier Hops)

Variable mean Fy, F, sig, Difference %

Strength 224.25
14.600 4.543 0.042 29.125 12.93

253.37

Explosion power 52.25
5.64 4.543 0.000 2.4327 4.57

54.68

Hypertroph 49.79
i P 50.59 4.754 4.543 0.000 0.79 1.58

Based on the results of the analysis, the data obtained in
Table 7. Based on the results of the F-test in Table 7, it can
be seen that the calculated F and the F table (df 15) are 4.543
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Table 7. F-Test Results of Hurdle-Box Jump Group and
Barrier Hops Group (Control)

Variable mean Fy, F, sig, Difference %
Strength 58.5625 26.49
4.730 4.543 0.038 29.437 12.93

29.1250 :
Explosion power  4.7500 8.89
6.202 4.543 0.019 2.312 4.57

2.4375 :
Hypertroph 2.45 4.97

P PRy 0.79 78.659 4.543 0.00 1.66

with a p significance value of 0.000. Because F uu > Fiape
4.543, and a significance value of 0.000 < 0.05, these results
indicate that there is a significant difference between plyo-
metric hurdle-box jump exercises and plyometric barrier
hops (control) exercises on strength, leg muscle explosive
power, and hypertrophy. These results showed that the aver-
age data on strength, leg muscle explosive power, and hyper-
trophy of the hurdle-box jump plyometric exercise group
were better than the plyometric barrier hops exercise group
(control).

Discussion

Based on the results of the research that has been carried
out, it shows that there is a difference between the mean pre-
test and posttest, so it can be said that the leg muscle strength
of the test-takers has increased significantly, as indicated
by the difference in the mean from 221.00 to 279.56. The
increase in the results in this study can be seen if the differ-
ence between the pretest and posttest means is calculated,
namely 58.5625. So it can be concluded that the plyometric
hurdle-box jump exercise can increase leg muscle strength
by 26.49%. The explosive power of the leg muscles of the test
participants experienced a significant increase as indicated
by the average difference from 53.5000 to 58.2500. The in-
crease in the results in this study can be seen if the difference
between the pretest and posttest means is calculated, which
is 4.75. So it can be concluded that the plyometric hurdle-
box jump exercise can increase the explosive power of the
leg muscles by 8.89%.

Strength is the ability of a muscle or a group of muscles
to contract either isotonic, isometric, eccentric and isokinet-
ic with the aim of generating tension against resistance in
one work (Egan-Shuttler et al., 2017). Along with physiolog-
ical adaptation, plyometric training also causes adaptation to
several physical elements (Bayindir & Kolayis, 2015). Plyo-
metric exercises in addition to building strength can also
improve the ability of elements of other physical conditions
(Angulo et al., 2020). The increase in muscle workability due
to weight training is caused by physiological changes that
occur in the neuromuscular system (neuromuscular adapta-
tion system) (Farias-Junior et al., 2019).

An increase in muscle size causes stronger muscle con-
tractions (increased explosive power), faster repetition of
contractions (increased speed), longer-lasting exercise peri-
ods (increases muscle endurance) (Fink et al., 2016). Plyo-
metric exercises are prescribed for both athletes and non-
athletes to develop lower body strength (Feriche et al., 2017).
Plyometric exercises in addition to increasing strength, there

is another goal, namely increasing the size of muscle fibers
called hypertrophy (Bostani & Shariati, 2012). Periodization
of training determines the target and the number of types of
exercise. These results are in line with research conducted by
(Clark et al., 2018) that plyometric exercises using pre-ar-
ranged or designed loading given to 40 men within 6 weeks
with 2 sessions per week showed a significant increase in
muscle strength legs.

The muscle hypertrophy of the test participants expe-
rienced a significant increase as indicated by the average
difference from 49.21 to 51.66. The increase in the results in
this study can be seen if the difference between the pretest
and posttest means is calculated, which is 2.45. So it can be
concluded that plyometric hurdle-box jump exercise can
increase muscle fiber size (hypertrophy) by 4.97%.

Muscle hypertrophy is the result of an increase in the
number of actin and myosin filaments in each muscle fiber.
Strength targets in the preparatory period where training
is aimed at increasing large muscle groups such as the legs
(Eckardt, 2016). Furthermore, in the preparation period for
the second stage of strength training, the goal of strength
training is a maximum strength which is continued with
power (Fink et al., 2016). Periodization has an effect on in-
creasing muscle strength and hypertrophy (Fischetti et al.,
2018). Plyometric exercises can be performed using outer
loading such as a vest or weight jacket and a variety of ob-
stacles according to the training objectives and muscle ex-
posure (Gillen et al., 2020). Local muscle damage induced
by weight training has also been implicated in mediating
muscle growth (Grgic, Schoenfeld, & Mikulic, 2021). Ec-
centric exercise produces greater gains in lean muscle than
concentric and isometric contractions (Vassil & Bazanovk,
2012). This will trigger maximal muscle hypertrophy in re-
sponse to resistance training is not achieved unless eccentric
muscle action is performed (Gordon et al., 2012). Exercise
programs that use outer loading will accelerate the process
of hypertrophy in muscles (Grgic, Schoenfeld, & Mikulic,
2021). From the results of the analysis, it can be concluded
that the plyometric hurdle-box jump exercise is effective for
increasing strength, power, and muscle hypertrophy, espe-
cially in the lower extremities.

The results showed that there was an effect of plyomet-
ric barrier hops training on strength, explosive power, and
muscle hypertrophy. It can be seen from each variable that
there is a difference between the mean pretest and posttest,
so it can be said that the leg muscle strength of the test-takers
has increased significantly as indicated by the difference in
the mean of 225.25 to 254.38. The increase in the results in
this study can be seen if the difference between the pretest
and posttest means is calculated, which is 29.125. So it can
be concluded that the plyometric barrier hops exercise can
increase leg muscle strength by 12.93%. The explosive power
of the leg muscles of the test participants experienced a sig-
nificant increase as indicated by the average difference from
53.2500 to 55.6875. The increase in the results in this study
can be seen if the difference between the pretest and posttest
means is calculated, which is 2.4327. So it can be concluded
that the plyometric barrier hops exercise can increase leg
muscle strength by 4.57%. Plyometric barrier hops is one
of several plyometric training models by provide obstacles
consisting of small hurdles arranged and arranged at a pre-
determined distance, and easier to implement because the
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goal used is not too high and suitable to be given to children
or children. non-athletes (Fischetti et al., 2018).

The muscle hypertrophy of the test participants experi-
enced a significant increase as indicated by the average dif-
ference from 49.77 to 50.56. The increase in the results in this
study can be seen when the difference between the pretest
and posttest means is calculated, which is 0.79. So it can be
concluded that plyometric barrier hops exercise can increase
muscle fiber size (hypertrophy) by 1.58%. The training period
determines the target and the number of types of exercise
(Bompa & Buzzichelli, 2019). Strength targets in the train-
ing preparatory period are aimed at increasing large muscle
groups such as the legs (Blocquiaux et al., 2020). Furthermore,
in the preparation period for the second stage of strength
training, the goal of strength training is a maximum strength
which is continued with power (Gillen et al., 2020). Further-
more, (Gordon et al,, 2012) stated that periodization has an
effect on increasing muscle strength and hypertrophy. Pres-
sure on muscle contraction is the most dominant mediator of
muscle hypertrophy (Grgic, Schoenfeld, Orazem, et al., 2021).
From the results of the analysis, it can be concluded that the
plyometric barrier hops exercise is effective for increasing
strength, leg muscle explosive power, and muscle hypertrophy.

The results showed that there were differences in the effect
of plyometric hurdle-box jump and barrier hops exercises on
strength, muscle explosive power, and hypertrophy. Judging
from the results of the percentage increase in scores between
pretest and posttest, it was shown that the percentage increase
in the plyometric hurdle-box jump exercise group was higher
than the plyometric barrier hops exercise on strength, explo-
sive power, and hypertrophy. The hurdle-box jump plyomet-
ric exercise is better than the barrier hops plyometric exercise
on strength, leg muscle explosive power, and hypertrophy.

Exercise plyometric hurdle-box jump is an exercise
with jumping movement towards vertical-horizontal with
the provision of obstacles wicket as high as 80% of the long
legs of athletes and boxes as high as 80% long-calf (gastroc-
nemius) carried by the rhythm/contraction very rapidly in
order to develop and improve strength and leg muscle explo-
sive power in athletes (not recommended for non-athletes).
On the other hand, plyometric barrier hops exercise as an
exercise by jumping in a vertical direction by providing a
small hurdle as high as 30-45 cm which is carried out with a
rhythm or rapid contraction with the aim of developing and
increasing the strength and explosive power of the user's leg
muscles (can be given to athletes). and non-athletes) (Hau-
gen et al,, 2019). The plyometric hurdle-box jump and bar-
rier hop exercises have the following characteristics: (a) they
both provide an increase in physical biomotor aspects, (b)
they allow rapid muscle contraction movements, (c) both
require good jumping ability and (d) both allow progressive
resistance. These four traits are critical to the benefits an ef-
fective plyometric training program offers. Despite the simi-
larities between the hurdle-box jump and the barrier hop,
one would assume that the hurdle-box jump is better. Plyo-
metric hurdle-box jump has the following advantages: (a) it
is used for exercises that increase most of the body's muscles,
(b) it has a high level of safety so it does not injure or injure
the wearer, (c) it can be easily moved to suit conditions. the
training ground, (d) involve a range of motion and muscle
activation similar to that in many sports movements espe-
cially for the lower body, and (e) minimize costs (low cost).

Furthermore, this study is supported by (Hayward et al.,
2013) that plyometric exercises using the hurdle jump and
box jump models are more effective or have a greater effect
than plyometric exercises using the barrier hops model. This
is also evidenced by (Jakobsen et al., 2013) in his research
comparing plyometric hurdle jump and box jump models
given to 60 male athletes within 4 weeks with 3 sessions per
week showing a significant increase in leg muscle strength.
Of the two types of exercise plyometric models of hurdle
jumps and box, jumps are superior to the exercise plyometric
model of barrier hops.

The effect of plyometric hurdle-box jumps and barri-
er hops in the study seen from the loading factor showed
that there was a significant increase in muscle fiber growth
(muscle hypertrophy), in loading the important factor was to
provide sufficient load on the muscles that were stimulated
to grow (Hammami et al., 2020). The results showed that the
plyometric hurdle-box jump exercise effect was more effec-
tive than the barrier hops plyometric exercise results. This
can be seen from the loading characteristics of the two meth-
ods, the plyometric hurdle-box jump exercise involves strong
and fast muscle contractions that require a person to use
more muscles (Kruse et al., 2015). It can be concluded that
the hurdle-box jump plyometric exercise is higher in benefit
and effectiveness than the barrier hops plyometric exercise
on strength, leg muscle explosive power, and hypertrophy.

Conclusion

Based on the results of the research and the results of
data analysis that has been carried out, the following conclu-
sions are obtained: (1) there is an effect of plyometric hurdle-
box jump exercise on strength, leg muscle explosive power,
and muscle hypertrophy, (2) there is an effect of plyometric
barrier hops exercise on strength, leg muscle explosive pow-
er, and muscle hypertrophy, (3) there are differences in the
effect of plyometric hurdle-box jump exercises and plyomet-
ric barrier hops exercises on strength, leg muscle explosive
power, and muscle hypertrophy. Based on the percentage in-
crease in pretest and posttest scores on strength, leg muscle
explosive power, and muscle hypertrophy, the hurdle-box
jump plyometric exercise group was better than the barrier
hops plyometric exercise group.
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NIABUWEHHA CUNN, BUBYXOBOI CUNIU M'A3IB HIT I FINEPTPOOII
M'A3IB 3A AONMOMOTIO0 MJIIOMETPUYHOIO CTPUBKA 3 BAP'EPOM

JIBinga A6i Ilepmana’Ac, Hininr Bigbsa Kycnanik'®, Hypxacan
Myxammen 3aitnan Apipin'*“*, Centaunurpym Ilyrpu Ilypsoro

!Nep>xaBHuit yHiBepcutet Cypabai

1CD 1CDE
b

, Xapi CeTi>koHO
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’HaBuanbHa nporpama ¢isnusoro BuxosanHs, STKIP PGRI Bangkalan

ABTOpPCHKMIT BRI A — Au3aitH gocnipkeHHss; B — 36ip ganux; C - crataHanis; D — migroroBka pykorcy; E — 36ip kowrris

Pedepar. Crarrs: 8 c., 7 TabL., 36 mKeperL.

MeTa gocmifKeHHA IIONATaNa B TOMY, 100 BMBYNTU Ta
IpOaHa/li3yBaTU BIUIMB PO3poO6/IeHOl ITioMeTpUIHOI Moze
cTpubKa 3 IepeIlIKofaMy Ha CHIy M A3iB, BUOYXOBY CUITy Ta
rinteprpodiro.

Marepianu ta Metopu. Lle mocmimkeHHs 6y10 excrepu-
MEHTa/IbHUM JOC/Ii/[PKEHHAM i3 IBOMa IpyIaMy epeATecT-II0-
cTTecT. Bubipkoro B 1boMy JOCTiKeHHI Oy/In CIOPTCMEHM-
JOJIOBIKY 3 Pi3HUX BUAIB CIIOPTY BikoM 15-17 pokiB, siki Oymu
BifiOpaHi IUIAXOM BMUIIafKOBOI BUOIpKM 3arajbHON KilbKic-
TIO 22 CIIOPTCMEHIB, IOJi/IEHNX Ha IBi IPyIu, TPyla BIVIUBY
3 BUKOPMCTAHHAM IUTIOMETPUYHOTO PO3BUTKY CTPMUOKiB 3

6ap’epamu (n = 11) Ta KOHTPOJIbHA IPYIIA 3 BUKOPUCTAHHAM
wioMeTpuaHMX 6ap’epHuUX cTpubKiB (n = 11).

PesynpraTtu. Pesynbratu mokasanu, mo: (1) 6yB 3Ha4HUI
BIUIMB IUTIOMETPUYHOI BIIpaBy 3i cTpubKamu 3 6ap’€poM Ha
cuty, BUOYXOBY Ty M’A3iB HIr i rimeprpodito M’s3iB, (2) 6yB
3HAYHMII BIVINB IUTIOMETPUYHYX BIIPaB 3 6ap’€pHUM CTPUOKOM
(kOHTpOIbHA IpyIIa) HA CUIY, BUOYXOBY CITy M SI3iB Hir i ri-
neprpodist M's3iB, i (3) Oyra 3HauHa PiSHMI MDK IUTIoMeTpUY-
HYIMI BIIpaBaMu 3i cTpubkamu 3 6ap'epoM i rioMe TpuaHNMI
BIpaBamy 3 6ap'epHUM CTPUOKOM (KOHTPOJIbHA IPyIIa) IIO0KO0
cyu, BUOYXOBOI C1yIit M'sA31B HIr i rimepTpodil M's3iB.
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Abstract

Purpose of the study. The study’s aim was to examine how reactive stress tolerance differs in preadolescence across

six different non-contact sports.

Materials and Methods. Archery, cycling, shooting, swimming, track & field, and weightlifting are non-contact
sports chosen for research. The study included 180 male sports cadets from the Jharkhand State Sports Promotion
Society, with an age range of 11-13 years. To assess reactive stress tolerance, the determination test form S1 under
the Vienna Test System was used. Sub-variables like the percentile ranks of correct, incorrect, and omitted responses,
as well as the score of median reaction time, were selected for study. Comparisons were made between scores of
sub-variables under the reactive stress tolerance of six selected sports disciplines. The main effect was determined
using the Kruskal-Wallis test, while pairwise post-hoc comparisons were made using the Mann-Whitney U test.

The significance level was set at 0.05.

Results. There were no significant differences in percentile rank of correct, incorrect, and median reaction times
between selected sports. In terms of percentile rank of incorrect responses, sports like archery, shooting, and

weightlifting differ significantly from swimming.

Conclusion. According to the findings, the sports in which distance is covered by producing bodily momentum are
less likely to exhibit uncontrollable behaviour during athletic events.
Keywords: reactive stress tolerance, young athletes, archery, cycling, shooting, swimming, track and field, and

weightlifting.

Introduction

Actual performance can only be observed in the main
competition, but the factors that influence performance may
be examined before the event (Chahal, Ghildyal, & Chahal,
2012). One of these factors is the information processing
approach, a cognitive psychology component. The primary
focus of this approach is the storage and retrieval of informa-
tion from memory (Huitt, 2003).

When a sportsperson competes, they are well pre-
pared and aware of the body movements and motor skills
that they will be executing (Taneja & Zutshi, 2019). Being
familiar with the training environment, the situations are
known, but during competition, each timeframe brings an
unknown stimulus. As a consequence of a change in the
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athlete’s external environment, changes in the athlete’s inter-
nal environment may occur (Bali, 2015), causing difficulty
in performing previously learned skills (Allard & Starkes,
1991). In such situations, the behaviours observed are not
under the conscious control of the athlete and can be seen
in sensorimotor or action-based skills (Baumeister, 1984;
Lewis & Linder, 1997), causing the athlete to perform worse
than expected. The phenomenon is known as “choking un-
der pressure” (Masters, 1992; Beilock & Carr, 2001). Pressure
may be defined as any factor or combination of factors that
increases the importance of performing well on a particu-
lar occasion, whereas choking refers to performance dec-
rements under pressure circumstances (Baumeister, 1984).
Despite individual effort and situational expectations for
higher performance, “choking under pressure” is a figurative
idiom used to describe the occurrence of lower performance
(Baumeister & Showers, 1986). Choking in sports refers to a
drastic drop in athletic performance under stressful circum-
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stances (Mesagno & Grant, 2010). In the near term, this hasa
negative impact on the athlete’s performance, and in the long
term, it may restrict their degree of sporting success (Hill,
Hanton, Matthews, & Fleming, 2010).

In all sports, athletes are trained technically and tacti-
cally so that they can make rapid decisions during competi-
tion (Nathan, 2017). During training, the circumstances and
surroundings are familiar, but in competition the scenario
changes, resulting in distraction through external sources
that lead to debilitating anxiety and low perceived control,
causing a significant drop in performance (Hill, Hanton,
Matthews, & Fleming, 2010). In competition, when the
conditions (environment and opponent) change, an athlete
should be able to recognise the stressor, deal with it, make
rapid decisions, and respond correctly to external cues in or-
der to maximise the chances of sporting success (Williams,
Hodges, North, & Barton, 2016; Patdcs, Melia, Kovécs, Foz-
er-Selmeci, Révész, & Téth, 2016). If an athlete becomes
choked in this situation, he will not be able to respond and
will fail to give his best performance. Besides external fac-
tors, stress is caused by the quick processing of informa-
tion in the form of visual, auditory, and audio-visual stimuli,
which plays an important role in decision-making (Patdcs,
Melia, Kovacs, Fozer-Selmeci, Révész, & Toth, 2016). Sev-
eral studies have found a connection between sports perfor-
mance and psychology in terms of information processing
systems, perceptual skills (Williams, A. M., 2000), multiple-
choice reaction and visual perception (Dogan, 2009), com-
petitive and organisational stressors (Hanton, Fletcher, &
Coughlan, 2005), psychological skills (Cox, Zhan, & Yijun,
1996), and psychological states in competition (Doron &
Martinent, 2015). However, response selection and skill ex-
ecution play a major part in sporting success that cannot be
comprehended only by looking at reaction time. As it is not
enough to execute learned skills quickly, the basic tactical
skill that an athlete must possess is the selection of the right
skill at the right time (Czajkowski, 2009). No doubt, reac-
tion speed matters, but without an appropriate reaction, the
reaction speed is of no use (Johne, Poliszczuk, Poliszck, &
Dabrowska-Perzyna, 2013).

In the process of making a rapid decision and quickly
acting upon it, an individual has a threshold capacity to re-
spond to constantly changing stimuli. This is influenced by
individual characteristics, personality types, sports types,
etc. (Nathanael, 2017). Sports psychologist states this abil-
ity as “reactive stress tolerance” Reactive stress tolerance is
defined as an individual’s ability to react effectively, quickly,
and appropriately to a given circumstance, even in a stressful
setting (Schuhfried, 2016).

The study’s purpose: The aim of this study was to deter-
mine the level of reactive stress tolerance among preadoles-
cent male athletes who actively trained and participated in
six different non-contact individual sports (archery, track
and field, cycling, shooting, swimming and weightlifting). To
accomplish this goal, the sample was chosen from a specific
academy that offers a consistent daily schedule and training
regimen based on the athlete’s developmental age. Female
participants were excluded from the study to gain maximum
control over extraneous variables like mental health change
during adolescence (Fink, Patalay, Sharpe, Holley, Deigh-
ton, & Wolpert, 2015; Haugland, Wold, Stevenson, Aaroe,
& Woynarowska, 2001; Jones, 2001). A minimum of two

years of regularly trained sports cadets were selected for the
research in order to ensure training stability.

Materials and Methods

Study participants

Selection of Subjects: A total of 180 male sports partici-
pants from the Jharkhand State Sports Promotion Society
were selected for the study. 30 participants each from six dif-
ferent non-contact sports (archery, athletics, cycling, shoot-
ing, swimming, and weightlifting) were drawn using a strati-
fied random sampling method. The chronological age range
of participants was 11-13 years, with a minimum of 2 years
of training experience.

Study organization

Variable and Test Selection: The variable chosen for the
study was reactive stress tolerance. To measure its param-
eters, the determination test (DT) form S1 was chosen from
the Vienna Test System. Sports were the independent vari-
ables, whereas different scores of reactive stress tolerance
were kept as dependent variables. The test lasts approxi-
mately 6 minutes and includes sound and visual stimuli. The
description of the test is presented in Table 1.

Table 1. Illustration of Determination Test

Pit::;ltlei d Stimuli Signal Reaction Response Key
Colour Visual ~ White Hand Round white
Red Round red
Yellow Round yellow
Green Round green
Blue Round blue
Foot signal Audio  Left side Foot Left paddle
Right Side Right paddle
Tone Visual Low100Hz Hand  Rectangle Black
High 2000 Hz Rectangle Grey

Selection of Instrument and Scoring: Reactive stress tol-
erance was administered using a computer-based testing
device, the Vienna test system by Schuhfried GmbH. For
scoring purposes, the PR (Percentile Rank) of the correct re-
sponse, the PR of the incorrect response, the PR of the omit-
ted response, and the median reaction time were obtained.

Consent: Because the athletes were minors (under the
age of 18), informed consent was obtained from the acad-
emy’s administration and the athlete’s in-charge. Apart from
that, each subject was told about the test ahead of time and
their agreement was also obtained.

Test Procedure: Test was administered between 9 AM
to 5 PM. Selected athletes were well informed in advance
about their test date and time. Before the beginning of each
test, the computer programme offered a practise set. Once
the subject acknowledged the practise set, the real test was
conducted. An introspective report (feedback) was gathered
at the end, and incentives were handed out.
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Statistical Analysis

The Shapiro-Wilk test was employed to ensure the
normality of the data. The Kruskal-Wallis test was used to
compare measures of reactive stress tolerance in different
sports. A pairwise comparison using the Mann-Whitney
U test was used as a post-hoc test (Verma, 2016). The level
of significance was preserved at p = 0.05. The profile chart
was created using mean, standard deviation, minimum and
maximum scores. Equation - (1) z=*3* was used to convert
the minimum, maximum, and mean scores to their standard
scores, where Z is the standard score, X is the score used for
conversion (minimum, maximum, or average), X is the mean,
and S is the standard deviation. Z values were converted into
linear transformed scores using Equation - (2) Z, =50+ 10 X Z,
where Z, is the linear transformed score of Z, and Z is the
interest score for which linear transformation is being done.

Results

The descriptive statistics for the chosen variables are shown
in Table 2. In the result, it can be observed that the mean score
of weightlifting under the percentile rank of correct response,
cycling under the percentile rank of incorrect response, and
archery, track & field, swimming, and weightlifting under the
median reaction time are nearly equal to their median. The p-
values of these variables are only slightly more than 0.05. There-
fore, data under PR-C, weightlifting, PR-I, shooting, and MRT,
including archery, track and field, swimming, and weightlift-
ing, are considered to be normally distributed.

Table 2. Descriptive Statistics

Figure 1 depicts a descriptive graph of six sports for each
variable. On each variable, the scores are found to be broadly
distributed.

Although there are 30 samples in each sports category,
many variables and sports do not follow a normal distribu-
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Figure 1. Data Distribution of Sports on Each Variable

tion. As a result, the nonparametric Kruskal-Wallis Test was
employed to compare the scores of reactive stress tolerance
of six distinct sports.

Table 3 shows the result of comparative statistics by ap-
plying Kruskal-Wallis Test. The values of mean rank, degree
of freedom (df), chi-square (x2), and p-value were present-
ed. The larger x2 value indicates large differences between

Variables Sports N Mean Median SD IQR Shapiro-Wilk
Archery 30 28 27 14.51 14.75 0.003
Track and Filed 30 28.36 23.5 16.92 25.25 0.019
PR-C Cycling 30 26.9 24.5 10.76 19.50 0.021
Shooting 30 26.76 25 15.63 13.00 0.000
Swimming 30 22.56 24.5 9.74 19.00 0.001
Weightlifting 30 29.56 27.5 18.25 24.75 0.114A
Archery 30 40.16 45 25.99 53.00 0.046
Track and Filed 30 23.1 16.5 19.41 29.50 0.003
PRI Cycling 30 31.7 30 16.48 30.00 0.047
Shooting 30 37.66 35 19.64 33.25 0.1194
Swimming 30 15.86 9 16.26 19.00 0.00
Weightlifting 30 32.66 23.5 25.17 32.50 0.002
Archery 30 17.36 16 13.82 16.00 0.002
Track and Filed 30 13.73 8.5 12.08 19.75 0.00
PR-O Cycling 30 11.73 8 12.68 7.50 0.00
Shooting 30 12.53 9.5 9.6 17.25 0.003
Swimming 30 14.96 11 12.56 10.25 0.00
Weightlifting 30 17.26 16 12.1 20.75 0.00
Archery 30 0.84 0.85 0.06 0.11 0.116A
Track and Filed 30 0.81 0.81 0.07 0.09 0.2047
MRT Cycling 30 0.81 0.83 0.05 0.09 0.009
Shooting 30 0.82 0.83 0.06 0.05 0.037
Swimming 30 0.86 0.87 0.07 0.13 0.106/
Weightlifting 30 0.84 0.82 0.11 0.17 0.065/

PR-C: Percentile Rank of Correct Response; PR-I: Percentile Rank of Incorrect Response; PR-O: Percentile Rank of Omit-
ted Stimuli; MRT: Median Reaction Time; A Non-significant at 0.05
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Table 3. Kruskal-Wallis Ranks Test and Variables Test
Statistics

Variables Sports Mean Rank df X2 p- value
Archery 94.25
Track and Field 91.63
prc  Oreling 9292 5 3218 0.666
Shooting 85.7
Swimming 78.22
Weightlifting 100.28
Archery 109.42
Track and Field 73.85
pry  Oyeling % 5 27478  0.000*
Shooting 110.93
Swimming 54.05
Weightlifting 95.75
Archery 101.83
Track and Field 84.98
pro  Oreling 7258 5 8496 0.131
Shooting 82.82
Swimming 96.48
Weightlifting 104.3
Archery 100.92
Track and Field 75.42
MRy CYdling 81.77 5 9364 0.095
Shooting 85.05
Swimming 110.53
Weightlifting 89.32

PR-C: Percentile Rank of Correct Response; PR-I: Percentile Rank
of Incorrect Response; PR-O: Percentile Rank of Omitted
Stimuli; MRT: Median Reaction Time; * Significant at 0.05

the groups. The percentile rank for incorrect responses has a
higher Chi-square value 27.478, and the calculated p-value is
<0.001.Itis possible to infer that the percentile rank of incor-
rect responses varies across six different non-contact sports.
Other factors, such as percentile rank of correct response
(x2=3.218, p-value = 0.666), percentile rank of omitted stim-
uli (x2 = 8.496, p-value = 0.131), and median reaction time
(x2 = 9364, p-value = 0.095) do not show any significant dif-
ferences. As a result, the percentile rank of correct responses,
percentile rank of omitted stimuli, and median reaction time
in chosen non-contact sports did not differ significantly.

Figure 2 represents the post-hoc analysis of incorrect
responses and demonstrates the mean ranks and p-values of
each selected sport. The Mann-Whitney U test was used for
the post-hoc analysis. Only four pairs, swimming - cycling
(p = 0.012), swimming — archery (p = 0.001), swimming —
shooting (p < 0.001), and swimming - weightlifting (p =
0.029), displayed a significant difference.

Following Equation — (1) and (2), a profile chart (Figure 3)
was created to compare selected variables of reactive stress tol-
erance. The minimum and maximum scores demonstrate the
upper and lower limits of variables for each sport.

Discussion

The individual sports selected for the study had non-con-
tact characteristics. According to a previous study (Piepiora,

Track & Field (73.85)

Archery (109.42) 0.12

Weightlifting (95.75)

-¥ Cycling (99.0)

Swimming (54.05) Shooting (110.93)

0.000*

Figure 2. Post-Hoc Comparison of Percentile Ranks of Incorrect
Response with (Mean Ranks) and p-values

2021; Pahan & Singh 2021), it was assumed that each param-
eter of reactive stress tolerance, such as the percentile rank of
correct responses, the percentile rank of incorrect responses,
the percentile rank of omitted stimuli, and the median reac-
tion time for each sport, would be significantly different.
According to the findings, although there were dispari-
ties in scores under the percentile rank of correct response,
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Figure 3. Profile Chart of Reactive Stress Tolerance under
Different Individual Non-Contact Sports

percentile rank of omitted stimuli, and median reaction time
existed, they did not approach the necessary value to be con-
sidered significant. As a result, no significant variation in
these characteristics was observed. By examining the visual
output of scores in Figure 1 & Table 2, it is clear that there was
a wide spread of scores. This indicates that the sample used
in the research was more diverse. According to the protocol
for avoiding premature specialisation in sports (Committee
on Sports Medicine and Fitness, 2000; Launay, 2015; Travas-
sos, Araujo, & Davids, 2017; Buckley et al., 2017), the subject
participated in a specific sport but received training appro-
priate to their age category (chronological, developmental,
and training). The trainees were in the preliminary phase of
their long-term athletic development. Their training focused
more on general physical training than specific sports train-
ing. It is possible that this is why the scores under the param-
eters of reactive stress tolerance displayed a large variation.
According to the developmental aspect of an individual,
the age range of 10-14 is categorised as an adolescence pe-
riod. It is a period of transition from childhood to adulthood
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(IGNOU, 2010; Allen & Waterman, 2019). During this stage,
there is a rapid change in the way an adolescent perceives
their environment. The changes are sudden and various bio-
logical, cognitive, and perceptual developments occur. There
are some children who reach maturity early and late, while
others follow their normal developmental pattern (Thomp-
son, 2009). Individual developmental patterns may be a fac-
tor in why homogeneity in the scores was not established.

However, the percentile rank of incorrect responses was
found to be statistically significant. The result of a pairwise
(post-hoc) comparison revealed that mean ranks of shoot-
ing, archery, and weightlifting were statistically higher than
swimming. As a result, the commitment to uncontrolled
behaviour is higher in shooting, archery, and weightlifting
than in swimming. The differences found may be due to the
physical nature and requirement of attentional demands in
each sport (Laborde, Guillén, & Mosley, 2016). The follow-
ing are the justifications for acknowledging that the commit-
ment of mistakes varies depending on the physical character
of individual non-contact sports.

Nature 1: Equipment Handling vs. Free Hand: Sports like
archery and shooting are target-oriented games that require
good control of their sport-related equipment (bow, rifle, and
pistol). Similarly, weightlifting also demands good control over
the barbell and its resistance. Swimming, on the other hand,
is a free-hand sport. On this premise, it is reasonable to infer
that sports in which equipment is handled are more liable to
commit uncontrolled movement. However, this statement is
unsatisfactory since the throwing events of track and field and
cycling are also sports that need good equipment control.

Nature 2: Speed Dominating vs. Static Stance: For this,
it can be said that cycling, swimming, and track and field are
the sports which are more speed-dominating. In throwing
events of track and field, the distance is achieved by creating
momentum, whereas in races, including swimming, track
or cycling, momentum is required. If weightlifting is con-
cerned, then it also requires momentum to lift the weight,
and on the basis of the generation of momentum, again, it
cannot be said that a difference occurred.

Nature 3: Displacement of Own Body vs. Displacement of
Equipment: If we understand these individual games, then the
factor that is creating the difference can be identified. The factor
can be said to be displacement of the body and displacement
of equipment. To achieve a desired performance in sports like
throwing, jumping, or timing a race (running, swimming, and
cycling), momentum is created by covering a fixed distance.
Whereas, in weightlifting, archery, and shooting, the athlete
does not show any displacement while performing. They have a
fixed platform (weightlifting) or a shooting line (target sports)
where a participant has to maintain their stance and perform.
The athletes of circle throwing events (discus, hammer, and
shot-put) in track and field also have a fixed diameter circle.
But here they are again creating momentum by displacing their
position, which is not similar to weightlifting. Therefore, it can
be said that sports where momentum is created by displacing
the body have fewer errors in committing behaviour.

From Table 3 and Figure 2, it can be well understood
by observing the mean ranks in chronological order that
in sports where less physical movement is done, there is
a greater chance to choke. In shooting, the preparation of
equipment at the time of competition requires less physical
input, and gaining stability while shooting shows the higher

mean rank. Next is archery, in which an archer has to prepare
the equipment by pulling the string and extending the bow
hand after placing the arrow. It requires more physical effort
as compared to shooting, and hence the mean rank is nearly
same but lower than shooting. Similarly, in weightlifting, the
foot is placed and fixed during stance, and movement of oth-
er body parts is done to lift a weight that requires maximum
strength and has a lower mean rank than in archery. Cycling,
on the other hand, has a lower mean rank than weight lifting.
The nature of sport is handling a cycle where movement is
only done by the lower limbs while maintaining the stability
of the upper body and controlling the cycle on a line. Track
& Field has a lower mean score than cycling, where the jump-
ing, running, and throwing are done, which requires con-
trolled movement of the whole body to achieve performance.
In this study, the track and field athletes were not separated
and were kept under one category only. Therefore, much in-
formation cannot be stated. The swimming at the end scores
very little in mean rank. In swimming, a swimmer should
have the ability to float on the surface of water while making
movements from both the upper and lower body parts. From
this, we can understand that in sports where there is less
physical demand, the occurrence of unwanted behaviour is
greater. Hence, it is not a proven fact and needs further study.

Conclusion

On the basis of the current study, it can be inferred that
the level of reactive stress tolerance of six individual non-
contact sports only differs by the execution of uncontrolled
behaviour. As there are high cognitive demands in each
sport, the risk of errors or choking under pressure is greater
in sports where the displacement of an athlete’s position is
very small. Therefore, coaches or physical educationalists
who train sportsperson in shooting, archery, and weight-
lifting should include several kinds of cognitive training to
improve the executive function of their trannies. In future
research to acquire a better understanding, samples from
senior or elite-level athletes may be chosen and categorised
according to their personality types and training stages.

Acknowledgement

I would like to convey my heartfelt gratitude to Late.
Professor (Dr.) Jayashree Acharya for her invaluable guid-
ance and Commander Vikrant Malhan, technical advisor of
JSSPS, Ranchi, for his insightful and helpful advice through-
out the data collection for my study.

Conflict of Interest

The author declares that there is no conflict of interest

References

Chahal, A., Ghildyal, S., & Chahal, V. (2012). Predicting
excellence in basketball: anthropometric and
physiological attributes in elite Indian female players.
International quarterly of sport science, 1, 1-9.

Huitt, W. G. (2003). The Information Processing Approach
to Cognition. Retrieved December 14, 2021, from
Educational psychology interactive: https://vulms.vu.edu.

125



ISSN 1993-7989 (print). ISSN 1993-7997 (online). ISSN-L 1993-7989. Teopia Ta meToanKa $i3vyHOro BUXoBaHHSA. Tom 22, N2 1

pk/Courses/PSY504/Downloads/The%20Information%20
Processing%20Approach%20to%20Cognition%20article.pdf

Taneja, K., & Zutshi, K. (2019). Effect of Mental Imagery
Coupled with Plyometric on Vertical Jump and
Agility. Journal of Advanced Research in Psychology &
Psychotherapy, 2(1), 3-11.
https://doi.org/10.24321/2581.5822.201902

Bali, A. (2015). Psychological Factors Affecting Sports
Performance. International Journal of Physical Education,
Sports and Health, 1(6), 92-95. https://www.kheljournal.
com/archives/2015/vollissue6/PartB/1-5-77.pdf

Allard, E, & Starkes, J. L. (1991). Motor-skill experts in sports,
dance, and other domains. In K. A. Smith, Toward a
general theory of expertise: Prospects and limits (pp. 126-
152). Cambridge, England: Cambridge University Press.

Baumeister, R. E (1984). Choking under pressure: self-
consciousness and paradoxical effects of incentives on skillful
performance. Journal of Personality and Social Psychology,
46(3), 610-620. https://doi.org/10.1037//0022-3514.46.3.610

Lewis, B. P, & Linder, D. E. (1997). Thinking about Choking?
Attentional Processes and Paradoxical Performance.
Personality and Social Psychology Bulletin, 23(9), 937-944.
https://doi.org/10.1177/0146167297239003

Masters, R. S. (1992). Knowledge, knerves and know how:
the role of explicit versus inlplicit knowledge in the
breakdown of a complex motor skill under pressure.
British Journal of Psychology, 83, 343-358.
https://doi.org/10.1111/j.2044-8295.1992.tb02446.x

Beilock, S., & Carr, T. (2001). On the fragility of skilled
performance: what governs choking under pressure?
Journal of Experimental Psychology: General, 130(4), 701-
725. http://dx.doi.org/10.1037/0096-3445.130.4.701

Baumeister, R. J., & Showers, C. J. (1986). A review of
paradoxical performance effects: Choking under pressure
in sports and mental test. European Journal of Social
Psychology, 16(4), 361-383.
https://psycnet.apa.org/doi/10.1002/ejsp.2420160405

Mesagno, C., & Grant, T. M. (2010). A Comparison of
Different Pre-Performance Routines as Possible Choking
Interventions. Journal of Applied Sport Psychology, 22(3),
343-360. https://doi.org/10.1080/10413200.2010.491780

Hill, D. M., Hanton, S., Matthews, N., & Fleming, S. (2010). A
qualitative exploration of choking in elite golf. Journal of
Clinical Sport Psychology, 4(3), 221-240.
https://doi.org/10.1123/jcsp.4.3.221

Nathan, S. (2017). The Effect of Teaching Games of
Understanding as a Coaching Instruction had on Adjust,
Cover and Heart Rate among Malaysian and Indian
Junior Hockey Players. Sports, 5(2), 44.
https://doi.org/10.3390/sports5020044

Williams, M. A., Hodges, J. N, North, J. S., & Barton, G.
(2016). A study of reaction time and attention control
among athletes of sports training centers of Sports
Authority of India. International Journal of Sports Science,
6(2), 317-332.

Patdcs, A., Melia, L., Kovacs, S., Fézer-Selmeci, B., Révész,
L., & Toth, L. (2016). Reactive Stress Tolerance and
Personality Characterstics of Hungarian Elite Fencers.
Cognition, Brain, Behavior. An Interdisciplinary Journal,
10(3), 171-184

Williams, A. M. (2000). Perceptual skill in soccer: Implications
for talent identification and development. Journal of

Sports Sciences, 18(9), 737-750.
https://doi.org/10.1080/02640410050120113

Dogan, B. (2009). Multiple-choice reaction and visual
perception in female and male elite athletes. Journal of
Sports Medicine and Physical Fitness, 49(1), 91-96.

Hanton, S., Fletcher, D., & Coughlan, G. (2005). Stress in elite
sport performers: A comparative study of competitive
and organizational stressors. Journal of Sports Sciences,
23(10), 1129-1141.
https://doi.org/10.1080/02640410500131480

Cox, R. H,, Zhan, L., & Yijun, Q. (1996). Psychological skills
of elite Chinese athletes. International Journal of Sport
Psychology, 27(2), 123-132.

Doron, J., & Martinent, G. (2015). Trajectories of psychological
states of women elite fencers during the final stages of
international matches. Journal of Sports Sciences, 34(9),
836-842. https://doi.org/10.1080/02640414.2015.1075056

Czajkowski, Z. (2009). The Essence and Importance of Sense of
Timing in Fencing. Studies in Physical Culture and Tourism,
16(3), 241-247. https://wbc.poznan.pl/publication/110559

Johne, M., Poliszczuk, T., Poliszck, D., & Dabrowska-Perzyna,
A. (2013). Asymmetry of Complex Reaction Time in
Female EPEE Fencers of Different Sports Classes. Polish
Journal of Sport and Tourism, 20(1), 25-34.
https://doi.org/10.2478/pjst-2013-0003

Nathanael, O. (2017). Reactive stress tolerance in elite athletes:
Differences in gender, sport type, and competitive level.
Cognition, Brain, Behavior, 21(3), 189-202.
https://doi.org/10.24193/cbb.2017.21.11

Schuhfried, G. (2016). Manual Determination Test (Version
41). In G.Schuhfried, Vienna Test System Manual (pp.
5-6). Austria.

Fink, E., Patalay, P,, Sharpe, H., Holley, S., Deighton, J., &
Wolpert, M. (2015). Mental Health Difficulties in Early
Adolescence: A Comparison of Two Cross-Sectional
Studies in England From 2009 to 2014. Journal of
Adolescent Health, 56(5), 502-507.
https://doi.org/10.1016/j.jadohealth.2015.01.023

Haugland, S., Wold, B., Stevenson, J., Aaroe, L. E., &
Woynarowska, B. (2001). Subjective health complaints in
adolescence: A cross-national comparison of prevalence
and dimensionality. European Journal of Public Health,
11(1), 4-10. https://doi.org/10.1093/eurpub/11.1.4

Jones, D. C. (2001). Social Comparison and Body Image:
Attractiveness Comparisons to Models and Peers Among
Adolescent Girls and Boys. Sex Roles, 9(10), 645-664.
https://doi.org/10.1023/A:1014815725852

Verma, J. P. (2016). Descriptive Profile. In J. P. Verma, Sports
Research With Analytical Solution Using SPSS (pp. 31-33).
Hoboken, New Jersey: John Wiley & Sons, Inc.
https://doi.org/10.1002/9781119206767.ch2

Piepiora, P. (2021). Personality Profile of Individual Sports
Champions. Brain and Behavior, 11(6), e02145.
https://doi.org/10.1002/brb3.2145

Pahan, M. K., & Singh, M. K. (2021). A Comparative Study of
Cognitive Abilities among Tribal and Non-Tribal Young
Athletes of Jharkhand. The 21st Bi-Annual Conference of
International Society of Comparative Physical Education
and Sport (p. 104). Thiruvananthapuram, Kerala, India:
Fundacién Civil EDUFISADRED Educacién Fisica,

Recreacion Y Deporte — ISCPES - Lakshmibai National
College of Physical Education.

126



Pahan, MK., & Singh, M.K. (2022). Reactive Stress Tolerance in Preadolescent Sports Participants: A Comparison of Six Individual
Non-Contact Sports

Committee on Sports Medicine and Fitness. (2000). Intensive
Training and Sports Specialization in Young Athletes.
American Academy of Pediatrics, 106(1), 154-157.
https://doi.org/10.1542/peds.106.1.154

Launay, E. (2015). Sports-Related Overuse Injuries in Children.
Orthopaedics & Traumatology: Surgery & Research, 101(1),
$139-S147. https://doi.org/10.1016/j.0tsr.2014.06.030

Travassos, B., Araujo, D., & Davids, K. (2017). Is futsal a
donor sport for football?: exploiting complementarity for
early diversification in talent development. Science and
Medicine in Football, 2(1), 66-70.
https://doi.org/10.1080/24733938.2017.1390322

Buckley, P. S., Bishop, M., Kane, P, Ciccotti, M. C,, Selverian, S.,
Exume, D,, et al. (2017). Early Single-Sport Specialization:
A Survey of 3090 High School, Collegiate, and Professional
Athletes. Orthopaedic Journal of Sports Medicine, 5(7), 1-7.
https://doi.org/10.1177/2325967117703944

IGNOU. (2010). Development During Adolescence. In
IGNOU, Developmental Psychology (p. 5). New Delhi:
IGNOU. https://doi.org/10.21474/ijar01/11270

Allen, B., & Waterman, H. (2019). Stages of Adolescence.
Retrieved 01 2022, 07, from Healthy Children: https://
www.healthychildren.org/English/ages-stages/teen/Pages/
Stages-of-Adolescence.aspx

Thompson, P. J. (2009). Developing the Athlete. In P. .
Thompson, Introduction to Coaching: The Offecial IAAF
Guide to Coaching Athletics (pp. 43-61). Lincolnshire,
United Kingdom: Warners Midlands plc.

Laborde, S., Guillén, E.,, & Mosley, E. (2016). Positive
personality-trait-like individual differences in athletes
from individual- and team sports and in non-athletes.
Psychology of Sport and Exercise, 26, 9-13.
https://doi.org/10.1016/j.psychsport.2016.05.009

TOJIEPAHTHICTb O PEAKTUBHOI'O CTPECY Y YHACHUKIB
AonianiTKkoBOro CriorPTy: NOPIBHAHHA WWECTU
IHAUBIAYAJNIbHUX BESKOHTAKTHUX BUAIB CMOPTY

Manoxap Kymap ITaxan"**8P, Maxenpapa Kymap Cinrx'4P

'Hanionanbumit iHcTUTYT (hisdHOro BUxoBaHHA iMeHi Jlakmmi bai
*Micis Pamakpimay HaBuanbHo-HaykoBuil iHcTuTyT BiBekananpa

ABTOpPCHKIMIT BKIAJ: A — Au3aiiH gocmipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykormcy; E — 36ip komtis

Pedepar. Crarts: 7 ¢., 3 Tabn., 3 puc., 38 mxepernt.

Mera gocmimxkenns. MeToo ZOCT/PKeHHs 6YI0 BUBYNUTH,
AK BiIPI3HAETHCA CTIJIKICTD 10 PEAKTUBHOIO CTPECY B IEPENIIiI-
JTITKOBOMY Billi B IIECTH Pi3HNX 6€3KOHTaKTHMX BUIAX CIIOPTY.

Marepianu ta Metogu. Crpib6a 3 1yKa, 3752 Ha BelIOCHIIEN],
CTpinbOa, IIaBaHHA, JIerka aT/IeTHKa Ta BaKKa aTeTHKa — Iie
6esKOHTAKTHI BUAM CrIOpTy, 00paHi s JOCIipKeHHs. Y BOCIi-
IPKeHHI B3/ y4acTh 180 ciopTMBHUX KafleTiB i3 [lep>kaBHOro
TOBapMCTBa CIPUAHHA cnopTy [ Kapkxanpa, Bikom Big 11 mo 13
poxiB. I/ OLIiHKM CTIfIKOCTi IO peaKTUBHOTO CTPECY BUKOPUC-
ToByBam GopMy AeTepMiHauifiHoro tecty S1 3a BigeHcpkoio
TECTOBOI0 CHCTeMOI0. [IIs1 jocmipKeH s Oy BifiOpaHi 3MiHHI,
TaKi K IPOLIEHTW/IbHI PaHIV IPaBUIbHIX, HENPaBW/IbHIIX i IIPO-
ITyIIEHNX BifIIIOBifIEN, a TAKOX OIiHKa CEPEHbOIO Yacy peakKliil.
byno nposeneno nopiBHAHHA MK feCATKaMM 3MiHHUX Y peak-
TUBHIll CTPECOCTIIKOCTI HIeCTH Bm6paﬁmx CIIOPTUBHMX IOVCLINA-
wiiH. OcHOBHMIT epeKT BU3HAYA/IM 3 AoroMororo Tecty Kpacka-

na-Yontica, TOfi SIK IOMAapHi MOCT-XOK MOPiBHAHHSA ITPOBOJVIIN
3a gonomorow U-kpurepito Manna-VYiTHi. PiBenp 3HaummocTi
OyB BcTaHOB/IeHMIT Ha piBHi 0,05.

Pesynpratu. He Oyno 3Hauymmx BigMiHHOCTeNl y Ipo-
LEHTUIPHOMY PETUHIY HNPaBUJIbHOIO, HENPABU/IbHOIO Ta
CEepefHbOro Yacy peakuii MK BUOPAHNMU BUJAMU CIIOPTY.
3a NMPOLIEHTHUM DPEITMHIOM HENpaBMIbHUX BifiMOBifiell Taxi
BUJM CIIOPTY, SIK CTPibOa 3 IyKa, CTPinbOa Ta BaKKa aT/IeTHKa,
3HAYHO Bi[Jpi3HAIOTHCA BiJj IVIABaHHA.

BucHOBOK. 3TifHO 3 BUCHOBKaMU, BUJIM CIOPTY, B AKUX
BifICTaHb [OTAETHCS 32 PAXYHOK BUPOO/IEHHS IMIY/IbCY Tina,
MEHIII CXV/IbHI 10 HEKOHTPOIbOBAHOI MMOBEiHKY Iif} 9ac CIIOp-
TUBHIX 3MaraHb.

Knro4oBi cmoBa: peakTyBHA CTPeCOCTINIKICTD, I0HI cCIIOpTC-
MEHH, CTPi/bba 3 JIyKa, BEOCIOPT, CTPiNb0a, IIaBaHH, JIerKa
aTNIeTHKa, Ba)KKa aTleTHKa.
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Abstract

The study purpose. Currently, the study was to get the pattern of jumping movement skills for mentally retarded
children using D-Mat. It is as part of technology advanced to support physical activity and sport. While mentally
retarded children have different ways to jump with normal children.

Materials and methods. The method used qualitative research using observational design. Participants are mentally
retarded children aged 6-11 years who are divided into two groups, namely ages 6-8 years and ages 9-11 years. The
data were collected through a process of observation and video recording. While the validation of the jumping
movement test used observational and test-rater from 2 experts for the needs of mentally retarded children. Data
analysis techniques used the Kruskal-Wallis test with a significant level of p < 0.05 and descriptive statistics.

Results. The findings concluded that the jumping movement pattern of mentally retarded children aged 6-11 years
is forward jumping movement. They are easy to do it using D-Mat. This movement model is quite stable and easy to

master.

Conclusions. Each component of the movement also shows fairly good stability according to the characteristics and

needs of each child.
Keywords: children, D-Mat, jump, mentally retarded.

Introduction

Mentally retarded children have uniqueness and char-
acteristics that cannot be equated with normal children in
developing jumping movement skills. They have significant
limitations in both intellectual functioning (Tajalli et al.,
2013) and adaptive behaviour such as conceptual under-
standing, social skills and adaptive practice. They are also
characterized by low fundamental movement skills (Maiano
etal., 2019). While it is important to relate with the physical
activity and health for children (Shams et al., 2021; Ander-
son et al., 2017). However, these limitations do not mean
that they are not able to make good jumping movements. It
is a basic skill that must be mastered by mild type mentally
retarded children to help carry out daily activities, besides
that jumping movement skills are also basic in the mastering
of sports such as athletics, swimming or physical activity in
sports (Wouters et al., 2019).
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The results of observations at the Special Elementary
School in Palembang in 2018 and 2019, mild mentally re-
tarded children still have experience difficulties in doing basic
jumping movements. Where jumping is a movement of lifting
the body from one point to another using one leg as support.
While the results of observations on mild type of mentally
retarded children aged 7-12 years who participated in the de-
velopment of athletic sports at the State University of Jakarta
were also still difficult to jump. The results of the overall anal-
ysis of the observations concluded that mild types of mentally
retarded children have quite good physical development for
the level of limitations they have, but they are still stiff, afraid
and unable to have a habit of balancing their bodies to jump.

Thus, mentally retarded children need special tests in
physical fitness (Broadhead & Church, 2016; Addriana et al.,
2019; Jaakkola et al., 2019; Rahmati Aran & Dehghanizade,
2020). Schools in Italy use an education system that does not
discriminate against people with disabilities (Caldin, 2014).
In this case, teachers must understand the implementation
of education for schools with special needs (Demirok & Bes-
gul, 2015).
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Research related to movement skills, both basic move-
ments in sports such as jumping, or other physical activities,
is still not an interesting topic for researchers recently. It
related to children with disabilities is often related to the
concept of their social interactions and activities in their
daily lives. However, the current study focuses on movement
jumping to support their sports activities in ordinary schools
that use D-Mat (Digital Matras) have not been carried out.
Therefore, the gap between this study and previous research
is seen in the concept of the jumping movement skill pattern
using the D-Mat design which has previously been adjusted
to the needs and limitations. The use of the D-Mat is a form
of utilizing technological devices that have been used in the
sports field. Physical activities for children with intellectual
disabilities can be combined with entertainment, technol-
ogy and education systems (Dandashi et al., 2015; Kucera,
2015; Ruzickova & Hordéjcukova, 2015; Chen et al,, 2019).
Technology has become a trend and innovation in sports
(Kos et al., 2018). It appears in various activities such as
games, competitions, training (Ratten, 2020), digital games
for physical activity (Barnett et al., 2012), multimedia train-
ing used the technology device (Jinding, 2018; Sukendro et
al., 2020; Sun, 2021).

Thus, the purpose of the study is to get the pattern of
jumping movement skills for mentally retarded children us-
ing D-Mat. In this study, D-Mat has designed using technol-
ogy device to use in jumping movement training for men-
tally retarded children in the school. Moreover, the study can
contribute to the training program of basic movement in the
special school, especially mild mentally disabled children.

Materials and methods

Research Approach

The research is a qualitative method that used an obser-
vational design. In this study, the research activity was aimed
at observing the jumping movement skills patterns of men-
tally retarded children in Palembang without any changes
to the characteristics and situations of the physical activity
learning process in special schools (Creswell & Creswell,
2018). The observational design uses a cohort study because
the group of participants involved in this study are mentally
retarded children aged 6-11 years or mentally retarded chil-
dren equivalent to the level of elementary school children in
Palembang.

Participants

The participant is taken using the purposive sampling
(non-probability sampling) which is 40 Indonesian children
at a special school. The criteria for the participants were
1) children who have an IQ between 68-53 (Binet scale) or
an IQ of 69-55 (Wescheler scale), 2) they do not have physi-
cal problems but have a slightly slower physical development
than average children, 3) the child has a height and weight
that is not different from other children, even physically dif-
ficult to distinguish from normal children. The body weight
is between 20-30 kg. the participant divided into 2 groups,
i.e 6-8 years (n = 20), and 9-11 years (n = 20). The observa-
tion process of jumping movement skills is helped by the
parent.

Process of Collecting Data

Jumping movement skills of mentally retarded children
were recorded using video. The jumping movements skills
assessment provides a score in the form of a True-False form
test, where true scores are scored as 1 (one) and wrong is 0
(zero). There are three types of jumping movements, namely
jumping forward, backward, and sideways. The components
of mastery of basic jumping movement for mentally retarded
children are assessed through 6 components, consisting of
1) leg posture 2) knee movement, 3) hip movement. 4) body
movements, 5) hand movements, 6) harmony movement.
Table 1 presented the variables and their components of
jumping movement skills.

Table 1. Aspect and Components of Jumping Movement
Skills

The aspect of Jumping

Movement Skills Com ot

Jumping Forward
Jumping Backward
Jumping sideways

leg posture,

knee movement,
hip movement,
body movements,
hand movements,
harmony movement

S

Procedure

The research process begins with technical testing ac-
tivities in preliminary research. Technical trials for the as-
sessment of jumping movement skills were implemented
on other mentally retarded students (n = 10) who were not
research subjects with the same characteristics for 2 months
(August - September 2020). The technical test activities were
recorded as data analysis documents. Whereas for reliability
activities used a test rater who is an expert in cases of men-
tally retarded children. The two evaluators of this instrument
were independent colleagues who were also involved during
the observation process of research activities. Thus, the as-
sessment process for participants has valid trust and reliabil-
ity values. The results of the reliability assessment showed a
high level of reliability, namely 0.867.

Testing of participants is carried out at school. The test-
ing process has been scheduled according to the time of
the study from October 2020 to March 2021. The time of
the research did not change the physical learning activities
and sports of mentally retarded students at school. Students
will be guided and directed to use D-Mat to perform jump-
ing movements. During the implementation of the activ-
ity, peers also provide observations of the results of student
movements. The camera is installed to record all the activi-
ties of mentally retarded students. The results of recordings
and observations of peers or researchers are evaluated to-
gether for analysis related to jumping movement patterns.

Statistical Analysis

The jumping movement skill difference test was car-
ried out by comparison between age groups using the Krus-
kal-Wallis test with a significant level of p <0.05. Mean-
while, the data of the test results per group used statistical
descriptive.
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Results

The results of the data analysis show that the level of
group jumping movement of mentally retarded children
has variations according to their physical conditions and
needs. The results of descriptive calculations between the
two groups are as follows.

Table 2. The mean and standard deviation of two groups in
the jumping movement skills aspect

6-8 Age Years 9-11 Age Years

An aspect of Jumping

Group Group
Movement
N M Sd N M Sd
Jumping Forward 20 1978 2.85 20 21.83 3.68
Jumping Backward 20 17.57 244 20 19.77 3.08
Jumping Sideways 20 18.88 276 20 18.05 2.96
Significant at 0.05 level

Table 2 shows the result of mean and standard deviation
in process of jumping movement practice for mentally re-
tarded in each aspect of jumping movements; 1) 6-8 age years
group; jumping forward 19.78+2.85, jumping backwards
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0 II II II

Median Score
i [e)] o]

N

Leg Posture

W 6-8 Years

Knee Movement Hip Movement Body Movement Hand Movement

17.57 £ 2.44, and jumping sideways 18.88 + 2.76.2) 9-11 age
years group; jumping forward 21.83+3.68, jumping back-
wards 19.77 + 3.08, and jumping sideways 18.05 + 2.96.

The group with an age range of 6-8 years conclude
that mentally retarded children have more forward jump-
ing movement patterns, followed by sideways and back-
ward jumps. Meanwhile, mentally retarded children aged
9-11 years have a jump movement pattern that has a forward
jump movement pattern, then followed by jumping back-
wards and sideways. This means that the pattern formed
for the jumping activity of mentally retarded children aged
6-8 years or aged 9-11 years has the stability for forwarding
jumping movement (fig. 1).

Statistically significant differences (p < 0.05) were ob-
served for all the components of jumping forward move-
ment (p = 0.318). For 6-8age years, the hand movement is
easy to do, while for 9-11 age years, the hand movement
and harmony movement is easy to do by mentally retarded
(fig. 2).

Statistically significant differences (p < 0.05) were ob-
served for all the components of jumping forward movement
(p=0.187). For 6-8 age years, the leg posture is easy to do, while
for 9-11 age years, the leg posture, hand movement and har-
mony movement are easy to do by mentally retarded (fig. 3).

Harmony

Movement
H9-11 Years

Figure 1. Components of Jumping Forward Movement by Age Group
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Figure 2. Components of Jumping Backward Movement by Age Group
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Figure 3. Components of Jumping Sideways Movement by Age Group

Statistically significant differences (p < 0.05) were ob-
served for all the components of jumping forward move-
ment (p = 0.267). For 6-8 age years and 9-11 age years, the
leg posture influences the jumping backward movement by
mentally retarded.

Discussion

The pattern of jump movements from the results of data
analysis during the test shows that both the 6-8 age year group
or 9-11 age year group is dominated by forward jumping
movements with variations, namely jumping with the hand
at the waist, jumping with swinging hands, jumping with
clapping, jump with your arms outstretched, jump with your
arms crossed forward and shout “Banzai”. For the pattern
of the jump back movement, the variations that are formed
are jumping backwards with a swinging hand and jumping
backwards by clapping the hands. While the pattern of the
jump movement to the side that is formed is a combination
jump with swinging hands, combination jump by clapping,
and combination jumping with outstretched hands.

It is known that jumping for mentally retarded children
is a continuous asymmetric skill and involves taking off and
landing with the same foot. They are required to have greater
leg strength and dynamic balance so that the resulting jump
can be successful and can combine with other basic move-
ments. Also, the help of tools for basic movement training is
very important. D-Mat provides an easy way for coaches to
guide mentally retarded children. So, technology becomes a
new pattern in providing training media (Sharples & Whel-
an, 2020). Many a tool or technology device is for the jump
movement training (Masci et al., 2013; Wiksten et al., 2002).

The finding shows that the jumping skill pattern of men-
tally retarded children has good basic skills, because of bal-
ance, movement control, and locomotor so that they can per-
form forward and backward movements (Zeng et al., 2019;
Gandotra et al., 2020). Every movement for children should be
fun (Sumantri, 2015). Coordination between the arms and legs
plays an important role in controlling movement (DiRocco et
al., 2016). In this case, the motor pattern influences the jump
movement (Matsuzaki & Hentona, 1994). Each jump move-
ment in children also shows a different level. This could be due
to gender differences (Bryant et al., 2014; Hardy et al., 2010).

Another weakness found in this study referred to the
activity of jumping using one leg that was not yet formed or

supported the body's objections. Even though, this skill is also
important in body management so that the level of balance or
foothold can be perfectly formed. Lots of sports or children's
daily activities use jumping movements. Thus, the results of
this study also provide a major contribution to the jumping
movement skills of mentally retarded children who support
their daily activities that have been limited or slow. Moreover,
mentally retarded children also take a long time to resolve
new situations. They showed their best reactions when they
followed the routine and consistently experienced it. Men-
tally retarded children cannot face an activity or task for a
long time. They are less able to consider things, distinguish
between good and bad and distinguish right from wrong.
This is due to their limited abilities so that mentally retarded
children cannot first imagine the consequences of an action.

This study trains how to build consistency in the ac-
tions given to mentally retarded children in mastering ba-
sic movement skills. The treatment process must be given
one by one so that they can develop their physical abilities
and knowledge of each basic movement skill. From the divi-
sion of the two age groups, it is known that children aged
9-11 years have been able to show the development of mas-
tery of the jumping movement not only forwards, but also
backward movements that are more balanced.

Conclusions

Based on the conclusion of the research results, the D-
Mat makes it easy for mentally retarded children to jump be-
cause all the information needed is presented on the digital
mat. From the three aspects of jumping, mentally retarded
children have a level of balance and harmony in making the
jump forward. The combination between the limbs is also
more aligned, causing 5 variations of the forward jumping
movement. The implication of this research can be seen from
the understanding of the concept of mastery of basic jump-
ing movements that must be mastered first by mentally re-
tarded children is jumping forward. Because this movement
is easier and the balance of the body can be maintained sta-
bly. This way, the coaches at the special school can proceed
with the backward and side jump design concept. Therefore,
this research can still be developed again with a combination
of the concept of various types of games that can be enjoyed
and provide stimulation to mentally retarded children in
carrying out physical activities. Besides, the results of this
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study can also be followed by an in-depth study related to
another basic jumping.

Acknowledgement

Thank you to all participants who have helped during
the data collection process, fellow teachers at special schools
in Palembang.

Conflict of interest

There is no conflicts of interest to declare.

References

Tajalli, P, Hooman, H. A., A.Afrooz, G. H., & Ghobaribonab,
B. (2013). Examine the Presence of ADHD in Families
of Students with/without ADHD. Procedia - Social and
Behavioral Sciences, 84, 346-350.
https://doi.org/10.1016/j.sbspro.2013.06.564

Maiano, C., Hue, O., & April, J. (2019). Effects of motor skill
interventions on fundamental movement skills in children
and adolescents with intellectual disabilities: a systematic
review. Journal of Intellectual Disability Research, 63(9),
jir.12618. https://doi.org/10.1111/jir.12618

Shams, A., Hardy, L. L., Vameghi, R., Loovis, E. M., &
Shamsipour Dehkordi, P. (2021). Prevalence of fundamental
movement skill proficiency among Iranian children aged
2.5-14 years. Journal of Science and Medicine in Sport, 24(1),
74-79. https://doi.org/10.1016/j.jsams.2020.09.014

Anderson, M. K., Grier, T., Canham-Chervak, M., Bushman,
T. T., Nindl, B. C., & Jones, B. H. (2017). Effect of
Mandatory Unit and Individual Physical Training on
Fitness in Military Men and Women. American Journal of
Health Promotion, 31(5), 378-387.
https://doi.org/10.1177/0890117116666977

Wouters, M., Evenhuis, H. M., & Hilgenkamp, T. I. M. (2019).
Physical activity levels of children and adolescents with
moderate-to-severe intellectual disability. Journal of
Applied Research in Intellectual Disabilities, 32(1), 131-
142. https://doi.org/10.1111/jar.12515

Broadhead, G. D., & Church, G. E. (2016). Influence of Test
Selection on Physical Education Placement of Mentally
Retarded Children. Adapted Physical Activity Quarterly,
1(2), 112-117. https://doi.org/10.1123/apaq.1.2.112

Addriana, B. B,, Tandiyo, R., Soegiyanto, S., & Sulaiman, S.
(2019). Evaluation of Physical Fitness for Students with
Mentally impaired Aged 10-12 years in Poso Regency;,
Sulawesi Tengah Province, Indonesia. International Journal
of Multicultural and Multireligious Understanding, 6(4),
581. https://doi.org/10.18415/ijmmu.v6i4.1135

Jaakkola, T., Hakonen, H., Kankaanpii, A., Joensuu, L., Kulmala,
J., Kallio, J., Watt, A., & Tammelin, T. H. (2019). Longitudinal
associations of fundamental movement skills with
objectively measured physical activity and sedentariness
during school transition from primary to lower secondary
school. Journal of Science and Medicine in Sport, 22(1), 85-
90. https://doi.org/10.1016/j.jsams.2018.07.012

Rahmati Aran, M., & Dehghanizade, J. (2020). Effect of
Training on the Balance and Coordination of the
Mentally Retarded Children. International Journal of
Motor Control and Learning, 2(2), 15-23.
https://doi.org/10.29252/ijmcl.2.2.15

Caldin, R. (2014). Inclusive social networks and inclusive
schools for disabled children of migrant families. Alter,
8(2), 105-117. https://doi.org/10.1016/j.alter.2014.02.001

Demirok, M. S., & Besgul, M. (2015). Examination of
Preschool Teacher and Teacher of Mentally Retarded
Candidates’ Opinions about Mainstreaming. Procedia -
Social and Behavioral Sciences, 190, 169-179.
https://doi.org/10.1016/j.sbspro.2015.04.932

Dandashi, A., Karkar, A. G., Saad, S., Barhoumi, Z., Al-Jaam,
J., & El Saddik, A. (2015). Enhancing the Cognitive and
Learning Skills of Children with Intellectual Disability
through Physical Activity and Edutainment Games.
International Journal of Distributed Sensor Networks,
11(6), 165165. https://doi.org/10.1155/2015/165165

Kucera, V. (2015). Comparative Analysis of Teaching Methods of
Making Web Pages. Procedia — Social and Behavioral Sciences,
171, 945-949. https://doi.org/10.1016/j.sbspro.2015.01.213

Ruzickova, K., & Hordéj¢ukova, T. (2015). Modern Devices
to Support Early Development of Children with Visual
Impairment. Procedia - Social and Behavioral Sciences, 171,
950-960. https://doi.org/10.1016/j.sbspro.2015.01.214

Chen, J., Wang, G., Zhang, K., Wang, G., & Liu, L. (2019). A pilot
study on evaluating children with autism spectrum disorder
using computer games. Computers in Human Behavior, 90,
204-214. https://doi.org/10.1016/j.chb.2018.08.057

Kos, A., Wei, Y., Tomazié, S., & Umek, A. (2018). The role of
science and technology in sport. Procedia Computer Science,
129, 489-495. https://doi.org/10.1016/j.procs.2018.03.029

Ratten, V. (2020). Sport technology: A commentary. Journal
of High Technology Management Research, 31(1), 100383.
https://doi.org/10.1016/j.hitech.2020.100383

Barnett, L. M., Hinkley, T., Okely, A. D., Hesketh, K., &
Salmon, J. (2012). Use of electronic games by young
children and fundamental movement skills? Perceptual
and Motor Skills, 114(3), 1023-1034.
https://doi.org/10.2466/10.13.PMS.114.3.1023-1034

Jinding, L. (2018). The computer multimedia technology
application in basketball teaching and training in colleges
and universities. Journal of Advanced Oxidation Technologies,
21(2). https://doi.org/10.26802/jaots.2018.08200

Sukendro, S., Habibi, A., Khaeruddin, K., Indrayana, B.,
Syahruddin, S., Makadada, E A., & Hakim, H. (2020). Using
an extended Technology Acceptance Model to understand
students’ use of e-learning during Covid-19: Indonesian
sport science education context. Heliyon, 6(11), €05410.
https://doi.org/10.1016/j.heliyon.2020.e05410

Sun, Q. (2021). Current school sports intelligence system
based on artificial intelligence and internet of things
technology. Advances in Intelligent Systems and
Computing, 1244 AISC, 625-632.
https://doi.org/10.1007/978-3-030-53980-1_92

Creswell, J. W., & Creswell, J. D. (2018). Research design:
Qualitative, quantitative, and mixed methods approaches
fifth edition. SAGE Publications Inc.

Sharples, S. A., & Whelan, P. J. (2020). An interphyletic tool
kit to study locomotor function: Past, present, and future
directions. In The Neural Control of Movement (pp. xxi—xlv).
https://doi.org/10.1016/b978-0-12-816477-8.09997-x

Masci, I., Vannozzi, G., Bergamini, E., Pesce, C., Getchell,

N., & Cappozzo, A. (2013). Assessing locomotor skills
development in childhood using wearable inertial sensor
devices: The running paradigm. Gait and Posture, 37(4),
570-574. https://doi.org/10.1016/j.gaitpost.2012.09.017

132



Septaliza, D., Hanif, A.S., & Yusmawati (2022). Jump Movement Skills Pattern Among Indonesia Mentally
Retarded Children Using D-Mat

Wiksten, D. L., Spanjer, J., & LaMaster, K. (2002). Effective Use
of Multimedia Technology in Athletic Training Education.
Journal of Athletic Training, 37(4 Suppl), S213-S219.
http://www.ncbi.nlm.nih.gov/pubmed/12937547

Zeng, N., Johnson, S. L., Boles, R. E., & Bellows, L. L. (2019).
Social-ecological correlates of fundamental movement
skills in young children. Journal of Sport and Health Science,
8(2), 122-129. https://doi.org/10.1016/j.jshs.2019.01.001

Gandotra, A., Kotyuk, E., Szekely, A., Kasos, K., Csirmaz, L.,
& Cserjesi, R. (2020). Fundamental movement skills in
children with autism spectrum disorder: A systematic
review. In Research in Autism Spectrum Disorders, 78,
101632. https://doi.org/10.1016/j.rasd.2020.101632

Sumantri, M. S. (2015). Learning Model of Fundamental Long
Jump Movement Based On Game Approach. Indonesian
Journal of Early Childhood Education Studies, 4(1), 35-41.
https://doi.org/10.15294/TJECES.V411.9451

DiRocco, P. ], Clark, J. E., & Phillips, S. J. (2016). Jumping
Coordination Patterns of Mildly Mentally Retarded
Children. Adapted Physical Activity Quarterly, 4(3), 178-
191. https://doi.org/10.1123/apaq.4.3.178

Matsuzaki, Y., & Hentona, T. (1994). Motor Pattern During the
Standing Long Jump in Individuals with Mental Retardation.
In Adapted Physical Activity (pp. 131-136). Springer Japan.
https://doi.org/10.1007/978-4-431-68272-1_21

Bryant, E. S., Duncan, M. J., & Birch, S. L. (2014). Fundamental
movement skills and weight status in British primary school
children. European Journal of Sport Science, 14(7), 730-736.
https://doi.org/10.1080/17461391.2013.870232

Hardy, L. L., King, L., Farrell, L., Macniven, R., & Howlett, S.
(2010). Fundamental movement skills among Australian
preschool children. Journal of Science and Medicine in Sport,
13(5), 503-508. https://doi.org/10.1016/j.jsams.2009.05.010

MOJAEJIIOBAHHA HABUYOK CTPUBKOBOTO PYXY
3A JOMOMOIOl0 D-MAT TEXHONOTII CEPEA AITEN )
3 NOPYWEHHAM IHTENEKTYAJIbHOIO PO3BUTKY B IHAOHE3II

HeBi Cenrtaniza'A8“PE; Axmag Cod’sn Xanip*“P, OcmaBaTn

'"Yuisepcurer bina [Japmu
*YuiBepcuret Herepi [I>kakapra
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ABTOpCHKNMIT BKIAM: A — fU3aiiH KOCTiIKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 6 c., 2 Tab1., 3 puc., 32 pKepena.

Merta goCHiPKeHHs II0/ATajIa B TOMY, 1[00 OTPUMATH, 32
poromoroo D-Mat, Mofie/ib HaBUYOK CTPUOKOBUX PYXiB AJIA
JiTeil 3 MOPYLIEHHAM iHTe/leKTya/lbHOro po3BUTKY. D-Mat —
Hepefi0Ba TEXHOJOTA I MATPUMKY (isMUHOI aKTMBHOCTI
Ta CIIOPTY, BUMEHH: 3aKOHOMipHOCTell (POPMYBaHHSA PyXOBUX
HABUYOK, 1le € BK/IUBYUM Yy 3B’5I3Ky 3 TUM, IO AiTH 3 HOPY-
IIEHHAM IHTETeKTyaJbHOTO PO3BUTKY MAIOTh pisHi crocobu
cTpubaTy y OPiBHAHHI 3 HOPMAIbHVIMI [{iTbMIL.

Marepianu Ta MeToau. BukopucraHo sAKiCHe JOCTiIKeH-
Hs i3 3aCTOCYBaHHAM METOJY CIOCTEPEXEHHS. YYacCHUKaMU
€ [iTM 3 INOPYIIEHHAM iHTENEeKTya/JlbHOIO PO3BUTKY BiKOM
6-11 poxkiB, AKi NOAINATbCA Ha [Bi TPymy, a caMe Bik 6-8 po-
KiB Ta Bik 9-11 pokiB. [lani 6ynn 3ibpaHi y mporeci crocre-
pexeHH:A Ta Bifeositomku. IIpu Bamigarii cTpubko-pyXxoBoro

TeCTy BMKOPMCTOBYBa/INUCsA CIIOCTEPEKEHHA Ta TeCT-pericep
Bify 2-X ekcnepTiB. [I14 aHanisy JaHuX BUKOPUCTOBYBAIN TECT
Kpackana-Yomica 3i smagymum pisHem p < 0,05 Ta onucosy
CTaTUCTUKY.

Pe3ynpraru. BcTaHOBIIEHO, 1[0 MOJENb CTPUOKOBOTO
PYXY y BiTeil 3 MOPYIIEHHAM iHT€/IEKTYa/JIbHOTO PO3BUTKY Y
Billi 6-11 pokiB € crpubkoBUM pyxoMm yrepeil. Vloro nerko smo-
JenroBaty 3a fonomoroi D-Mat. I]a mopens pyxy € focuthb
CTIVIKOIO i JIETKOIO JIJISI OCBOEHHS.

BucHoBku. KokeH KOMIIOHEHT pyXy Ma€ JOCUTb XOPOLIY
CTIKICTD Bif{IIOBI/{HO /10 0COO/IMBOCTEI! i TOTPeO KOXKHOI U TVHIL

KnrouoBi cmoBa: pmitu, D-Mat, cTpubok, po3ymMoBO
BificTami.
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Abstract

The study purpose. The research was conducted in order to determine the effect of an eight-week agility

development program (ADP) in elementary school students.

Materials and methods. 107 fifth grade elementary school students from four classes randomly marked as agility
development program (ADP) group (n = 55) or control (CON) group (n = 52) took part in the testing. The students
had two classes of physical education per week, which is a total of 16 classes in eight weeks. ADP lasting 15 minutes
was conducted within the main part of the physical education class. Both groups attended physical education classes,
except that the control group had activities without a special agility development program. Two-tailed independent

t-test was used to analyze differences in agility between the ADP and the CON and the change in the performance
from pre- to posttests between groups. Two-tailed paired t-test was used to analyze changes in agility performance

between pre- and posttests within both groups.

Results. Compared with the CON, the ADP group showed significantly better performances (p<0.05) in Zig-zag test,
Illinois Agility Run test, Agility T test and Arrowhead Agility test after the training period, but not in Balsom agility

test (p>0.05).

Conclusions. The positive effect of the 8-week agility development program (ADP) on improving agility was
determined. Therefore it can be concluded that the implemented program for the development of agility can contribute
to the improvement of physical performance and various skills needed for the proper development of children.

Keywords: physical education, children, agility training, motor abilities.

Introduction

In children, from an early age, daily physical activ-
ity is very important, mostly aerobic type of moderate to
high intensity, while, usually after puberty, they include as
well anaerobic physical activity, which creates the basis of
physical shape and health status for future life in adulthood
(Milenkovi¢, 2021). Physical education as an integral part the
school system is the most extensive and most organized type
of physical exercise for the largest number of children and the
youth, and for many of them it is the only organized physi-
cal exercise (Gadzi¢, 2019). Therefore, regular participation
in physical education classes is a potential opportunity for
the development of physical abilities, knowledge and skills
(Faigenbaum et al., 2015), because quality professional work
with students can affect the improvement of their physical

© Milenkovié, D., 2022.
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performance and muscle strength as a basis for participation
in games, sports, and other physical activities (Behringer
et al,, 2011). Besides, adequate school physical education
programs in today’s technologically advanced world can be
a solution to the frequent negative phenomenon in the form
of physical inactivity in children, which often creates health
problems such as obesity and hypertension (Katzmarzyk et
al., 2015; Brown et al., 2019; Aguilar-Cordero et al., 2020;
Stavridou et al., 2021), although the research in terms of pre-
vention of these problems increasingly indicates the need for
additional activity along with physical education in schools
(Cvetkovi¢ et al., 2018; Steene-Johannessen et al. al., 2020).
The development of physical abilities is one of the areas
which the contents of the physical education program are di-
rected to (Milenkovi¢, 2021). One of the abilities important for
the proper physical development of children is agility, a very
complex ability that correlates with other factors such as co-
ordination, strength, speed, explosiveness, endurance, balance
(Sekuli¢ et al., 2013). It can be defined as the ability to change
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the direction quickly without losing balance and reducing speed
(Lemmink, Elferink-Gemser & Wisscher, 2004). Agility repre-
sents a combined ability of speed, strength and coordination,
and when conjoined with flexibility, result in mobility or quality
of quick movement performance, together with timeliness and
coordination in the full range of motion (Bompa, 2006).

The nature of agility is multifactorial, so apart from
the cognitive element, anticipation and decision-making
(Young, James & Montgomery, 2002; Gabbett, Kelly & Shep-
pard, 2008; Sheppard et al., 2006), biomechanical element
is also of great importance for skillful movement (Young &
Farrow, 2006). Agility is very often seen in the scientific lit-
erature as a part of the SAQ block (speed, agility, quickness)
which is also made up of speed and explosiveness (Koklii et
al,, 2015; Brown & Ferrigno, 2005). These three abilities are
highly related and the improvement of one of them affects
the improvement of the other two (Acar & Eler, 2019).

Agility can be manifested in various forms, from the
movement of one part of the body, to the movement of the
entire muscular system at high speed in a certain direction
(Sopa & Pomohaci, 2016). Agile movements in any direction
are not performed at a constant speed over the entire distance,
but are divided into the phase of acceleration, maintenance of
maximum speed and deceleration (Plisk, 2000). In addition
to a good result in conducting motor activity and neutral-
izing opponents (in play or competition), the optimal level of
agility reduces the possibility of injury and allows a high level
of manipulative skills (Verstegen & Marcello, 2001).

Agility development programs are very important in
physical education, primarily due to the fact that agility is
considered a combination of certain basic abilities (Bompa,
2006) and thus has a multiple effect on the motor status
of children. Also, the level of competence in basic motor
skills significantly depends on the level of agility develop-
ment (Haga, 2008; Aribowo, Hidayah & Rumini, 2019). One
of the sensitive phases of agility development is the period
from the seventh year of life to the beginning of puberty
(Bijeli¢ & Simovi¢, 2005), which indicates the need to use
this period effectively to improve this important segment in
physical performance. Therefore, the aim of this research is
to determine the effects of programs for the development of
agility within the process of teaching of physical education.

Materials and methods

Experimental approach to the problem

The research is designed to determine the effect of an
eight-week agility development program (ADP) in elementa-
ry school students. Of the four fifth grade classes, two classes
were randomly designated as the ADP group, while the other
two were the control (CON) group. Both groups attended
physical education classes, with the control group having
activities without a special agility development program. The
classes were held by the same physical education teacher.
Before the beginning of the program, the initial testing was
performed, and after the end, the final testing of both groups.

Study participants

107 students (Table 2) of the fifth grade of elementary
school from four classes randomly marked as Agility devel-

opment program (ADP) group (n =55 - 30 boys and 25 girls)
or control (CON) group (n = 52 - 25 boys and 27 girls). took
part in the testing. There were no chronic diseases or major
injuries, primarily of the lower extremities, in the health
records of the students. The permission of the parents of all
students to participate in this research was obtained, as well
as the consent of the children themselves. The research orga-
nized in accordance with the recommendations for clinical
research given by the World Health Organization (WHO)
within the Helsinki Declaration (2013).

Testing procedure

The testing was performed in the gym during the physi-
cal education classes with the students wearing adequate
sports equipment. Since testing is a part of the regular physi-
cal education classes during each school year, students were
generally experienced in such a procedure. However, a week
before the initial testing, the students and their teacher were
practicing all the tests that were used later, in order to ensure
the accuracy of the testing procedure itself. A trial test was
also organized in order to prepare the students for the whole
procedure that was going to be applied during the experi-
mental testing. Two days after the trial one, the initial test-
ing was carried out, and eight weeks later the final one was
performed. A warm-up of 15 minutes was performed before
each testing. Each of the tests was repeated three times, and
the best result was taken for further analysis. After complet-
ing each test and before moving on to the next one, there was
a break of 5-8 minutes to avoid negative effects on testing
caused by fatigue. Height and body weight were measured
using the standard techniques with a stadiometer and stan-
dard physician’s scale. Furthermore, the body mass index
(BMI) was calculated using the standardized equation mass/
height2 (kg/m2) (Table 1).

Five agility tests (Topend Sports) already proved by the
previous research to be reliable and valid for assessing this
ability were used:

o Zig-zag test (Kutlu & Dogan, 2018);

« Ilinois agility run test (Hachana et al., 2014; Kutlu,

Yapici & Yilmaz, 2017);

o Agility T test (Pauole et al., 2000; Fessi et al., 2016);

o Balsom agility test (Wrigley, 2016);

o Arrowhead agility test (Lockie & Jalilvand, 2017;

Rago et al., 2020).

The Witty Timing System (Microgate, Bolzano, Italy)

was used to measure the time when performing agility tests.

Training Procedure

The program is specially designed for the students of this
age. They had two classes of physical education per week,
which is a total of 16 classes in eight weeks. Within the main
part of each class, 15 minutes were used for specialized ADP.
The exercises were aimed at improving elementary move-
ments with a change of direction at an angle of 90° and over
90°. It has been worked on the development of technique
in changing conditions; forward / backward and sideways
movements were used. Tasks were performed by manipulat-
ing objects and in the presence of the opponent in order to
achieve optimal speed and maximum force of muscle con-
traction. In order to avoid monotony, various mobile games

135



ISSN 1993-7989 (print). ISSN 1993-7997 (online). ISSN-L 1993-7989. Teopia Ta meToanKa $i3vyHOro BUXoBaHHSA. Tom 22, N2 1

were played, which are an effective form for the development
of agility in the children of this age (Skitnevskiy et al., 2020).
By working on the development of agility it was supposed
to increase the ability to activate motor units and agonist
muscle groups faster and more completely.

The extent and intensity of the workload, as well as the
breaks between the repetitions of exercises and series, were
adjusted to the age of the children. The load intensity within
ADP was moderate to vigorous. The exercise was performed
in small groups, 3-4 students, so the rest time between rep-
etitions was a few seconds (the time needed for the other
members of the group to complete their performance), while
the rest time between the exercises was 30 seconds. Balls (for
football and basketball) were also used in the exercises, so
certain movements, except those ones without the ball, were
performed both with the ball as an aggravating parameter.
The presence of a semi-active opponent (students took turns
in that role) was also used, which to a certain extant also

Table 1. Content of ADP

made the movement difficult. Mobile games were also in use,
and they were conducted every other lesson and covered a
third of the time of ADP (about 5 minutes).

Table 1 shows the exercises and mobile games used in
the ADP. For each lesson, the contents are combined (with
and without ball) in order to avoid monotony in the exercise
(not all exercises were used in every lesson).

Statistical analysis

Descriptive parameters (Mean + St.Dev) were calculated
for all variables. Two-tailed independent t-test was used to
analyze differences in agility between the ADP and the CON
and the change in the performance from pre- to posttests
between groups. Two-tailed paired t-test was used to analyze
changes in agility performance between pre- and posttests
within both groups. The statistical package SPSS v was used
for data processing 22.0 (IBM SPSS Statistics). Statistical sig-

Indicator

Number of repetitions

running forward
running backward 4x5m
lateral running - right
lateral running - left

running forward-backward

quadrilateral

backward, lateral left)
lateral meandering (left and right) 4x5m
figure 8

running in letters

4x5m (with and without football or basketball)

4x5m (with and without ball)
4x5m (with and without ball)
4x5m (5m forward, turn around cone and 5m backward)

2 repetitions — quadrilateral with 5m sides (running forward, lateral right, running

4 repetitions — 3 cones with 1.5m distance between them (with and without ball)

2 repetitions — writing letters by running (3-4 letters by lesson) (with and without ball)

explosive running with change of direction 4 repetitions — at a distance of 5-7m (with and without ball)

various forms of movement on football 2 repetitions of every form of movement

ladders (forward, lateral, jumps backward
and forward, side steps inside and outside
the ladder, running with high knees)

Mobile games (some of those that were used) - (according to Skitnevskiy et al., 2020; Milenkovi¢, 2021).

“Night and day”

“Entrapment”

“Delta”

“Pull attempt” game

The playground’s middle area is crossed by two parallel lines with 1-1.5m distance from each
other. The students are divided into two teams (“Nigth” and “Day”) standing in two rows
facing each other. The teacher who is aside the playground exclaims either a “Day” or “Night”
and students of the appropriate team should strive to reach the outside boundary of own line,
whereas the opposite team should chase and catch them within the field limits.

The students are divided into five groups. Four groups are standing on the corners of the
field in a column, while the fifth group is standing in the center of the field. At the given sign,
all students from four outer groups run to the right toward the place of the next group. The
center group is trying to catch as many students as possible before they reach the next corner.
The one who is caught joins the catchers.

Two columns are standing behind the starting line. At a distance of 5 m from the starting line,
the second line is marked. At a given sign, first student in the column runs to the second line,
touches it with his/her hand, then runs to the starting line, steps on it with his/her foot, runs
again to the set line, steps on it with both feet, comes back and has to touch the next student
who starts running. The winner is the team that completes the task first.

Students of two teams receive the same ordinal numbers. Everybody should run in pairs
along the run-way. At some point of movement, the teacher shouts out the ordinal number.
Those students having this number should reach the head of the column and be the leading
runners. The run should proceed till the new signal. The winning team is the one having the
most leaders in it.
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nificance was established at the level of p < 0.05. The results
will be shown separately for boys and girls.

Results

The students successfully completed the experimental
treatment without any injuries. Both groups of respondents
had a high attendance rate (over 95%). On pre-experimental
testing, there were no significant differences between groups
in any of the variables, including the Zig-zag test, the Illinois
agility run test, the Agility T test, the Balsom agility test, and
the Arrowhead agility test.

ADP group (both for boys and girls) showed significant
pre-posttest change in Zig-zag test, Illinois Agility Run test,
Agility T test and Arrowhead Agility test (p < 0.05), but not
in Balsom Agility test (p > 0.05). CON group (both for boys

Table 2. Group characteristics (Mean+St.Dev)

C(ltl:::lc‘t;rll;t;;s ADP group (N=55) CON group (N=52)
Age (y) 11.5+0.4 11.4+0.5
Body height (cm) 151.6+7.1 152.3+6.9
Body mass (kg) 43.8+8.3 43.3+8.5
BMI (kg/m?) 18.9+3.5 19.243.7

ADP - agility development program; CON - control; BMI - Body
mass index.

Table 3. Two-tailed paired t-test (pre-posttest results) for
both groups, boys

Table 4. Two-tailed paired t-test (pre-posttest results) for
both groups, girls

Group Agility tests Mean (+SD) Nt df (2—tszitigl.e d)
Zig-zag 9.57+0.36
Zig-zag (retest) 8.76+£0.58 25 14.04 24  .000%
Illinois 20.72+0.48
Illinois (retest) 19.78+0.55 25 18.53 24  .000*
ADP “T” test 13.65%0.58
girls  “T” test (retest) 12.9440.64 25 11.93 24  .000*
Balsom 21.63+0.56
Balsom (retest) 21.62+0.56 25 1.9 24 .069
Arrowhead 20.67+0.83
Arrowhead (retest) 19.91+0.84 25 11.33 24  .000*
Zig-zag 9.78+0.27
Zig-zag (retest) 9.36+0.16 27 9.58 26 .000%
Illinois 20.86%0.6
Illinois (retest) 20.83+0.66 27 1.1 26 .280
CON “T” test 13.64%0.79
girls “T” test (retest) 13.33+0.71 27 6.27 26 .000*
Balsom 21.75%0.39
Balsom (retest) 21.72+0.55 27 0.47 26 .644
Arrowhead 20.43+0.96

Arrowhead (retest) 20.53+0.93 27 -1.76 26  .091
*Statistical significance is at the level of p < 0.05

Table 5. Two-tailed independent t-test (posttest results
between groups), boys

Group  Agilitytests Mean (+SD) Nt df Zf;ﬁe 4 Asgilitytests Boys Mean(+SD) Nt  df (2-tse:igl.e "
Zig-zag 8.94+0.27 Zig-zag ADP  8.01+0.35 30
Zig-zag (retest) 8.01+£0.35 30 21.22 29 .000* CON 8.62+0.48 25 -542 53 .000*
Illinois 20.07+0.65 Illinois ADP 19.18+0.59 30
Illinois (retest) 19.18+0.59 30 16.73 29 .000* CON  20.25+0.66 25 -6.35 53 .000*
ADP “T” test 13.04+0.7 “T” test ADP  12.36%£0.79 30
boys “T” test (retest) 12.36+£0.79 30 7.04 29 .000* CON  12.81+0.69 25 -222 53 .030*
Balsom 20.58+1.1 Balsom ADP  20.57£1.09 30
Balsom (retest) 20.57+1.09 30 1.09 29 284 CON  20.54+1.16 25 0.11 53 915
Arrowhead 19.86+0.68 Arrowhead ADP 19.21+0.6 30
Arrowhead (retest) 19.21+0.6 30 9.97 29 .000* CON  19.84+0.7 25 -3.65 53 .001%
Zig-zag 8.91+0.35 *Statistical significance is at the level of p < 0.05
Zig-zag (retest) 8.62+0.48 25 6.04 24 .000*
Illinois 20.28+0.64 for boys and girls) showed significantly better performances
Mlinois (retest) 20.25+0.66 25 1.36 24  .185 (p = 0.05) in Zig-zag test, Illinois Agility Run test, Agility T
CON “T” test 13.12+0.65 test and Arrowhead Agility test after the training period, but
boys “T” test (retest) 12.81£0.69 25 4.35 24 .000% also not in Balsom agility test (p > 0.05) (Table 5, 6).
Balsom 20.51+1.08
Balsom (retest) 20.54+1.16 25 -0.64 24 531 Discussion
Arrowhead 19.86+0.75

Arrowhead (retest) 19.84+0.7 25 04 24 .692

*Statistical significance is at the level of p < 0.05

and girls) showed significant pre-posttest change in perfor-
mance in Zig-zag test and Agility T test (p < 0.05) (Table 3, 4).

Training responses were different between ADP and
CON group. Compared with the CON, the ADP group (both

The aim of this research was to determine the effects of
the eight-week agility development program (ADP) which
was conducted as a part of the main part of the physical
education class with the fifth grade elementary school
students. The program, which was adapted to the children
of this age, proved to be suitable, safe and effective for
working on the direct development of agility and the indirect
development of other abilities which agility is significantly
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Table 6. Two-tailed independent t-test (posttest results
between groups), girls

Agility tests Girls Mean (+SD) Nt  df (2-2?1} "
Zig-zag ~ ADP 876058 25

CON 9.36+£0.16 27 -5.2 50 .000*
Illinois ADP 19.78+0.55 25

CON  20.83+0.66 27 -6.17 50 .000*
“T test ADP 12.94+0.64 25

CON  13.3320.71 27 -2.1 50 .041*
Balsom ADP  21.62+0.56 25

CON  21.7240.55 27 -0.64 50 .526
Arrowhead ADP  19.91+0.84 25

CON  20.53+0.93 27 -2.52 50 .015*

*Statistical significance is at the level of p < 0.05

correlated with. The children found the program to be very
entertaining and at the same time it provided a sufficient
amount of physical activity which led to improved physical
performance.

Other researches also indicate an improvement in the
level of agility and general physical performance in the form of
speed, coordination of skills during lateral movements (Sopa
& Pomohaci, 2016). Yanci et al. (2013), after implementing
various variants of the contextual interference program,
found that with elementary school students, after three weeks
of work, the progress in the level of agility was recorded. This
proves that in working with children, it is much more effective
to implement motor learning programs through mastering
multiple skills or skills variations, than to use unilateral
programs to improve children’s health and development
(Shea & Morgan, 1979; Faigenbaum et al., 2015).

Interesting and diverse content and the optimal amount
of time dedicated to physical activity in working with children
in physical education classes is one of the essential elements
of success in implementing planned programs and improving
physical performance and student skill levels (Hills, Dengel
& Lubans, 2015). In this research as well one of the main
reasons for improving the levels of physical performance in
which agility dominates is precisely the interestingness and
variety of content to which children react positively. The
monotonous content of physical activity negatively affects the
concentration of children and as a consequence there is a loss
of interest in activities (Rokhayati et al., 2017). In younger
children, the direction, maintenance, stability and stability
of attention at the optimal level for work last shorter than in
older children (Rueda et al., 2005). As a child grows, attention
control also improves and increases the duration of attention,
while reducing the ease with which attention can be distracted.
In this regard, teaching content must be enjoyable, positive,
with a significant impact of exercise on the body, with a good
foundation in practical knowledge and with a comprehensive
teaching strategy by the teacher who plays an important role
in motivating students (Maldonado et al., 2019).

The agility development program also influences the
improvement of speed and explosiveness due to the great
association with this physical performance (Lockie et al.,
2014; Dawes, 2019; Herridge, Turner & Bishop, 2020). The
results of agility tests in this study, which were significantly
better in the final testing in most tests, indirectly indicate

an improvement in movement speed and reaction speed, as
well as explosiveness of movement. Since time is measured
in agility tests, it is clear that the students achieved shorter
time by performing the tests after the experimental treatment,
and at the same time, they were faster and more explosive.
This interconnection between the components of physical
abilities is also confirmed by previous researches (Pettersen &
Mathisen, 2012; Moradi & Esmaeilzadeh, 2015; Coetzee, 2016;
Szabo, Neagu & Sopa, 2020). For example, elementary school
students who participated in a six-week program consisting of
short explosive activities were found to have a positive effect
on performance in speed and agility (Pettersen & Mathisen,
2012) or in a Coetzee study (2016) that found a significant
correlation between agilityand sprinting speed in children aged
9 and 10, but also with strength and balance. Szabo, Neagu &
Sopa (2020) claim that a specific program for the development
of combined motor skills significantly affects speed and agility,
which also indicates their interconnectedness.

Various specialized programs within physical education
that are conducted with school children, such as programs for
the development of agility in this research, contribute to even
greater and more efficient physical engagement of children.
There is a need for greater physical activity in children and
adolescents in order to improve physical ability by increasing
muscle strength, because the research indicates that, in
addition to risk factors expressed through body mass index
and blood pressure, low levels of muscle strength in childhood
and adolescence are associated with health problems and even
premature death (Ortega et al., 2012). Low level of physical
activity and cardiorespiratory abilities are strongly associated
with insufficient competence in basic motor skills in children
and adolescents (Hardy et al., 2012). Therefore, it is necessary
to work as much as possible on the physical activation of
children through various physical education programs and
as early as possible, because after puberty the level of activity
decreases (Whitt-Glover et al., 2009), so it is important to
establish the positive effects of physical exercise on human
organism throughout his life as well.

The limitations of this research can be reflected in
the length of the experimental treatment itself and the
impossibility of longer-term adaptation of the student’s
organism to training impulses. In order to obtain
more comprehensive results of the effects of the agility
development program, a sample that includes a larger
number of respondents of different ages and from different
areas is required. Moreover the program can be extended to
other parameters of the SAQ training program, speed and
explosiveness as well.

Conclusion

The results of this study showed that eight-week ADP
(twice a week for 15 minutes within the main part of the
physical education class) contributed to a significant im-
provement in the level of agility. The results of most of the
tests used showed a significant effect of experimental work
on the tested ability of the fifth grade elementary school stu-
dents. When observing the ADP group (both for boys and
girls), only one agility test (Balsom agility test) did not showa
statistically significant within-group change in performance,
while the progress in the results of other tests was at the level
of p < 0.05. In the CON group (both for boys and girls), a
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positive within-group change in performance was observed
in the Zig-zag test and the Agility T test at the level of p<0.05.
At the end, the training effect of a specially designed agility
development program affected between-groups change in
performance (both for boys and girls) after the program was
completed all but one test (Balsom agility test). Thus, it can
be said that the agility development program was successful.
Both groups of students (ADP and CON) had the same tra-
ditional physical education classes with the same teacher, but
the additional program in the main part of the ADP group
classes contributed to the adaptation of students to the spe-
cific training requirements to which they were exposed, thus
the goal of the research that was originally set was fulfilled
because the positive effect of the 8-week agility development
program (ADP) on improving agility was determined.

Practical applications

Thanks to this research, the students had the opportu-
nity to improve their level of agility through different ways
of moving and manipulating objects, to further develop the
technique of movement in changing conditions and to influ-
ence the raising of competence levels in basic motor skills.
They were also introduced to a large number of games that
represent an effective method and means for the development
of children's physical performance, specifically agility (Yanci et
al,, 2014). Given the fact that agility is an ability that correlates
with many other abilities (Sekuli¢ et al., 2013), ADP can be
useful as one of the elements for the development of general
physical preparation of elementary school children as a basis
for participation in games, sports and other physical activities.
The results obtained in this research indicate that right this
and such a program could be a sustainable model of work in
school physical education and that together with the profes-
sional guidance of physical education teachers can contribute
to improving physical performance and various skills needed
for proper development of children. Although short-lasting,
this particular experimental treatment can also be used to de-
sign and implement other physical education programs with
longer-term effects on students’ physical and health status.
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EQEKT BOCbMUTUXXHEBOI MPOrPAMU PO3BUTKY
CAPUTHOCTI B YYHIB MOYATKOBOI LULKONU

Hesan MunenkoBmy'AB¢P

"Vuisepcurer Coros — Hikoma Tecrma

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

Pedepar. Crartsi: 8 c., 6 TabL., 53 mKeper.

Mera pocnmigKeHHA — BUSHAYNTH eeKT BOCbMUTIDKHE-
Boi mporpamu po3BuTkKy crpurHocti (ITPC) B y4yHiB moyaTKo-
BOI IIKO/IN.

Marepiamu Ta Metogu. Y TecTyBaHHI Opamy ydacTb 107
YUHIB ITATOT0 K/IaCy II04aTKOBOI IIKO/IN 3 YOTHPbOX K/IaciB, BI-
IaJIKOBMM YMHOM BU3HAYEHMX SK IPyIa IPOrPaMU PO3BUTKY
cpurrocri (ITIPC) (n = 55) Ta kouTponbHa (K) rpyma (n = 52).
YuHi Mmazmu 1Ba ypoku QisKy/IbTypy Ha TVXX[EHb, BCbOTO 16 3a-
HATD 3a BiciM TvokHiB. [IPC TpuBamicTio 15 XBUINH IPOBOAM-
J1acsl B paMKaX OCHOBHOI YaCTUHM YPOoKy diskynbTypu. O6upsi
TPyIy BifiBifyBamu ypoku ¢isKyabTypu, 3a BUHATKOM TOTO,
11J0 KOHTPOJIbHA IPYIIa MaJia 3aHATTA 0e3 clelianbHoi nmporpa-
MU PO3BUTKY CHPUTHOCTI. [IBOCTOPOHHIN He3aneXHuI t-TecT
BMKOPUCTOBYBABCA I aHA/i3y BiIMiHHOCTEN Y CIIPUTHOCTI
mikx ITPC i K i 3MiHM NpORYKTUBHOCTI Jlo- Ta HicAATeCTaMu
MDK rpynamu. [IBOCTOpOHHII mapHuii t-TecT 6yB BUKOpUCTa-

HIIL I aHa/li3y 3MiH y IOKa3HMKAaX COPUTHOCTI MiX JI0- Ta
micsiTecTaMit B 000X IpyIiax.

Pesynbraru. Y NOpiBHAHHI 3 KOHTPOIbHOIO IPYIIO0 IPyTIa
ITPC mokasana 3Ha4yHO Kpauii pesynbratu (p < 0,05) y TecTi
3Mr3ar, TecTi cnputHOCTI Iminovicy, Tecti ciputhocTi T Ta
TEeCTi Ha CIPUTHICTb CTPi/IKa Mic/A Nepiofly TpeHyBaHHH, ale
He B TecTi Ha cpuTHicTh Banbcoma (p > 0,05).

BucnoBku. BusHaueHO MO3UTHMBHMIT BIIMB 8-TUXKHEBOL
IporpaMu posBUTKY ciputHOCTi (ADP) Ha mominienHA piBHA
PpO3BUTKY KoopAiuHalii pyxiB. [Iporpama po3BUTKy cIpUTHOC-
Ti MOYKe CIPMATH IifiBUIeHHI0 (Bi3MYHOI Mpare3faTHOCTI Ta
(hopMyBaHHIO PI3HOMAHITHMX HaBUYOK, HEOOXITHUX /A PO3-
BUTKY JiTell.

KimrouoBi cmoBa: ¢isnyna KynabTypa, HiTH, TPEHYBaHHA
CIIPUTHOCTI, PyXOBi 37i6HOCTI.
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IHCTPYKLIIi A1 PELLEH3EHTIB

Lert >xypHan € peneHsopanuM. OpuriHaabHi HayKOBi
CTaTTi, MOBiJOM/IEHHA Ta OINALM HaACUIAKOTHCA IJIA PO3-
ITIAZYy OBHOMY 3 pelleH3€HTiB. PerleHsyBaHHA BiII6YBa€TbCH
3a MOMBINHOIO /1o cxeMoro. CTarTi, SKi MAaIOTh MO3UTUB-
Hi OLI{HKM NIPUIIMAIOThCS fo myOmikaniil. Pegakuis sxypHany
3a/IMIIA€ 32 COOOI0 IIPaBO BHECTY 3MIHU JIO TEKCTY, 106 Bif-
IIOBIIaTM CTAaHJAPTAM CTUJIIO XKyPHa/Iy Ta MOBIL.

TonoBHMII pefakTOp >KypHaMy BU3HAYa€e BifIOBigHICTD
cTaTTi NMpo@imio XypHaIy, BUMOraM IO OQpOpM/ICHHA | Ha-
mpasisi€ il Ha pelieH3yBaHHs (axiBIlo, 1[0 Ma€e Ha6ibII
O/IM3BbKY JIO TeMU CTATTi HAyKOBY CHeliamisamito. Perensy-
BAaHH:A IIPOXOJUTH 32 IOABITHOIO C/IIIIOI CXEMOIO.

Y KOXHIill CTaTTi y mpoleci pelleHsyBaHHA 3aBXIU
PO3IIIAIAI0ThCA:

e eTUYHI aCIeKTH;

e OpUTiHA/IBbHICTDb TBOPY;

o BaxUBicTH iHOpMarii;

e YiTKICTb Ta 3pO3YMI/IICTb TEKCTY;

e [OLIJbHICTb BUKOPUCTAHHS METOJIB JOCTiKEHH;

e iHTEpIpeTalis pesynabTaTiB;

o OOIpPYyHTOBAHICTb BICHOBKIB.

TumoBwmit miepion, HeOOXIHMIT [I/IsI IPOBETEHHS PelieH-
3yBaHHA CKIafla€ 4 TYDKHI.

ETuvuHi npuHUMnM y AiAanbHOCTI peLieH3eHTa

PenjenseHT 3pilicHIOE HeylepemkeHe (axoBe peleH-
3yBaHHA IOJaHOI O PO3INANY CTaTTi Ha OCHOBi TaKuX
IPUHLMAIIIB:

o PpeIeH3eHT INOBMHEH IOBAXKAaTU iHTeNeKTyanbHY
BJIACHICTD aBTOPIB, i pO3IIAAaTH PYKOINC CTATTi, 1O
HaJIiIIOB Ha peLleH3YBaHHA, AK KOHQifeHIiHNIL,
SIKMI He MOYKHA TlepefaBaTyl [/Isl O3HalOM/IeHHs ab0
06roBOpeHHs TpeTiM ocobam, siKi He MAIOTh Ha Iie
IIOBHOBA)XEHD BiJl peflaKiiil;

o pelieH3eHT 3000B’s13aHIIT JaBaTy 00 €KTUBHY OLiH-
Ky BUK/Ia[eHMM pe3yabTaTaM JOCTiPKeHHs, Iepco-
HajbHa KPUTHUKA aBTOPA HENPUITYCTUMA;

o Y pasi KOHQIKTY iHTepeciB 3 aBTOpPOM, CIIif OBifI0-
MUTHU IIPO Lie PeJaKTopa 3 NPOXaHHAM BUK/IIOUUTH
J10TO 3 IPOLECY PELlEH3YBAaHHA NaHOI CTATTI.

MoniTuka wWopo nnariaty

Pemaxuis »xypHany BBa)ka€ HENPUIHATHUM HaABHICTb
mwiariary B cTaTTAX (ONPWIIONHEHHA Y NMUCbMOBIl abo
eeKTPOHHIN OpMi HAYKOBMX pe3y/nbTaTiB, OTPYMAHUX Ta
ONPVTIOHEHUX IHIIVMY 0CO6aMI, SIK Pe3y/IbTaTiB BTaCHOTO
TOCTiIKeHH: Ta/a00 BiATBOPEHH:A ONYO/IiKOBaHNUX TEKCTiB
iHIIMX aBTOPiB 6€3 BifiMOBIHOTO MOCUIAHHS).

Y cTaTTAx He JOImyCKAaeThCA:

e KOIiIOBaHHA Ta ONPWIIOJHEHHA BMKOHAHOI iHIIMM

aBTOPOM pOOOTH 5K CBOE;

o [IOCTiBHe KOIifoBaHHs pparMeHTiB TeKkcTy (Bix dpa-

311 10 HabOpy pedeHb) 6e3 HameXXHOro 0popMIeHHA
LUTYBaHHS;

e BHECEHH: HE3HAYHMX IIPABOK Y CKOIIiJIOBaHMII MaTe-
pian (mepedopmynioBaHHA pedeHb, 3MiHA IOPAIKY
CJIiB B HUX TOILNO) Ta 0e3 HaleXXHOro 0(pOPMIEHHS
LUTYBaHHS;

e« Iepekas CBOIMM CJIOBaMM UyXUX AYMOK, ifieit abo
TEKCTY 0e3 Ha/lIeXXHOTro 0pOpMIeHHs IIOCUTAHHS Ha
IPKepero.

O060B’A3KOBMM € IIOCVIAHHA Ha BJIacHi, paHile omy6sii-

KOBaHi poOOTHL.

Pepaxuia Bifixmiide mogaHmii pyKomnuc, AKIO BiH Mic-
TUTb 3aIO3MYEHHs 3 iHmMMX my6mikamiil 6e3 HaIeXHOTO
LUTYBAaHHSA, Ta MOXe CKacyBaTy IyOIiKallilo 3a CKaprowo B
IariaTi.

Ak nigrorysaTm peueHsito?

MonepeoHiti 0210

[Tepir HiX IpUITHATY a00 BIOXVMINTY 3alpOIIEHHA Ha
pelleH3YBaHHA, PO3I/IAHbTE TaKi NUTaHHA:

Yu BigmoBifae craTTa Bamii crieniasizanii? [Ipuiimaii-
Te 3aIPOLIEHHS, AKIIO B BIIEBHEHI, IO MOXETe HaJlaTu
SAKICHUN OIJIAf,.

Yu e y Bac KoH(IIKT iHTepecis? [laiiTe BifNOBiAb Ha Ije
IUTAHHA.

Yu € y Bac yac? PeliensyBaHHA MO)Ke BUMaraty 6arato
Yyacy — IepII HiK IpUIIMaTy 3alIpOLIEHHS, IIepeKOHaTecs,
I1I0 BJf MOYKeTe BUKOHATHU POOOTY JO BKA3aHOTO CTPOKY.

JaiiTe BifIIOBiib Ha 3alIPOILEHH, SIK TI/IbKM BY 3MOXKe-
Te. 3aTpMMKa BifjOBifii CIIOBi/IbHIOE NpoOIlec pO3INAAY Ma-
Tepiany. SIKI0 BM BiffIXM/INTe 3alIpOLIEHHS, 33 MOXK/IMBOCTI,
HaJlaliTe IPONO3NLii a/IbTEPHATUBHUX PELIEH3EHTIB.

Ao By npuiiMaeTe 3apoIIeHHs, TO B IOBMHHI PO3-
IJIA0AT MaTepiamy AK koHbifeHilHI fokymMeHTH. e 03Ha-
Jae, 110 B He MO)KeTe MOJINTIICS HUMH 3 KUM-HeOy/b 6e3
IIOIIepeHbOTO N03BONMy peflakTopa. OCKiIbKM eKCcIepTHMIA
orysy € KOHQieHIINIHIM, B TaKO)X He IOBMHHI Ilepefa-
BaTy iHpOpMaLilo Mpo peleHsio 6yab-KoMy 6e3 J03BOIy
PelaKTOpiB Ta aBTOPIB.

ITo-mepiite, mpounTAiiTe CTATTIO, A IIOTIM 3p0O6ITh HEpe-
pBy. Posrisanbre cTarTIO 3 BIacHOL TOuKM 30py. Ilepekonaii-
Tecs, 10 BY 3HAETE KPUTEPil OLIiIHKM CTATTi, 3aIIPOIIOHOBAHI
JKypHAJIOM.

Oan50

Bama pelieHsisa gonomoxke pefaKTOpOBi BUPILINTY, 9
CTip my6/IiKyBaTH CTaTTIO. Bask/TMBOIO € Ballla 3arajibHa yM-
Ka Ta BYCHOBKI ITPO CTaTTIo. Bamri komeHTapi moByHHI 6yTH
BOOPO3UWINBYIMU Ta KOHCTPYKTUBHMMU, @ TAKOX He Mic-
TUTHU XKOTHMX OCOOVCTUX 3ayBakKeHb UM OCOOMCTUX [JAHUX,
BKJIIOYAIOUM Ballle iM 5.

BaxxnmuBo Hapmaty iHdopmanio mpo 6yab-sKi HasBHI
HefoNiK1. By MOBUHHI MOACHUTY Ballle CY/PKeHHS, 06 K
pefakTopy, TaK i aBTOpHU, MOIJIU TIOBHOIO MipOIO 3pO3yMiTI
Balli KOMEHTapi.

142



Hawa posigka

KoHmponsHul cnucok

Ouinith Taki acrmekTy crarri: (akio Bigmosigb «Hi»,
OyZb /1acka, 3a MOK/IMBOCTI, 3alIPOIIOHYIITe IIOKpAIljeHHA B
norti «IHdopmanisa aa aBTopiB»)

U 3ar0/I0BOK TOYHO Biff0OpaXkae 3MiCT TeKCTy?

o Yu uiTKO 3a3HaYEHO METY?

o Uu CyTTeBUIT BHECOK Y PO3pOOKY 3a3HAYEHOI IIpo-

6emMyt pOOUTHCS 1II€I0 CTATTE?

o Yu poskpmBa€ CTaTTA METY HOCTIIPKEHHA?

o Yu yorivHO BMKJIafleHUIT MaTepias CTaTTi¢

o Yu BucBiTZIEHA B aHOTaLii CyTh CTATTi, aHOTaLiA €

iHpOPMATUBHOIO Ta TAKOHIYHOI0?

o UM BUCHOBKM aBTOpa aJjeKBaTHi eKCIIepMMEHTa/IbHO-

My Matepiamy?

HapaiiTe KOHKpeTHi KOMEHTapi Ta MPONO3NILii, 30Kpe-
Ma, of0 oGOpMIEHH, Ha3BH, OIIICY, BCTYILY, riloTe3n Ta/
ab0 TIpenMeTy JOCTiIKEHHs, MaTepiasliB i MeTOMIB, CTaTHC-
TUYHOI 0OpOOKM MaTepiasiB, pe3ynbTaTiB, 06rOBOpeHHs,
BJMCHOBKiB, MOBJ Ta IIOCU/IaHb.

Skmo Bu BOauaeTe MpPOSIBU aKaieMivHOI HeoOpoUec-
HOI, 00roBOPITh CBOI IiJO3pY 3 PefaKTOPOM, HajallTe AKO-
Mora IokIagHinry ingopmarito.

Bawa pekomeHoauis

Koy Bu paere pekoMeHpaliio, To 061paere OfHY 3 Ka-
Teropill, AKi BUKOPUCTOBYIOTbCS WA Kinacuikanii crarTi:

o IPUIHATY IIOfAHHA;

o HeoOXifHi BUIIpaBIeHHS;

o HeoOXifjHe TOJATKOBE pelieH3yBaHHs;

e IO iHIIIOrO BUJAHHS;

e BIIXWINTU IOJAHHS.

OcmamovyHe piuieHHs

TonoBHMII pefakTOp BUPIilllye, YU MPUIHATU UM Bifi-
XWINTHU CTaTTIO. PeakTop, nepum HiXK NpUItHATH pillleHHS,
3BOXNUTD BCi MOIMAAM Ta MOXKe 3a)KaJaTu TPETI0 NYMKY
ab0 mOmpOoCUTHU aBTOpa Heper/sIHyTH JOKyMeHT. Bumas-
HJYa CHCTEMa HaJa€ KOPUCTyBadaM IIOBiOMJIEHHA IIPO
OCTaTOYHE PillleHHs.

Pedaxuist sncyprany
«Teopist ma memoouxa $izuuHo20 6UX08AHH»
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