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Abstract

Background. Based on the fundamental principles of training, the methodology that each coach develops in the
planning of sessions can be effective in improving the performance of their athletes.

Study purpose. Therefore, the general objective pursued in this study was to find out the type of work carried out by

the coaching staffs in their different teams/clubs.

Materials and methods. For this work, a descriptive cross-sectional study was carried out on a sample of 517 coaches
from different divisions and nationalities. To characterise the sample, descriptive measures were used and Pearson’s
chi-square was used to study whether there is a relationship between the variables studied. All statistical analyses
were performed with Stata and statistical significance was always set at a p-value < 0.05.

Results. The results indicated that the methodology preferred by the coaches for working on the technique was the
Coerver and analytical methods. The global and analytical methods were the most used on average by the coaches
for tactical work. The coaches, regardless of the division or category in which they train, indicated that strength is the

most important capacity to work on.

Conclusions. The results of this study can be very useful for future coaching staffs when distributing training sessions

and workloads.

Keywords: football, methodology, training, coaches, coaching staff.

Introduction

In recent years there has been a substantial growth in
research related to football specific training methods with a
strong emphasis on the effects of small-sided games (SSG).
The increase in research on this topic coincides with the
rise in popularity gained by football-specific conditioning,
which involves training players to cope with football match
situations. Available studies indicate that physiological
responses, tactical and technical skill requirements can be
modified during SSGs by altering factors such as the number
of players, field size, game rules and coach encouragement
(Aguiar et al., 2012). Football is a situational sport, subject to

© Sanmiguel-Rodriguez, A., Romo-Pérez, V.,
Arufe-Giréldez, V., & Ramos-Alvarez, O., 2023.
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many variables such as field, opponent, teammates, presence
of the ball and other factors. However, the aspects that
significantly affect training in this sport are: conditional,
psychological and technical-tactical aspects (Gaetano &
Rago, 2014). In the same way, football coaches also value
their autonomy, self-efficacy and the fact that training
sessions are varied and demanding as positive aspects for
their professional satisfaction (Sanmiguel-Rodriguez,
2021a).

Traditional periodisation models in football have
some characteristics such as the individualisation of the
training load and the response of the training load based
on biological laws. Therefore, most of these models aim
for the athlete to reach a peak of fitness at a certain time
(Martin, 2022). However, in a sport such as football, peaks
of fitness have to be constant during the course of the season.
Tactical Periodisation is a training methodology, originally

651
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developed for football that focuses primarily on the Pattern
of Play that a team intends to use in competition. It has
been popularised by successful European coaches and has
subsequently been proposed as a model for other sports
(Martin, 2022). Branquinho, Ferraz and Marques (2020)
indicated that training load has become relevant for coaches
in recent years. The correct choice of training method can
help coaches to increase the performance of their teams
and achieve the proposed training objectives (Branquinho,
Ferraz & Marques, 2020).

Based on the fundamental principles of coaching, an
effective working methodology has to be used to improve
performance in each of the sport specialities (Poveda &
Poveda, 2006). Each sport has a model of competition and
a dynamic of actions and efforts that mean that training
has to be diverse in its approach. In football, not only must
energy metabolisms and the required motor capacities be
trained, but it must also be done with methods that ensure a
good transfer to each competition match (Poveda &Poveda,
2006). Thus, the evolution of training and teaching methods
has been a frequent topic of research in sport science for
many years, reaching all sport modalities, including football
(Barrero, 2023). Likewise, the modelling of sport training in
football must consider principles such as specialisation and
sport specificity, as the different functions of the game show
notable modifications in the application of physical stimuli;
therefore, certain indicators for training must be taken into
account (Morocho, 2022). There are substantial differences
between one type of training methodology and another,
mainly due to the way of planning and imparting the contents,
the tasks and the control of its effectiveness by the coaches.
Morejon Rodriguez and Martin Agiiero (2019) pointed out
the advantages of the Structured Constitutive Alloy training
as a type of training that is coupled to the characteristics of
the General Identity Game Model, to the preparation for
competition, as well as to the game system with its respective
model and tactical drawings; also adjusting to the individual
characteristics of the footballers, their position and function
within the system and the game model.

To talk about physical fitness training is to talk about
the human beings ability to adapt. For decades, football has
developed different schemes, means and methodologies in
the sports training cycle, with the sole purpose of obtaining
better results. In the origins of football before the 1900s, the
game was based on actions in which strength and endurance
predominated, the objective was to mark the opponent by
means of any action or basis of the game, regardless of the
technique of execution (Perlaza & Chavez, 2014). Over the
years, football began to take on new perspectives, from
periodisation to the preparation of the different aspects of
sports training, based on physical preparation. Nowadays,
football has become more strategic, physical and tactical,
the classic game no longer predominates, on the contrary,
we now see a more stylised, faster football, typical of the
evolution that occurs year after year (Perlaza & Chavez,
2014). Physical, technical and tactical preparation becomes
essential when planning the sports training cycle, and this
is what leads to sporting success in football teams. When
talking about tactical periodisation and its role in football
planning in competition, it is important to know that the
coaching staff is the only one who decides and applies its
training and control system (Perlaza & Chavez, 2014). For

its part, the teaching of ball control technique in football
generates great impact in the sporting sphere, provoking
in the players the necessary stimulus to learn the technical
gesture, encouraging athletes to prepare themselves to reach
the elite and participate at international level in the major
world leagues (Lasso Morales et al., 2023).

The sport initiation processes are fundamental for
children to learn the basics necessary to practice sport.
In the different training categories in football, various
teaching methods are applied, with the analytical method
being the most accepted; the planning of exercises similar
to competition and focused on tactics suffer alterations
(Motato Rodriguez & Quilindo, 2021). Pre-sports games
are considered essential resources when practising a sport,
and football in particular, as they help in the development
of areas such as motor, cognitive and social, i.e. they offer
a comprehensive training in the human being, in addition,
they allow the development of skills and necessary abilities
(Vargas-Cuenca & Avila-Mediavilla, 2022). The most
relevant findings are characterised by demonstrating the
lack of knowledge of the methodology of pre-sports games
and the lack of application in training. It is concluded that,
within the football academies, coaches do not include this
methodology in their daily planning for football practice
(Vargas-Cuenca & Avila-Mediavilla, 2022). The training
methodology in training football should not be based on
applying the same methodology as in adult football by
reducing its volume, intensity and complexity. It is about
applying another methodology according to the biological
age within each stage (Ruiz, 2004). Sports training with
young people should transmit educational values by
developing mechanisms for personal improvement and
respect for opponents in a favourable environment for all
the agents involved (Pinheiro et al., 2014).

On the other hand, top-level competitive sport, in the
pursuit of sporting success, has among its main objectives
the victory and the improvement of results. Sport sciences
maintain a continuous effort in relation to the application
of new methodologies and training systems to improve and
maintain the performance of athletes. Team sports require
methodologies adapted to their idiosyncrasies (Pons et al.,
2020). The detection of sporting success constantly drives
coaches, performance analysts and researchers to evaluate
and promote new methodologies to improve performance.
Technique has often been the subject of debate about the
real methodological approach to adopt in adolescence
(Pietro & Filomena, 2019). However, knowing the reality
and the events that occur in professional competitions
allows coaches to propose different training programmes,
as well as to change the game model as needed, adapting to
the competitive reality (Fernandez-Cortés et al., 2020). The
complexity of the physical demands of football requires the
implementation of a multi-component training programme.
The development, planning and implementation of such a
programme is difficult due in part to practical constraints
related to the competitive calendar. Therefore, effective
planning and organisation of training is crucial to the
effective delivery of the training stimulus for both individual
players and the team (Morgans et al., 2014).

Therefore, the overall objective pursued in this study
was to understand the type of work that coaching staffs carry
out in their different teams/clubs.
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Materials and methods

Study participants

For this study, a descriptive cross-sectional study was
carried out on a sample of 517 coaches (men n = 500; women
n= 17) from different divisions and levels with an average
age of more than 37 years (M = 37.16 + 9.925), an average
professional experience of more than 10 years (M = 10.08 +
7.857).

To calculate the sample size, the database of federated
licences issued in Spain by the Royal Spanish Football
Federation in the year 2022 (Ministry of Culture and Sport,
2023) was used, registering a total of 1,137,651, which,
establishing a margin of error of 5% and a confidence interval
of 95%, requires a minimum sample size of 385 subjects.
The calculation of sample size for survey research is key to
ensuring conclusive results.

For the analysis of the results, the sample was divided
into categories according to the division in which they were
training, being first division/national team (n = 7), second
division (n = 4), third division (n = 17), preferential (n = 64),
regional (n = 77), base (n = 333) and no team (n = 15).

Study organization

The instrument used was an ad hoc questionnaire to
collect information on the distribution of training sessions
(number of sessions, time dedicated to basic skills, technique,
tactics, methodological aspects of training, psychological
variables and other questions related to job satisfaction).
To obtain information, they completed a questionnaire
of 35 questions divided into 3 sections (Table 1). For the
elaboration of this study, only 5 questions of the 35 in the
questionnaire were used, as these questions were the ones
focused on the objective of this research.

Table 1. Questionnaire sections and questions

Sections of the

. . uestions
questionnaire Q

Demographic aspects
(9 items)

Gender, age, years of dedication,
nationality, division in which he/she
trained or currently trains, highest
category in which he/she trained and
in which he/she most enjoyed

Distribution of the Number of sessions, time spent on

training session (19 items) different skills, technique, tactics,
methodology and psychological
variables

Other general aspects
(7 items)

Aspects of satisfaction with the
profession and changes in training
during COVID-19

All study factors were treated as nominal or continuous
variables, and the response format used in the instrument
was closed-ended and open-ended. The reliability of the
questionnaire was determined by standardising the survey
administration protocol for all participants.

The questionnaires were completed online from August
to September 2020. The questionnaire was available through
Google Forms containing informed consent and information

related to research ethics. These questions were randomly
provided to coaches and members of the coaching staff of
different clubs and, in turn, the presidency of the Football
League and the Galician Football Federation were contacted
to distribute the questionnaire among the coaches who have
the following information.

Statistical analysis

Descriptive measures (frequencies, percentages, mean
and standard deviation) were used to characterise the sample.
All statistical analyses were performed with Stata version 12
(StataCorp., United States) and statistical significance was
always established at a value of p < 0.05.

The ethical recommendations for research in the field
of Sports Science (Aragdén-Vargas, 2015) were followed at
all times, maintaining the confidentiality of the data, the
anonymity of the participants and informing them that they
could cancel their participation in the study at any time
during the study.

It was explained to all participants that the study
respected the ethical principles of the Helsinki declaration
and the Data Protection Act 15/1999 (Government of Spain,
1999).

Results

The average method most used by the coaches of the first
division/national team, preferential and base for the work
of the technique was the coerver with 28.6%, 18.8% and
17.4%. More specifically, those in the first division/national
team and second division indicated that they preferred the
analytical method with 28.6% and 25% respectively. These
second division coaches also indicated an equal preference
for general methods (25%), integral (25%) and simple
individual exercises (25%). On the other hand, third division
coaches used more the mixed method 29.4%; while regional
coaches used more the methodised method 20.8%.

On the other hand, the global method was the most
used on average by second division, preferential, regional
and grassroots coaches for tactical work with 25%, 23.4%,
24.7% and 18.6% respectively. In addition, second division
coaches also indicated an equal preference for integrated
and collective methods (25% in both cases). However, first
division/national team coaches preferred the analytical
method (42.9%), while third division coaches preferred
integrated and zone work (23.5% in both cases).

The variable indicated by the coaches of all divisions as
the most important to work on in training was technique,
except for the second division coaches who indicated that it
was the psychological aspects (Table 2).

When asked about the most important quality to work
on, the coaches, regardless of the division or category in
which they trained, indicated that strength was the most
important capacity to work on in their session planning
(Table 3). Likewise, the work method preferred by the
coaches, regardless of the division or category in which they
trained for the development of the basic physical capacities
was aerobic or analytical (Table 4).

When asked what they liked most about coaching,
third division and regional coaches indicated that it was
competing; for first division/national team, second division
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Table 2. Most important variable to work on in training sessions

Current Division Frequency Percentage
Regional Valid Psychological aspects 19 24.7
Technical 30 39.0
Tactical 14 18.2
All 11 14.3
Strategy 3 3.9
Total 77 100.0
Base/children Valid Psychological aspects 67 20.1
Technical 108 324
Tactical 63 18.9
All 42 12.6
Physical qualities 32 9.6
Group management 8 2.4
Strategy 12 3.6
No opinion/no reply 1 0.3
Total 333 100.0
Preferential Valid Psychological aspects 7 10.9
Technical 25 39.1
Tactical 12 18.8
All 9 14.1
Physical qualities 6 9.4
Group management 1 1.6
Strategy 2 3.1
No opinion/no reply 1 1.6
Total 63 98.4
Valid System 1 1.6
Total 64 100.0
Second division Valid Psychological aspects 2 50.0
Technical 1 25.0
All 1 25.0
Total 4 100.0
Third division Valid Psychological aspects 4 23.5
Technical 9 52.9
Tactical 1 5.9
All 1 5.9
Physical qualities 2 11.8
Total 17 100.0
First division / National team  Valid Technicians 4 57.1
Tacticians 1 14.3
All 1 14.3
Physical qualities 1 14.3
Total 7 100.0
No equipment Valid Psychological aspects 3 20.0
Technical 6 40.0
Tactical 3 20.0
All 1 6.7
Physical qualities 2 13.3
Total 15 100.0
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Table 3. Most important quality to work on

Current Division Frequency Percentage
Regional Valid Strength 31 40.3
Endurance 20 26.0
Speed 17 22.1
Flexibility 9 11.7
Total 77 100.0
Base/children Valid Strength 137 41.1
Endurance 122 36.6
Speed 60 18.0
Flexibility 14 4.2
Total 333 100.0
Preferential Valid Strength 22 344
Endurance 22 34.4
Speed 17 26.6
Flexibility 3 47
Total 64 100.0
Second division Valid Strength 4 100.0
Third division Valid Strength 7 41.2
Endurance 5 29.4
Speed 4 23.5
Flexibility 1 5.9
Total 17 100.0
First division / National team  Valid Strength 3 429
Endurance 2 28.6
Speed 2 28.6
Total 7 100.0
No equipment Valid Strength 2 13.3
Endurance 10 66.7
Speed 1 6.7
Flexibility 2 13.3
Total 15 100.0

and preferential division coaches it was programming
and grassroots coaches indicated their preference for
transmitting and teaching. The coaches, regardless of the
division in which they coached, showed that what they liked
least about coaching was the families and the environment.
Regardless of age and years of professional dedication, the
time spent training, expressed in minutes on average, was
practically the same. Those over 40 spent more time on
technique and strategy and those aged 31-39 on tactics and
basic physical skills (Table 5).

Discussion

Work on technique and tactics

The results of this study indicated that coaches in all
divisions (except those in the second division who indicated
psychological aspects) indicated technique as the most
important variable to work on in their sessions.

Lézaro Paulina etal. (2022) suggested that the assessment
of coaches’ and players’ perception of competences to
detect talent was similar for all dimensions, highlighting
tactics, technique and psychosocial aspects. Following these
contributions Sgro et al. (2018) indicated that high level of
technical skills and tactical behaviour are key factors for
optimal performance in football matches. For Aedo-Mufoz
et al. (2020) a technique-based biomechanical perspective
could offer a promising strategy to improve, based on
technique training and analysis, performance in football.
Barquero-Ruiz et al. (2022) suggest that tactical training
in introductory football, including team, small groups and
individuals, favoured the understanding of the game and
tactical learning. In other research (Bernal-Reyes et al.,
2018) they evaluated fundamentals such as dribbling, ball
handling and striking the ball with both feet and head. The
results indicated that both groups improved in all technical
fundamentals at the end of the training programme. For
the design of an introductory football teaching programme,
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Table 4. Preferred working method physical abilities

Current Division Frequency Percentage
Regional Valid Circuits 5 6,5
Analytical 8 10.4
Global 8 10.4
Aerobic 12 15.6
Own 7 9.1
Autoloads 12 15.6
Integrated 7 9.1
With ball 4 5.2
No opinion/no reply 14 18.2
Total 77 100.0
Base/children Valid Circuits 29 8.7
Analytical 32 9.6
Global 36 10.8
Aerobic 61 18.3
Own 33 9.9
Autoloads 28 8.4
Integrated 26 7.8
With ball 14 4.2
No opinion/no reply 74 222
Total 333 100.0
Preferential Valid Circuits 5 7.8
Analytical 11 17.2
Global 8 12.5
Aerobic 11 17.2
Own 9 14.1
Autoloads 3 4.7
Integrated 1 1.6
No opinion/no reply 16 25.0
Total 64 100.0
Second division Valid Global 1 25.0
Aerobic 1 25.0
Own 1 25.0
With ball 1 25.0
Total 4 100.0
Third division Valid Circuits 2 11.8
Global 1 5.9
Aerobic 6 35.3
Own 2 11.8
Integrated 1 5.9
With ball 1 5.9
No opinion/no reply 4 23.5
Total 17 100.0
First division / National team  Valid Circuits 1 14.3
Analytical 3 429
Global 1 14.3
Aerobic 1 14.3
With ball 1 14.3
Total 7 100.0
No equipment Valid Circuits 1 6.7
Analytical 4 26.7
Global 3 20.0
Aerobic 2 13.3
With ball 1 6.7
No opinion/no reply 4 26.7
Total 15 100.0
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Table 5. Bivariate correlations between the variables analysed

A YT WTS WTH MT WT MOT WTS WTM WPW PWS MBSS MS
E 1.0000
YT 0.5274* 1.0000
WTS 0.0330* 0.1516* 1.0000
WTH 0.0240  0.1277* 0.1639* 1.0000
MT 0.0211  0.0982* 0.0530* 0.1068* 1.0000
WT 0.0959* 0.1835* 0.6444* 0.1637* -0.0597* 1.0000
MOT 0.0683* 0.1098* 0.0249 0.0370* 0.1245* 0.1390* 1.0000
WTS 0.0831* 0.1451* 0.4838* 0.1847* 0.0088 0.6003* 0.0764* 1.0000
WTM 0.0117 0.0954* 0.1560* 0.1226* 0.1857* 0.1708* 0.3980* 0.2679* 1.0000
WPW 0.1441* 0.1436* 0.4992* 0.1478* -0.0241 0.4817* 0.1080* 0.4764* 0.1993* 1.0000
PWS 0.0775* 0.1383* 0.0359* 0.1180* 0.1346* 0.1131* 0.3469* 0.1738* 0.5280* 0.1862* 1.0000
MBSS 0.0770* 0.1326* 0.2855* 0.1466* -0.0103 0.2483* 0.0671* 0.3749* 0.0550* 0.3285* 0.0765* 1.0000
MS 0.1455* 0.0888* 0.0902* 0.0442* 0.0799* 0.0823* 0.1908* 0.1042* 0.2832* 0.0448* 0.1840* 0.1632* 1.0000

Note. *p<0.05. A: age; YT: years of training; WTS: weekly training sessions; WTH: weekly training hours; MT: minutes of training;
WT: weeks of tactics; MOT: minutes of technique; WTS: weekly tactical sessions; WTM: weekly tactical minutes; WPW: weekly

psychological work; PWS: psychological work session; MBSS: minutes of basic skills session; MS: minutes of strategy.

activities involving both models could be used to improve
all technical gestures of the participants (Bernal-Reyes et
al., 2018). Lasso Morales et al. (2023) show the importance
of applying useful tools for the teaching of technical
fundamentals at infant ages aimed at developing skills and
abilities through the implementation of a guide of playful
activities structured by the phases of initiation, organisation,
development and completion.

Work on basic physical qualities

The results of this study showed that coaches, regardless
of the division or category in which they develop their
profession, indicated that strength is the most important
capacity to work with athletes, with the aerobic or analytical
method being the preferred one.

According to Bernal-Reyes et al. (2018) studies focused
on the comparison of football teaching methodologies in
sport initiation have not obtained conclusive results on
which is the appropriate methodology in football teaching.
The results of these authors (Bernal-Reyes et al., 2018)
suggest that both the analytical and the global method
seem adequate to improve the individual football skills of
children in sport initiation. Following these contributions,
Barrero (2023) developed two training sessions with two
different methodologies, one traditional and the other
with an active methodology, and the results showed that
the active methodologies favoured learning and adherence
to the sport and also obtained higher levels of satisfaction
than the traditional methodologies. According to Motato
Rodriguez and Quilindo (2021) the use of the methods
implied adopting teaching styles that, although they give
importance to traditional interaction, generate mixed styles
mediated by the competitive interest of the coaches. This
is a common factor among them, which provides a stance
towards the training process in football involving children
from 5 to 12 years old. For his part, Fernandez Romo (2005)

indicated that training tasks with collaboration and direct
opposition simulating competitive actions is an effective
method to improve the performance of each player and the
team. For Marin-Pagan et al. (2020) the effects of circuit
training could contribute to improve aerobic fitness and
body composition in football players.

Sanmiguel-Rodriguez (2021b) indicated that sports
injuries are becoming a major problem for professionals
working with athletes and that it is necessary to identify
the characteristics and types of injuries in order to be able
to carry out more individualised and specific training.
Other authors (Ayala-Obando et al., 2021) described the
isometric exercises in the Physical Preparation of young
football players, which strengthen certain skills and are
preponderant for the practice of this sport. Physical factors
include the development of flexibility, balance, strength and
coordination, which together have an impact and prevent
injuries. However, football clubs do not have a training
plan for this type of exercise, which is why there is a lack of
methodologies and a lack of knowledge on the part of the
coach, making monotonous exercises that limit the athlete’s
potential (Ayala-Obando et al., 2021). Along these lines,
Prieto-Barriga (2021) pointed out that agility is a key factor
in the training of athletes and its in-depth study, diagnosis
and improvement, through various training methods, could
have a direct impact on the performance of football athletes
from the grassroots level. In this way, plyometric training
favours the development of agility and, at the same time,
allows for the strengthening of certain physical capacities in
child football players (Prieto-Barriga, 2021).

The ability to accurately control and monitor train-
ing load is an important aspect of effective training. The
results of this study (Impellizzeri et al., 2004) indicated that
training perceived exertion can be considered a good indi-
cator of the overall internal load of football training. This
method does not require particularly expensive equipment
and can be very useful and practical for coaches to moni-
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tor and control the internal load, and to design periodisa-
tion strategies. The results of other authors (Branquinho et
al., 2020) indicated that the use of the continuous method
seems to present the lowest physical impact tendency on in-
ternal and external loads compared to the fractional method.
In addition, they found that the higher number of exercise
repetitions in the fractional method increases the external
load compared to the continuous method. The same authors
(Branquinho et al., 2020) showed that the application of small
sets by the fractional method tends to result in higher training
loads. Branquinho et al., (2021) showed that the application
of small-sided football games with different recovery times
induced variable responses in training load. To maintain high
physical performance and high training load, the fractional
method with short recovery should be used. In contrast, to
carefully manage the players’ efforts and decrease the training
response, continuous or fractional loading methods with lon-
ger recovery periods should be used. In contrast, results from
other authors (Morin et al., 2017) showed that sprint training
with very heavy sled resistance, using much higher loads than
traditionally recommended, clearly increased maximal hori-
zontal force production compared to standard sprint training
with no load. The results of Mario Alves et al. (2010) suggested
that complex contrast training induced an increase in sprint
and jump squat performance, making it a suitable strategy for
developing muscle power and speed in football players.
Likewise, according to Pastor Navarro (2004), strength
training and its application to sports performance has
evolved a great deal in recent decades, both in terms of its
scientific foundations and its methods and means. However,
there are still sports that, fundamentally, due to external
factors, regardless of their characteristics and real needs,
are very conservative and are reluctant to incorporate new
methodologies, maintaining false conceptual ideas that end
up becoming myths and impede their evolution (Pastor
Navarro, 2004). For their part, Marin-Pagan et al. (2020)
pointed out that strength training is a key factor for football
players, but at the amateur level it is difficult to apply due
to the lack of infrastructure and the short training time. In
this sense, high-intensity resistance circuit-based training
could be a suitable method to solve these problems. Circuit
training can improve cardiorespiratory and metabolic
responses while reducing training time by 66%. On the
other hand, Beato et al. (2021) suggested that strength
training, proposed as traditional resistance, eccentric and
flywheel training, may be a valid method to reduce the risk
of injury in athletes. Training strategies that involve multiple
components such as a combination of strength, balance and
plyometric exercises including strength exercises are effective
in reducing injuries. In addition, the use of eccentric training
in sports may offer physiological responses compared to
other resistance exercise modalities (Beato et al., 2021).
Jovanovic et al. (2011) mentioned that a speed, agility
and quickness training programme appear to be an effective
way to improve some segments of power performance in
young football players. Without proper planning of speed,
agility and quickness training, football players are most
likely to face a decrease in power performance during
the competition period. In the same vein, Milanovi¢ et al.
(2013) determined the effects of a conditioning programme
including speed, agility and quickness training and its
effect on agility performance in young football players. This

suggests that training these qualities has been an effective
way to improve agility, with and without the ball, for football
players and can be included in fitness programmes.

Other studies

Furthermore, in another research (Dello Iacono et
al., 2017) it was pointed out that training based on game
profiles can be considered an advantageous training method
for elite football players, capable of stimulating the physical
effort and physiological capacities required during a match.
This approach is favourable when designing a training
intervention according to the principle of sport specificity, as
itisbased on specific metabolic demands. The results of Dello
Tacono et al. (2021) suggest that both game profile-based
training and reduced game situations (RSG) are effective
for the development of physical fitness among young elite
football players during competition. More importantly, these
2 conditioning methodologies can be considered in terms
of specificity to selectively improve or maintain fitness-
related performance in late-season football. Following these
contributions, Sarmento et al. (2018) provided in their
review, valuable information on the complex relationship
between technical, tactical and physiological interactions in
SSGs and how the manipulation of these types of variables
can improve the football training process.

For Branquinho, Ferraz and Marques (2021) physical
outcomes in football training can be influenced by the
interaction of several variables during the performance
of SSG. For this reason, it is relevant to understand how
the manipulation of variables such as training method,
exercise duration, number of repetitions or recovery time
affect training loads and performance. The results showed
that, during the 5-on-5 game format, the choice of training
method (i.e. continuous or fractional) and the manipulation
of related variables (number of players and game format)
are critical for training load management. Therefore, the
manipulation of variables using the 5-a-side football format
translates into significant variations in training load and
the likely improvement of the different domains of football
training (physiological, physical, technical and tactical),
evidencing several benefits in the use of this game format
(Branquinho, Ferraz & Marques, 2021).

Clemente et al. (2014) carried out a comparison with
other reduced game formats and 2 vs. 2 induced significantly
higher values of technical/tactical indices, 3 vs. 3 induced sig-
nificantly higher reserve values and 4 vs. 4 led to significantly
higher distance and speed coverage. Other findings (Dellal et
al., 2008) showed that some games in confined spaces allow
the heart rate to increase to the same level as in intermittent
running of short duration. The side game method can be
used to provide more variety during training, mixing physi-
cal, technical and tactical training approaching the intensity
of intermittent sprinting but with more variability between
subjects. Sgro et al. (2018) regarding the most used and in-
novative training methods, indicated that SSGs seem to be a
worthy and valid methodology to simultaneously train many
skills by reproducing various conditions of a real match.

Conclusions

The average method most used by the coaches has been
the coerver for the work on technique. For tactical work they
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prefer global methods. The coaches, regardless of the division
or category in which they train, indicated that strength is the
most important capacity in the planning of the sessions and
that they do this by means of aerobic or analytical work.
Regardless of the division in which they work, the coaches
showed that what they enjoy most about their profession is
programming and competing, while the grassroots coaches
showed a preference for teaching. On the other hand, they
indicated that the factor they liked least about their job was
their families and environment. On the other hand, one of
the main limitations has been the number of publications
found in the different scientific databases focused on the
subject of this study. However, a large part of these articles
focus mainly on the study of the SSG. Therefore, the results
of this study may be very useful for future technical bodies
when it comes to understanding the preferences regarding
the choice of methodologies in the different sessions.
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METOAVWKA HABYAHHATPUY ®YTBOJI: BAYEHHA TPEHEPA

Anb6epro Canmirens-Pogpirec'*5°P; Bicenre Pomo-Ilepec*®,
Bixtop Apyde-Xipanpmec**?, Onisep Pamoc-AnbBapec**”

"Vuisepcuter Kamino Xoce Cena
*BixkcbKnit yHiBepcuTeT
*Jla-KopyHbcbKuil yHiBepcuTeT
*KaHTabpilicbkuit yHiBepcuTeT

ABTOpPCHKMIT BKIAJ: A — Au3aitH gocmipkeHHss; B — 36ip ganux; C - crataHanis; D — migroroska pykonucy; E - 36ip KOLITiB

Pedepar. Crarrs: 11 c., 5 TabL., 46 mKeperL.

Ictopis nutanHs. [TobyroBaHa Ha GpyH/IaMEHTA/IPHIUX 3aCajlaX TPEHYBaHb, METOVIKA, AKY KOXKeH TpeHep po3poOIIsie mij yac
IUIAHYBAHHs 3aHATD, MOXKe OyTy e()eKTUBHOIO IS TOKPAIeHHs Pe3y/IbTaTUBHOCTI IXHIX CIIOPTCMEHiB.

Mera gocmimKeHHA. TakyM 4MHOM, 3aTaJIbHOI0 METOIO 1[bOTO AOCTIIKEeHH: OYI0 3’CyBaTV TUII pOOOTH, AKY BUKOHYIOTh
TpeHePChKi mTabu B pisHMX KOMaHpax/ Kny6ax.

Marepianu Ta MeTogu. JI714 11i€i po6oTu 6y/I0 IpOBeeHe ONICOBe epexpecHe TOCIi/KeHHA Ha BUbipIi 3 517 TpeHepis 3 pis-
HMX AyBisioHiB i Hauiit. [IJo6 oxapakTepusyBaTu BUOIpKY, BUKOPYCTOBYBA/IM OMMCOBI TOKa3HUKI, A I/IsI BU3HAYEHHS HasBHOCTI
3B’3Ky MDK JOCTIKYBaHMMM 3MIHHUMM BUKOPUCTOBYBa/IM KpuTepiit xi-kBagpar ITipcona. Yci craTucTiyHi aHaIi31 IPOBOMIIN
3a JJOIIOMOTOI0 ITPOrPaMHOro 3abe3nedeHHs Stata, a CTaTMCTUYHY 3HAYYLIICTh 3aBXK/[Y BCTAHOBIIIOBA/IM Ha piBHi p < 0,05.

Pesynpraru. Pe3ynbraTy mokasanu, 10 TpeHepH BifjjaBajiy IepeBary MeTOAMII poOOTH HaJ TexHikoo MeTofgoM Kypsepa
Ta QHAITUYHUM MeTOROM. I706anbHMIl Ta aHAMITUYHNUIT METOAM TPEHEPU B CepeHbOMY Halibi/blile BUKOPUCTOBYBAIN /LS
TaKTUYHOI po6oTu. TpeHepu, He3aIeKHO Biji AMBi3ioHy UM KaTeropii, y AKMX BOHU TPEHYIOTb, 3a3HAYM/IN, 110 HABa>K/IMBIIIOK0
3JJaTHICTIO, HaJ| AKOIO OTPiOHO MpaIloBaTH, € CUIA.

BucHoBKu. Pesyipraty 11bOro JOCTIIKEHHS MOXYTb OYTI yXKe KOPUCHUMM AJIsi MAlOyTHIX TPeHepChKuX IITabiB mijf dac
PpO3IOofiTy TpeHYBaIbHMUX 3aHATD i HABAHTAXKEHb.

Knrouosi croBa: gpyr6os, MeTopuKa, TpeHYBaHHs, TPEHEPH, TPEHePChbKuii mTab.

Information about the authors:
Sanmiguel-Rodriguez, Alberto: asanmiguel@ucjc.edu; https://orcid.org/0000-0001-5119-5141; Faculty of Language and
Education, Universidad Camilo José Cela, C. Castillo de Alarcon, 49, Villafranca del Castillo, 28692 Madrid, Spain
Romo-Pérez, Vicente: vicente@uvigo.es; https://orcid.org/0000-0002-4247-9975; Department of Special Didactics, Universidade
de Vigo, A Xunqueira, s/n, 36005 Vigo, Pontevedra, Spain
Arufe-Giraldez, Victor: v.arufe@udc.es; https://orcid.org/0000-0002-6440-048X; Specific Didactics and Research and Diagnosis
Methods in Education, Faculty of Education, Universidade da Coruiia, Calle de la Maestranza 9, 15001 A Coruna, Spain

Ramos-Alvarez, Oliver: oliver.ramos@unican.es; https://orcid.org/0000-0001-7255-1555; Department of Education, Universidad
de Cantabria, Av. de los Castros, 50, 39005 Santander, Cantabria, Spain

Cite this article as: Sanmiguel-Rodriguez, A., Romo-Pérez, V., Arufe-Girdldez, V., & Ramos-Alvarez, O. (2023). Soccer Training
Methodology: A Coach’s Vision. Physical Education Theory and Methodology, 23(5), 651-661.
https://doi.org/10.17309/tmfv.2023.5.01

Received: 15.09.2023. Accepted: 15.10.2023. Published: 30.10.2023

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

661



Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $i3NYHOro BUXOBaHHA
Physical Education Theory and Methodology

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

ORIGINAL SCIENTIFIC ARTICLE

PROGRESSIVE MUSCLE RELAXATION: CANIT

REDUCE COMPETITIVE ANXIETY?

Miftakhul Jannah'48P, Rachman Widohardhono'*®** and Navylia Tirta Kencana's”

"Universitas Negeri Surabaya

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

Corresponding Author: Miftakhul Jannah, E-mail: miftakhuljannah@unesa.ac.id

Accepted for Publication: September 13, 2023
Published: October 30, 2023

DOI: 10.17309/tmfv.2023.5.02

Abstract

The study purpose was to determine the effect of progressive muscle relaxation training on reducing competitive

anxiety among shooting athletes.

Materials and methods. An experimental approach with a pretest-posttest control group design was used in this
study. The experiment was carried out eight times. A total of 12 athletes, 8 males and 4 females, who were shooting
athletes, took part in this research. The athletes in this study, who joined the regional training center in East Java
Province, Indonesia, ranged in age from 20 to 44 years. In this investigation, saturated samples, including those from
all individuals, were used. Data were obtained from competitive anxiety scales during the pre- and post-test periods.

Independent samples t-tests were used to assess the data.

Results. The t-value for this study is -14,210, and the p-value is 0.001. These findings suggest that progressive muscle
relaxation training reduces competitive anxiety in shooting athletes. The athlete’s awareness of the value of mental
training contributes to reduction in competitive anxiety. This study has gained traction since athletes are aware of the
value of preparing for training before competing because they attend and participate in the regional training center.
Conclusions. Progressive muscle relaxation training can be used as an intervention to help shooting athletes reduce

their competitive anxiety.

Keywords: athletes, competitive anxiety, mental training, progressive muscle relaxation, shooting sports.

Introduction

The somatic approach in the application of mental
training in the world of sports aims to increase the level of
awareness of the sensationsthat will bereceived by the athlete’s
body (Jannah etal.,2021). One of these somatic approaches is
progressive muscle relaxation. Progressive muscle relaxation
training is a form of concentration exercise that involves
the body’s muscles directly in the implementation process
(Sholikhin et al., 2019). This training will make the muscles
tense, then relax them (Komarudin, 2015).

Unlike other mental training techniques, progressive
muscle relaxation does not only focus on relaxing the body
but also benefits athletes who are aware of their body’s
(muscle) tension, so that increased awareness will make
athletes more sensitive to their mental state (Jannah, 2017).
Using progressive muscle relaxation training techniques

© Jannah, M., Widohardhono, R., & Kencana, N. T., 2023.
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will help athletes improve their ability to maintain their
psychological state.

The application of progressive muscle relaxation in the
world of sports has been done before by Khabiri et al. (2017)
and Alwan et al. (2013), which describe that anxiety and
negative thoughts experienced by athletes can be reduced by
providing progressive muscle relaxation. The results of this
study are supported by research (Mokaberian et al., 2021),
which says that applying progressive muscle relaxation
was shown to reduce the level of cortisol secretion through
physical anxiety as well as sympathetic activity.

Mental training through a somatic approach has also
been carried out (Burgak Celik, 2020), which shows that
with mental training, the competitive anxiety experienced
by athletes can be reduced. This concept is in line with
several studies conducted by Townsend (2010), Shirazi &
Zargarzadeh (2014), and Gaylord et al. (2009) that found that
by doing this mental technique, competitive anxiety can be
reduced and one is better able to control oneself emotionally
and physically, which are caused by anxiety, tension, and

662



Jannah, M., Widohardhono, R., & Kencana, N.T. (2023). Progressive Muscle Relaxation: Can It Reduce Competitive Anxiety?

stress. There are also 116 other studies on progressive muscle
relaxation that show that this mental training technique is
proven to reduce depression, pain, and anxiety (Ali et al.,
2009).

The application of mental training through a somatic
approach is very important for shooting athletes because
shooting sports are one of the measurable sports that can
train athletes to concentrate, make decisions quickly and
accurately, and control themselves (Kamseno et al., 2018).
Shooting is an activity that is carried out by releasing bullets,
which will follow a certain trajectory that leads to the target
at a certain distance, which requires encouragement from
the tool itself, so that in its use it requires coordination and
endurance (Alfianto et al., 2020).

To better understand the mechanics of shooting games,
there are several models related to several factors that will
affect the performance of shooting athletes, starting with
mental factors that affect the athlete’s heart rate, breathing,
and muscle tension, followed by the position of the weapon
on the body, the contact force of the rifle, the movement
towards the muzzle of the weapon, and the position of the
target point at the time of the shot.

By applying mental training through progressive muscle
relaxation technique this will give the body time to rest, such
as through muscle relaxation, reduced oxygen consumption,
respiratory rate, heart rate, and blood lactate (Mokaberian
et al,, 2021), which leads to some physiological changes on
a regular basis, thus would indicate a potential reduction of
anxiety symptoms experienced by athletes.

Competitive will appear when athletes feel that
they are unable and afraid to do something related to
match performance. Competitive anxiety can be said as a
natural reaction to environmental threats, such as sports
competitions which can show physical and psychological
responses, because athletes get threats or demands from
outside (Loveyama & Widodo, 2020). Athletes who are
competing, they tend to prepare well and be aware of the
body movements and moral skills they are doing (Taneja &
Zutshi, 2019).

Like wise athletes in shooting sports, when facing a
match, the problem that often occurs is the emergence of
different levels of competitive anxiety, which is related to
the psychological state of each athlete. This concept is in line
with research that has been conducted by (Swadesi, 2015)
that competitive anxiety is divided into three levels, namely
low, moderate, and high competitive anxiety. Athletes who
are classified as having a low level of competitive anxiety,
then in competition their performance will be good and can
increase, on the other hand athletes who are classified as in
high anxiety then their performance will decrease.

Based on the description and identification that has
been described, this study aims to determine whether there
is an influence progressive muscle relaxation to reduce
competitive anxiety?

Materials and methods

Study participants

A total of 12 shooting athletes who were members of the
training center for the Province of East Java. The age range
of the subjects was 20-44 years, with 8 male and 4 female.

Saturated samples, all subjects, were used in this study.
Participants were divided into 2 groups: the experimental
group and the control group. Each group consists of six
athletes: four male and two female.

Study organization

In this study, an experimental approach was carried
out. The experimental design used was the pretest-posttest
control group design. There were two groups in this design:
the experimental group and the control group. In each
group, pretest data collection was carried out. After that,
the experimental group was given treatment in the form of
progressive muscle relaxation. However, the control group
was not given any treatment. Then came the final stage of
collecting post-test data in the experimental group and the
control group. The description of the research design is in
accordance with Table 1 of the research design and is as
below:

Table 1. Research Design

Subject Pretest Intervention Posttest
Experiment Group T1 E T3
control groups T2 - T4
Information:

T1 - Pre-Treatment Measurement in the Experimental Group

T2 - Pre-Treatment Measurement in the Control Group

E- The experimental group treatment was in the form of
progressive muscle relaxation

Measurement After Treatment in the Experimental Group
Measurement After Treatment in the Control Group

T3 -
T4 -

The advantage of this design is its proactive history. This
means that the pretest describes the subject’s initial abilities
before the research is carried out. Progressive muscle
relaxation was given only to the experimental group. While
the control group was not given any treatment. Progressive
muscle relaxation is performed eight times consecutively,
twice a week.

The Progressive muscle relaxation procedure was
tested on a number of shooting athletes according to
their characteristics before being used in the study. The
Progressive muscle relaxation steps refer to (Jannah, 2017)
through Steps 7. The first step is to direct the subject into
a position as comfortable and relaxed as possible. Second,
the subject is directed to focus on breathing itself, while
breathing regularly. Feel the body becoming more relaxed
and calm. The third step is to carry out intrapersonal
communication with the limbs, from the head to the toes, to
feel the sensation of heaviness. The fourth step is the same as
the third, but a warm sensation is suggested. The sixth step is
to feel a warm sensation on a warm stomach. Step seven: feel
a cold sensation on the forehead. The closing section directs
the subject to suggest that they feel safe, comfortable, warm,
relaxed and happy.

The instrument used is the Competitive Anxiety
Scales consist of somatic anxiety, worry, dan concentration
disruption. A total of 16 items with alternative score ranges
of answer choices 1-4. The maximum score that can be
obtained by the subject is 64, while the lowest score is 16. The
results of the competitive anxiety scales construct validity

663



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 5

were 0.408-0.560 with a correlation coeflicient of 0.643.
Based on the competitive anxiety scales score range then
categorized into three parts, namely high, medium, and low.
The categories are as in table 2 below.

Table 2. Categories of Competitive Anxiety Scales Scores

Categories ValueRange
Low 16-31
Medium 32-47
High 48-64

This research was conducted in accordance with ethical
principles of the Helsinki Declaration for human research
and was approved by research Ethics Committee of the
Surabaya State University.

Statistical analysis

The data analysis technique used is the independent
t test. The purpose of the independent t test is to test the
differences between the two groups independently. The
scores used are the gain scores of the experimental and
control groups. The gain score is the difference between the
posttest minus the pretest data. Calculations were performed
using a computer application tool, namely Jeffrey’s Amazing
Statistics Program (JASP) version 0.14.1.0.

Results

The results refer to the superiority of the experimental
design used is proactive history. This means that the pretest
data is able to provide information on the abilities of the

Table 3. Proactive History

Subject Expgj;m;ntal Subject  Control Group
Al 60 B1 58
A2 61 B2 59
A3 62 B3 57
A4 58 B4 58
A5 56 B5 60
A6 55 B6 60
Average 58.67 58.67

subjects of each group. In each group, pretest data collection
was carried out. After that, the experimental group was
given treatment in the form of progressive muscle relaxation
training. However, the control group was not given any
treatment. Then came the final stage of collecting post-test
data in the experimental group and the control group. The
description of the research design is in accordance with
Table 3 of the research design and is as follows.

Based on data from table 3, it shows that the average
competitive anxiety score between the control group and the
experimental group before the intervention was the same,
namely 58.67. When referring to the category of anxiety
scores, the score is in the high category, which means that
this data describes the information that the condition of
the shooting athletes in the experimental group and the
control group had anxiety at a high level before doing mental
training with the progressive muscle relaxation technique.

Furthermore, the results of the study presented data on
emotion regulation scores before and after the intervention
of progressive muscle relaxation as a whole. Based on the
pretest and posttest data for the experimental group and the
control group, the following data were obtained on table 4
below.

Based on data from table 4, after the application of
progressive muscle relaxation, the experimental group of
shooting athletes refers to the number 36.5, which shows
that after carrying out the exercise intervention with the
progressive muscle relaxation technique, the experimental
group of shooting athletes belongs to the category of
moderate competitive anxiety. The gain score in the
experimental group is -22.17 which indicates that there is a
decrease in sport anxiety in shooting athletes.

In the control group of shooting athletes, the post-
test score showed the number 58.67 which stated that the
average competitive anxiety of shooting athletes in the
control group was in the high category. The control group’s
gain score was 0.5 which indicated that there was an increase
in the competitive anxiety of shooting athletes in the control
group.

The changes that occurred in the two groups were tested
statistically, whether there was a difference in the gain score
between the experimental group and the control group. The
results of data analysis show the following:

The results in table 5 show at a value of -14.210 with an ap
value of <0.001. This means that there is a difference between
the experimental group and the control group. Because the
gain score is the difference between the posttest and pretest

Table 4. Description of the Experimental and Control Group Data

Subject Experimental Group Subject Control Group
Pre test Post test Gain Score Pre test Post test Gain Score
Al 60 42 -18 Bl 58 57 -1
A2 61 43 -18 B2 59 61 2
A3 62 39 -23 B3 57 56 -1
A4 58 31 -27 B4 58 59 1
A5 56 34 -22 B5 60 62
A6 55 30 -25 B6 60 60
Average 58.67 36.5 -22.17 58.67 59.17 0.5
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Table 5. Results of analysis independent samples t-test

Variable t df p-s
C-ANXIETY -14.210 10 <0.001

Note. Student’s t-test

data, this indicates that there are differences in the gain
score data for the experimental group and the control group.
This difference in gain score is assumed to be due to the
intervention of progressive muscle relaxation given to the
experimental group. So the results of these calculations also
mean that there is an effect of progressive muscle relaxation
on reducing competitive anxiety in shooting athletes.

Discussion

The results of this research indicate that there is an effect
between mental training and progressive muscle relaxation
techniques to reduce anxiety. The two groups studied (the
experimental and control groups), before they got the
progressive muscle relaxation mental exercise, the anxiety
scores of the two groups were in the same position. However,
after being given progressive muscle relaxation training, the
experimental group began to show scores with a decrease
in anxiety. This research is in line with research conducted
by Rachmaningdiah & Jannah (2016), which shows that a
decrease in anxiety can occur after the implementation of
mental training in athletes in the form of autogenic training.

In this study, when progressive muscle relaxation is
carried out, it requires at least 3 phases, namely the education,
acceptance, and practice phases, in which the three phases
are included in the structuring of mental exercises (Terry
et al., 2020). Besides that (Komarudin (2015) and Jannah
(2016) stated that there are two main components in the
progressive muscle relaxation procedure, namely systematic
tensing (stretching the muscles for 5 seconds) and relaxing
of various muscle groups (making muscles that are initially
tense relax for 10-15 seconds).

Mental training given to athletes focuses on developing
specific responses that are useful for fighting anxiety
(Montero-Marin et al., 2019). The response in question is
the relaxation response which is characterized by a series
of physiological adjustments that arise without any tension
in the mind and body (Jannah et al., 2021), where this will
be balanced with the activity of the sympathetic nerves and
physical rest (Adwas et al., 2019), also helps to increase the
positive and negative emotions that individuals experience
(Alexiou et al., 2018), so that the hormones that cause body
dysregulation can be reduced (Siregar et al., 2022).

Competitive anxiety in athletes usually appears in
situations before and before the competition has many
indicators. The causes of this anxiety are divided into three,
namely: Competitive Anxiety, Cognitive Anxiety and
somatic anxiety (Adisasmito, 2007). Competitive anxiety
is a mistake reflecting the feelings of athletes so that it
causes an unsuccessful outcome or fear of failure. Cognitive
anxiety is an athlete’s subjective perception of a competitive
situation followed by a somatic response. Somatic anxiety is
a physiological state in response to stressful situations that
athletes are aware of. This physiological state will lead to two
things, namely helpers or obstacles in a match. Thus, the

indicators that appear in athletes are competitive, cognitive,
and somatic anxiety (Kumbara et al., 2018).

The results of this study are also in line with research
conducted by (Mattle et al., 2020), which explains that there
is a relationship model between various factors that are
interconnected and can affect the performance of shooting
athletes. These factors start with mental factors that result in
decreased heart rate, tension, breathing rhythm, increased
metabolism, and the production of stress hormones (Siregar
et al., 2022), which is followed by the position of the body,
the strength of the contact towards the gun, the position
of the gun, the muzzle movement of the gun, as well as the
point position of the target at the time of the shot, and ends
with the result of the athlete’s shot (Jannah et al., 2021).

Types of sport that in practice require little physical de-
mands, the greater the chance for unwanted behavior to occur
(Pahan & Singh, 2022), and the more information that can be
received, the greater the probability of success (Lopatiev et
al., 2013). By giving progressive muscle relaxation to shooting
athletes, the mental training given will make the muscles be-
gin to stretch and relax sequentially (Rochmawati, 2015), so
that relaxation will help reduce negative psychological symp-
toms, such as the feeling of tension that athletes have will
slowly disappear (Resti, 2014; Torales et al., 2020).

Conclusions

The conclusion that can be described from this research
is that progressive muscle relaxation exercise has an effect
on reducing competitive anxiety in shooting athletes, as
evidenced by the results of a different test (independent
samples t-test) of -14.210 with a significance level of 0.001

Acknowledgment

The author would like to thank the Institute for Research
and Community Service (LPPM) Surabaya State University,
as well as the Indonesian National Sports Committee for
East Java Province, Indonesia Shooting Association for East
Java Province.

Conflict of interest

The authors declares that there is no conflict of interest.

References

Jannah, M., Rahmasari, D., Dewi, DK, & Izzati, UA (2021).
Can autogenic relaxation reduce shooting athlete anxiety?
Journal of Psychological Perspective, 3(2), 91-96.
https://doi.org/10.47679/jopp.321502021

Sholikhin, Nurkholis, & Jannah, M. (2019). The Effect of
Progressive Muscle Relaxation and Imagery Exercises on
Concentration, Anxiety Levels, and Archery Accuracy.
Sports Window, 4(1), 18-25.
https://doi.org/10.26877/jo.v4i1.2952

Komarudin (2015). Sports Psychology: Training Mental Skills In
Competitive Sports. PT Juvenile Rosdakarya.

Jannah, M. (2017a). Sports mental training series:
Concentration. Unesa University Press.

Jannah, M. (2017b). Sports Mental Training Series:
Concentration. In Paper Knowledge. Toward a Media
History of Documents. Unesa University Press.

665



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 5

Khabiri, M., Zadeh, AM, Mehrsafar, A., & Abrisham-kar, H.
(2017). Comparison of the effectiveness of progressive
muscle relaxation with imagery-based relaxation on
cortisol levels, competitive anxiety and self-confidence in
elite athletes. Journal of Research in Psychological Health,
11(1), 62-73. https://doi.org/10.29252/rph.11.1.62

Alwan, M., Zakaria, A., Abdul Rahim, M., Abdul Hamid, N.,
& MD, E. (2013). Comparison between two relaxation
methods on competitive state anxiety among college
soccer teams during pre-competition stage. International
Journal of Advanced Sport Sciences Research, 1, 90-104.

Mokaberian, M., Dehghanpouri, H., Faez, N., & Vosadj, E.
(2021). The Effect of Progressive Muscle Relaxation
with Imagery-based Relaxation on the Mental Health
and Maternal-Fetal Attachment in Women with a First
Unwanted Pregnancy. International Journal of Health
Studies, 7(1), 11-16. https://doi.org/10.22100/ijhs.v7i1.818

Burgak Celik, O. (2020). The effects of the mental training
skills on the prediction of the sports scientist.
International Journal of Eurasian Education and Culture,
5(9). https://doi.org/10.35826/ijoecc.153

Townsend, M. (2010). Pocket Book of Psychiatric Nursing
Diagnoses: Plans of Care & Psychotropic Medications. EGC.

Shirazi, M., & Zargarzadeh, M. (2014). The effect of
progressive muscle relaxation method on testing
anxiety in nursing students. Iran Journal of Nursing and
Midwifery Research, 19(6), 607-612.

Gaylord, C., Orme-Johnson, D., & Travis, E. (2009). The
effects of the transcendental mediation technique and
progressive muscle relaxation on EEG coherence, stress
reactivity, and mental health in black adults. International
Journal of Neuroscience, 46(1-2), 77-86.
https://doi.org/10.3109/00207458908991618

Ali, H.P,, Masoudi, R., Salehi Tali, S., Forouzandeh, N., Pour,
A., Naderi, R., & Kalhori, PM. (2009). The effect of
progressive muscle relaxation on anxiety and stress in
nursing students at the beginning of the internship.
Journal Shahrekord University Medical Sciences, 11(7), 1-7.

Kamseno, S., Sujiono, B., & Apriyanto, T. (2018). Efforts to
Increase the Ability to Shoot 10 Meter Air Rifles by
Practicing Balance in Advanced Shooting Training
Students (LLM). Scientific Journal of Sport Coaching and
Education, 2(2), 75-85.
https://doi.org/10.21009/JSCE.02202

Alfianto, R., Sulaiman, I., & Marani, IN (2020). Transactions of
arm muscle endurance and hand-eye coordination with
the result of shooting a 10-meter air rifle at the Jakarta
State University shooting sports club. Scientific Journal of
Sport Coaching and Education, 4, 83-91.
https://doi.org/10.21009/jsce.04212

Loveyama, S.A., & Widodo, A. (2020). Anxiety Level
of Taekwondo Athletes in Lumajang Regency in
Participating in the 2019 Provincial Championships.
Journal of Sports Health, 8(4), 99-106.

Taneja, K., & Zutshi, K. (2019). Effect of Mental Imagery
Coupled with Plyometric on Vertical Jump and Agility.
Y. Journal of Advanced Research in Psychology &
Psychotherapy, 2(1), 3-11.
https://doi.org/10.24321/2581.5822.201902

Swadesi, I.K. Lwan (2015). The Relationship between Anxiety
and Aggressiveness of Athletes on Sports Achievement
in Buleleng Regency in the 2011 Bali Porprov. Jorpres

(Journal of Sports Achievement), 11(1), 1-12.
https://doi.org/10.21831/jorpres.v11i1.10253

Rachmaningdiah, E.N., & Jannah, M. (2016). The effect of
autogenic training on reducing anxiety in badminton
athletes. Journal of Theoretical and Applied Psychology,
6(2), 107-112. https://doi.org/10.26740/jptt.v6n2.p107-112

Terry, P.C., Bertollo, M., & Filho, E. (2020). Advancements in
mental skills training. In Advancements in Mental Skills
Training.

Jannah, M. (2016). Experimental psychology. Unesa University
Press.

Montero-Marin, Y., Garcia-Campayo, J., Pérez-Yus, MC,
Zabaleta-del-Olmo, E., & Cuijpers, P. (2019). Meditation
techniques v. relaxation therapies when treating anxiety:
a meta-analytic review. Psychological Medicine, 49(13),
2118-2133. https://doi.org/10.1017/50033291719001600

Adwas, AA, Jbireal, JM, & Azab, AE (2019). Anxiety: Insights
into Signs, Symptoms, Etiology, Pathophysiology, and
Treatment. East African Scholars Journal of Medical
Sciences, 2, 80-91.

Alexiou, K., Roushias, A., Evaritimidis, S., & Malizos, K.
(2018). Quality of life and psychological consequences
in elderly patients after a hip fracture: a review. Clinical
Interventions in Aging, 13, 143-150.
https://doi.org/10.2147/CIA.S150067

Siregar, H.K,, Sinaga, W., Batubara, K., Pehopu, I.A., & Yesayas, F
(2022). Progressive Muscle Relaxation Techniques Reduces
Anxiety in Fracture Recovery Patients at Haji Adam Malik
General Hospital. Indonesian Nursing Media, 5(2), 131-139.
https://doi.org/10.26714/mki.5.2.2022.131-138

Adisasmito, 1. (2007). Champion Mental Capital of Athletes
with Achievement. King of Grafindo Persada.

Kumbara, H., Metra, Y., & Ilham, Z. (2018). Anxiety level
analysis. Journal of Sports Science, 17(2), 28-35.
https://jurnal.unimed.ac.id/2012/index.php/JIK/article/
view/12299/10616

Mattle, S., Birrer, D., & Elfering, A. (2020). Feasibility
of hypnosis on performance in air rifle shooting
competition. International Journal of Clinical and
Experimental Hypnosis, 68(4), 521-529.
https://doi.org/10.1080/00207144.2020.1799655

Pahan, MK, & Singh, MK (2022). Reactive Stress Tolerance
in Preadolescent Sports Participants: a Comparison of
Six Individual Non-Contact Sports. Physical Education
Theory and Methodology, 22(1), 121-127.
https://doi.org/10.17309/tmfv.2022.1.17

Lopatiev, A., Vlasov, A., & Trach, V. (2013). Information and
energy aspects of the analysis of complex-coordination
movements of shooters. Physical Education Theory and
Methodology, 13(4), 19-24.
https://doi.org/10.17309/tmfv.2013.4.1032

Rochmawati, D. (2015). Progressive muscle relaxation
techniques to reduce anxiety. Nurscope, 1(1), 1-20.

Resti, I. (2014). Progressive muscle relaxation techniques for
stress reduction in asthmatics. Scientific Journal of Applied
Psychology, 2(1), 1-20.

Torales, J., O’Higgins, M., & Gonzilez, 1. (2020). An overview
of jacobson’s progressive muscle relaxation in managing
anxiety. Revista Argentina de Clinica Psicologica, 29(3),
17-23. https://doi.org/10.24205/03276716.2020.748

666



Jannah, M., Widohardhono, R., & Kencana, N.T. (2023). Progressive Muscle Relaxation: Can It Reduce Competitive Anxiety?

MPOrPECUBHA M'A30BA PEJIAKCALIA: YA MOXE BOHA
3HUXKYBATU PIBEHb 3MATAJIbHOI TPUBOXXHOCTI?

I>xanax Migraxyn'4B°P, Paxman Bigoxapgono'4®E, Hasinis Tipra Kenuana'®P

'Cypabaiicbkuii lep>kaBHUN YHIBEpCUTET

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

Pedepar. Crartst: 6 c., 5 Tabi., 33 pxepera.

MeTo10 IbOTO JOCTiIKeHHA 0Y/I0 BU3HAYeHH: BIUIMBY TPEHYBaHb i3 IIPOTrpeCcUBHOI M A30BO1 pe/lakcallii Ha 3SHVIDKEHHS piBHA
3MarajbHOI TPUBOXKHOCTI y CHIOPTCMEHIB-CTPi/IbLIiB.

Marepianu Ta MeTomM. Y 1IbOMY JOC/iI>)K€HH] BUKOPMCTOBYBa/IM €KCIIepyMeHTa/IbHMIL MifIXifT 3a CXeMOIO IIOIepeHbOTO Ta
Ii/ICYMKOBOTO TeCTYBaHH:A 3 BUKOPMCTaHHAM KOHTPO/IbHOI Ipynn. ExcriepyMeHT mpoBoan/m BiciM pasis. 3araom y oCliKeHHi
B3A/IM y4acTh 12 ciopTcMeHiB: 8 OMOBIKIB i 4 XKiHKM, AKi 3alIManucs CIIOPTUBHOO CTpiHb6OIO. CriopTcMeHU B IIbOMY JOCTIi/IKeH-
Hi, AKi JOMYYMINCA B0 JiANbHOCTI perioHaIbHOTO TPEHYBA/IbHOTO LieHTPY B poBinLii CxigHa fIBa, Ingonesis, 6ynu Bikom Bif 20
70 44 poKiB. Y IbOMY NOCITiIPKEHHI BUKOPUCTOBYBA/IM HaCU4IeHi BUOIpKH, Y TOMY 9MCII Bifi yCix oci6. [Tani oTpuMyBany 3a mKanma-
MM 3MarajbHOI TPMBOYKHOCTI B IIepiofiy IOIepeJHbOTO Ta MiJICYMKOBOIO TeCTyBaHH:A. [I/1 OLIiHKY LIMX JaHUX BUKOPMCTOBYBa/IN
t-kpurepii CThrofieHTa [/Is1 He3aIeKHUX BUOIPOK.

Pesynbrari. Y 1boMy JOCI/KEHH] 3HaYE€HHs BEMMYMHM t CTAHOBUTD -14210, a 3HaYeHHsA BenmunHu p popisxioe 0,001. Li
pe3y/bTaTy CBiffuarTh PO Te, 110 TPEHYBAHHS 3 IIPOTrPECUBHOI M sI30BOI pe/Takcaliil 3HIKYIOTb piBeHb 3MaraabHOI TPUBOXHOCTI
Y CHOPTCMEHIB-CTPiNbLiB. YCBiJOM/IEHHS CHOPTCMEHOM IIiHHOCTi MEHTA/IbHOTO TPEHIHTY CIPUsAE 3HUKEHHIO PiBHSA 3MaraabHOL
TpuUBOXKHOCTI. Ile ocmimKeHHA HabY/IO IOMYIAPHOCTI, OCKINMbKU CHOPTCMEHH YCBiTOMTIOIOTD IIiHHICTD MiIrOTOBKM JIO TPEHYBaHb
Hepes 3MaraHHAMY, TOMY 110 BOHM Bif[BiIyIOTb perioHa/IbHNIT TPEHYBa/IbHMII LIEHTP i 6epyTh YYaCTb y JOT0 AisS/IbHOCTI.

BucHoBku. TpeHyBaHHS 3 IPOrpecHBHOI M’5130BOi peakcaliii MOXXHa BUKOPMCTOBYBATH SIK BTPYYaHHs, 1J00 JOMOMOITH
CIOPTCMEHAM-CTPINIbLIAM 3HUSUTY PiBEHb 3MaraabHOI TPMBOXKHOCTI.

KirouoBi cmoBa: criopTcMeHn, 3MarajibHa TPUBOXHICTb, MEHTA/IbHIIT TPEHIHT, IpOrpecBHA M A30Ba peTaKcallis, CTpinelb-
KU1 CIIOPT.
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Abstract

Study purpose. The assessment tools or skills tests, such as the AAHPERD basketball skill test and the Johnson
basketball test, are all partial or separate. All these tests are old products, while the game of basketball is constantly
evolving. The purpose of this study was to design and validate basketball skills and performance tests for players
aged 14-16 years to shorten the test time, shorten the waiting time for results, and be comprehensive so that they can
reflect real abilities and can be used as a reference when carrying out selection and evaluation.

Materials and methods. A total of 7 experts assessed the 11 elements (86 items) of the basketball skill and
performance test (BSPT). Three academic experts and four basketball coach experts took part in the study. Data

was collected using the Delphi technique and test-retest, and data was analyzed using Aiken’s formula, intraclass

correlation coefficients (ICC), and Cronbach’s alpha.

Results. With a value of 0.91, the expert assessment tool shows that the content validity of the aspect is good.
Cronbach’s alpha was used to measure the reliability of every aspect of the basketball skill and performance test
instrument, and the results were 0.918. The result of the ICC score agreement between raters is 0.912, while for one

rater, the consistency is 0.596.

Conclusions. The implications of this study could prove that the BSPT can be used to assess the skill level of
adolescent basketball players, benefiting not only basketball coaches but also physical education teachers.

Keywords: basketball, skill, performance, validation, reliability..

Introduction

Basketball is a dynamic sport, requiring movements
constantly changing in the game and carrying out technical
movements repeatedly, be it dribbling, shooting, passing,
and so on. This is reinforced by the opinion (Stojanovi¢
et al., 2018), which states that basketball is a team sport
characterised as a very non-sequential sport in which players
constantly change their movements approximately every 1-3
seconds. Individual players must possess a variety of technical
and tactical skills, in order to achieve peak performance

© Salafi, M.LE., Suherman, W.S., Suhartini, B., Antoni, M.S.,
Pratama, K.W., Nurfadhila, R., Nugroho, W., &
Miftachurohmabh, Yu., 2023.
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(Bracco et al., 2019; Heemsoth et al., 2022; Levenberg et al.,
2020; Waffak et al., 2022). Technical preparedness, which
is laid at a young age, is especially important for improving
basketball players’ sport skills (Koryahin & Blavt, 2019;
Koryahin & Hrebinka, 2023). Certain researchers believe
that (Hugo et al., 2018; Koryahin & Blavt, 2019; Makarov,
2013) the problem of basketball players’ technical training
can be solved by determining the best way to distribute
technical training at various stages of sports improvement
and by emphasizing the importance of individual training.
A mandatory prerequisite for making a valid and reliable
qualitative analysis is to use the organization of information
by competent analysts (Ibanez et al.,, 2019). During the
selection process, sport-specific skills or performance levels
are very important and depend on the right assessment
norms, such as social, anthropometric, and physical/
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physiological factors, as well as cognitive/psychological,
tactical, and technical skills (Koopmann et al., 2020).
Accurate skill assessment measurements are the right way
to compare one player to another (Al-Gendy, 2012), so that
the measuring instrument used is also expected to represent
the individual’s abilities. Having test standards makes these
comparisons objective and more accurate. In the 1960s and
1980s, objective tests were the primary method for assessing
motor skills (Lopez-pastor et al., 2013). Therefore, the
design of test instruments for team sports is becoming an
increasingly important research topic.

Top athletes’ high level of technical and tactical skills, as
well as their training system, point to the need for new, nontra-
ditional approaches to developing the most effective methods
for increasing competitive activity efficiency in sports games
(Doroshenko et al., 2020; Krizan & Mikuli¢, 2018). Therefore,
it is essential to use measurement techniques that can effec-
tively reflect the actual skills of the players to properly evaluate
the level of the players and then the level of the whole team
(Al-Gendy, 2012). This follows the opinion (D. R. Hopkins,
2013) that a measurement programme related to each sport
skill must be implemented. Various tests have been developed
previously to measure basketball players’ fitness levels; these
tests focus on measuring aerobic and anaerobic athletes, while
the skill level of players is rarely evaluated (Conte et al., 2019).

However, with the test standards, it would be easier to
determine the player’s overall performance level (Al-Gendy,
2012). Based on a systematic review (Koopmann et al., 2020)
entitled Assessing Technical Skills in Talented Youth Ath-
letes: A Systematic Review explains that technical skills can
be operated and evaluated in different ways (focusing on
results or processes). On the one hand, technical skills can be
easily assessed by measuring time and accuracy. On the oth-
er hand, measuring movement techniques during the assess-
ment can also effectively evaluate technical skills. Ultimately,
the effectiveness and quality of team performance lie in the
selection of basketball players who can leverage individual
skills and abilities to earn points in a game situation. Another
thing that becomes important is to distinguish the different
levels of individual abilities for team development. Thus it
can be a reference for the coach in making a valid assessment
when selecting the team and acquiring knowledge about the
level of potential playing athletes today and in the future.

The development of the form of basketball test is an essen-
tial aspect in the process of training athletes as well as the prep-
aration of training programs, so it is essential and necessary to
develop an assessment tool that corresponds to the character-
istics of the athlete, resembles the situation at the time of the
game, comprehensive (skills and performance), and easy to
access. The importance of research and development of skills
test instruments and basketball performance for players in the
age group of 14-16 years is to (a) shorten test time, (b) reduce
the waiting time for results, (c) be comprehensive so that it can
reflect actual abilities, (d) be accessible, and (e) for coaches,
can be a benchmark when carrying out the selection.

Materials and methods

Study participants

Seven experts took part in the study. Three of the seven
experts are from the academic experts, four are from the

professional basketball coaching experts. In this study,
experts who meet the criteria for being experts are chosen
to be part of the sample. These criteria are based on expert
experience, reputation, availability, motivation to participate
in research, discretion, and quality (Ibaiez et al., 2019;
Skjong, 2001). The selected experts must meet at least three
of the following six criteria: (i) have a Ph.D. degree in Sports
Science; (ii) become or have ever been a university lecturer;
(iii) have the highest license in a sports federation; (iv)
have ten years of teaching experience as a faculty member;
(v) have ten years of training experience; (vi) have ever
published articles on sports topics or have achievements in
training sports (Ibafez et al., 2019; Ortega-toro et al., 2019;
Villarejo & Ortega, 2014). All experts come from the same
country (Indonesia) and have no direct contact with the
research team.

Study organization

The test instrument development model carried out in
the research adapted the test development model developed
by (Mardapi, 2017; Oriondo & Dallo-Antonio, 1998). The
model was chosen because it was relevant to the development
of the test. However, to optimize, the three models were
combined and modified to be simpler but not to reduce the
completeness and in line with the purpose of this research
to develop the test of basketball skills and performance.
The study involved adolescent basketball players aged 14-
16. Users of the instrument test skills and performance
basketball are coaches and players aged 14-16 years.

Methodology

Description of the BSPT

The Basketball Skill and Performance Test (BSPT) is
a new test for assessing basketball skills and performance
(Fig. 1). The test consists of five items carried out simultane-
ously and is measured comprehensively on a process-based
basis using work demonstration sections and results based
on the time completed in performing the test.

The assessment of the BSPT test combines process-
based assessment methods using free throw, variation of
dribbling, passing, shooting, speed dribbling, and layup. For
the measurement of results (outcome-based), use: (a) the
time of completion; (b) the penalty time; (c) the performance
time (completion time + penalty time).

Fig. 1. Basketball skill and performance test Scheme
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Table 1. BSPT performance (process-based) assessment rubric

Variabel Factor Indicator Sub-sub Indicator
Performance/ Legs straight and stretched over the shoulder.
Process Based i The knee is flexed and bent to gain an initial lift.
Prefix Relaxing shoulder and balanced body
Focus on the ring.
The ball is held with both hands above the head or in front of the chest, between the ears
and shoulders, or in the front of your chest.
Preparation The shooter’s hand is behind the ball, and the balance hand is next to the ball.
The shooter’s arms form a 90-degree angle.
Elbows tucked in and fingers relaxed with palms off the ball.
Free Throw -
The legs and arms move up at the same time.
Implementation Spread your legs, shoulders, and elbows.
The wrist slides, and the fingers point forward.
Oft-hand shooters remain holding the ball until the ball is released.
The shooting movement ends with a wrist stroke until the fingers face down and release
on the index finger.
Followthrough Hold the motion until the ball goes in.
Index finger pointing at target.
Keep your arms straight until the ball enters the hoop.
The focus ahead.
Prefix . . . .
The ball is held with both hands on the side of the waist.
Hands on the ball
Preparation The balancing hand is beside the ball.
Knees bent and body relaxed
The back legs are prepared.
Dribble Release the ball before the pivot foot leaves the court.
(crossover) The ball changes hands by crossing the ball to form a V in front of the body.
Implementation (between the leg) The ball changes hands by crossing the ball in a V shape between the legs.
(behind the back) The ball changes hands by crossing the ball to form a V behind the body.
Hands that are not dribbling and the body are used to protect the ball.
Followthrough Stopina Pale'mced condition, either with a jump stop or one-two stop.
Hands gripping the ball firmly
Ready position.
Prefix Balance in body position
Looking toward the target.
(Chest pass) Hold the ball tightly with both hands in front of the chest.
The position of the fingers is on the side of the ball, and the thumb is on the back,
resembling a handshake position.
) The elbows are bent equally on both sides, and the knees are bent.
Preparation (One-hand Sidearm Bounce Pass) The active hand position is placed next to the body.
Passive hand protects the ball
The ball is between the shoulder and hip.
Passing & The elbows are bent, and the knees are bent.
Catching (Chest Pass) Push the ball by straightening the elbow, followed by wrist and finger
movements.
The direction of the ball’s backspin is toward the target at chest height.
Explosive moves
Imol . (One-hand Sidearm Bounce Pass) The footsteps moved obliquely forward towards the
mplementation target of the pass.
Open the elbow spread to the front side, and push the ball by straightening the elbows,
followed by wrist and finger movements.
The ball bounces at two-thirds of the distance from the receiver.
Explosive moves
Followthrough Stop in a balanced state with either a jump stop or a one-two stop.

Hands gripping the ball firmly
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Table 1 (continued). BSPT performance (process-based) assessment rubric

Focus on the ring.
Prefix

The feet are stretched over the shoulder width with the toes forward.

Shoulders relaxed, posture balanced.

The shooter’s hand is behind the ball, and the balance hand is next to the ball.

Preparation

The elbows of the shooter’s arms form a 90-degree angle.

Elbows tucked in and fingers relaxed with palms off the ball.

Shooting

Legs and arms move up together.

Implementation The wrists are flexible, and the fingers point forward.
The hand not used for the shooting remains to hold the ball until the ball is released.

The shooting movement ends with a wrist stroke until the fingers face down and release

on the index finger.
Followthrough

Keep your arms straight until the ball enters the hoop.

Land with both feet together.

Looking toward the target.

Prefi
rex Bend the knees

Stepping with a balanced body position.

The hind legs become repulsive.

Run at full speed of waist-deep.

Speed Preparation

Dribble-

The ball is always in front of the body.
Take a short step with your inner leg before the last dribble.

Layup
Implementation Vertical jump.

Catch the ball simultaneously with long strides.

Point the shooter’s hand toward the basketball hoop at a 45- to 60-degree angle.

Keep eye contact with the basketball ring target.

Followthrough

The shooting is completed by slashing the wrist to the fingers.

Land with both legs in balance.

Table 2. BSPT outcome-based measurement rubric

Reward/
Variabel Indicator penalty time Sub Indicator
(s)
-2s Go all in without hitting the ring.
-1s Go all in with one or both of them hitting the ring.
Free Throw
+1s Only once entered the basketball hoop.
+2's None of the shots made it into the basketball hoop.
-1s Using all dribble techniques (crossover, between the legs, and behind the
Dribble (Ball Control) back) correctly
+1s Missed one or more dribbles
Skill/ Outcome Based Passing -ls The direction of passing right on the receiver’s chest
+1s The direction of passing is not on target.
-3 All shoot made it to the basket. (3pt, medium shoot, under basket)
Shooting -1s Only two of the three shots have made it to the basket.
+3s Only one or none of the shots have made it to the basket.
-1s The ball is entered in one attempt.
Speed dribble-layup +1s The ball was entered in more than one attempt.
+3s Turnover (travelling/ carrying the ball/double dribble/out of bounds)
Testing procedures assessment from the BSPT test combines the performance

The test begins with two free throws, followed by
dribbling the ball (crossover between the leg - behind the
back), then passing (chest pass and one-hand side bounce
pass), shooting (three-point shoot, medium shoot, and
under-basket) then speed dribble ending with a lay-up. The

assessment method (process based) using the free throw,
dribbling, passing, shooting, slide defense, and lay-up
performance rubrics (Table 1). Meanwhile, for outcome-
based measurement, it uses (a) completion time; (b) penalty
or reward time; (c) performance time (completion time +
penalty time) (Table 2).
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Statistical analysis

In order to conduct an in-depth study, this research
applied a developmental method supported by qualitative
and quantitative approaches (Creswell, 2016; Harrison et
al., 2020; Terwee et al., 2018). Three academic experts and
four basketball coach experts approved the data collection.
The empirical and content validity of the basketball skill and
performance test were used to evaluate its validity. One of the
most typical methods for determining the content validity of
a questionnaire is expert judgment, which can either suggest
which items the instrument should include to define the
construct to be measured, or, as in this case, evaluate the items
already created based on a series of quantitative or qualitative
criteria (giving scores) and suggesting, or adding any changes
to their wording if they believe it is necessary (Garrote &

Table 3. Result of Aiken Validity

del Carman Rojas, 2015; Guillot-Valdés et al., 2022). This
procedure is widely used by researchers to assess the content
validity of newly created instruments or adaptations of
existing instruments (Leyton-Roman et al., 2021).

There are three steps to content validity: The authors
first gathered relevant research sources, then conducted
a preliminary participatory observation study to develop
a test, and finally evaluated the data obtained. Second, the
researchers used the Delphi technique (Wilpers et al., 2020).
The Delphi technique is used to reach expert opinions on a
specific subject in a gradual and iterative process (Hasson
et al.,, 2000). The third step was to analyze the data obtained
in the form of quantitative results from the evaluation of
7 experts on a 4-point scale and qualitative suggestions from
7 experts (Yudhistira & Tirtawirya, 2021). To calculate the
content validity through Aiken’s V coefficient, was used to

Rater

Aspect 2 2 4 5 o - S S, S S, S S S, s n(cl) v Ket

1 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
2 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
3 4 4 3 3 4 3 4 3 3 2 2 3 2 3 18 21 0.85 VALID
4 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
5 3 4 3 3 4 3 3 2 3 2 2 3 2 2 16 21 0.76 VALID
6 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
7 4 4 3 4 4 3 4 3 3 2 3 3 2 3 19 21 0.90 VALID
8 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
9 4 3 4 4 3 4 4 3 2 3 3 2 3 3 19 21 0.90 VALID
10 4 3 3 4 3 3 4 3 2 2 3 2 2 3 17 21 0.80 VALID
11 3 4 3 3 4 3 3 2 3 2 2 3 2 2 16 21 0.76 VALID
12 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
13 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
14 3 4 3 4 4 3 3 2 3 2 3 3 2 2 17 21 0.80 VALID
15 4 4 3 3 4 3 4 3 3 2 2 3 2 3 18 21 0.85 VALID
16 4 4 3 4 4 3 4 3 3 2 3 3 2 3 19 21 0.90 VALID
17 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
18 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
19 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
20 4 4 2 3 4 3 4 3 3 1 2 3 2 3 17 21 0.80 VALID
21 4 4 3 4 4 3 4 3 3 2 3 3 2 3 19 21 0.90 VALID
22 4 4 3 4 4 3 4 3 3 2 3 3 2 3 19 21 0.90 VALID
23 4 3 4 4 3 4 4 3 2 3 3 2 3 3 19 21 0.90 VALID
24 4 4 3 4 4 3 4 3 3 2 3 3 2 3 19 21 0.90 VALID
25 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
26 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
27 3 4 4 4 4 4 3 2 3 3 3 3 3 2 19 21 0.90 VALID
28 4 3 4 3 3 4 4 3 2 3 2 2 3 3 18 21 0.85 VALID
29 4 4 2 3 4 3 4 3 3 1 2 3 2 3 17 21 0.80 VALID
30 4 4 3 4 4 3 4 3 3 2 3 3 2 3 19 21 0.90 VALID
31 4 4 4 4 4 4 4 3 3 3 3 3 3 3 21 21 1 VALID
32 4 3 4 4 3 4 4 3 2 3 3 2 3 3 19 21 0.90 VALID
33 4 4 3 4 4 3 4 3 3 2 3 3 2 3 19 21 0.90 VALID
34 4 4 3 4 4 3 4 3 3 2 3 3 2 3 19 21 0.90 VALID
35 3 4 3 3 4 4 3 2 3 2 2 3 3 2 17 21 0.80 VALID
36 3 4 3 3 4 4 3 2 3 2 2 3 3 2 17 21 0.80 VALID
37 4 4 3 4 4 3 4 3 3 2 3 3 2 3 19 21 0.90 VALID
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Table 3 (continued). Result of Aiken Validity

Ket

n(c-1) A%

S, S; S, S Se S, Xs

S

Aspect

Rater
4

VALID

VALID

VALID
NOT VALID

0.90
0.90

21

19
19
21

38
39
40
41

21

21

0.71
0.90
0.90
0.90
0.71
0.90
0.85
0.90
0.90
0.80
0.90
0.90
0.90
0.80

21

15
19
19
19
15
19
18
19
19
17
19
19
19
17
21

VALID

VALID

VALID
NOT VALID

21

42

21

43

21

44
45

21

VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID
VALID

21

46
47

21

21

48

21

49
50
51

21

21

21

52
53
54
55
56
57
58
59
60
61

21

21

21

21 0.90

19
21

21

21 0.80

17
21

21

0.80
0.80
0.90
0.90
0.80

21

17
17
19
19
17
21

21

21

62
63

21

21

64
65

21

0.80
0.90
0.90
0.90
0.90
0.90
0.90
0.95

21

17
19
19
19
19
19
19
20
21

66
67

21

21

68

21

69
70

71

21

21

21

72
73

21

21

74
75

21

21

21

21

76
77
78
79
80
81

21

21

21

21

21

21

21

21

21

21

21

21

82
83
84
85

21

21

21

21

21

21

21

21

86
87

21

21

0.91
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determine the criteria for the modification or elimination of
the variables (Aiken, 1985, 1980; Penfield & Giacobbi, 2009;
Torres-Luque et al., 2020).

Cronbach Alpha was used to assess the internal
consistency and reliability of BSPT, with less than 0.70
indicating acceptable reliability (Rahayu & Arovah, 2022;
Sharma, 2016). Also calculated one-week test and retest
reliability on BSPT by calculating each item’s intra-class
correlation (ICC) (single one-way model) (Schreiber et al.,
2006). Reliability was classified as fair (0.5), good (0.5-0.75),
very good (0.75-0.9), and excellent (>0.9) based on the ICC
value (Koo & Li, 2016; Olaya-Cuartero et al., 2022).

Results

Content Validity

Expert judgment is used to evaluate aspects of basketball
skill and performance test instruments designed specifically
for adolescent athletes. The expert’s evaluation uses a
scale of 1 to 4. The assessment criteria are only relevant if
the assessment is close to a one on a scale. The closer the
assessment is to a four on a scale, the more relevant the
assessment criteria. The expert assessment data was then
quantitatively analyzed using Aiken’s formula.

Using seven raters with four categories to choose from,
the V index equals 0.76. From the results obtained from
expert judgment, two items were invalid, including items
41 (0.71), and items 45 (0.71). On average, a value of 0.91 is
obtained so that the instruments that have been compiled
are declared valid.

Reliability

Cronbach’s Alpha was used to see how reliable the raters
were. The results are shown in Table 4.

Table 4. Result of Cronbach alpha analysis

Cronbach’s Alpha N of Items
0.918 7

In this study, the test-retest reliability correlation
coefficient produced positive results. According to (Heale
& Twycross, 2015), Cronbach’s alpha values > 0.7 indicate
high reliability.

Table 5 shows the results of the interrater agreement
test or interrater reliability using Intraclass Correlation
Coeflicients (ICC).

The average agreement between raters is 0.912, while
for one rater, the consistency is 0.596. The results of the ICC
score, according to (Portney & Watkins, 2009), are included
in the excellent reliability category, so it can be concluded
that agreement between raters is very strong and each rater
has a fairly good level of consistency.

Table 5. Intraclass Correlattion Coefficient analysis result

Discussion

The purpose of this research was to examine the content
validity and reliability of the basketball skill and performance
instrument test. This study determined that the BSPT has
high content validity and can be used to evaluate the skill
and performance of adolescent basketball athletes. Testing
consistency across a number of trials is required for reliable
data collection when evaluating sporting performance (W.
G. Hopkins, 2000; Lockie et al., 2013; Radman et al., 2016).
When compared to previous skill tests that were similarly
designed in terms of performance time, penalty time, and
number of errors, our results demonstrated greater relative
reliability than the Loughborough Soccer Passing Test
(LSPT) (ICC: 0.58-0.70) (Ali, 2011; Wen et al., 2018) and
Loughborough Soccer Shooting Test (LSST) (ICC = 0.26-
0.58) (Ali, 2011; Conte et al., 2019).

Based on the Aikens analysis used to measure the
content’s validity, the expert assessment instrument achieves
a value of 0.91, indicating that the aspect has good content
validity. Cronbach’s Alpha was used to measure the reliability
of every aspect of the basketball skill and performance
test instrument, and the results were 0.918. Cronbach’s
alpha reliability level of 0.70 is the bare minimum. If the
Cronbach’s Alpha value is greater than 0.7, the aspects of the
national development category aerobic gymnastic flexibility
test instrument are very reliable (Tavakol & Dennick, 2011).

Meanwhile, because there are more than two raters, this
study used Intraclass Correlation Coefficients (ICC) analysis
to test the reliability of each rater and the consistency of
each rater. Based on the ICC results (table 5), it is feasible
to determine that the raters’ agreement is very strong and
that each rater has a reasonably good consistency (moderate
reliability). Asaresult, the structure of the test was considered
feasible for measuring basketball skill and performance in
adolescent athletes. This developed test is an adapted or
specified test with several basketball techniques because it is
similar to the movement of the technique during the game.

Conclusions

Based on the results and discussion, it is possible to
conclude that the basketball skill and performance test
(BSPT) isvalid and reliable for assessing adolescent basketball
athletes. As a result, the BSPT can be used to assess the skill
level of adolescent basketball players, benefiting not only
basketball coaches but also physical education teachers.
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PO3POBKA, NIATBEPAKEHHA BANIAHOCTI TA HALINHICTb
IHCTPYMEHTY TECTYBAHHA BACKETBOJIbHUAX HABUYOK
| PE3YJIbTATUBHOCTI TPABLUIB-NIANITKIB
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Pedepar. Crarra: 6 ., 5 Tab1., 1 puc., 48 mxeperr.

Merta gocnimKeHHA. Yci 3aco0u oLiHIOBaHHA a60 TeCT HABUYOK, TaKi sK TecT 6ackeT6onpHMX HaBu4oK AAHPERD (Ame-
PMKAHCHKUIT @/IbsAHC i3 MUTaHb OXOPOHM 3[0POB A, Gi3MYHOTO BUXOBAHHSA, BIAIIOYMHKY Ta TaHILIB) i 6ackeTO0MbHMIT TecT [I>KOH-
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Salafi, M.L.E., Suherman, W.S., Suhartini, B., Antoni, M.S., Pratama, K.W., Nurfadhila, R., Nugroho, W., & Miftachurohmah, Yu. (2023).
Design, Validation, and Reliability of A Basketball Skill and Performance Test Instrument in Adolescent Player

COHa, € YaCTKOBMMM 200 OKpeMMMM. YCi Lii TeCTH € CTAPUMM MPORAYKTaMU, TOAL SIK Ipa B 6ackeTOON IOCTINIHO PO3BUBAETHCAL.
MeTol0 1IbOTO HOCIifKeHHA Oy/la po3pobKa Ta MiATBep/KEHHA Ba/liJHOCTI TecTiB 6acKeTOOTbHUX HABUYOK 1 pe3y/IbTaTMBHOCTI
TJ1A TPABIIB BiKOM 14-16 pOKiB, IpM3HAYEHMX CKOPOTUTH 9aC TECTYBaHHA, CKOPOTUTH 9aC OYiKyBaHHA Pe3y/bTaTiB, i AKi 6y,T_[YTb
KOMIUIEKCHUMI, 11106 BOHU MO BiffoOpakaTy peanbHi 31i0HOCTI Ta ix MOKHA 0y/I0 BUKOPUCTOBYBATH 5K €TA/IOH IIiff Yac Mpo-
BeJleHHS Bin60py Ta OI[iHKI.

Marepianmu Ta MeTOpu. 3arazoM 7 eKCIiepTiB oLliHoBany 11 eneMeHTiB (86 IIyHKTIB) TecTy 6acKeTOONIBHMX HABIYOK i Pe3y/Ib-
rarusHocTi (TBHP). ¥V mocmimkeHHi B3sin y4acTh Tpy akafeMiuHi eKCIIepTU Ta YOTUPK eKCIepTu 3 6ACKeTOONbHMX TPEeHepiB.
36ip maHMX 3AiIICHIOBA/IN 3a JOIIOMOTO0 MeTOAY [lenbdi Ta HOBTOPEHHS TeCTY, a /I aHa/Ii3Y JaHNX BUKOPUCTOBYBAIU (GOPMYILY
Eiixena, koedinientu BuyTpimHborpymosoi Kopersinii (KBK) ta ansdy Kponbaxa.

Pesynbraru. 3i sHauenHsaM 0,91 3acib ekcriepTHOI OLIIHKM [IOKA3YeE, 110 BaTiAHICTD aCIIEKTY 3a 3MICTOM € BifjlioBigHOW0. Anbdy
KpoHnbaxa BUKOPUCTOBYBaIN [i/1s1 BUMIPIOBaHHsI HAIITHOCTI KOXKHOTO ACIIEKTY iHCTPYMEHTY TeCTyBaHHs 6ackeTOONbHIX HABM-
YOK i pe3ynbTaTUBHOCTI, i peynbraTu ctanosynn 0,918. Pesynbrar ysromkenns ouninok KBK mix oninroBauamy cranosuthb 0,912,
TOJ SIK 1711 OFJHOTO OIjiHI0BaYya IOKa3HMK cTabimIbHOCTI cTaHOBUTH 0,596.

BucHoBKU. BuCHOBKM, SIKi BUIUIMBAIOTD i3 I[bOTO JJOCTiPKEHHA, MOXKYTb goBoauty, mo THbHP Mo)xHa BuKOpucToByBaTn
IS OL[iHKM piBH:A HaBMYOK IIITITKiB-6acKeTOOMICTIB, 1110 Oy/ie Ha KOPUCTD He jiie 6acCKeTOOIbHNIM TpeHepaM, ajie I yIUTe M
(isMYHOrO BUXOBAHHSL.

KirouoBi cmoBa: 6akeT60/1, HaBUYKa, Pe3y/IbTaTUBHICTD, MiTBEPIXKEHH BaIifHOCTI, HA/I/IHICTb.
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Abstract

Study purpose. This study aimed at investigating the anthropometric and physiological characteristics that affect

soccer skills in advanced-level youth soccer players.

Materials and methods. Ninety advanced youth male soccer players from the U-18 division 1 soccer club were
enrolled to participate in this study. The participants were classified into three different positions: defenders,
midfielders, and forwards. The anthropometric profiles (height, weight, and body fat) and physiological variables
(Y-balance test, Yo-Yo Intermittent Recovery Test Level 1, running-based anaerobic sprint test, sit-up test,
countermovement jump test, drop jump test, arrowhead agility test, and 40-m sprint test) were assessed. Soccer-
specific skills were measured using the Loughborough soccer passing and shooting protocol.

Results. The multiple regression analysis revealed a statistically significant relationship between physical factors and
the Loughborough soccer passing ability (R* = 0.291, F;5 .4 = 2.200, p = 0.015). The results indicated that the relative
maximum power displayed the strongest association with passing ability, followed by sit-up, countermovement jump
without and with arm swing, and fatigue index. Concerning the shooting performance, the predictors accounted for

21.8% of the variance, with sit-up being the sole significant predictor among other factors.

Conclusions. Our findings underscore the significance of relative maximum power, fatigue tolerance, muscular
power, and core strength as valuable predictors for enhancing passing ability. In addition, abdominal strength
emerged as a crucial indicator of shooting performance. Soccer coaches could use the essential information described

in this study for talent identification purposes.

Keywords: physical fitness, muscular power, soccer passing, talent identification, youth soccer.

Introduction

Soccer is a highly unpredictable opened-skill sport
that requires exceptional physiological abilities on the pro-
fessional level, as well as proficiency in movement, motor
control, decision-making, and cognitive function (Reilly et
al.,2000; Fernandez-Rio & Méndez-Giménez, 2014; Romeas
et al.,, 2016). Renowned, world-class-level soccer players
such as Lionel Messi, Christiano Ronaldo, Neymar da Silva

© Sanpasitt, C., Yongtawee, A., Noikhammueang, T.,
Likhitworasak, D., & and Woo, M., 2023.
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Santos Junior, and Kylian Mbappé have demonstrated ex-
ceptional talent from a young age. Therefore, national soc-
cer associations and youth academies of professional clubs
worldwide have made significant financial investments in
systematically implementing talent identification and de-
velopment (TID) programs. The primary objective of these
initiatives is to identify the most promising young athletes
who possess the potential to advance to and excel at the adult
professional level (Bergkamp et al., 2019; Mourao, 2016;
Till & Baker, 2020). Obviously, numerous soccer clubs and
academies prioritize early enrollment as a crucial aspect of
long-term player development in the pursuit of training elite
players. Performance success in team sports such as soccer
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could be reportedly influenced by several critical factors,
including anthropometry, physiological fitness, cognitive/
psychological characteristics, sport-specific skills, and socio-
logical profiles (Murr, Raabe, & Hoéner, 2018; Yongtawee et
al,, 2022). Certain of these parameters have been identified
as talent predictors in systematic review studies (Williams
& Reilly, 2020). For instance, top professional-level play-
ers reportedly exhibit significant differences in traits such
as leanness, height, weight, physical fitness, speed, agility,
and skill level during adolescence compared to their peers
(Carling et al., 2012; Williams, Ford, & Drust, 2020). In the
context of TID programs across various countries, specific
indicators have been identified that predict future success in
adulthood during the early adolescence phase in Germany.
These indicators include sprinting ability, agility, dribbling
skills, ball control, and shooting proficiency (Honer, Leyhr,
& Kelava, 2017). In England, the Elite Player Performance
Plan has been implemented since 2012 to optimize home-
grown player performance across multiple domains, includ-
ing physical, technical, tactical, and psychological aspects,
through a comprehensive multidisciplinary approach (Pre-
mier League, 2012). Likewise, in the Netherlands, several
professional soccer clubs have implemented the TID process
that primarily involves evaluating a comprehensive test bat-
tery assessing multidimensional performance characteris-
tics encompassing physiological, technical, tactical, and psy-
chological aspects (Huijgen, Elferink-Gemser, Lemmink, &
Visscher, 2014). Therefore, holistic performance diagnostics
appear to be crucial for the long-term international success
of national football associations and professional clubs.

In order to reach the pinnacle of professional soccer,
young soccer players need to enhance their performance in
multiple domains, including physiological, technical, tacti-
cal, and cognitive/psychological characteristics (Meylan, et
al,, 2010; Reilly et al., 2000; Vaeyens et al., 2006). Moreover,
when selecting elite athletes, factors such as body composi-
tion, aerobic endurance, speed, agility, and balance are cru-
cial. Wong et al. (2009) suggest that anthropometric data
can serve as reliable indicators of soccer performance. In the
contemporary soccer system, teams often adopt a compact
playing style, making it challenging for opponents to create
space. Possessing excellent passing skills is thus vital for the
players of a soccer team to maintain possession and control
the game (Gongalves et al., 2017; Rein et al., 2017). Develop-
ing shooting skills is crucial for soccer players as it is essen-
tial for winning games and overall success (Lago-Ballesteros
& Lago- Peinias, 2010). Therefore, coaches should consider
significantly these specific skills. However, our knowledge
concerning the influence of anthropometric and physical fit-
ness profiles on specific skills, such as passing and shooting
ability, remains limited. Hence, understanding these physical
demands would be essential for recruiting top-level players,
particularly considering the positional differences among
youth soccer players. Consequently, this study aimed at inves-
tigating how anthropometric and physiological characteris-
tics affect soccer skills in advanced-level youth soccer players.

Materials and methods

Participants

We recruited 90 advanced youth male soccer players
from the U-18 division 1 soccer club to participate in this

study. Each cohort comprised a diverse group of players
from different positions including defender, midfield, and
forward. All participants had at least 2 years of experience
in the national youth competition. None of the participants
had musculoskeletal injuries or used anabolic drugs. We
informed all the participants about the purpose of the testing
procedures and possible risks and gave their informed
consent prior to the study. The study protocol was approved
by the Ethics Review Committee for Research Involving
Human Research Subjects and it was conducted according
to the Declaration of Helsinki.

Testing procedures

To evaluate anthropometric and physiological charac-
teristics, we applied nine physical fitness tests as follows:
40-m sprint, Arrowhead Agility Test (AAT), sit-up, mus-
cular power test (i.e., Countermovement Jump (CM]J) and
Drop Jump (DJ) tests), Y-Balance test, Running-based An-
aerobic Sprint Test (RAST), and Yo-Yo Intermittent Recov-
ery Test level 1 (Yo-Yo IR1). Prior to testing, the participants
were instructed to engage in a 15-min individual warm-up
involving low aerobic activity and dynamic stretching. Each
testing session was divided into two occasions separated by
a 24-h recovery period. On the first visit, the demographic
data, anthropometrical aspects, and two soccer skill tests
(passing and shooting) were measured on the soccer pitch.
On the second visit, the physiological profiles were assessed
in the following sequence: YBT, sit-up, AAT, CM]J, DJ, 40-m
sprint, RAST, and Yo-Yo IRI.

Anthropometry

Standing height was measured to the nearest 0.1 cm
(Seca220e, Hamburg, Germany). Body composition analysis
was performed using Inbody 720 (Biospace Co., Seoul,
Korea). Fat percentage was recorded using multifrequency
bioelectrical impedance analysis.

Aerobic capacity

Aerobic performance was evaluated using Yo-Yo IR1.
The participants performed repeated 20-m shuttle runs
interspersed with a short active recovery. The time allowed
for a shuttle, which progressively decreased, dictated by
audio beeps. The objective of the tests was to complete as
many shuttles as possible. To calculate maximal oxygen
consumption, we used the following equation, as described
previously (Bangsbo, 1994):

VO,max (ml/min/kg) = running distance covered (m)
% 0.0084 + 36.4

Anaerobic capacity

The RAST included 6 x 35 m sprints, interspersed
by 10 s of active recovery (Draper and Whyte, 1997). The
participants were requested to perform the sprints to the
best of their abilities in each lap. Two photocells were used to
record sprint time intervals. We assessed relative maximum
power (Power = Weight x Distance® + Time?) and fatigue
index ((Maximum power — Minimum power) + Total time
for the six sprints)/body mass based on the RAST results.
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Muscular power

Muscular power values were measured using SmartSpeed
Pro timing lights and force plate (Fusion Sport, Coopers
Plains, Australia) during CM]J with and without arm swing
and DJ. The participants completed the power test consisting
of three jumps of one maximal CMJ on a force plate. The
maximum value was selected as the final measurement. A
15-sec resting period was established to enable sufficient
recovery between the jumps. Jump heights were recorded
for each trial. DJ was performed from a 30-cm box while
the participants were holding their hands on their hips. The
participants were instructed to stand on the top of the box
facing toward the force platform then step off of the box and
rebound as fast as possible.

Muscular endurance

The sit-up test was set up as a protocol to evaluate
muscular endurance. The participants were instructed to lay
on the floor with 90°-knee joint flexion in a supine position.
They were then asked to keep their hands at the side of their
head with their elbows pointing straight forward to touch
their knees, then lean back so that their shoulders would
touch the floor. We counted sit-up repetitions in 40 seconds
for each participant (Hohmann et al., 2018).

Agility

AAT was applied to assess the ability to change direction
over a range of angles and directions. The AAT time was
measured using timing gates (Fusion Sport, Coopers Plains,
Australia) positioned at the start line. A total of four trials
(2-2 attempts to start from left and right, respectively) were
completed.

Speed

The 40-m sprint times were recorded using timing
gates (SmartSpeed Pro timing lights; Fusion Sport, Coopers
Plains, Australia). The photocells were placed at the start and
40 m. Participants were instructed to perform two maximal-
effort 40-m sprints using a standing start position and the
fastest time was used for analysis.

Balance

The YBT was applied to evaluate dynamic balance. The
participants reached out in the anterior, posteromedial, and
posterolateral directions with one foot while standing on
the other foot on a centralized stance platform. The test was
performed barefoot with both the left and right limbs.

Soccer-specific skills

The Loughborough soccer passing test (LSPT) was set to
assess the passing performance. Figure 1 presents the LSPT
layout. Four wood boards (2.5 x 0.3 m) were placed in the
centermost within the 12 x 9.5 m layout. Four differently
colored (green, blue, red, and white), 0.6 x 0.3 m sticker pads
were attached to the middle of the boards. A 0.1 x 0.15 m
thick black line was also taped to the center of the target

areas. The participants were requested to respond quickly
and accurately by 16 verbal randomized passing orders
(Ali et al., 2007). The test sequence consisted of 8 passes
including 3.5 meter (4 red and 4 white targets) and 4 meter
(4 green and 4 blue targets) passes.

Red Bench

an|g

i1m i25m 95 m

Green

Passing area

. . p— I Whitel

Fig. 1. Loughborough Soccer Passing Test (LSPT) layout

We used the Loughborough soccer shooting test (LSST)
to measure the shooting ability. The participants were asked
to sprint between two cones of 5.5 meters length from and
directly in front of the goal to follow the shot sequence. The
shooting zone was an 8.5 x 8.5 m square with a 16.5 m length
from the goal line (Figure 2). Each participant completed a
single trial of ten shots (5-5 to the right and the left sides,
respectively), with a 30-second recovery between each shot
order (Stone & Oliver, 2009).
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Fig. 2. Loughborough soccer shooting test (LSST) overview
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Statistical Analysis

The obtained data were analyzed in terms of means,
standard deviation, and multiple linear regression analysis
was used to estimate the relative contributions of aerobic
capacity, anaerobic performance, power, muscular
endurance, balance, speed, and change of direction to
specific soccer skills. One-way analysis of variance was used
to examine the differences between three positions. The
statistical significance was set at a P-value of p < 0.05. All
statistical analyses were performed using SPSS version 23.0
for Windows (SPSS Inc Chicago, IL, USA).

Results

We performed multiple regression analyses to assess the
relationship between anthropometric and physical fitness
factor variables (Tables 1 and 2). Multiple linear regression
analysis was applied to develop a model for predicting
soccer performance including passing and shooting skills.
Moreover, we aimed at determining if various physical
factors could influence Loughborough soccer passing
values (Table 1). The overall regression was statistically
significant (R® = 0.291, Fjs 4 = 2.200, p = 0.015) with the
maximum power being the best predictor of passing abilities

Table 1. Multiple regression analysis of anthropometric and physical fitness factors affecting Loughborough soccer passing

Variable B SE [} t P
Constant 82.560 31.318 2.636 0.010
Height (cm) -0.090 0.138 -0.118 -0.653 0.515
Weight (kg) 0.067 0.141 0.100 0.474 0.637
Body fat (%) 0.031 0.175 0.026 0.177 0.860
YBT-right leg composite 0.010 0.072 0.024 0.139 0.890
YBT-left leg composite -0.054 0.072 -0.124 -0.744 0.459
Sit-up (reps) 0.171 0.072 0.271 2.383 0.020*
Arrowhead agility (s) —0.604 0.699 -0.093 -0.864 0.390
40-m sprint (s) -1.055 2.258 -0.058 -0.467 0.642
CMJ(cm) without arm swing -0.517 0.213 0.496 -2.428 0.018*
CM]J (cm) with arm swing 0.449 0.189 0.516 2.376 0.020*
Drop jump (cm) 0.016 0.097 0.021 0.165 0.870
Relative maximum power (watt/kg) -1.615 0.602 —0.545 -2.685 0.009*
Fatigue index (%) 1.044 0.446 0.446 2.341 0.022*
VO,max (ml/min/kg) 0.015 0.132 0.012 0.114 0.910

*p < 0.05; YBT = Y-Balance test, CMJ = countermovement jump, VO,max = maximal oxygen uptake

Table 2. Multiple regression analysis of anthropometric and physical fitness factors affecting shooting performance

Variable B SE B t P
Constant —4.060 4.876 -0.833 0.408
Height (cm) 0.019 0.022 0.168 0.833 0.380
Weight (kg) -0.005 0.022 -0.049 -0.220 0.827
Body fat (%) -0.007 0.027 -0.039 -0.253 0.801
YBT-right leg composite -0.008 0.011 -0.132 -0.720 0.473
YBT-left leg composite 0.013 0.011 0.204 1.167 0.247
Sit-up (reps) 0.028 0.011 0.298 2.494 0.015*
Arrowhead agility (s) -0.050 0.109 -0.052 -0.457 0.649
40-m sprint (s) 0.048 0.352 0.018 0.135 0.893
CM]J(cm) without arm swing 0.058 0.033 0.375 1.749 0.084
CM]J (cm) with arm swing -0.025 0.029 —-0.198 —-0.865 0.390
Drop jump (cm) 0.001 0.015 0.009 0.067 0.947
Relative maximum power (watt/kg) -0.001 0.094 -0.002 -0.007 0.994
Fatigue index (%) -0.026 0.069 -0.074 -0.371 0.712
VO,max (ml/min/kg) 0.023 0.021 0.126 1.139 0.258

*p < 0.05; YBT = Y-Balance test, CMJ = countermovement jump, VO,max = maximal oxygen uptake
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Table 3. Descriptive anthropometric and performance characteristics of soccer players (n = 90) by positions roles

Variable Defender Midfielder Forward
(n=30) (n=30) (n=30) F p
X SD X SD X SD
Age (years) 17.13 0.68 17.13 0.77 17.16 0.83 0.019 0.981
Weight (kg) 63.78 6.65 64.83 6.22 63.84 6.57 0.249 0.780
Height (cm) 173.32 598  172.63 569 172.22 5.35 0.287 0.752
Body fat (%) 10.74 3.71 12.13 3.83 12.17 3.29 1.510 0.227
YBT-Right Leg composite 115.16 11.56 110.96 10.15 112.55 9.61 1.229 0.298
YBT-Left Leg composite 114.65 11.43 110.99 10.08 110.39 7.8 1.631 0.202
Sit-up (reps) 31.73 7.00 33.53 6.91 33.10 6.61 0.565 0.570
Arrowhead agility (s) 18.93 0.64 19.00 0.65 18.95 0.80 0.101 0.904
40-m sprint (s) 5.49 0.19 5.51 0.25 5.46 0.26 0.400 0.672
CM]J without arm swing (cm) 38.56 3.92 36.17 441 36.92 3.96 1.606 0.206
CM]J with arm swing (cm) 44.48 4.72 42.30 4.83 43.56 5.20 1.529 0.223
Drop jump (cm) 35.27 4.71 33.10 5.50 31.74 6.44 3.040 0.053
Relative maximum power (watt/kg) 9.15 1.20 8.91 1.03 9.40 1.96 0.833 0.438
Fatigue index (%) 3.80 1.47 3.46 1.12 4.10 2.60 0.912 0.405
VO,max (ml/min/kg) 47.15 3.01 47.29 3.57 47.89 3.73 0.391 0.678
Loughborough soccer passing 46.20 4.44 45.67 4.46 45.45 4.12 0.220 0.803
Loughborough soccer shooting 1.68 0.72 1.80 0.55 1.68 0.65 0.329 0.720

YBT = Y-Balance test, CMJ = countermovement jump, VO,max = maximal oxygen uptake

(p=0.009), followed by core strength endurance (p =0.020),
countermovement jump with arm swing (p = 0.020),
and fatigue index (p = 0.022). These four variables were
significantly crucial indicators to improve passing abilities in
young soccer players. Furthermore, the multiple regression
analysis indicates the factors affecting shooting performance
(Table2). Sit-up was the only statistically significant predictor
of shooting capacity (p = 0.020). These factors constituted
21.8% of the explanatory power (R? = 0.218). Moreover, we
identified no significant positional difference among any of
the anthropometric- and physiological performance-related
variables (Table 3).

Discussion

This study aimed at investigating the anthropometric
and physiological characteristics affecting soccer-specific
skills in advanced-level youth soccer players. Numerous
studies described talent recruitment models to select young
soccer players based on anthropometric and physical fitness
(Vaeyens et al., 2006; Simon et al., 2019; Bergkamp et al.,
2019). The findings of the current study provide a scientific
rationale behind the physical capacities influencing soccer
passing and shooting. The results showed that sit-ups, CMJ
without arm swing, CMJ with arm swing, relative maximum
power, and fatigue index were the five major factors
influencing passing performance (Table 1). The relative
maximum power was the main factor that negatively affected
soccer passing, representing the ability of an individual to
perform maximum anaerobic power achieved during the
short interval sprint. The results of our study were in good
agreement with a previous study (Eniseler et al., 2017)

stating that the improvement of repeated sprint ability
could be used as an effective predictor to enhance short-
passing ability. Therefore, RAST is a useful tool to evaluate
anaerobic capacity and predict short-distance performance
in intermittent sports (Zagatto et al., 2009; Andrade et al,,
2015). Moreover, the physical exhaustion also influences the
passing ability. The fatigue index refers to the rate at which
power declines for the athlete. These current study results
suggest that good players should tolerate the fatigue threshold
better and maintain anaerobic performance. Rampinini et
al. (2008) discovered that exhaustion caused by short-term
high-intensity intermittent actions negatively influenced the
short-passing skills of the players. In addition, Mulazimoglu
(2016) reported that the fatigue level of the players is an
important indicator of their technical competencies. Among
these, the degree of individual fitness of the players reportedly
correlates with the decline in technical proficiency among
players brought on by fatigue. Furthermore, CMJ values
were positively linked with passing performance, implying
that increasing them all indicates an improvement in the
ability to perform an explosive vertical jump. This result was
similar to that of a study by Benounis et al. (2013) revealing
that the LSPT score performance negatively correlated with
squat jump and CM] performances. Our results facilitate
using the CM]J test for talent identification and it could be a
protocol to predict young soccer players. In agreement with
this, Vanttinen et al. (2010) reported that passing accuracy is
related to speed, countermovement jump performance, and
coordination in adolescent soccer players. Among these listed
characteristics, our study indicates that lower limb explosive
strength has been anecdotally linked to passing success.
Sit-ups also factor if for influencing passing performance,
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representing abdominal muscle strength. Core strength is
pivotal for stability and movement. The lumbopelvic hip
complex is crucial for movement control. Core muscles
were confirmed to be essential for soccer players as they
provide the basis for endurance, posture, strength, power,
and coordination, lowering the risk of injury (Chat, 2011).
Our results (Table 2) revealed that sit-up significantly affects
shooting performance (p < 0.05). However, we observed
no significant influence exerted by the other independent
variables. A critical finding of our results of anthropometric
and physical fitness on shooting ability was that the highest
significant abdominal strength would be the best predictor
of soccer shooting. In contrast, the previous study found
that there were no significant correlation between sit-ups
with shooting in college soccer players (Poornabodha et al.,
2018). Nevertheless, Sun & Shin (2018) reported that pelvic
stability could improve shooting speed and accuracy in junior
soccer players. Therefore, during the shooting action, core
strengthening could support better soccer shooting efficacy.
In addition, the comparison between position roles resulted
inno significant difference in any parameter, which wasin line
with the study of Malina et al. (2004) presenting no positional
differences among young defender, midfield, and forward
players in vertical jump, sprint time, and intermittent aerobic
endurance. Our results also align with a previous study that
revealed no significant positional differences in physiological
performances including maximal vertical jump height, ball
shooting speed, 10- and 30-m sprint times, Yo-Yo IRI,
running cost and submaximal running cost, and VO,max
(Wong et al., 2009). In the present study, muscular power
performance of defenders were higher than midfielders and
strikers. The power seems to be a contributor to support
defender characteristics as these players require stamina
and strength to tackle and jump to prevent the opponents
from scoring during their play in a defensive situation. This
discovery was in good agreement with the performance
characteristics where defenders showed the strongest jump
ability. However, these differences were not significant (p >
0.05) versus those observed in goalkeepers and strikers (Wik
et al,, 2018). According to the rationale that no positional
difference could be observed in physiological performances,
coaches should modify the strength and conditioning
regimens appropriately for youth soccer players. In summary,
these results can later be used to evaluate the player’s potential
and to identify talents in youth soccer players.

Practical Applications

Our results established relationships between specific
anthropometric as well as physiological characteristics
and specific soccer skills which they impact. Although
our discoveries underscore the significance of anaerobic
performance and core strength endurance indicators, soccer
coaches could use the results of this study for identifying young
talents for recruiting and developing future top-level players.

Conclusions

In our study, we clarified that one of the most important
factors in various facets of soccer performance is physical
fitness. In particular, players with superior muscular
endurance, power, and anaerobic capacity would stand

comparatively better chances of being selected for a more
advanced or higher-development program in the future,
according to talent identification purposes.
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Abstract

Study purpose. Three-Cone Drill using the Ball (TCDB) High-Intensity Interval Training (HIIT) is an exercise that
requires players to perform fast movements and sharp changes of direction using a ball over three cones with high
intensity. This exercise is based on the application of specific training principles using the ball and the principle of
overload, which aims to improve agility and dribbling skills. This study aimed to evaluate the effect of TCDB+HIIT

on the agility and dribbling ability of student futsal athletes.

Materials and methods. This study used an experimental method with a One-Group Pretest-Posttest Design. The
participants in this study were student futsal athletes, totaling 14 players aged 16.6+0.7 years, with body height
170.2+3.36 cm, body mass of 59+9.11 kg, and BMI 20.4+3.25. The research instruments used were the Illinois Agility
Test and the futsal dribbling test. Data analysis used the Paired Samples T-Test at a significance level of 0.05; the

prerequisite test used was the Shapiro-Wilk test.

Results. Based on the results of the Paired Samples T-Test test, it was found that the sig value (2-tailed) of the
speed variable was 0.001 < 0.05, with an increase of 0.99 + 0.57. In the dribbling variable, the sig (2-tailed) value is

0.001 < 0.05, with an increase of 1.88 + 1.722.

Conclusions. This study concludes that TCDB + HIIT exercises are effectively applied to increase futsal players’

agility and dribbling abilities.

Keywords: futsal, three cone drill using ball, high intensity interval training, agility, dribbling ability.

Introduction

Optimal agility and dribbling skills are essential factors
in achieving futsal sports achievements (Dogramaci et al.,
2011; Mendes et al., 2022; Travassos et al., 2011). Optimal
agility allows futsal players to change direction quickly,
avoid or pass opposing players, and maintain control of the
ball (Farhani et al., 2019; Naser et al., 2017). Meanwhile,
optimal dribbling is also crucial in defending, controlling,
and moving the ball with great skill and speed (Corréa et al.,
2016; Doewes et al., 2022; Gioldasis, 2018). To simultaneously
improve futsal players’ agility and dribbling abilities, specific
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Bulqini, A., & Prianto, D.A., 2023.
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training is needed with the addition of balls and varied and
changing movements (Ayarra et al., 2018). In other words,
the required exercises broadly combine the concepts of agility
and dribbling with the use of the ball. Such things can provide
a more realistic and relevant training experience in actual
futsal game situations and conditions (Barron et al., 2020).
One of the exciting exercises to increase agility and drib-
bling skills simultaneously is the Three Cone Drill using the
Ball (TCDB). This drill requires players to perform fast move-
ments and sharp changes in direction using three strategical-
ly placed cones while controlling, carrying, and controlling
the ball. This exercise can help improve a player’ agility and
dribbling ability by emphasizing fast movement, changing
direction, and effective ball control (Fadillah et al., 2020).
HIIT is a high-intensity interval training. In practice,
this exercise uses an anaerobic energy system so that it can
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improve physical abilities related to anaerobic energy, such as
endurance, speed, and agility (Kunz et al., 2019; Ouertatani
etal., 2022). HIIT has mainly been implemented in football,
so this is something new when applied to futsal; this can
happen because futsal and football have the same intensity
in matches (Barnes et al., 2014; Hostrup & Bangsbo, 2023;
Rodrigues et al., 2011).

Therefore, this study aims to evaluate the effect of a
combination of the Three Cone Drill using the Ball exercise
with HIIT on futsal players’ agility and dribbling abilities.
In the context of this research, this exercise is considered
a novelty and innovative thing because, in previous studies
regarding the Three Cone Drill, it has yet to be explored much.

By focusing research on the effect of TCDB+HIIT on the
agility and dribbling skills of futsal players, the information
obtained can provide a better understanding of the benefits
of this exercise in improving the agility and technical abilities
of futsal players. This research can also provide a valuable
contribution to developing more effective training programs
to improve agility and dribbling abilities to increase futsal
players’ competitive performance.

Materials and methods

Study participants

Fourteen male futsal athletes from senior high school
(SMAN) 4 Bojonegoro, East Java, Indonesia, participated in
thisstudy. Participantsin thisstudy werestudent futsalathletes
aged 16.6+0.7 years, with a height of 170.2+3.36 cm, a body
mass of 5949.11 kg, and a BMI of 20.4+3.25. Furthermore,
14 student futsal athletes were given TCDB+HIIT training.
Before the experiment was conducted, participants were
informed about the benefits and potential risks associated
with the research.

Study organization

This study used an experimental method with a One-
Group Pretest-Posttest Design. Fourteen futsal athlete
students will do TCDB+HIIT training for six weeks

Table 1. Data Descriptive

(Permana et al., 2022; Pettersen & Mathisen, 2012). Before
and after being given treatment to determine the effect of
the exercise, participants will be given an agility and futsal
dribbling ability test. In measuring the agility of this study
using the Illinois Agility Test and dribbling using the futsal
dribbling test.

Statistical analysis

Data analysis in this study consisted of 2 parts: the
prerequisite test using Shapiro-Wilk and hypothesis testing
using the Paired Sample T-Test. This study uses a paired
sample t-test hypothesis test. This test aims to analyze the
differences in pretest and post-test results. Statistical analysis
in this study used the IBM SPSS Statistics 29.0

Results

This research was conducted for one month and a half,
with a total of 20 days of practice with details of one pretest,
18 treatments, and one post-test. The number of participants
is as many as 14 players. The results of calculating agility and
complete dribbling ability are obtained as follows.

Table 1 above describes the data resulting from
increased dribbling speed and ability in this study. Based
on the calculation of the pretest and posttest, get an average
increase in agility of 0.99+0.57 and dribbling ability of
1.87+1.72.

Based on the results of table 2 above, the results of the
normality test with the Shapiro-Wilk testinstrument obtained
the results from the pretest agility value 0.26>0.05, posttest
agility value 0.86>0.05, pretest dribbling value 0.28>0.05,
post test dribbling value 0.64>0.05, then all data the research
results were normally distributed and continued to test the
hypothesis using parametric statistics paired sample t-test.

Based on the results of Table 3 above, From the results
of the hypothesis test with the Paired Sample T-Test test
instrument, the agility data results obtained have a sig
(2-tailed) value of 0.001<0.05, it can be concluded that there
is a significant increase in agility through TCDB training
+HIIT. The results of the dribbling data have a sig (2-tailed)

Variable N Mean+SD Min Max Mean+SD Pre-Post
Pretest 14 18.33+0.93 16.75 19.53
Agility 0.99+0.57
Posttest 14 17.33£0.95 15.82 19.01
Pretest 14 15.13+2.34 12.07 20.87
Dribbling Ability 1.87+1.72
Posttest 14 13.25+1.38 10.91 15.29
Table 2. Normality Test
Shapiro-Wilk
Variable
Statistic Df Sig.
Pretest 0.93 14 0.26
Agility
Posttest 0.97 14 0.86
Pretest 0.93 14 0.28
Dribbling Ability
Posttest 0.95 14 0.64

The data are presented by means + SD and sig. value; In the Shapiro-Wilk test, the data is normally if the sig. > 0.05
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Tabel 3. Paired Sample T-Test

Paired Difference

95% Confidence Interval

Variable . Std. Error of the Difference t df Sig. (2-tailed)
Mean
Lower Upper
Pre-Post Agility 0.99+0.57 0.15 0.66 1.32 6.5 13 0.001
Pre-Post Dribbling Ability 1.88+1.72 0.46 0.88 2.87 4.08 13 0.001

The data are presented by means + SD; *statistically significant difference, mean scores at point comparisons from baseline: sig (2-tailed)

value of < 0.05.

value of 0.001<0.05, so it can be concluded that there is a
significant increase in dribbling ability through TCDB+HIIT
training.

Discussion

This study evaluates the effect of implementing
TCDB+HIIT exercises on dribbling and agility abilities. The
treatment was carried out for six weeks with a frequency of
3 times a week, with a total of 18-day training. This exercise
is based on applying specific training principles using a ball
and the overloading principle every two weeks. The results
showed a significant increase in agility and dribbling ability
through TCDB+HIIT training with an intensity of 80%-90%.

The selection of the TCDB+HIIT training program using
a ball approach is an essential aspect of efforts to achieve the
goals, in this context, to increase agility and dribbling skills
(Sekulic et al., 2021). In the process, players must make quick
movements with the balland make sharp changesin direction.
This can train and improve dribbling technical skills, speed,
and eye and foot coordination. These specific drills allow the
player to develop his dribbling skills in real-time in situations
similar to those of a real match. Specific training can provide
sufficient stimulus to improve coordination in soccer
performance (Szabo et al., 2020; Tessitore et al., 2011). On
the other hand based on literature studies, the HII'T approach
can improve the physical performance of players (Arazi et al.,
2017; Clemente et al., 2021).

The principle of overload, which is applied every two
weeks, also improves dribbling ability and agility. Increasing
training intensity gradually exposes players to more
significant challenges, promoting physiological adaptation
and increased performance (D’Isanto et al., 2022; Trecroci
et al,, 2022). Giving excess weight in training can stimulate
muscle growth, increase muscle strength, and speed of muscle
contraction (Plotkin et al., 2022). This is necessary because it
can positively influence dribbling situations and actual futsal
matches. Physiological adaptation is essential in improving
dribbling ability and agility. During six weeks of practice,
body adaptation involves various physiological aspects
(Sharma & Kailashiya, 2018). Increased muscle strength
can help players produce more substantial movements
and optimal ball control. Increasing the speed of muscle
contraction can also increase the responsiveness of players
to changes in direction and fast movements (Chaabene et al.,
2018). In addition, giving TCDB + HIIT exercises can make
the muscles more elastic, and the range of motion for the
joints will be much more optimal; this will make the joints
very flexible and impact the swing of the legs when taking

a step wider. In addition, the dynamic balance has also
increased because, in this exercise, the athlete must be able
to control the body’s condition when making movements. In
addition, having good agility will have a positive impact on
aspects of muscle speed and explosive power (Herridge etal.,
2020; Lockie et al., 2014). This adaptation gives players more
optimal agility in overcoming challenges in futsal games.

Physiological adaptation, TCDB+HIIT training can
also impact psychological. In the process, high-intensity
training and a focus on technical skills can increase players’
confidencein their dribbling and agility abilities (Nascimento
et al., 2016). This can occur due to repeated exercises with
a frequent frequency every week. In other words, this can
also be a mental boost for players in increasing their agility
and dribbling abilities. The significant increase in agility
and dribbling ability in this study may also be influenced
by motivational factors and the players’ dedication to the
training program (Garcia-Mas et al., 2010).

In this context, this study’s results indicate that applying
TCDB+HIIT exercises for six weeks with a frequency of
3 times a week, by applying the specific training principles
using the ball and the principle of overload, significantly
improves dribbling and agility abilities. The principle
of specific training using a ball helps train and improve
dribbling technical skills, while the principle of overload
gradually increases training intensity and promotes
physiological adaptation, especially agility (Thongnum &
Phanpheng, 2022).

Conclusions

Based on the research results and discussion in this
study, TCDB+HIIT training for six weeks with a frequency
of 3 times a week can improve agility and dribbling student
futsal athlete.
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BrJinB 6 TUXKHIB KOMBIHOBAHOIO BUKOHAHHA BINPAB
HA BII' MTOMIK TPbOMA KOHYCAMU 3 BUKOPUCTAHHAM
M’'AYA TA BUCOKOIHTEHCUBHUX IHTEPBAJIbHUX
TPEHYBAHDb HA CMMPUTHICTb | 34ATHICTb 1O BEAEHHA

M’AYA YYHIB-OYT3AJIICTIB

damxap Ani Bipanara'A®<P, I [lea Mapme Apsananpma Kycyma'AcP, SIupon

ITxannxen®*“P, Api¢p Bynkini'A”

'Cypabaiicbkuii lep>kaBHUI YHIBEpCUTET
*Jloevicpknit yHiBepcuTeT Pamxabxar

, leBim Aryc IIpianto

1AD

ABTOpCBHKNMIT BKIAZ: A — FU3aiTH ZOCTiIKeHHsT; B — 36ip manux; C - crarananis; D - migroroska pykomucy; E - 36ip xomTis

Pedepar. Crartst: 8 c., 3 Tabi., 2 puc., 40 mxeper.

Mera gocmimkeHHs. BucokoinTeHcuBHi inTepBanbHi TpenyBanns (HIIT) 3 BUKOHAHHAM BIIpaB Ha 6ir TOMDX TpboMa KO-
Hycamu 3 Bukopuctanuam Msda (TCDB) - ue BipaBa, sika BUMarae Bijj rpaBIiB BUKOHAHHS IIBUAKUX PYXiB i piskux 3MiH Ha-
IPSIMKY, BUKOPUCTOBYIOUM M 514, IOMDX TPbOMa KOHYCaMI 3 BICOKOIO IHTEHCUBHICTIO. 1151 BipaBa IPyHTYETHCs Ha 3aCTOCYBaHHI
CIiellia/IbHMX TPEHYBaJIbHMX IPMHINIIB 3 BUKOPMCTAHHAM M A4a Ta IPUHIIUITY epeBaHTaXKeHH, [0 Ma€ Ha MeTi MigBUIeHHA
CIIPUTHOCTI Ta IOKPAIEHHs HABMYOK BefeHHs M si4a. MeTOr I[bOro JOCII/PKeHHs Oy/I0 OLiHNTY BIUINB KOMOIHOBAaHOTO BMKO-
HanHA TCDB+HIIT Ha cipuTHIcTb 1 3i6HICTD 10 BefileHHA M’ A4a Y4HiB-yT3amicTiB.

Marepianu ta MeToau. Y 1IbOMY JOCTiPKEHHI BUKOPMCTOBYBa/IM €KCIepMMEHTAIbHUI METOJ, 3a CXeMOIO IOIepeHbOro
Ta MiICYMKOBOTO TeCTYBAaHHA Ha OJHIl IPymi. YYacHMKaMM HOCII/PKEHHA CTamm y4Hi-dyTsamicTy, 3aranoM 14 rpasiis Bikom
16,6+0,7 poky, spict 170,2+3,36 cM, maca Tina 59+9,11 kr, IMT 20,4£3,25. SIK iHCTpyMeHTH KOCTi/KEHH BUKOpKCTOBYBanu Inji-
HOJICBKUII TeCT Ha CIIPUTHICTD i TecT Ha pyT3anbHe BefileHHs M s14a. [/ aHa/mi3y JaHUX BUKOPUCTOBYBanu t-Kputepiit CTbiofieHTa
st TapHuX BUOipoK 3a piBHs sHauymocTi 0,05; 5K momepenHiit kpurepiit Bukopucrosysamu kpurepiit lllamipo-Binka.

Pesynpraru. Ha mifcTaBi pesynbrariB TecTy 3 BUKOPUCTaHHAM t-Kputepito CThIOfieHTa I HapHUX BUOIPOK OY/I0 BCTaHOBIIE-
HO, ITI0 3HaYeHHA PiBHA 3HAYYIIOCTI (JBOCTOPOHHBOTO) 3MiHHOI IIBUAKOCTI cTaHOBMIO 0,001 < 0,05 3i 36inpieHHAM Ha 0,99+0,57.
Y 3MmiHHIlI BefjeHHs M s14a 3HAYCHHsI PiBHS 3HAYYI[OCTI (FBOCTOpOHHBOTrO) ctanoBuTb 0,001 < 0,05 31 36inbIeHHAM Ha 1,88+1,722.
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BucHoBKu. Pesynprary 11bOT0 JOCIII/PKEHHS JO3BOJISIOTH [iATH BIUCHOBKY, 110 Bipasy TCDB + HIIT edexTnBHO 3acTOCOBY-
I0TbCA 1A MifIBUILEHHSA CIPUTHOCTI By T3amicTiB i MOKpaleHH: IXHIX 3/ji6HOCTeT 10 BefleHH M A4a.

Krouosi croBa: ¢yrsa, Brpasa Ha 6ir OMiX TPbOMa KOHYCaMy 3 BUKOPUCTAHHSM M 514a, BUCOKOIHTEHCHBHE iHTepBa/IbHe
TpeHYBaHH:, CIPUTHICTB, 34i0HICTD 10 BeEeHH M sI4a.
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Abstract

Background. Success in sprinting events broadly depends on many factors. Among them, the reaction time at starting
is one of the main factors that help sprinters get success by increasing their confidence and helping to avoid false starts.
Study purpose. The purpose of the study was to find out the relationship between reaction time and performance
time among women finalist sprinters in six Olympic Games since 2000.

Materials and methods. Data were collected from 227 (n = 227) women finalist sprinters in the event of 100 m

(n =47), 200 m (46), 400 m (43), 100 m H (45), and 400 m H (46) in 6 Olympic Games from 2000 to 2020, based on
published official reports on “worldathletics.org” and “www.olympedia.org” websites. Data were considered from

227 samples from a total of 240 finalist women, where 13 were excluded because of a false start, being disqualified for
doping, or failing to finish. Descriptive statistics, the Pearson correlation coefficient and simple regression analysis
were used to determine the relationship between reaction time and performance time of the finalist women sprinters.
The significance level was set at 0.05. Further Gavala 5-point scale was used to categorize the women sprinters based

on their reaction times in five sprint events.

Results. The results showed that there was a low positive correlation between reaction time and performance time
among the sprinters in the 100 m (r = 0.369, p < 0.05) and 100m H (r = 0.367, p < 0.05) events, whereas no relation
was confirmed in 200 m, 400 m and 400 m hurdles among women sprinters who participated in 2000-2020 Olympics.
The 5-point scale revealed that 33.48% of sprinters belong to the average category, while 25.99% are in the
unsatisfactory category, and only 1.32 % and 16.74% are in the excellent and very good categories, respectively.
Conclusions. The current analysis concludes that there was a low positive relationship between reaction time and
performance time of the finalist women sprinters only in sprint events of 100 m and 100 m hurdles during 2000 to
2020 Olympics, and the majority of the finalists belonged to the ‘Average’ category as per Gavala 5-point scale.

Keywords: elite sprinters, Olympic sprint events, performance time, reaction time.

Introduction

“Track and field’ is one of the most popular events in
the highly competitive sports arena and embodies the spirit
of mankind to challenge the limit and continue to make
breakthroughs (Opar et al., 2015). Olympic sprinting is
the particular focus of global audiences of all time (Geurin
& Naraine, 2020). Sprint results (such as timing of the
event) are approaching human limits on a daily basis as
performance in sprint events improves over time (Haugen
& Buchheit, 2016). For elite-level athletes in sprinting, the

© Biswas, A., & Bandyopadhyay, N., 2023.
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physical and technical gaps are shrinking day by day, and the
differences in performance are sometimes narrowed down
to only 0.001 second (Zhang et al., 2021). The reaction time
of sprint runners is one of the key determinants that may
affect their performance and success where hundredths or
even thousandths of a second decide the winner (Zhang et
al,, 2021; Majumdar & Robergs, 2011). Therefore, the poor
reaction ability of a sprinter can make them unsuccessful as
well as out of the competition because of a false start.

In the sports field, reaction ability is of great importance
because every sports action starts with a reaction to a known
or unknown stimulus. The sprinters start their sports action
with a reaction to a gun sound, i.e., a known stimulus. The
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reaction time may be defined as the time elapsed between
the sensory stimulus and subsequent responses (Spierer et
al,, 2010). Reaction time to sensory stimuli has been widely
examined in the literature in various populations (Spierer
et al., 2010; Spierer et al., 2011; Pramono et al., 2023). In
sprinting events, the reaction time is influenced by factors
like the time required for the start signal stimulus to
reach the receptors, the time for the receptors to convert
the stimulus into nerve signals, neurotransmission and
processing, the activation of the concerned muscles, and
soft tissue adaptability (Baker et al., 2015; Zhang et al., 2021).

Apart from reaction time, performance in sprint events
depends on start acceleration, block clearance, maintenance
or speed endurance, and deceleration phase. However,
in sprint events, the two important components, i.e.,
Block clearance with a proper start and gaining optimum
acceleration, substantially generate the end outcome.
Previous research studies revealed that start and start
acceleration play a significant role in achieving maximum
results in sprint disciplines (Pavlovic et al., 2014; Pavlovic,
2015). According to the available information (Babic et
al., 2011), the length of the initial acceleration depends
on the morpho-motor potentials, the anaerobic-lactate
system, and the intensity of the sprinter’s CNS excitation
(Pavlovic, 2021). In the first ten meters of a 100 m sprint
event, sprinters develop up to 55% of their maximum speed,
up to twenty meters, 70-80%; and up to thirty meters, it
goes up to 85-95%. Between 50m and 80 m, sprinters reach
their maximum speed (more than 11.5 m/s), and after 80-
90 m, the achieved speed decreases (Pavlovic et al., 2014;
Majumdar & Robergs, 2011; Morin et al., 2012). The drop
in speed at the finish of the race is a consequence of lower
speed endurance, i.e., weaker anaerobic capacity in sprinters.

Start acceleration is a complex cyclic motion determined
primarily by the progression of frequency and step length,
the duration of the contact phase and the phase of flight,
the position of the body’s center of gravity at the moment
of ground contact, propulsion in the phase of flight, and
the forces that are handled in the first step. But here, along
with all this, the reaction time is also not avoided in any way
(Majumdar & Robergs, 2011). However, these disparities are
not always significant in 200 and 400-meter events, which
contradict the idea that start acceleration and reaction time
are more essential in shorter sprint events than in longer
sprint events (Tonnessen et al., 2013; Pilianidis et al., 2012a).

Many researchers attempted to analyse biomechanically
the block clearance and acceleration to explain the
phenomenon of sprint speed and start acceleration based
on the timing of the start reaction (Ille et al., 2013; Babic
et al,, 2011). Optimal coherence between sprint starts and
acceleration indicates particular motor challenges that
athletes must integrate in terms of time and spatial factors in
the total running process (Babic et al., 2011). However, only
a few researchers examined the relationship between start
reaction time and total performance time.

Some researchers have focused mainly on reaction time
and performance time which were mainly done on world-
class athletes. Pilianidis et al. (2012b) reported no significant
correlation between reaction time and performance time in
sprint events among male sprinters except in the 110-meter
Hurdles race in the World Athletic Championship between
1997 to 2009. Pavlovic (2021) also supported the above study

inhisresearch, where onlythe 100-meter racehad asignificant
relationship between reaction time and performance
time among male sprinters at the World Championships
from 2001 to 2019. Paradisis (2013) observed a significant
correlation between reaction time and sprint results in
the 2004 Olympic Games in Athens in the 100-meter for
females and the 100-meter for male sprinters. In high-level
competitions (Olympic Games, World Championships),
gender differences are noticed in the timing of the start
reaction (Mitasik et al., 2020; Mirkov et al., 2020). Tonnessen
et al. (2013) found significant differences in reaction time in
the 100 m sprint event between male and female world-class
sprinters during 2003 to 2009 World Championships.

In this perspective, the current study was conducted
based on large amounts of data, i.e., on 240 female finalist
sprinters from five sprint events since the 2000 Olympic
Games, with the purpose of finding out the relationship
between reaction time and performance time among female
finalist sprinters.

Materials and methods

Sample Details

The current study included 240 elite female finalist
athletes in Olympics sprint events from the 2000 Sydney
Olympics to the 2020 Tokyo Olympic (held in 2021 due to
the pandemic situation). Only 48 female finalist athletes
from each sprint event, such as 100 m, 200 m, 400 m, 100 m
hurdles, and 400 m Hurdles races were considered. Their
starting reaction time and final results were obtained from
the International Amateur Athletic Federation (IAAF) (from
2000 to 2016) and World Athletics (from October, 2019)
official reports of the Olympic Games. On 227 samples of
100 m (n = 47), 200 m (n = 46), 400 m (n = 43), 100 m H
(n = 45), and 400 m H (n = 46), data were gathered and
finally calculated by the statistical method. Thirteen (n = 13)
samples were excluded for various reasons, including false
starts, being disqualified for doping, did not start (DNS), or
did not finish (DNF).

Statistical Analysis

The descriptive statistics (Mean, SD, range) were calcu-
lated. The Anderson-Darling test was used to investigate the
assumptions of normality and homogeneity in exported data.
The Pearson correlation of coefficient was used to measure
the strength of the link between reaction time and perfor-
mance time with significance level at 0.05 (p < 0.05). For data
sorting, statistical analysis, and graphical depiction, the IBM
Statistical Package for Social Sciences (SPSS-free version)
version 20 and Gnumeric Spreadsheet version 1.12.52 were
used. A 5-point rating scale (according to Gavala, 2002; Mi-
tasik et al., 2020) was used to determine the category of the
reaction time of the female athletes in different sprint events.

Variables

In the present study, reaction time and total performance
time were considered as variables, and data were obtained
from published official reports on the “worldathletics.org”
website and “www.olympedia.org”
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Results

All finalists had to meet the entry standards of the
championship, which were set by the JAAF and World
Athletics; thus, familiarization with the competition
procedure was ensured.

Table 1 highlighted the descriptive statistics of reaction
time (Mean + SD, Fastest and Slowest, Range) of the female
Olympic finalist in 100 m, 200 m, 400 m, 100 m hurdles, and
400m hurdles events from 2000 to 2020 Olympic Games

in seconds. Table 1 also presents the fastest reaction time
which was seen in the 200 m event (0.104 seconds) in the
year of 2016 and the slowest RT which was seen in the 400 m
race (0.452 seconds) in the 2000 Olympic. But it was also
observed that the RT of 100 m (0.108 s) and 400 m Hurdles
(0.447 s) races were very close to the above events in 2020
and 2000 Olympics respectively. Another observation from
Table 1 is that the average RT in 100 m (0.168 + 0.033) and
100 m H (0.168 + 0.032) were almost the same which was
also the best average reaction time among the five events.

Table 1. Descriptive statistics of Reaction Time of female finalist in 100 m, 200 m, 400 m, 100 m H, and 400m H events
from 2000 to 2020 Olympic Games and correlation between Reaction time and Performance Time

Total Simple Regression analysis
Events  Year  Athletes Variables Mean + SD (s) Fastest-Slowest (s) Range (s)
(110.) R R? F Sig.
2000 7 0.208%0.032 0.163-0.253 0.090
2004 8 0.185%0.020 0.154-0.212 0.058
2008 8 RT 0.183+0.033 0.149-0.234 0.085
100 m 2012 8 0.156%0.015 0.128-0.176 0.048
2016 8 0.140£0.016 0.112-0.163 0.051
2020 8 0.140£0.016 0.108-0.158 0.050
2000- RT 0.168+0.033 0.108-0.253 0.145 .
2020 47 PT 11.001£0.199 10.610-11.800 1.190 0-369 0.136 7.095 0011
2000 7 0.19240.026 0.151-0.235 0.084
2004 8 0.199£0.031 0.162-0.259 0.097
2008 8 RT 0.186+0.015 0.167-0.206 0.039
200 m 2012 7 0.168%0.007 0.157-0.176 0.019
2016 8 0.145+0.020 0.104-0.171 0.067
2020 8 0.156%0.012 0.141-0.173 0.032
2000- RT 0.174+0.027 0.104-0.259 0.155
2020 46 PT 22.320+0.405 21.530-24.000 2.470 0.046 0.002 0.094 0.761
2000 8 0.250+0.090 0.174-0.452 0.278
2004 8 0.245%0.024 0.205-0.276 0.071
2008 6 RT 0.227+0.042 0.181-0.299 0.118
400 m 2012 7 0.195%0.030 0.167-0.258 0.091
2016 7 0.167+0.028 0.133-0.219 0.086
2020 7 0.155%0.020 0.127-0.176 0.049
2000- RT 0.208%0.058 0.127-0.452 0.325
2020 43 PT 49.991+0.588 48.360-51.250 2.890 -0.016 0.000 0.011 0918
2000 8 0.209£0.043 0.156-0.294 0.138
2004 6 0.161£0.019 0.145-0.195 0.050
2008 8 RT 0.176%0.031 0.138-0.239 0.101
100 mH 2012 7 0.149+0.010 0.137-0.163 0.026
2016 8 0.152+0.015 0.130-0.179 0.049
2020 8 0.158+0.009 0.144-0.172 0.028
2000- RT 0.168+0.032 0.130-0.294 0.164
2020 45 PT 12.705+0.228 12.350-13.490 1.140 0.367 0.135 6.683 0.013"
2000 8 0.282+0.115 0.169-0.447 0.278
2004 8 0.288+0.066 0.184-0.408 0.224
2008 8 RT 0.205%0.024 0.184-0.248 0.064
400 mH 2012 7 0.202+0.040 0.163-0.270 0.107
2016 8 0.173£0.031 0.140-0.226 0.086
2020 7 0.183+0.033 0.136-0.235 0.099
2000- RT 0.224+0.074 0.136-0.447 0.311
2020 46 PT 53.971£1.106 51.460-57.550 6.090 0.035 0.001 0.053 0819

Note. *no = Number, s = Seconds, m = Meter; SD = Standard Deviation, H = Hurdles, RT = Reaction Time, PT = Performance Time,
R = coeflicient of correlation, R?= coefficient of determination, F = F-value, p = Level of significance, *p < 0.05
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Table 2. Evaluation of reaction time of women finalist sprinter (event-wise) of Olympic (2000-2020) on a 5-points scale
(according to Gaval’a, 2002; Mitasik et al., 2020)

Number of Female Finalists in Different Olympic Events

Rating
100 m 200 m 400 m 100 m H 400 m H Total %
Excellent (0.100-0.120 s) 2 1 0 0 0 3 1.32
Very Good (0.121-0.150 s) 13 7 4 11 3 38 16.74
Average (0.151-0.175 s) 15 20 9 22 10 76 33.48
Below Average (0.176-0.205 s) 9 11 12 7 12 51 22.47
Unsatisfactory(=0.206 s) 8 7 18 5 21 59 25.99
Overall 47 46 43 45 46 227 100

Note. H = Hurdles, s = Seconds; m = Meter

Table 3. Analysis of reaction time and performance time of best three reaction time holders women finalist sprinters from

2000-2020

Events Total No. of Ref:tsitozh';f;es Performance Time of Year Year Wise Rating Scale Mean Differences

(Mean RT) Finalists () the event Position of RT

0.108 11.12 2020 8th Excellent 0.060

( 32(; éns | 47 0.112 10.83 2016 2nd Excellent 0.056

0.128 10.94 2012 6h Very Good 0.040

0.104 22.69 2016 g Excellent 0.070

200 m 46 0.135 22.31 2016 5th Very Good 0.039

(0.174 s) 0.141 21.88 2016 2nd Very Good 0.033

0.141 21.94 2020 4th Very Good 0.033

0.127 49.97 2020 6" Very Good 0.081

(32(());15) 43 0.131 49.61 2020 4th Very Good 0.077

0.133 51.97 2016 6" Very Good 0.075

0.130 12.74 2016 5t Very Good 0.038

100 m H 45 0.137 12.35 2012 It Very Good 0.031

(0.168 s) 0.137 12.48 2012 3 Very Good 0.031

0.138 12.64 2008 2nd Very Good 0.030

0.136 53.08 2020 4th Very Good 0.088

?82;1 13 46 0.140 53.13 2016 7t Very Good 0.084

0.143 54.56 2016 1 Very Good 0.081

Note. H = Hurdles, RT = Reaction Time, m = Meter

Based on the data of 227 women finalist sprinters across
the last six Olympics (2000 to 2020), a 5-point scale was
used to assess reaction times (Table 2). The majority of the
women printers were classified as “Average” (33.48%), while
the percentage of athletes classified as “excellent” was very
low at only 1.32%, with the first and second-best timing
holders in the 100 m event and the other one in the 200 m
event, whereas the second largest part of the women sprinters
belongs to the unsatisfactory (25.99%) category.

Table 3 highlighted that the top three reaction times of
five different sprint events (100 m, 200 m,400 m, 100 m H, and
400 m H) lie between 0.104 s (200 m) to 0.143 s (400 m H),
where a total of 17 participants were placed, and two of them
had the same timing in the same events (200 m and 100
m H) each. It is also noted that only six sprinters among
them got positions (medal holders) between first and third
in the events except the 400 m race, where only two got first
place, three got second place, and one got third place. Except
for only three in the Excellent category, the remaining 14
sprinters belong to the Very Good category, where the mean
difference in reaction time (0.038 s to 0.030 s for the best

three RT) is the lowest for the 100 m hurdles and the highest
for the 400 m hurdles (0.088 s to 0.081 s).

Figure 1 presents the event-wise reaction time and
performance time of all individual data with trend lines

Reaction Time in Different Sprint Events

Reaction Time
in Seconds
°
©

0 5 10 15 20 25 30 35 40 45 50
Performnace Time in Seconds (2000 Olympic to 2020 Olympic)

¢ 100RT m 200RT

400 RT 100H RT
% 400H RT NuHeitHas (100 RT)
NunennHan (200 RT) NnneiiHan (400 RT)
Jnmeiinan (100H RT) NuHeitHas (400H RT)

Note. PT=Performance Time, RT=Reaction Time

Fig 1. Reaction Time in Different Sprint Events (100 m, 200 m,
400 m, 100 m H, 400 m H)
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Fig 2. Scatter plots (ABCDE) illustrate the relationship between
Reaction time and Performance time in 100 m, 200 m, 400 m,
100 m H, and 400 m H events

since the 2000 Olympics. Here it is also seen that most of the
data is spread between 0.1 to 0.3 seconds.

The results of a correlation analysis (Figure 2) were
examined for each sprint event. The Pearson correlation
coefficient and simple regression were calculated to
determine the relationship between reaction time and sprint
performance time. Figure 2 revealed that for most sprint
events, there was no statistically significant correlation
(P<0.05) between reaction time and sprint performance
time. However, among female finalists, a significant
correlation was observed between reaction time and sprint
performance time in the 100 m flat (R = 0.369, p < 0.05) and
100 m hurdles (R = 0.367, p < 0.05), with a significance level
of p < 0.05 (Figure 2).

Discussion

The top performance of sprinters is the result of the
integration of several factors (genetic potential, training,
health condition of the athlete, etc.). In athletics, the time of
the (starting) reaction is becoming more and more significant
in the result performance of sprint disciplines. The aim of the
study was to observe and analyse the relationship between
reaction time and performance time among female sprinters.

The current analysis examined 240 female finalists who
qualified to participate in the Olympic Games from 2000 to

2020 across five different sprinting events. Finally, the data
were collected from 227 participants for the data analysis.

The results showed that there was a linear increase in the
average reaction time and average performance time as the
length of the event increases (Table 1). There was a disparity
in reaction time between events, indicating that athletes
responded differently to various events. As the distance of the
events increases, the reaction time also gradually increases
in sprint events (Table 1). The current analysis demonstrated
a total reaction time variation (100 m to 400 m H) of 0.056 s
among the five selected events.

Pioneer researchers have shown in their analysis
(Pilianidis et al., 2012b; Haugen et al., 2019; Pavlovic, 2021)
that short-distance sprinting events, such as the 100 meters,
women sprinters have a significantly better reaction time
than other sprints event like 200 m and 400m. These studies
support our findings, particularly in the 100 m (r = 0.369,
p<0.05) and 100 m hurdles (r = 0.367, p < 0.05) events, with
a correlation between the mean value of performance time
and reaction time. Despite the weak correlation observed
in our current analysis for 100 m and 100 m hurdles events,
it may be said that reaction time has a significant impact
on total performance time in 100 m flat sprint and 100 m
hurdles.

Furthermore, it is worth mentioning that the least
reaction time has a productive outcome on the first three-step
movement, acceleration, maintenance of speed, and overall
performance time, as supported by prior investigations
(Haugen & Buchheit, 2016; Morin et al., 2012).

However, it has been argued that reaction time does not
always have a significant impact on total performance time
or the length of the event (Pilianidis et al., 2012a). It is also
seen in our study that in the Tokyo 2020 Olympics, the mean
reaction time in the 400 m race was lower (mean: 0.155 s;
fastest: 0.127 s) compared to the 2020 Olympic Games in
the 100 m H (mean: 0.158 s; fastest: 0.144 s), 200 m (mean:
0.156 s; fastest: 0.141 s), and 400 m H races (mean: 0.183 s;
fastest: 0.136 s).

It is also important to note that other factors such as
genetic potential, training, health condition of the athlete,
movement time, CNS system, position of the center of gravity,
initial acceleration, loco-motor phase, time of deceleration,
and body’s ability play a more active role in running and
contribute to the improvement of total performance time
(Haugen et al., 2012).

On the other hand, another finding from this study
(Table 1) was that the reaction time of women finalists
increased from 0.104 s (fastest by a sprinter in 200 m)
to 0.452 s (longest by a sprinter in 400 m), which ranged
0.348 s in where event-wise average reaction time variation
was quite low, only 0.056 s (see Table 1). Particularly this
occurs when an athlete has differences in their ability, race
technique, motivation during the race, recovery phase, etc.,
and this affects their performance (Haugen et al., 2019;
Tonnessen et al., 2013). Another fact that was highlighted in
Table 2 was that most of the data was spread in the “Average”
category (33.48). However, out of this, 75% of this category
data was available on 100 m, 200 m, and 100 m H races,
and only 25% was from 400 m and 400 m H races. This
type of similarity is also seen in the “Very good” category
(16.74%), where only 18.42% of athletes belong to the 400 m
and 400 m H races. But the opposite scenario has been
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seen in the “Unsatisfactory” category, where most of the
data (66.10%) lies in the above-mentioned two events. The
prediction behind this phenomenon is that reaction time
plays a more important role in short-distance running than
in long-distance events as we see in the above finding.

Reaction time is considered one of the most complex
issues in sprinting, and it cannot be ignored, particularly
in elite athletes’ performance and top international circuits
where recovering from a poor start is challenging (Haugen
et al.,, 2019; Tonnessen et al., 2013). However, there are
exceptional athletes like Usain Bolt, Justin Gatlin, and
Veronica Campbell-Brown who have achieved remarkable
results despite having poor reaction times in the last two
decades. Usain Bolt, for instance, consistently secured first
position in the 100 m and 200 m events in the Olympics,
with reaction times of <160 milliseconds (five times) and
<180 milliseconds (six times), respectively (Pavlovic,
2021; Mitasik et al., 2020). Besides that, Justin Gatlin
secured a position 12 times with an average reaction time
of 159 milliseconds, and Veronica Campbell-Brown won
medal for 15 times with an average reaction time of
165 milliseconds at the World Championship (Mitasik et
al., 2020; Pavlovic, 2021; worldathletics.org). This kind of
performance is only possible by working properly and doing
it together with other factors.

Therefore, it can be concluded that reaction time is
not always the sole predictor of performance in longer-
distance running events, such as the 400 m or 400 m hurdles.
However, apart from reaction time, other factors and aspects
play a significant role in overall performance, such as
correct block clearance technique, speed endurance, start
acceleration, confidence level, race strategy, ability to fight
back, perception, and pacing skills (Pilianidis et al., 2012a;
Pilianidis et al., 2012b; Majumdar & Robergs, 2011). An
example of Wayde van Niekerk’s performance in the men’s
400 m race at the 2016 Olympic Games, where his reaction
time (0.181) ranked fifth among the finalists, but there was
no difficulty in setting the World Record with a timing of
43.03 seconds(worldathletics.org). Also in this study it was
found that, while the push-oftf phase from the blocks is
vital for the athletes competing in the 200 m, 400 m, and
400m hurdles events, but the other factors (technique, stride
length, stride frequency, maintaining phase, deceleration
phase) can compensate this drawback. Apart from this, the
curve of the track during the start is one of the valid reasons
behind the reaction time deterioration that is seen in the
above-said events.

Although here in Table 3, it is reflected that, despite the
athletes’ reaction timing being quite good (first, second, and
third best reaction time holders in five different events), about
65% of the athletes failed to win medals over the years. The
above-mentioned results indicate that RT is not only the
primary indicator of winning a medal in different sprint events.
So, despite the limitations of the RT as a performance indicator,
still it is an advantageous issue to improve performance in
sprints for developing confidence and avoiding false start.

Conclusions

The findings of this study, based on a thorough analysis
and persuasive arguments, lead to the conclusion that starts
reaction time does not provide any additional advantages

and plays a negligible role in sprinting performance,
with the exception of the 100 m (r = 0.369, p < 0.05) and
100 m H (r = 0.367, p < 0.05) races. These results indicate
that having a faster start reaction time does not necessarily
correspond into improved overall performance times in
Olympic women’s sprint events. It is important to note that
while reaction time alone cannot guarantee exceptional
performance at an elite level, as exemplified earlier, other
factors such as a combination of supportive tools and areas
also contribute to enhancing overall performance time.
Nevertheless, it is worth mentioning that athletes and coaches
can still strive to enhance their performance by focusing on
improving their response time through effective training.
By correctly employing strategies to improve reaction time,
athletes can potentially see an improvement in their overall
performance. Therefore, this study can provide valuable
insights to coaches, performance analysts, sports scientists,
and even active athletes, facilitating a better understanding
of the role of start reaction time and enabling further analysis
and exploration of performance enhancement strategies.
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400 meTpiB i3 6ap’epamu cepefi XKiHOK-CIIPUHTEPIB, sAKi Opann yyacTs B Onimmiricbkux irpax 2000-2020 pokiB, 38’A30K He IiATBep-
IKeHo. 3a 5-0a/IbHOI0 MIKA/IO0 BUABUIIOCH, 110 0 CepefHboI Kateropil Hamexxars 33,48% crpuHTepis, TOAi AK 25,99% HanmexaTb
70 He3aJOBibHOI, i e 1,32% i 16,74% HanexxaTh 10 BifMIiHHOI Ta my»xKe 1o6poi Kareropiit BifmoBigHO.

Bucnosku. [lannii a"ais J03BOJIA€ IiiiTU BUCHOBKY, W0 mij yac Onimniiicbkux irop 2000-2020 pokiB HU3bKMIL TOSUTUBHMI
3B’I30K MDK 4aCcOM peakiiii Ta 4acoM BUKOHAHHs 3a0iry )KiHOK-(iHaIICTOK y CIPMHTI CIIOCTepiraBcs /e B CIIPUHTEPCHKIMX 3a0i-
rax Ha 100 M Ta 100 M i3 6ap’epamu, IIpu 1{boMy 3a 5-6a/bHOLO LiKaI0k0 [aBaibst GinbiIicTb BiHamicToK Hanexanu 10 «CepesHboi»
KaTeropii.
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Abstract

Background. The Covid-19 pandemic has caused various adaptations in the world of sports. One form of adaptation
that is carried out is training at home or known as training from home (TFH).

Study purpose. This study aims to see the effectiveness of the chimney jump and standing leg extension exercises
carried out by volleyball athletes during training at home or training from home (TFH).

Materials and methods. A total of 36 volleyball athletes with an age range of 19-20 years were selected by purposive
sampling and divided into the chimney jump (KCJ) group, the standing leg extension (KSE) group, and the control
group (KKL). This research is quantitative research with a quasi-experimental research design with one group pretest

posttest design.

The three variables used as the dependent variable are agility, balance, and athlete’s leg power which were measured
before TFH and after the athlete carried out TFH for 3 months. The results of the exercise were analyzed descriptively
and continued to be analyzed using the Independent Samples T-test and One-Way ANOVA.

Results. There was a significant difference in the results of the leg power posttest of the three groups (<.05) with

KCJ having the highest average leg power (77.76 + 9.38). Furthermore, KSE has the highest average in agility

(56.83 + 11.93) and balance (38.75 + 3.02).

Conclusions. Based on the results of this study, it can be concluded that the chimney jump has a significant impact
on increasing leg power. On the other hand, the standing leg extension has a positive impact on increasing agility and

balance.

Keywords: chimney jump, standing leg extension, agility, balance, leg power.

Introduction

Volleyball is one of the most popular sports in the world
(Briner & Kacmar, 1997). This sport is also a favorite sport in
Indonesia (Maliki, 2017). Various training methods were de-
veloped rapidly to support the training to be more efficient
(Munir & Muhammad, 2018). Various coaching programs
have been implemented to maximize the athletes’ best per-
formance in volleyball (Oliinyk et al., 2021). There are varia-
tions of technical training models have also been studied
to increase athlete motivation in training (Pranopik, 2017).

© Al Ardha, M.A., Nurhasan, Ristanto, K.O., Putra, K.P,,
Wijayanto, A., & Bikalawan, S.S., 2023.
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The physical component is an important factor in
volleyball achievements (Prasetyo, 2020). Good physical
condition can support athletes in performing techniques
and tactics optimally to bring a positive impact on
athlete achievement (Firmansyah, 2017). In basic passing
techniques, the physical components of eye coordination,
arm muscle strength, and balance are of key importance
for an athlete (Ikadarny & Karim, 2020). Conversely,
poor athlete performance is often caused by a decrease in
the ability of the physical component (N. Saputra & Aziz,
2020). Furthermore, the achievements of a team are also
determined by the physical condition of the players (Maizan
& Umar, 2020).
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The physical components that play an important role
in volleyball are the explosive power of the arm muscles, leg
muscles, agility, flexibility, and endurance (Guscahyati & Shin,
2019). Each physical component is closely related to the tech-
niques and tactics used in volleyball. The role of the leg muscles
is very important in defending or blocking (P. Saputra et al.,
2016) and attacking or smashing (Pratomo & Igbal, 2020). Asa
result, the training model to improve the leg muscle explosive
power is the most frequently chosen by volleyball coaches in
preparing physical training programs (Utamayasa, 2020).

Leg muscle is very important to train for volleyball
athletes (Nasrulloh et al., 2021). The leg muscle is not only
important to improve the athlete’s performance, but also to
prevent the occurrence of injuries that are often experienced
by volleyball on the limbs such as ankle sprains (Briner &
Kacmar, 1997) and Achilles tendon rupture (Al Ardha et al.,
2020). These injuries can be avoided by training leg muscle
strength which is important in performing various volleyball
basic techniques related to vertical jump (da Cunha et al.,
2020). Models of physical exercise can also be developed
to support movements or techniques to overcome injuries
involving the legs (Briner & Kacmar, 1997).

Various training models have also been developed to im-
prove athletes’ abilities (Maliki, 2017). The training model that
can be used to increase the explosive power of the leg muscles
is the drill box exercise (Widiantari & Indrawathi, 2018), plyo-
metric exercises (P. Saputra et al., 2016), practice multiple box
jumps (Utamayasa, 2020), skipping exercises (Hidayat et al.,
2020), reactive jump over hurdles exercise (Nasri et al., 2017).
As well as 1:3 interval ratio method exercises with skipping
rope media (Hariyanto & Pramono, 2020). However, during
covid-19 pandemig, it is necessary to modify the training mod-
el that can be applied independently at home (Irdiani, 2020).

The training model known as training from home (TFH),
is carried out independently at home during the Covid-19
pandemic. Athletes use the facilities and infrastructure
available in the home environment to practice. However, the
training load and recovery model are important to maintain
and improve athlete performance (Berriel et al., 2020). It is
also necessary to consider the mental condition and anxiety
of athletes when training during a pandemic (Herdyanto et
al,, 2020). Furthermore, the Chimney jump and Standing
Leg Extension were selected as treatment in this study to
increase agility, balance, and leg power in volleyball athletes.

Chimney Jump is a training model with a media agility
ladder. The jump is done by bending both knees and assisted
by the movement of the two arms swinging forward so that
there is balance when making a forward jump, after that all leg
muscles contract to jump forward as high as possible by lifting
the thighs parallel to the horizontal line and landing both legs
on the second box with followed by swinging both arms back
so as to maintain balance when landing, after both feet land
on the second box, immediately proceed with the same move-
ment procedure to jump to the fourth box with a distance of
one box to the end of the agility ladder toolbox. The series of
chimney jump movements can be modified, and the level of
difficulty can be adjusted. This is done to provide a challenge
and make the exercise more interesting. This chimney jump
training model is effective for increasing the ability of the leg
muscles and agility of an athlete (Herdyanto et al., 2019).

Standing Leg Extension is a training model using addi-
tional equipment in the form of resistance bands or rubber

weights attached to the ankles. The movement begins by lift-
ing the leg that is given a load until the thigh and calf form
a 90-degree angle. After that, just do the swing of the calf
forward until it is straight with the thigh and then return to
its original position. This is done repeatedly according to the
prescribed dose. Single leg stands can help improve balance
(Munawwarah & Rahmani, 2015). Similar exercises can also
be used to improve mobility (Widayanto et al., 2017). Based
on the background that has been presented, this study aims
to determine the effectiveness of the Chimney Jump and
Standing Leg Extension Exercise programs carried out inde-
pendently at home (TFH) during the Covid-19 pandemic on
agility, balance, and leg power in volleyball athletes.

This study aimed to analyze the result of the Chimney
jump and Standing Leg Extension which were selected as
treatment in this study to increase agility, balance, and leg
power in volleyball athletes.

Materials and methods

Study participants

Based on the problems and research objectives that
have been described previously, this type of research is a
quasi-experiment with a one-group pretest-posttest research
design. A total of 36 male volleyball athletes with an age
range of 19-20 years were selected by purposive sampling
method. All of the research samples were explained the
research procedure and have agreed to participate by
filling the informed concern. The group division was based
on the z-score ranking of the pre-test scores which were
then divided into three groups using the ordinal pairing
technique, namely: the chimney jump (KCJ) group, the
standing leg extension (KSE) group, and the control group
(KKL). Treatment in the chimney jump (KCJ) group and the
standing leg extension (KSE) group was carried out 4 days/
week with a training duration of 20 minutes for 3 months
of training from home (TFH). The research design was
evaluated and approved by Universitas Negeri Surabaya
Ethical Board Members No. B/12483/UN38/HK.01.01/2021.

Study organization

Agility in sports movements is needed for sudden
changes in direction of motion. It requires movement speed
and good balance. In this study, the ability of agility will
be measured by a side-step test for 20 seconds. Records of
automatic test results are visible on the monitor based on the
number of athletes’ steps through the right and left sensors.

Fig. 1. Agility Test Documentation
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Balance is the ability to stay upright or keep control of
body movements both while moving and still. In this study,
balance was measured by a balance beam test. The athlete
stands on one leg with his hands on his hips and eyes closed.
The timing will be stopped when the pedestal foot shifts.
This test will be carried out three times and the best time
will be taken.

Fig. 2. Balance Beam Test Balance Test Equipment

Leg Power is a combination of two elements of physical
condition, namely the strength of leg muscle contraction
and the speed of movement of the leg muscles which are
carried out simultaneously. In this study, leg power ability
was measured by accu power or force plates with vertical
jump movements. The test was carried out three times and
the best leg power data was taken in Watt units.

Statistical analysis

Data from the pre-test and post-test results were tested
for normality with the Kolmogorov-Smirnov Test. If the
results of the normality test show that the results of the data
distribution are normal, then the data is continued with
analysis using the one sample t-test to see differences in the
results of the pre-test and post-test in each group (Figure 4).
Furthermore, one-way ANOVA and post hoc tests were also
carried out by comparing the results of the post test with
all sample groups. All statistical tests were performed with
SPSS 26 computer software.

Results

The results of the normality test using the Kolmogorov-
Smirnov test showed that the data were normally distributed

Fig. 3. Limb Power Test Documentation with Accu Power

KCJ --mmmmmmes XCi-—-—m 02
‘ S o1 ‘ | . KSE -------—-—-- Xse---———- 02
[ R — 02

Fig. 4. Research design

Information:
S : Samples KKL : Control Group
Ol : Pretest 02 : Posttest

X : Treatment

Xcj : Chimney Jump Treatment
Xse : Standing Leg Treatment
Extension

M : Matching Ordinal Pairing
KCJ : Chimney Jump Group
KSE : Standing Leg Group
Extension

for each variable (a>0.05). The one sample t-test was
conducted to compare the pre-test and post-test data in each
group (Table 1).

The results of the one sample t-test analysis showed
that there was a significant difference between the pre-test
and post-test results in each group and variable (sig <0.05).
However, in the control group, there was a decrease in leg
power from the pre test results (68.89 + 7.79) to (67.60 + 6.75)
on the post test results. One way ANOVA analysis was
applied to see differences in pre-test and post-test results
between sample groups (Table 2).

Based on the results of the one way ANOVA analysis
applied, it can be seen that there is only one difference
between the three sample groups, especially in the value of
the leg power post-test. So that a post hoc analysis needs
to be done to see the comparison of leg power post-test

Table 1. Results of the One Sample T-Test Analysis (Mean + SD)

- Number of Agility Balance Power Limbs
roup

Samples (N)  pre-test Post test Sig Pre-test Post test Sig Pre-test Post test Sig
KCJ 12 3533 +3.20 37.67+3.77 0.00° 45.00+10.88 54.33+891 0.00* 68.07+8.21 77.76+9.38 0.00*
KSE 12 35.75+4.09 38.75+£3.02 0.00* 46.58+11.51 56.83+11.93 0.00* 68.60+6.65 76.15+7.12 0.00*
KKL 12 35.75+4.88 36.25+4.53 0.00° 45.08 +15.90 46.41+15.17 0.00* 68.89+7.79 67.60+6.75 0.00*
*sig. <0.05
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Table 2. Analysis Results One Way Anova Test (Mean + SD)

Number of Agility Balance Power Limbs
Slock Samples (N)
P Pre-test Post test Pre-test Post test Pre-test Post test

KCJ 12 35.33+3.20 37.67 £3.77 45.00 + 10.88 54.33 + 8.91 68.07 + 8.21 77.76 £9.38
KSE 12 35.75 +4.09 38.75 +3.02 46.58 + 11.51 56.83 +11.93 68.60 *+ 6.65 76.15+7.12
KKL 12 35.75 +4.88 36.25 +4.53 45.08 + 15.90 46.41 + 15.17 68.89 +7.79 67.60 + 6.75
Sig 36 0.96 0.289 0.945 0.109 0.964 0.07*
*sig <0.05

Table 3. Analysis Results of Post Hoc (Significant Value)

the control group (KKL) was not as good as the increase in
the chimney jump (KCJ) and standing leg extension (KSE)

Erw oo LSy exhefi groups. However, the difference in the results of the post

Sig Sig Sig test balance score was not significant in one way ANOVA

KC] KSE 1 0.869 0.881 (sig. 0.109), but the average of KKL (46.41 + 15.17) was the

KKL 0.010* 0.009* 0.012* lowest when compared to KCJ (54.33 + 8.91) and KSE which

: : : had the average value of the highest balance (56.83 £ 11.93).

KSE KJC 1 0.869 0.881 Furthermore, on the results of the leg power post test,

KKL 0.035* 0.031* 0.040* KCJ obtained the highest average score (77.76 + 9.38) and

the increase in leg power values was also followed by KSE

KKL  KjC 0.010* 0.009% 0.012* (76.15 + 7.12). However, KKL experienced a decrease in leg

KSE 0.035% 0.031% 0.040% power in the post test (67.60 * 6.75). The KKL power post

. test results decreased significantly when compared to the
sig. <0.05

values among the three sample groups. The post hoc analysis
applied using Bonferroni, Tukey, and Schefte showed the
following results (Table 3).

There was a significant difference between the control
group (KKL) and the other two groups (sig <0.05) based on
the results of the post hoc analysis applied using Bonferroni,
Tukey, and Scheffe. When compared with the average value,
the control group (KKL) has the lowest leg power when
compared to the chimney jump (KCJ) and standing leg
extension (KSE) groups.

77,76
76,15

KCJ KSE KKL

Fig. 5. Comparison of Limb Power Average of Each Group

Discussion

Based on the results of the data analysis that had been
carried out, all groups experienced a significant increase
in the results of the agility and balance post test. However,
it should be noted that the increase in the balance score in

pre test results (68.89 + 7.79). The one way ANOVA analysis
also revealed that there was a significant difference (a <0.05)
in the results of the leg power post test of the three groups,
where KKL had the smallest average score compared to the
other two groups.

Athletes who train using chimney jump and standing
leg extension exercises experience improvements in agility,
balance, and leg power. This provides another perspective on
understanding strength training using heavy training loads
and certain repetitions (Lacerda et al., 2021). The process of
activating large muscles such as the Quadriceps is indeed
easier toimplementand train using weight training (Jakobsen
et al., 2019). In contrast to weight training, chimney jump
and standing leg extension exercises provide a movement
experience that can be adjusted to the technique in volleyball.
This is not only useful for training large muscles, but can
also train the coordination of muscles, joints and tendons
in performing movement techniques (Markowitz & Herr,
2016).

The chimney jump training model with an agility ladder
helps improve the leg muscles and agility of an athlete
through a variety of explosive movements (Herdyanto et
al,, 2019). In addition, the use of agility ladders in training
programs can strengthen the athlete’s leg muscles and agility
(Hidayat, 2019). Various variations of the agility ladder
exercise can also be combined with speed training for athletes
(Fatchurrahman et al., 2019) as well as specific exercises
related to skills in certain sports (Irfan & Umansyah, 2019).
In volleyball, the chimney jump training model can be
combined with blocking or smashing techniques through a
variety of steps and movements.

The standing leg extension exercise model involves
movements that include knee flexion, knee extension, knee
medial rotation, knee lateral rotation, ankle plantarflexion,
and ankle dorsiflexion (Belli et al., 2015). Standing leg
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extension exercises with elastic band media can be combined
with other exercise models according to the training program
(Wu et al., 2018). In volleyball, the use of elastic bands can be
combined with basic technical training movements such as
receiving, passing, blocking, and also smashing. Movements
that are also very influential in a volleyball match such as
serving, receiving, and blocking can also be trained (Silva
etal., 2014).

This study has several limitations, including the ho-
mogeneity of the selected sample, namely male volleyball
athletes aged 19-20 years. This of course can be developed
using various sample backgrounds to obtain broader data.
Furthermore, the limitations experienced by researchers are
the forms of treatment given. Chimney jump and standing
leg extension exercises are additional training programs pro-
vided in addition to the routine training programs provided
by the coach. So that several factors that affect aspects of
measurement such as the training program provided by the
trainer and the athlete’s weight gain cannot be controlled and
have the potential to affect the measurement results.

Conclusions

The chimney jumps and standing leg extension training
models are effective for increasing agility, balance, and
leg power in volleyball athletes. This is evidenced by the
significant increase in post-test scores from the aspects of
agility, balance, and leg power in the group that received
the chimney jump and standing leg extension exercises.
Furthermore, it was also found that there were significant
differences in the results of the leg power post-test from the
three groups. In general, the chimney jump group had the
highest average score in the post-test of leg power, and the
standing leg extension (KSE) group had the highest average
score in the post-test of agility and balance.
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TPEHYBAHHA 31 CTPUBKIB 13 MICLLAA HA KOOPOUHALINHIN
APABUHI TA PO3rMHAHHA HIT CTOAYU 3b1JIbLUYE NOTYXKHICTb
HUXHIX KIHLIBOK CNTOPTCMEHIB-BOJIEMBOJIICTIB

Myxamapn Apidp Anp Apma'BP, Hypxacan'AP%, Oki Konekryc Picranto'®c,
Kyxyx ITam6yka ITyTpa?®“P, Ani Bimkaanro*®*“P, Cayki CaBa bikamaBan'®“"

'Cypabaricbknii ep>KaBHUI YHiBepCUTET

*XpuctusHcpkuit yHiBepcutet Cartbs Bakana

¥TynyHraryHrcbkuit iep>kaBHuUI icmaMmcbkuii yHiBepcuteT iMeni Caiga Ani Paxmarymia

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

Pedepar. Crarts: 7 ¢., 3 Tabn., 5 puc., 36 mxepern.

Icropisa nuranns. Ianpemis Covid-19 cnpuunnma pisHomMaHiTHI aganrauii y csiti cnopry. Opsieio 3 popm apanranii, sxa
3IIMICHIOETBCS, € TPEHYBaHHA BJOMA, TAKOXX BioMe AK TpeHyBaHHA 3 fomy (TFH).

Mera gocifpKeHHsa. MeTO I1bOr0 JOCTIPKEHHS € 06aunTy epeKTUBHICTD BIPaB «CTPUOKM 3 MICIsI HA KOOPAVHALIHIN
IpabuHi» Ta «pO3TUHAHHS HII' CTOAYM», SKi CIIOPTCMEHU-BO/IEIOO/ICTI BUKOHYIOTD IIijf YaC TPEHYBaHHA BAOMa a00 TPeHyBaHH:
3 jomy (TFH).

Marepianu Ta MeToam. 3araoM 36 BosneiibomicTis Bikom 19-20 pokis 6ynu BiniOpaHi MIAXOM LilecnpsAMoBaHOl BIOipKu Ta
po3zineni Ha rpymy cTpn6KiB i3 Micia Ha koopauHanirHii gpabuni (KCJ), rpyny posrunanns zir crosun (KSE) Ta KoHTpOnbHY
rpyny (KKL). Ile gocmifkeHHs € KibKICHUM JOCTI/PKEHHAM i3 KBasieKCIlepyMeHTaIbHUM IIAHOM JOCTIKEHHs 33 CXeMOIO 110-
IIepeIHbOTO Ta Mi/[CYMKOBOIO TeCTYBaHHA Ha OJHil Ipymi.

Tppoma 3sMiHHVMU, SKi BUKOPMCTOBYIOTD K 3a/IeKHY 3MiHHY, € CHPUTHICTD, piBHOBara Ta MOTY)XHICTb Hil' CTIOPTCMeHa, AKi
BumiproBanmu go TFH Tta micna Toro, sik cnoprcmer nposopus TFH npotarom 3 Micanis. Pesynbratu BIpaBu aHali3yBasy OIN-
COBO Ta IIPOJOBKYBa/IM aHA/MI3YBAaTI 3 BUKOPMCTAHHAM t-KpuTepiio CTbIONeHTa UL He3aIeKHMX BIOIPOK Ta 0OXHO(MAKTOPHOTO
JUCTIEPCIMTHOTO aHamisy.

Pesynpraru. CriocTepiranacs CTaTMCTMYHO 3HAYYIIA Pi3HUIA B pe3y/lIbTaTax MiJCyMKOBOTO TeCTYBaHHSA MOTY>XHOCTI Hir y
Tpbox rpymax (<0,05), mpuuyomy rpyna KCJ mMana HalBUIy cepefHIO MOTYXXHICTb Hir (77,76 £ 9,38). Kpim Toro, rpyma KSE mae
HaVBUIIVIL CepefHill HOKa3HUK cupuTHOCTi (56,83 + 11,93) i piBHOBarn (38,75 + 3,02).

Bucnosku. Ha mificTaBi pe3y/ibTaTiB 1{bOT0 JOCTIIKEHH MOXKHA AIfITV BUCHOBKY, 110 CTPUOOK i3 MicIIst Ha KOOPAMHALHI
IpabuHi 3HAYHO BIUIMBAE Ha 301/IbIIEHHs IIOTYXXHOCTI HIT. 3 Apyroro 60Ky, pOSTMHAHHS HII CTOSYM ITO3UTUBHO BIUIVBAE HA IIif-
BUILEHHs CIIPUTHOCTI Ta piBHOBAru.

KirouoBi coBa: cTpnboK i3 Miciist Ha KOOpAMHALHIN ApabyHi, pOSTMHAHHSI HIT CTOSYY, CIPUTHICTD, PIBHOBAra, MOTYX-
HICTD Hil.
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Abstract

The study purpose was to examine and compare the effects of fitball exercise on body composition, flexibility,
muscular strength-endurance and maximum oxygen consumption (VO, max) in obese working-age women.
Materials and methods. Twenty-six working-age women with obesity (BMI > 25.0 kg/m?) aged between 40 to

50 years were divided into 2 groups: 1) fitball exercise group (FEG) and 2) control group (CG). The training lasted
12 weeks with sessions of 60 min/day and 3 days per week. All parameters were measured at 1 day prior to (PRE;
pre-training), 1 day after 6 weeks (MID; middle-training) and within 1 day after 12 weeks (POST; post-training) of

the training period.

Results. After the 6-week training, the FEG showed substantial improvement in body weight, BMI, back extension,
leg strength, 60 second chair stand (60SCST) and VO,max (-0.92%, -1.34%, 12.74%, 27.19%, 25.79% and 10.75%,
respectively, p < 0.05) when compared to the CG. Similarly, after the 12-week training, the FEG showed a significantly
larger improvement in body weight, BMI, fat mass, sit and reach, back extension, leg strength, 60SCST and VO,max
(-1.14%, -2.19%, -1.92%, 54.31%, 27.31%, 33.50%, 37.02% and 24.05%, respectively, p < 0.05) compared to the CG.
Conclusions. Fitball exercise training is effective in improving body composition, flexibility and muscular strength-
endurance as well as increasing the aerobic capacity in female workers with obesity.

Keywords: fitball exercise, body composition, flexibility, muscular strength-endurance, exercise capacity, obese,

female workers.

Introduction

Obesity can lead to numerous health problems, such
as cardiovascular diseases (heart disease and stroke),
type 2 diabetes, certain types of cancer, musculoskeletal
disorders, and respiratory issues (Lam et al., 2023). It also
places a considerable burden on healthcare systems due
to the increased risk of chronic diseases and the need for
medical treatment. Several factors contribute to the higher
prevalence of obesity in adults, especially among working-

© Buttichak, A., Namboonlue, S., Muangritdech, N., Sriwiset, P,
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age women (Harris, et al., 2021). These factors can include
changes in lifestyle and dietary habits, reduced physical
activity due to sedentary jobs and stress (Gonzalez et al.,
2017). Addressing the issue of obesity in working-age
women requires a comprehensive approach that considers
both individual behavior and broader environmental and
policy changes. Encouraging physical activity, promoting
healthy eating habits, and providing supportive workplace
environments can all contribute to combating obesity in this
population.

Aerobic exercises using a fitball (swiss ball) is an
effective and safe form for working-aged women (Josaphat
et al,, 2019). This is beneficial because working-age women
often experience limited body movement and reduced
physical activity, these exercises are a valuable way to
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counteract sedentary lifestyles and enhance overall health
and fitness (Dunsky, 2019). The movements causing impact
load on the weight-bearing joints may result in excessive
strain on the joints, causing injury to ligaments, joints and
muscles (Howley, 2001). Previous studies revealed that
exercising with fitball can improved various parameters in
overweight and obese working-age women including body
composition, especially body weight, body mass index and
fat mass (Buttichak et al., 2022), flexibility, muscle strength
and endurance, maximum oxygen consumption (Ayudthaya
& Kritpet, 2015) and lower back flexibility (Sekendiz et al.,
2010). In addition, fitball has incorporated into other forms
of exercise such as yoga (Buttichak et al., 2022; Na Nongkhai
et al., 2021), low-impact aerobic dance (Ayudthaya &
Kritpet, 2015), resistance training and body weight exercise
(Escamilla et al., 2016; Liu et al., 2022; Multani et al., 2019).
It was also used with other equipment such as kettle bell
(Wasim et al., 2023) to develop overall physical fitness
including body composition, flexibility, muscular strength-
endurance and maximum oxygen consumption with
different testing strategies. However, other factors should be
considered, such as session duration, intensity, frequency,
repetitions, training time per repetition, rest times, diet and
sleep to benefit health and well-being significantly.

Therefore, this study aimed to examine and compare the
effects of 12-week fitball exercise training model on body
composition, flexibility, muscular strength-endurance and
maximum oxygen consumption in working-age subjects
with obese women as an alternative treatment option to
prevent and treat obesity.

Materials and methods

Study participants

Twenty-six working-age subjects with obese women (aged
45.81 + 3.39 years) from Ubon Ratchathani University volun-
teered for this study. The inclusion criteria were as follows: (a)
measured and reported as obese (BMI 2 25.0 kg/m?), (b) pass-
ing a health examination by the doctor at the government
hospital only and having a medical certificate allowing for
participation in a fitball exercise research project and (c)
getting at least 2 doses of COVID-19 vaccination. The ex-
clusion criteria included (a) having muscle, bone, ligament
and joint injuries or other complications such as heart dis-
ease and high blood pressure and (b) participating in the
research project less than 80% of the training. Before par-
ticipating in this study, all participants were informed of the
experimental protocol. Written consent was obtained after
explaining the objectives, risks and potential of fitball exer-
cise program in the study. The consent form was approved
by Ubon Ratchathani University Human Ethics Committee
(UBU-REC-95/2022).

Study organization

The participants were randomly divided into two
groups: control group (CG, n = 13) and fitball exercise
group (FEG, n = 13). The study duration was 12 weeks of
training. All outcome variables were measured at 3 times
points consisting of pre-tests (PRE; pre-training or week 0),
middle-tests (MID; middle-training or week 6) and post-

tests (POST; post-training or week 12) of the 12-week of the
intervention period, as shown in Fig. 1.

Training program

The fitball exercise program was used as a medium
for teaching exercises. The total experimental period was
60 min/day, 3 days/week for 12 weeks, every Monday,
Wednesday, and Friday from 5:00 p.m. to 6:00 p.m. at the
activity field of the ILC 204 exercise room, Faculty of Liberal
Arts, Ubon Ratchathani University. The instruments were
4 fitball exercise plans with a rest period of 2 seconds per
pose changing. The fitball exercise program consisted of
4 phases (a) 1% to 3™ week: the familiarization phase; (b) 4* to
6™ week: the skill development phase; (c) 7% to 9" week: the
progression phase; and (d) 10" to 12% week: the final phase.
The 20 fitball poses training protocol consisted of 3 phases:
(a) 10-minute warm-up phase, (b) 40-minute fitball exercise
training phase and (c) 10-minute cool-down phase (a total of
120 minutes/week or 1,440 minutes over 12 weeks) (Table 1).

Measures

Body composition measurement

Body composition (body weight, body mass index, fat
mass and skeletal muscle mass) was measured by using the
bioelectrical impedance analysis machine (TANITA model;
MC-980 MA, Japan).

Sitand reach test
Sit and reach test was measured the flexibility of the

hamstring and lower back muscles using a standing trunk

Obese Women
(Aged 40-50 years with BMI > 25 kg/m?)

Recruitment and Screcning
Assessments

Subjects

Obese Working-age Women
(n=26)

Control Group Fitball Exercise Group
(CG;n=13) (FEG; n=13)

[ ) o 60 min/day of 10 fitball exercise

Maintain lifestyle postures patterns (Each exercise
for 12 weeks posture was performed on both
sides for 10 seconds per posture),

3 days/week for 12 weeks
L2

] Intervention ] (

Pre-Tests

Middle-Tests

Post-Tests

Monday Wednesday Friday

Fitball Exercise Program
(60 min/day, 3 days/week for 12 weeks)

0 19
@ \‘ (J
Sit and Reach Test

8 5 8 %

Hand Grip Back 60-Second Maximum
Strength Test Strength Test Chair Stand Test Oxygen Consumption

Body Composition Back Extension Test

Training Timeline and Outcome Assessments

Fig. 1. Outline of training and testing schedule. Abbreviations:
CG, control group; FEG, fitball exercise group
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Table 1. Fitball exercise training protocol

(a) Warm up phase:
Methods: 10-min walk (easy pace) and 4 fitball poses for static stretching of major muscle groups. (2 x 10 sec)

(A) Moon salutation (B) Downward facing dog

S

(C) Cat pose

ey

(D) Matsyasan

€

Note: The fitball exercise training program at warm up phase; 3 days per week: for 1* to 3 week (2 sets of 2 repetitions), 4" to 6™ week
(2 sets of 3 repetitions), 7 to 9" week (2 sets of 4 repetitions) and 10" to 12 week (2 sets of 5 repetitions).

(b) Fitball exercise phase:
Methods: 40-min fitball exercise postures consisted of 12 fitball poses, focusing on tensing muscles in a fixed position. Each pose
must be held for 10 seconds and the rest time after each pose was 10 seconds. The body must be moved slowly in a continuous
rhythm. It consisted of the following fitball poses.

(E) Mountain pose (F) Pigeon pose

(I) Cobra pose

e

(M) Lizard pose

(J) Camel pose

’%

(N) Upward facing dog pose

-

(G) Cobra’s pose

e

(K) Bridge pose

(O) Rabbit pose

e

(H) Bow pose

L

(L) Crescent lunge

c.

(P) Chair pose

St o

Note: The fitball exercise training program at fitball exercise phase; 3 days per week: for 1% to 3* week (2 sets of 2 repetitions), 4™ to 6™ week
(2 sets of 3 repetitions), 7 to 9™ week (3 sets of 3 repetitions) and 10" to 12 week (3 sets of 4 repetitions).

(c) Cool-down phase:
Methods: 10-min walk (easy pace) and 4 fitball poses for static stretching of major muscle groups (2 x 10 sec). It was the practice of
the basic and simple fitball postures (2 x 10 sec).

(Q) Child’s pose

(R) Standing forward fold

e s

(S) Downward facing dog

& S

(T) Dolphin pose

Note: The fitball exercise training program at cool-down phase; 3 days per week: for 1* to 3™ week (2 sets of 2 repetitions), 4" to 6" week
(2 sets of 3 repetitions), 7 to 9" week (2 sets of 4 repetitions) and 10" to 12" week (2 sets of 5 repetitions).

flexion meter (Flexion-D Takei physical fitness test; T.K.K.
5403, Japan). The subject was asked to sit with the legs
straight and put the feet under the meter with both feet flat
to the floor and close together. The soles of the feet must be
placed flat against the box. Then the subject had to slowly
bend forward so that the hands were on the meter until it
was unable to continue bending and hold that position for
2 seconds or more while the distance in cm was recorded.
The test was performed twice. The best value was used.

Back extension test

Back extension test was conducted to measure the
flexibility in the trunk muscles using a trunk extension
meter (Extension-D Takei physical fitness test; T.K.K. 5404,
Japan). The subject stretched the trunk and back muscles

and lied down on the floor with two arms crossed at the
back at the waist. If the arms or hands cannot be crossed,
try to keep the arms as close as possible to the back. The test
assistant grasped the subject’ ankle or thigh, depending on
suitability. After that, the subject had to lift the upper body
as high as possible and hold the head up for about 3 seconds.
Distance was recorded in cm. The test was performed twice.
The best value was used.

Hand grip strength test

Hand grip strength test was administered to measure
the strength of the arm muscles using a grip strength
dynamometer (Grip-D Takei physical fitness test; T.K.K.
5401, Japan). The handle of the dynamometer must be
adjusted to fit the subject’ hand to be measured. The subject
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held the dynamometer in the hand to be tested with the
arm at right angles and the elbow by the side of the body
and squeezed the dynamometer with all possible force. The
test was performed twice. The best value was used. The
test results were recorded in kilograms and divided by the
subject’s body weight.

Leg strength test

Leg strength test was done to measure the muscular
strength of the leg muscles using a back strength dynamom-
eter (Back-A Takei physical fitness test; T.K.K. 5002, Japan).
The dial must be reset to zero. The subject had to stand on
the dynamometer, bend the knees while grasping the handle
of the dynamometer, adjust the angle of the knees to the
ready position and pull as hard as possible on the chain until
the maximum value was obtained. The test was performed
twice. The best value was used. The test results were recorded
in kilograms and divided by the subject’s body weight.

60 seconds chair stand test (60SCST)

It was administered to measure the muscular strength
and endurance of the leg muscles. A chair for the standing-
sitting test must be placed against a smooth wall to prevent it
from moving. The subject must be seated in the middle of the
chair (not close to the backrest to make it easier to stand up)
with both feet placed on the floor approximately shoulder-
width apart at an angle slightly back from the knees and back
straight. Arms were crossed at the wrists and held against
the chest. When hearing the “Start” signal, the subject had
to stand up from the chair, stand straight with legs stretched,
and then sit down in the starting position. This was counted
as 1 repetition. The number of repetitions was recorded for
60 seconds, the participants stood up and sat down correctly
on a chair as many times as possible.

Maximum oxygen consumption assessment

It was performed to measure cardiorespiratory endur-
ance or aerobic capacity (maximum oxygen consumption;
VO,max) following the Astrand-Rhyming test method,
using a mechanically braked cycle ergometer (Monark Ergo-
medic 828E, Vansbro, Sweden). The subject sat in the saddle.
The saddle must be adjusted to the level that the legs can be
tully stretched with the knees slightly bent. The rhyme was
set at 50 rpm with constant speed. The counterweight must
be adjusted to 1 kp. The timer was started when the subject
rides with the specified counterweight and constant speed.
The heart rate was counted every 1 minute (from the 45" to
the 60" second by using a stethoscope (Stethoscope profes-
sional; CK-MA601CP, Taiwan) to measure the heart rate 30
times and then compare to the table. The heart rate at the
carotid artery should also be recorded for 6 minutes. If at
the second minute, the heart rate is still lower than 120 beats
per minute, add another 0.5 kp of weight, and add another

Table 2. Baseline characteristics of cardiovascular
parameters in the control and fitball exercise group

Parameters CG(n=13) FEG (n=13)
Age (y) 4546 + 3.23 46.15 £ 3.65
Weight (kg) 68.75 £10.01 70.09 £ 7.48
Height (cm) 156.54 + 6.62 158.77 £ 5.83
BMI (kg/m?) 28.00 + 2.20 27.66 + 2.85
Resting heart rate (b/m) 77.54 + 6.39 78.31 +£5.82
SBP (mm Hg) 127.54 + 4,48 129.08 £ 5.01
DBP (mm Hg) 86.62 £ 5.62 81.38 £ 8.06

Description: CG; control group and FEG; fitball exercise group;
BMI; body mass index; SBP = systolic blood pressure;
DBP = diastolic blood pressure. Values are mean + SD.
No significant difference was found between the two groups
for any variable

Table 3. Mean changes in body composition parameters in all two groups after 6-week (MID) and after 12-week (POST) of

the training period

Parameters Time CG (n=13) FEG (n=13) p-value

Weight (kg) PRE (week 0) 68.64 £ 10.55 70.09 £ 7.48

MID (week 6) 68.60 £ 10.49 69.45 £ 7.41

POST (week 12) 70.01 £ 10.23 69.29 £7.42

%Changes (MID vs. PRE) -0.06 £ 1.10 -0.92 £ 0.70* 0.019t

%Changes (POST vs. PRE) 2.00 +1.38 -1.14 + 1.60# 0.001%
Body mass index (kg/m?) PRE (week 0) 28.00 +2.20 27.66 + 2.85

MID (week 6) 28.01 +1.99 27.28 £ 3.05

POST (week 12) 28.28 £2.07 27.05 £ 3.23

%Changes (MID vs. PRE) 0.03 +2.54 -1.34 + 1.59* 0.040F

%Changes (POST vs. PRE) 1.02 +2.39 -2.19+2.18# 0.001%
Fat mass (%) PRE (week 0) 39.31 £4.95 37.11 £3.96

MID (week 6) 39.24 £4.95 36.69 £ 3.79

POST (week 12) 39.97 £4.68 36.40 £ 3.94

%Changes (MID vs. PRE) -0.19+£1.20 -1.15+ 1.19* 0.058

%Changes (POST vs. PRE) 1.68 + 2.58 -1.92 + 2.25# 0.002%
Skeletal muscle mass (kg) PRE (week 0) 37.61 +4.12 39.26 +2.46

MID (week 6) 37.65 £ 4.08 39.13 £2.57

POST (week 12) 37.53 £4.31 39.58 £2.52

%Changes (MID vs. PRE) 0.10 £ 1.06 -0.33 £ 0.74 0.135

%Changes (POST vs. PRE) -0.21 +£1.87 0.82 + 0.55# 0.050

Description: *Significant p<0.05 (PRE vs. MID), #Significant p<0.05 (PRE vs. POST), tSignificant p<0.05 (%Changes MID vs. PRE),
tSignificant p<0.05 (%Changes POST vs. PRE)
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1 minute of testing time, and measure it every minute. The
average heart rate for the last 2 minutes was taken (provided
that the heart rate is stable, or the difference does not exceed
+ 5 bpm). The obtained heart rate was recorded, and the
table was used to find the maximum oxygen consumption
from heart rate and weight (in ml/kg/min).

Statistical analysis

Statistical calculations were performed using SPSS 26
(IBM Corp. IBM SPSS Statistics for Windows, Version 26.0.
Armonk, NY: IBM Corp). Descriptive data were shown as
means and standard deviation (SD). Data normality was
evaluated by using the Shapiro-Wilk test. Paired t-tests
(comparisons between values obtained before, after 6-week
and after 12-week training) and independent t-tests
(comparisons of differences to baseline between groups)

were completed. The one-way analysis of variance with
repeated measures followed by the Bonferroni post-hoc
test was used to evaluate differences in body composition,
flexibility, muscular strength-endurance and maximum
oxygen consumption between groups. P values < 0.05 was
considered to be statistically significant.

Results

The baseline characteristics of cardiovascular param-
eters in the control group (CG) and fitball exercise group
(FEG) group are presented in Table 1. No significant dif-
ferences existed among the two groups for any variables.
After 6-week, the body weight and body mass index were
reduced in FEG by 0.92 % and -1.34%, respectively, p < 0.05)
when compared to CG. Likewise, after the 12-wks, the FEG

Table 4. Mean changes in flexibility, muscular strength-endurance, and maximum oxygen consumption parameters in all
two groups after 6-week (MID) and after 12-week (POST) of training period

Parameters Time CG (n=13) FEG (n=13) p-value
Flexibility
Sit and reach test (cm) PRE (week 0) 10.89 + 4.99 11.69 + 4.42
MID (week 6) 12.18 + 4.85 16.15 + 4.99
POST (week 12) 12.07 £ 5.02 18.04 +4.75
%Changes (MID vs. PRE) 11.88 £31.26 38.17 £ 24.32* 0.063
%Changes (POST vs. PRE) 10.88 + 19.87 54.31 + 20.64# 0.001%
Back extension test (cm) PRE (week 0) 36.21 +6.82 37.38 £ 6.50
MID (week 6) 37.49 £ 6.59 42.83 £6.15
POST (week 12) 39.66 £7.13 47.58 £ 6.83
%Changes (MID vs. PRE) 3.53 £8.58 12.74 + 8.83* 0.014t
%Changes (POST vs. PRE) 9.53 + 10.57# 27.31 + 17.09# 0.003%
Muscular strength-endurance
Hand grip strength of right PRE (week 0) 0.35+0.06 0.39 +0.09
hand (kg/weight) MID (week 6) 0.39 +0.05 0.43+0.10
POST (week 12) 0.39 £0.05 0.45£0.10
%Changes (MID vs. PRE) 10.20 + 10.14* 11.71 + 8.15* 0.448
%Changes (POST vs. PRE) 10.44 + 15.47# 15.93 + 8.18# 0.209
Hand grip strength of left hand PRE (week 0) 0.32 £ 0.06 0.36 + 0.09
(kg/weight) MID (week 6) 0.35 + 0.05 0.40 + 0.09
POST (week 12) 0.39 £ 0.05 0.42 £0.10
%Changes (MID vs. PRE) 8.75+11.91 10.44 + 7.40* 0.370
%Changes (POST vs. PRE) 0.32 + 33.39 16.29 + 10.20# 0.061
Leg strength (kg/weight) PRE (week 0) 1.30 +0.31 1.37 £ 0.40
MID (week 6) 1.38 £ 0.31 1.74 £ 0.41
POST (week 12) 1.33+£0.33 1.82 £ 0.51
%Changes (MID vs. PRE) 5.96 + 11.30 27.19 + 27.60% 0.006F
%Changes (POST vs. PRE) 2.61 £ 16.43 33.50 £ 31.15# 0.002%
60 seconds chair strand test PRE (week 0) 41.77 + 6.81 43.85 +9.65
(reps) MID (week 6) 47.46 + 8.99 55.15 +5.29
POST (week 12) 45.38 £ 9.46 60.08 = 5.82
%Changes (MID vs. PRE) 2.72 + 1.08% 25.79 + 26.43* 0.001t
%Changes (POST vs. PRE) 8.66 + 31.38 37.02 £ 31.52# 0.009%
Cardiorespiratory endurance
VO, max (ml/kg/min) PRE (week 0) 24.73 £ 2.40 21.71 +3.95
MID (week 6) 24.77 £ 2.75 24.04 +3.92
POST (week 12) 25.34 +£3.23 2693 £4.16
%Changes (MID vs. PRE) 0.15 +10.69 10.75 + 11.80* 0.015%
%Changes (POST vs. PRE) 2.44 £ 13.16 24.05 + 20.84# 0.003%

Description: *Significant p<0.05 (PRE vs. MID), #Significant p<0.05 (PRE vs. POST), tSignificant p<0.05 (%Changes MID vs. PRE),
+Significant p<0.05 (%Changes POST vs. PRE)
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showed a significantly larger improvement in body weight,
BMI and fat mass (-1.14%, -2.19% and -1.92% respectively,
p < 0.05) compared to the CG Table 3.

Table 4 shows the mean values of flexibility before and
after 6 weeks of training. It was found that the FEG showed
substantially improvement in back extension when compared

to the CG (P =0.014). Similarly, after 12 weeks of training, the
sit and reach and back extension of the FEG were significantly
improved (P = 0.001 and P = 0.003 respectively, p < 0.05)
(Fig. 2), compared to the CG. Moreover, after the 6-week
training, the FEG showed significant improvement in leg
strength, 60 second chair stand test (60SCST) and (P = 0.006,
P=0.001 and P =0.015 respectively, p < 0.05) when compared
to the CG. In addition, the leg strength, 60SCST and VO,max
were significantly improvement in the FEG after 12 weeks
of the training program (P = 0.002, P = 0.009 and P = 0.003
respectively, p < 0.05), when compared to the CG.

In general, after 6 weeks of training, the left-hand
grip strength, leg strength, 60SCST and VO,max were
significantly improvement in the FEG (10.44%, 27.19%,
25.79% and 10.75% respectively, p < 0.05), compared to their
baseline. In particular, after 12 weeks of training, the left-
hand grip strength, leg strength, 60SCST and VO, max were
significantly improvement in the FEG (16.29%, 33.50%,
37.02% and 24.05% respectively, p < 0.05), compared to the
before training (Fig. 3 and Fig. 4).

Discussion

This research supports the concept of fitness training
with fitball to improve body composition. The results after
6 weeks of training revealed changes in body weight and
body mass index. It is consistent with the study of Buttichak
et al. (2019) studying the effects of a yoga training program
with fitball. It was revealed that this training program can
promote changes in body composition in terms of body
weight, body mass index and fat mass after 8 weeks of train-
ing (Buttichak et al., 2019). Based on this present study, after
12 weeks of training, there were prominent changes in body
composition compared to the PRE and MID of the training
period. In the intervention group, there were showed signifi-
cant improvements in body weight, body mass index and fat
mass. This is consistent with previous studies by Buttichak
et al. (2019) and Na Nongkhai et al. (2021) which found
changes in muscle mass after 8 weeks of training or more
(Buttichak et al., 2019; Na Nongkhai et al., 2021). Liu et al.
(2021) also conducted a systematic review and meta-analysis
of different forms of resistance training. It was revealed that
weight training exercise (fitball exercise is considered weight
training exercise) can increase muscle mass. It may be be-
cause fitball exercise uses muscle sharing to stabilize body
balance with body weight as resistance, causing muscles to
work. Fitball exercise also tends to use stabilizer muscles
more than other types of training (Liu et al., 2022). Esca-
milla et al. (2016) compared the training with different fit-
ball positions to body weight training to examine muscle
contractions. Fitball exercises were found to produce better
muscle contractions than resistance training, especially rec-
tus abdominis muscle and stabilizer muscles (lower-rectus
abdominis, external oblique, internal oblique, etc.). Because
the muscles are stimulated, their strength and size can be in-
creased (Escamilla et al., 2016). Besides, training with fitball
for a long period of time continuously can affect the meta-
bolic process since the body will use fat as a fuel source for
energy supply during exercise. This is in accordance with the
study indicating that continuous exercise training on a regu-
lar basis can affect the metabolic system during aerobic train-
ing. The energy obtained from cellular metabolism is mainly
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the breakdown of fat in the exercising muscles. As a result,
the amount of fat mass in the body of obese women decreases
(Tan et al., 2012). However, recent studies support the idea
that training with fitball can help improve body composition
and increase muscle mass although it takes a long time to
see the changes. Therefore, to achieve maximum efficiency,
further study of the effects of exercise and food intake should
be investigated to reduce the BMI level, and the percentage of
body fat in people with obesity (Voulgari et al., 2013).

The flexibility was significantly increased in the FEG.
Women were more likely to improve flexibility than men.
Meanwhile, Kumar (2023) conducted a study of fitball exer-
cises among male college students, which revealed changes
in muscle flexibility. It is apparent that fitball exercise can in-
crease the flexibility of the body in all genders and ages. This
may be due to continuous fitball exercise fucuses on full-
range of motion, combined with tightness and holding (Ku-
mar, 2023). Likewise, Buttichak et al. (2022) reported that 8
weeks of yoga exercise can improved flexibility (back scratch
test) in overweight elderly women (Buttichak et al., 2022).
It is consistent with the study of Judy and Tamilarasi (2023)
which found that fitball exercise affected the improvement
of flexibility. After 12 weeks of fitball exercise, sit and reach
test and back extension test were used to measure flexibility.
The results of the present study, fitball exercise can improve
both anterior and posterior muscle flexibility in these par-
ticipants. This may be due to the similarity of the test and
the training form. That is, with fitball exercises in different
positions, the muscles of the shoulders, back, hips and legs
are mainly stretched (Judy & Tamilarasi, 2023). Sekendiz
et al. (2010) conducted a study on fitball exercise among
working-age women. Significant changes in lower back flex-
ibility were observed. This was because the exercise focused
on the shoulders, back, hips and legs using different fitball
exercise poses, e.g., cobras pose, bow pose, bridge pose and
downward facing dog (Sekendiz et al., 2010).

In terms of muscular strength-endurance performance,
the muscular strength and muscular endurance of the FEG
could improved because the training postures were in sets
and reps, considered as the basis of the resistance training. In
addition, in this study, the principle of overload was applied to
stimulate muscle development each week in order to improve
both muscular strength and size. A study by Kumar (2023)
revealed that incorporating fitball into a training program
can improve muscular strength. However, when compared
to the group trained with the aerobic exercise program, there
was no difference in the development of muscle strength.
It is probably because fitball exercise can improve strength,
but it may not be the best exercise compared to other forms
of training (Kumar, 2023). Kamatchi et al. (2020) studied
the effects of swiss ball exercise and pilates exercise on core
muscle strengthening in college cricketers. It was found that
both forms of training can improve muscle strength after 6
weeks of training (Kamatchi et al., 2020). In addition, a study
by Wasim et al. (2023) compared fitball exercises with kettle
bells. It is suggested that to develop muscular strength, fitball
exercise with kettle bells works best. The samples of the study
were teenagers. Compared to this research, the samples were
working-age women, so they tend to have less physical activ-
ity (Wasim et al., 2023). Thus, fitball exercise may be a physi-
cal activity that can promote good health. It is also safe and
suitable for obese working-age women.

The maximum oxygen consumption that refers to the
exercise capacity or exercise tolerance was improved in the
FEG after 6 (MID) and 12 weeks (POST) of the intervention
period, compared to the CG. As working-age women in this
generation tend to decrease in physical activity, fitball exercise
is another good option to improve the cardiovascular system.
There will be a greater exchange of oxygen in the blood and
muscle cells as a result of aerobic exercise. As a result, the
cardiac muscle is stronger. The heart can better pump blood
to different parts of the body and cardiorespiratory system is
also improved. However, it depends on the frequency, inten-
sity, duration and type of exercise. Another factor that may
increase maximum oxygen consumption in obese working-
age women is fitball exercise in the form of sets and reps
by focusing on total muscle use, contraction and increasing
intensity by shortening rest periods. This is consistent with
a study by Ayudthaya & Kritpet (2015), which found that
low-impact aerobic training combined with fitball can in-
crease maximum oxygen consumption among working-age
women, similar to this present study (Ayudthaya & Kritpet,
2015). Multani et al. (2019) studied the resistance training
combined with fitball at a low-weight and high-repetition.
This training form can also improve maximum oxygen con-
sumption. The main factors enabling the improvement of
cardiorespiratory endurance in this study may be the inten-
sity and the continuity of the training, that is 45 minutes or
more of training, compared to the appropriate intensity for
those doing exercise, so it may result in the effective improve-
ment of VO,max (Multani et al., 2019).

Conclusions

The 6-week (MID) fitball exercise affects the overall
change of body composition, flexibility, muscular strength-
endurance and maximum oxygen consumption in working-
age subjects with obese women. In particular, it is more
effective when continuously training for 12 weeks (POST).
Therefore, it should be supported as another option to
promote health and wellness that does not negatively affect
tendons, joints and muscles. It is also safe and suitable for
working-aged women population.
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TpeHyBaHH:A) Iepiofly TpPeHYBaHHA.

Pesynpraru. Ilicna 6-TiokHeBOro TpeHyBaHHA [ BD mpomeMoHCTpyBana 3HaUHe MOKpaIlleHHA MOKasHMKiB Macy Tima, IMT,
PO3IVMHAHHA CIVMHY, CWIM HIl, TeCTy Ha IOBTOPHI BCTaBaHHA 3 Kpicia Ta cimaHHA B Kpicmo mporarom 60 cekynn (60SCST) Ta
VO,max (-0,92%, -1,34%, 12,74%, 27,19%, 25,79% Tta 10,75% BixmosigHo, p < 0,05) nopisusiao 3 KI. AnaoriuHo, micst 12-TroKHe-
BOro TpeHyBaHHA [ BO nmpopieMoHCTpyBaa sHaUYHO Oi/Ibllle MOKpAIljeHH:A IOKa3HMKiB Mac Tia, IMT, BificoTKOBOTO BMICTY >KUpy
B OpraHi3Mi, TecTy Ha HaXuuu TynyOa BIIeper i3 MOOXXEHHs CUAAYM, PO3TMHAHHSA CIMHY, CUaK Hir, Tecty 60SCST Ta VO,max
(-1,14%, -2,19%, -1,92%, 54,31 %, 27,31 %, 33,50 %, 37,02 % Ta 24,05 % BigmoBigHo, p < 0,05) mopiBH:HO 3 KI.

BucHoBku. TpeHyBaHHS 3 BUKOHAHHAM BIpaB Ha (itTO0/i € eeKTMBHMM IJIS MOKpAIeHHs CKIAy Tila, THYYKOCTI Ta
M SI30BOI CU/IN-BUTPUBAJIOCTI, @ TAKOX /IS Mi/{BUILEHHs aepOOHOI 3TaTHOCTI MPALiBHUIb 3 OXKUPIHHSIM.

Knrouosi cnoBa: Bupasa Ha (biT6oni, CK/IaJ, Ti/Ia, THYYKiCTb, M s130Ba CUIa-BUTPUBANiCTh, 3JATHICTD 1O (biquHoro HaBaHTa-
JKEHHs, 3 OKMPIHHAM, IPalliBHALL.
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Abstract

Study purpose. High-intensity aerobic capacity (HIAC) is essential for soccer players because they have to perform
sprints of short duration in the shortest possible time. At the same time, they need to quickly change direction with
and without the ball, which requires agility. The purpose of the study was to investigate the effect of a periodized

(8-week) training plan that combines interval training (IT), explosive strength (ES), speed, and game-like situations

on agility and HIAC in youth soccer players.

Materials and methods. This research is an experimental study in which the population was male youth soccer
players (N = 23) (aged 16.7+2.1). The Arrowhead Agility Test and the HIAC Yo-Yo Intermittent Recovery

Test Level 1 (YYIR1) have taken the pre- and post-data of agility. By using the formula for YYIRI test:

VO,max (mL kg min"') = IR1 distance (m) x 0.0084 + 36.4, we get an estimation of the volume of maximum
oxygen consumption (VO,max). The data analysis used a t-test at 0.05% as the significance level.

Results. Based on the results, the mean of the pre-tests in agility, YO-YO IR1, and VO,max showed 17.911, 14.8100,
and 55.25510. After training for eight weeks, there was an improvement: the mean showed 16.667, 15.9750, and
60.06960. As per the results of the data on the hypothesis in the study, it was found that there was a significant effect
of periodized IT in combination with ES and speed on agility performance and HIAC of the youth soccer players.
Conclusions. There was a significant effect of periodized IT in combination with ES and speed on improving youth

soccer players’ agility performance and HIAC.

Keywords: interval training, explosive strength, high intensity aerobic capacity, agility and VO,max.

Introduction

Soccer is a high-intensity intermittent exercise based on
repeated short sprints within short breaks. It also comprises
ES, useful for executing actions like jumping, kicking, and
sprinting. Modern soccer is an energy-demanding sport,
with the ability of players to repeat high-intensity actions
during the game likely being of paramount importance for
success (Helgerud et al., 2001). Training sessions in modern
soccer are done in game-like situations, from simple to
complex, so that players get the same amount of load that
they get in the competition. This form of training can be
used as a substitute for common running fitness drills

© Kabdwal, M.C,, Pal, S., & Poonia, R., 2023.
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because of the similarity of its effect on aerobic capacity
levels (Hill-Haas et al., 2009). Developing skills and tactics
are as essential as raising physical capacity levels. Therefore,
young soccer players should use this form of practice. Games
with a greater number of players and a larger surface area
are applied to develop soccer-specific skills, which involve
high-precision performance. The intensity of the training
session depends upon the pitch area, number of players,
coach encouragement, and rule modification (Rampinini et
al.,, 2007).

Soccer includes intermittent loads from high to lower
intensities (Aguiar et al., 2008). The varying nature of the
sports gives rise to rapid changes in oxygen uptake during
the training and the match (Helgerud et al., 2001), averaging
70-80% of VO,max with a covered distance of about 10-
12 km (Aguiar et al., 2008) at a mean intensity close to the
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anaerobic threshold. Within this context, recent studies
have verified the importance of intensive aerobic training
in soccer players in improving the VO,max, considered the
most important parameter of HIAC.

Decision-making and change of direction require good
physical and perceptual abilities (Gabbett & Benton, 2009).
The ability to change direction quickly is called agility;
measuring basic and sports-specific physical ability is
important in recreation and sport (Hribernik et al., 2021).
Physical coordination, speed, and balance skills are called
agility (Jodo et al., 2014). A good football player requires ES
and speed to change direction quickly and efficiently.

Periodization is a superior method for developing an
athlete’s peak performance. The training for soccer players
should be periodized as per game-like situation training
sessions, with appropriate recovery in between the sessions.
The game-like situation drills are mainly small-sided games
(SSGs). For physiological and motor enhancement, SSG
can be used as a daily training tool (Santos, 2021). Coaches
can improvise the SSGs according to their requirements in
the training session. Several studies (Kokli, 2012), (Little
& Williams, 2007) have confirmed that during SSGs within
a 3vs3 form, the highest intensity can be achieved when the
player’s pitch area ranges from 60 to 125m” The important
aspect of playing SSGs is that power and anaerobic endurance
in soccer players can be developed in addition to HIAC.
These benefits are allotted to the repetitions of short and
long runs alternating with recovery, which could be active
or passive in soccer (Nédélec et al., 2013). For planning the
training of the youth players, there is a need to pay specific
attention at this age so that significant improvement can
be attained within a short period of time. Few studies have
analyzed the influence of ES, SSGs, or interval-running
training on sports-specific skills in soccer players (Owen
Adam et al., 2004).

Soccer players need more ES and speed to execute the
skills and to overcome the load (ball or opponent) in the
shortest possible time; at the same time, they must execute
them in the condition of fatigue, which arises from quickly
changing directions (agility) and continuous sprints with
skill execution; for that, they require more HIAC. Therefore,
the study’s main aim was to determine the effect of
periodized IT in combination with ES and speed in a game-
like situation on agility and HIAC in youth soccer players.
It was hypothesized that IT, combined with ES and speed
in a game-like situation, would significantly improve agility
performance and HIAC in youth soccer players.

Materials and methods

Study participants

A total of 23 players participated in the experiment.
Three players were excluded from the study because of health
problems and absences during training. Consequently,
20 players were analyzed (Table 1). All the players belong
to the same team and have at least five years of playing
experience. In the sample selection process, participants
were randomly selected for the treatment group in which
the pre- and post-effects of the experiment were recorded.
Before the implementation of the experiment, written
consent was received from all participants and guardians.

Table 1. Physical Characteristics of the subjects

Characteristic Mean + SD N
Age (y) 16.7£2.1 20
Mass (Kg) 62.7+8.69 20
Height (cm) 170.0+6.23 20
Study organization

The experiment was conducted during the mid-season
of a one-year periodization cycle. Weather: moderate winter
(October-November). The experimental program’s training
was integrated with the standard regime of the team. The
group underwent weekly high-intensity interval training,
then ES, speed, technical, and tactical training in game-
like scenarios. On the last day of the week, a match was
organized. After the completion of a warmup by participants,
which lasted for 20 minutes per session and was followed by
5 minutes of passive stretching, the interval training was
performed for 40 m in a 6” run for 6 times 18” rest, and after
rest for 2 min SSGs of 8 vs. 8 (80x50 m) 2 games 8 min play
2 min rest. The character of the SSGs was two touches per
player so that player had to move quickly after the ball was
passed for support. Each week, the load progressed through
SSGs and interval training (Table 2). Moreover, coaches
motivated the players to engage maximally during the SSGs.

Table 2. Proposed training plan of 8-week exercise
intervention for selected participants

Endurance - 40 m in 6” run for 6 times 18” rest and

Monday 8 vs 8 (80 m x 50 m) 2 games 8 min play 2 min rest.
Tuesda Passing and receiving technique-break the wall, cross
Y the water and 1 vs 1 with 2 goals.
Explosive strength-jump squats, alternating lunge
Wednesday jumps 4-6 sets of 20-25 reps,1vs1 body covering.
Speed - Sprints, Backpedal Repeats, Lean Fall and
Thursday Sprint, with the ball catching the opponent.
Frid Passing receiving and turning technique- cross the
naay water, 3 vs 3 with 2 goals.
Saturday Match
Sunday Rest

The progression of the load was done after each week in Interval
training, ES, Speed training

Because of the high intensity of the test, participants
were asked to rest properly before the pre-data collection.
A proper warmup was done, and all necessary information
was conveyed to participants about the Arrowhead Agility
and Yo-Yo Intermittent Recovery Test Level 1 (YYIR1).
During the day, a test was conducted, and after that, those
participants participated in 60 minutes of low-intensity skill
training.

The Arrowhead Agility Test measured speed, explosion,
body control, and the ability to change direction at various
angles and directions. Before starting the test, participants
completed their warmup and stretching. The test was
conducted on artificial turf. Each participant was allowed
to complete two paths; one left and one right, with a
minimum of two minutes’ rest. The test result is how long it
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takes to complete the test for the left and right (Arrowhead
Agility Test: Right + Left = Result). If a participant steps
on the cone, it is considered invalid; participants must run
around the cones.

The YYIRI Yo-Yo intermittent recovery test measured
the participant’s ability to perform high-intensity aerobic
work. Before the start of the test, participants completed
their warmup and stretching. The test was conducted on
artificial turf. Each participant was allowed to make only
two consecutive failed attempts before they were withdrawn
from the test. Once withdrawn from the test, the individual’s
score was recorded. The VO,max was calculated by using the
formula: YYIR 1 test: VO,max (mL kg’ min') = IR1 distance
(m) x 0.0084 + 36. VO,max is considered to be the most
important parameter of HIAC.

Statistical Analysis

Basic results are presented as descriptive statistics’ mean
and standard deviation (M+SD). The 20" version of SPSS
was used for all types of statistical analysis. All the data sets
were processed through SPSS for normality assessment using
the Shapiro-Wilk test (table 1). A paired t-test was applied
(because the data were found to be normally distributed) to
analyze the post-effect of periodization; I'T combined with ES
and speed training. The level of significance was set at 0.05.

Results

Periodized IT combined with ES and speed significantly
increased agility and HIAC in youth soccer players. Table
3 shows that the group mean of agility, IR1, and VO,max
pre- and post-data are significantly different (p<0.05). The
percentage increase in pre- and post-difference in mean in
the Agility, IR1, and VO,max groups was recorded as 7.19%,
7.86%, and 8.71%, respectively, reflecting the enhancement
of Agility performance from 17.911 to 16.667 and the

Table 3. Shapiro-Wilk test of normality for all pre and post
data sets

Indicator Statistic df Sig.
Pre data YO YO IR1 0.889 20 0.066
Post data YO YO IR1 0.908 20 0.059
Pre VO,max 0.848 20 0.055
Post VO, max 0.913 20 0.074
Pre Arrow Head agility test 0.948 20 0.331
Post Arrow Head agility test 0.926 20 0.067

increase in IR1 from 14.8100 to 15.9150 and VO,max from
55.25510 ml x kg x min" to 60.0690 ml x kg" x min™.
HIAC-YYIRI has been seen as a valid and reliable predictor
of HIAC and VO,max.

Concerning Table 3, the normality assumption is
thoroughly satisfied for the given data set as indicated p>0.05.
As per the common agreement, the p-value obtained for test
statistics should be higher than 0.05 if the significance level
is set at 0.05. In this case, the Shapiro-Wilk test statistics of
all concerned data are equal to or greater than 0.05. Thus,
the given data is appropriate for further processing and is
normally distributed.

In Table 4, the basic output of the concerned variables
has been reported systematically. Mean, SD, minimum,
maximum, skewness, and kurtosis have been presented. In
particular, the recognized rule of thumb for a data set to
be considered normal is that the associated test statistics
should not be greater than twice its standard error in cases
of skewness and kurtosis; the present dataset satisfies this
assumption too.

Table 5 presents the results of two t-tests in the 2nd and
3rd rows. The first test compares the pre- and post-data of
the Yo-Yo IR1 test. This output confirms that the mean of the
pre-data differs significantly from the mean of the post-data

Table 4. Descriptive Statistics showcasing basic information regarding participants score in YOYO IR1 and VO, max tests

Indicator N Min Max Mean SD Skewness Kurtosis
Statistic ~ Std. Error  Statistic  Std. Error
Pre data YO YO IR1 20 13.40 16.60 14.8100 0.84909 0.898 0.512 0.381 0.992
Post data YO YO IR1 20 14.80 17.40 15.9750 0.73619 0.447 0.512 -0.886 0.992
Pre_VO,max 20 51.284 63.252 55.25510  3.591699 1.002 0.512 0.583 0.992
Post_VO,max 20 55.636 66.516 60.06960  2.949532 0.604 0.512 -0.444 0.992
Pre Arrow Head 20 16.63 19.23 17911 0.711 -0.293 0.512 -0.657 0.992
Post Arrow Head 20 16.12 17.89 16.667 0.435 1.002 0.512 1.630 0.992
Valid N (listwise) 20
Table 5. Output of t-test showcasing proof of observed mean differences
Paired Differences
S.N Pair name Mean SD Std. error of mean t Sig. (2-tailed)
Pair 1 Pre data YO YO IR1 - Post data YO YO IR1 -1.165 0.382 0.085 -13.607 0.000
Pair 2 Pre_VO,max - Post_VO,max -4.814 2.836 0.634 -7.591 0.000
pair 3 Lre data Arrow Head Aglity - Post Data 1.24 0.460 0.103 12.065 0.000

Arrow Head Agility Test
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Table 6. Paired Samples Statistics

Std. Std. Error

Indicator N Mean

Deviation = Mean

~ Predata YO YOIRI 20 14.8100 0.84909  0.18986

Pai Post data YO YO IR1 20 15.9750 0.73619  0.16462
~_ Pre VO,max 20 55.25510 3.591699 0.803128
Pair 2 Post VO,max 20 60.06960  2.949532 0.659535

~_ Pre Arrow Head 20 17.9110 0.71144  0.15908

Pair Post Arrow Head 20 16.6675 0.43510  0.09729

(p-000<0.05). The second row is concerned with observing
the effect of training on the VO,max capacity of soccer
players. In Table 5, it is evident that, due to the following
of the training program, both means differ significantly
from each other. The third row is concerned with observing
the effect of training on the agility performance of soccer
players. In Table 5, it is evident that, due to the following
of the training program, both means significantly differ
from each other.

In Table 6, it is visible that the mean of the pre-data in
both pairs is less than the mean of the post-data. Thus, the
selected training program is effective in both pairs as long as
the results of Table 3 are valid.

Discussion

The study aimed to compare the pre- and post-effects
of eight weeks of periodized IT in combination with ES and
speed in game-like situations (SSG) on agility and HIAC in
youth soccer players. It was concluded that high-intensity
interval training, realized in two forms (running and SSGs) in
combination with ES and speed, would significantly improve
the agility and HIAC of youth soccer players. Moreover, we
hypothesized that periodized IT in combination with ES and
speed in a game-like situation would improve the agility and
HIAC of youth soccer players. The result of the present study
supports this hypothesis with p.000>0.05.

The two most important factors influencing the
effectiveness of the performance of the soccer players were
noted as the load and recovery during and after the training
session. However, these factors are difficult to measure in
soccer because of the limited form of individualization
during and after training. Thus, periodization is useful in
determining the appropriate load and recovery, and weight
training is more effective. Table b shows the proposed
plan for one-week microcycle periodization for youth
soccer players. (Balsom P, Lindholm T, Nilsson J, Ekblom
B. Precision Football. Kempele, Finland: Polar Electro Oy.
1999., n.d.) Revealed that continuous exercise without a ball
(intermittent exercise at 100% VO,max) and 4 vs. 4 SSG will
have a similar effect on HIAC.

Moreover, (Dupont & Berthoin, 2004) contemplates
that for developing VO,max, intermittent exercise at 120%
of VO,max for 15-15 sec is the most effective form of IT.
The training load applied to the players during the 6-6 sec
and increased after each week in combination with ES and
speed in our study turned out to be significantly improving
HIAC. (Dellal et al., 2008) Assert that if there is appropriate
load application, it plays a crucial role in aerobic capacity

development. Appropriate loads can be given through
periodization.

It has been examined in several studies that IT, in
combination with ES and speed, is effective in developing
the agility performance of youth soccer players. (Mathisen &
Pettersen, 2015) has concluded that the agility performance
of 10-year-old soccer players is increased through short
bursts of high-intensity IT. Training ES and speed helps a
player develop the ability to execute a quick takeoff from
a stationary or slow-moving position, a quick change in
direction, and cover the distance in the minimum possible
time. ES training, or plyometric training, considerably
increases the agility of elite basketball players (Huang et al.,
2023). (Fajrin et al., 2018) It has been concluded that agility
performance can be improved by high-intensity IT.

Several studies have examined this phenomenon.
However, no consensus existed regarding the effectiveness
of different forms of SSG or IT on physical capacity. Some
coaches prefer SSG, but others practice both forms equally, as
in our study. We believe this split results more from the coach’s
philosophy and experience than from scientific reasons.

Using other explosive and speed exercises in the
IT periodic program is very convenient and effective in
improving agility and HIAC. (Michailidis, 2022) This study
agrees that a short-term IT program can improve sprint and
repeated sprint ability performance, i.e., HIAC, in soccer
players. The results are consistent with previous studies such
as (Naimo et al., 2015), which called IT in combination with
ES has a positive effect on performance in Ice hockey players
reveals the same thing that IT is able to provide a significant
improvement to the HIAC of athletes. (Astorino etal., 2012)
Concluded that IT workouts can improve endurance and
increase agility and speed in athletes.

Conclusions

The current study suggested that IT, combined with
ES and speed, enhanced youth soccer players’ agility
performance and HIAC. The study proves that the
preparation of a good periodized program has a significant
effect on improving the performance of players. Coaches
may use a combination of both without the ball and with
the ball IT in game-like situations in combination with ES
and speed in their periodic training plan to develop agility,
HIAC, and soccer-specific skill development. To maximize
external validity, more experiments need to be conducted
in which participants from different regions of the world
are encouraged to participate. The present study encourages
future researchers to conduct related studies with a larger
sample size using precise tools for measuring data.
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Abstract

Study purpose. The low rhythmic skills of students are caused by the complexity of rhythmic movements. This study
aims to determine the impact of Javanese dance on rhythmic skills and critical thinking.

Materials and methods. The study used a one group pretest-posttest experimental design. Fourth grade students

of 66 people were used as research subjects who were taken through cluster random sampling. Rhythmic skill data
collection was using Rhythmic Test and critical thinking data collection was using a questionnaire. Data analysis was
used to determine the impact of Javanese dance using paired samples t-tests, while proving the difference in impact

was using independent samples t-tests.

Results. The results show that the paired samples t-test in rhythmic skills is known to have t-test > t-table or
7.540 > 1.980, p = 0.00. In critical thinking t-test > t-table or 4.631 > 1.980, p = 0.00. That is, there is an impact of
Javanese dance on improving students’ rhythmic skills and critical thinking (t = 6.575, p = 0.00 < 0.005).
Conclusions. The applied Javanese dance has an impact on improving rhythmic skills (psychomotor aspects) and

critical thinking (cognitive aspects).

Keywords: rhythmic skills, physical education, critical thinking, traditional, Javanese dance.

Introduction

Rhythmic activity has the meaning of human movement
with rhythmic patterns that are adapted to body expressions
that follow musical accompaniment or beats other than
music. The function of rhythmic activity is to increase rhythm
sensitivity and provide the experience of dance movements
as a means of expression (Vazou et al., 2020). In addition, the
function of rhythmic activity is also as a means of training
critical thinking skills through memorizing movements,
collaboratively through togetherness movements, and
discipline through seriousness in carrying out movements
(Ismail et al., 2021). Rhythmic activity is part of the art
of rhythmic movement as well as developing relevant
aspects of positive values for students such as sincerity,
discipline, collaboration, creativity, and critical thinking

© Mulyaningsih, E, Susanto, E., Sukoco, P, Suryobroto, A.S., &
Ilmah, N.K., 2023.
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(Asmawi, 2020). In the context of the learning process, this is
called rhythmic learning, namely learning that focuses on the
process of mastering movement including the suitability and
accuracy between movement and rhythm. The development
of rhythmic learning in elementary schools can be grouped
into two main activities, namely standard structured and
free structured rhythmic activities (Prima et al., 2018).

One of the rhythmic learning developed as a vehicle
to help students learn rhythmic activities more easily is the
Javanese dance, which is a rhythmic activity based on the
Angguk dance. The Angguk dance is a traditional dance from
Kulonprogo which has the same characteristics as rhythmic
activity (Alfianti et al., 2019). This dance has been developed
and successfully implemented in several elementary schools
in Kulonprogo. Rhythmic learning in elementary schools
aims to improve rhythmic skills in addition to training
students’ discipline and critical thinking (Zhao et al., 2021).
The elements contained in rhythmic learning are flexibility,
continuity of movement, flexibility, accuracy of movement
with the rhythm of music (Ardiansyah, 2018).
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However, the results of previous studies showed that
many teachers still had difficulties in implementing rhythmic
learning, even some of them annulled the rhythmic activity
material because it was too difficult to teach (Utami & Utina,
2019). Another fact shows that the ability of teachers to
develop learning is relatively low. There are several learning
obstacles; 1) incomplete rhythmic equipment, 2) rhythmic
activities in the form of general dance so that students find
it difficult to imitate the movement, 3) Rhythmic learning
in schools does not contain elements of art, culture and
students’ critical thinking skills.

Rhythmic activity has characteristics as a creative
movement that is closer to the art of dance (Kurniawan et
al., 2020). Rhythmic activities in elementary schools aim
to increase the accuracy of rhythm and provide flexibility
of movement as a means of self-expression, as well as the
experience of dance movements (Brakel-Papenhuijzen,
2021). Dance is a rhythmic activity performed with musical
accompaniment. Sometimes seen as a tool to express
a particular culture. In its development it is also used as
entertainment and pleasure. Another function of dance
is as a form of social communication and as a cultural
activity. There are at least three forms of dance that can be
given by teachers in learning to students, namely, singing
dances, folk dances, and creative dances (Farida et al., 2022).
Where each of these dance forms has different challenges
for students. Song dances and folk dances provide a less
expressive experience of rhythmic movement, while creative
dances provide a more expressive experience of rhythmic
movement (Singh & Devi, 2021).

Fun rhythmic learning in elementary schools can
involve several approaches that involve students actively
and incorporate elements of play. Moreover, there are
some rhythmic learning whose movements are based on
elements of regional culture. The culture that develops in
Java is rich in various kinds of traditional dances (Mujriah
etal., 2022). Dance is the art of combining body movements
with music to match. Through a combination of movements
coordinated with the rhythm of the music, dance creates
beautiful harmony and expresses emotions and stories.
Javanese Dance has characteristics as a rhythmic activity
as well as cultural preservation that is often encountered,
especially in Kulonprogo (Supeni & Harini, 2021). In order
for Javanese dance to remain sustainable, modifications are
needed in the form of rhythmic learning in schools. This is
intended to anticipate the phenomenon of today’s society
which prefers modern things and tries to leave traditional
culture (Susanto et al., 2023). Dance can contain various
meanings and purposes, such as expressing traditions and
culture, depicting stories or narratives, expressing feelings, or
providing entertainment to the audience. In some cultures,
dance is also used in religious ceremonies, celebrations or
social rituals.

Javanese dance grows and develops in the Javanese
tribe which is a cultural property and is still maintained
today. In other words, the dance is still appropriate and
recognized by the population (Nurindiyani et al., 2019).
Angguk, Gambyong, Jathilan, and Bedaya dance are some
of the traditional dances that were born as folk dances
as a result of processing various aspects, namely, social,
cultural, and historical aspects that grew in Javanese society
(Ismail et al., 2021; Brakel-Papenhuijzen, 2021). Dance can

communicate messages and tell stories without using words.
Body movements that match the music can create a powerful
and engaging artistic experience for the audience. It was
also born as a response to various elements that existed at
that time, so that a folk dance was formed as one of Javanese
cultural identities (Alfianti et al., 2019).

Javanese dance is a type of traditional dance originating
from Java, Indonesia. Javanese dance is an important part of
Javanese culture and is usually performed in various events
and celebrations, such as traditional ceremonies, weddings,
festivals and art performances. This dance can be performed
by anyone who has interest and skills in the dance. Javanese
dance is also suitable for elementary school students based
on the characteristics of easy, simple and happy movements
(Nurindiyani et al., 2019; Healy, 2019). Rhythmic skills in
Javanese dance can be considered as a multidimensional
skill set, which can explore relationships in school children
aged 6-11 years (Ismail et al., 2021). Javanese dance can
be a valuable source of learning, both for individuals and
groups. Javanese dance involves coordinated and precise
body movements. In the process of learning to dance
Javanese dance, students can develop their motor skills, such
as balance, strength and flexibility. In the Javanese dance,
messages from the community are implied in the form of
knowledge, ideas, beliefs, values, and norms (Davidson,
2021). Javanese dance also provides opportunities for
students to express themselves through body movements
and facial expressions. This can help them develop creativity,
confidence and the ability to communicate nonverbally.
Javanese dance can be integrated into the school curriculum
as part of art, history, or culture lessons.

Characteristics of students at the age of 6-11 years is
the phase of the body experiencing very rapid growth and
development both in the physical, cognitive, emotional and
social aspects that determine further development (Susanto
etal., 2021). Teachers should provide good physical activity
facilities. The growth and development experienced by
elementary school students includes physical development,
cognitive development, language development, moral
development, emotional development, and social
development (Bhaskar et al., 2021). Therefore, teachers
can develop learning that contains elements of moving or
moving, learning in groups, and providing opportunities
to be directly involved so that learning can take place in an
interesting and not boring way (Sawitri, 2016).

In learning movement especially rhythmic movement,
a component of thinking is needed including lower order
thinking and higher order thinking skills. Critical thinking is
one of the higher-order thinking processes that can be used
in the formation of students’ conceptual systems (Huang &
Ning, 2021). Critical thinking is reasonable and reflective
thinking that focuses on deciding what students should
believe or do (Uzundéz & Demirhan, 2017). In reasoning,
critical thinking skills are needed or in other words, critical
thinking skills are part of reasoning. Schools should teach
children the right way of thinking because it plays a very
important role in mastering rhythmic movements. Critical
thinking also means considering carefully about a knowledge
received from various angles of reasons that support and
conclude it (Noviyanti, 2020). In the context of learning
motion or learning rhythmic activities, critical thinking
skills are very helpful in mastering rhythmic movements
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that require memorizing movements and accuracy of
movements (Fajari & Chumdari, 2021).

Materials and methods

Participants

The sample of this study was fourth grade with a total
of 66 students selected by cluster random sampling. They
are elementary school students spread across Kulonprogo
Regency. Subject selection is based on the availability of
students who carry out rhythmic learning on a regular basis.

Research design

This research is using experimental method. The
independent variable (X1) is the Javanese dance and the
dependent variable is rhythmic skills (X2) and critical
thinking (X3). This study used the One-Group Pretest
Posttest design. The technique of collecting data on the
rhythmic skill variable is by using a rhythmic skill test. The
aspects of motion that are assessed are sequence, accuracy,
flexibility, and sincerity. Collecting critical thinking data
using a critical thinking questionnaire. The number of
critical thinking questionnaire items is 28 items (validity
0.57, reliability 0.93).

Data Collection

The research on the impact of Javanese dance was
carried out for 12 sessions. Table 1 below shows the practice
schedule for Javanese dance which was used as a treatment
in finding out its impact on students’ rhythmic and critical
thinking skills. The treatment intervention given focused on
aspects of sequence, accuracy, flexibility, and sincerity. The
treatment begins with a pretest and post-test of rhythmic
skills and critical thinking skills.

The significance value is expressed by t-test. Prerequisite test
in the form of normality test, homogeneity and hypothesis.

Results

The results of both the independent and dependent
variables were taken based on the pretest and posttest. The
results of the pre-test calculation show that the average
impact of Javanese dance is 2.378 and the standard deviation
is 0.632. The average post test result for the impact of Javanese
dance is 2.931 and the standard deviation is 0.597. The
difference between the average pretest and posttest is 0.553,
and the standard deviation is 0.271 (Table 2). To find out the
impact of Javanese dance, a paired sample t test was carried
out, while to prove differences in the impact of treatments,
an independent sample t test was carried out.

Table 2. Differences in pretest and posttest scores

Differences Pretest-

Pretest score Posttest score

posttest
X=2.378 X=2.931 X =0.553
N =66 N =66 N =66
SD =0.632 SD =0.597 SD =0.271

The data analysis used was a paired sample t-test to
prove the impact of Javanese dance on improving critical
thinking and rhythmic skills. The analysis used a two-tailed
test and a significance level of 0,05. A two-tailed test was used
with a significance level of 0.05. The results of data analysis
showed that there was a significant impact of Javanese dance
on improving students” rhythmic skills and critical thinking
(t =6.575, p = 0.00 <0.005), so that Javanese dance was said
to be effective in improving rhythmic skills and critical
thinking skills (Table 3).

Table 3. Impact value of Javanese Dance

Data analysis
Variable t Sig. (2-tailed) df
s e el sl et0 00 o om
Tabel 1. Content Listing and Schedule
Session Schedule Javanese Dance Material Activity

1 Pre-test

2 Practice 1 Basic Javanese Dance Movement of arm without rhytm

3 Practice 2 Basic Javanese Dance Movement of feet without rhytm

4 Practice 3 Basic Javanese Dance Change Movement without rhytm

5 Practice 4 Basic Javanese Dance Movement of arm with rhytm

6 Practice 5 Basic Javanese Dance Movement of feet with rhytm

7 Practice 6 Basic Javanese Dance Change Movement with rhytm

8 Practice 7 Advance Javanese Dance Warming-up

9 Practice 8 Advance Javanese Dance Main Training

10 Practice 9 Advance Javanese Dance Main Training

11 Practice 10 Advance Javanese Dance Cooling-down

12 Post-test
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Prerequisite Test

To determine the normality and homogeneity, a
prerequisite test was carried out. The prerequisite test is used
to determine the normal distribution of the data. Based on
the normality test, it is known that the results of the pretest
and posttest of the variables of rhythmic skills and critical
thinking are normally distributed (Table 4). Homogeneity
test is needed to see the level of data homogeneity. The
results show that the pretest and posttest of rhythmic skills
and critical thinking show a homogeneous distribution.

Table 4. Results of Normality and Homogeneity Test Data
Processing

Experimental Data Group KOIm.Ogomv Distribution P-value
Smirnov

Pretest 0.437  Normal >0.05
Rhythmic Skills

Posttest 0.450  Normal >0.05

Pretest 0.726  Normal >0.05
Critical Thinking

Posttest 0.981  Normal >0.05
Experimental Data Group  Levene  Distribution P-value

Pretest 0.424  Homogeneous > 0.05
Rhythmic Skills

Posttest 0.349  Homogeneous > 0.05

Pretest 0.628  Homogeneous > 0.05
Critical Thinking

Posttest 0914  Homogeneous > 0.05
Hypothesis testing

After carrying out the pretest and posttest tests of the
two variables, it is known that the results of the hypothesis
testing (Table 5).

Table 5. Hypothesis Test Results for Rhythmic & Critical
Thinking Skills

Pair Diff. Sig.
df =
Mean SD SEM (2-tailed)

Variable

Pretest-posttest

i 7248 5385 0983 6372 65  0.000
Pair 1 Rhythmic Skills

Pair 1 Lretest-postiest g 1§35y 1707 5.754 65 0.000
Critical Thinking

Notes: SD = Standard Deviasi, SEM = Standard Error of Mean

The Impact of Javanese Dance on Rhythmic Skills

Based on the results of the paired sample t-test on the
rhythmic skill variable, the t test (6.372) is greater than
t-table (1.980) with a significance level of 0.05 (Table 5).
There is a significant difference between the pretest and
posttest average scores for the rhythmic skill variable. The
mean t-test value is 7.248. Thus, the average value of the
posttest (after being treated with Javanese dance) is higher
than the average value of the pretest (before being treated
with Javanese dance). Based on the number of male students
who took the rhythmic skills test, it was found that there
were 6 highly skilled, 10 skilled, 12 moderately skilled, 5 less
skilled, and 3 unskilled. For female students, it is known that
there are 8 highly skilled, 10 skilled, 8 moderately skilled,

3 less skilled, and 1 unskilled. Therefore, the conclusion is
that Javanese dance has a significant impact on rhythmic
skills. The impact of the Javanese dance is seen in changes
in student skills in aspects of sequence, accuracy, flexibility,
and sincerity.

Pretest Posttest

|
|

o0 /6|

MALE FEMALE

FEMALE

m Very Skilled Skilled Moderate Skilled Less Skilled  m Unskilled

Fig. 1. Number of students with rhythmic skill level pretest-
posttest treatment

The Impact of Javanese Dance on Critical Thinking

Based on the results of the paired sample t-test for
critical thinking variables, the t-count (5.754) is greater
than t-table (1.980) with a significance level of 0.05. These
results indicate that there is a difference between the pretest
and posttest scores on critical thinking skills. This result
is supported by a t-test score of 8.432. This shows that the
posttest average score (after being given critical thinking
treatment) is higher than the pretest average score (before
critical thinking treatment). Based on male respondents
who have filled out a critical thinking questionnaire after
receiving Javanese dance treatment, it was found that there
were 8 students who were very critical, 8 students were
critical, 10 students were moderate critical, 6 students were
less critical, and 4 students were not critical. For female
students, it is known that there are 9 students who are very
critical, 10 students are critical, 6 students are moderate
critical, 4 students are less critical, and 1 student is not
critical. So it can be concluded that Javanese dance has a
strong impact on critical thinking skills. The measurement
of critical thinking skills that is applied consists of aspects
of basic clarification, basic decision making, conclusions,
further clarification, and strategies & tactics.

Observation of the rhythmic learning process through
Javanese dance is carried out as supporting evidence for
the results of the research that has been done. The Javanese

Posttest

MALE FEMALE MALE FEMALE

m Very Critical Critical Thinking Moderate Critical Less Critical ~ m Not Critical

Fig. 2. Number of students with critical thinking level after
treatment
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dance intervention used in the experimental group showed
an increase in rhythmic skills which could be seen from the
elements of movement learned. In the intervention process,
students showed significant skill changes. There was an
increase in skills during tests and treatments which showed
that students memorized more, had precise movements, were
more flexible, and were more serious in their movements.
Another indicator is that students show discipline, are
actively involved in the rhythmic learning process, and help
each other in difficult movements. This shows that rhythmic
activities based on the Javanese dance are easy to do in
rhythmic learning for elementary school students.

Discussion

The results mentioned earlier by looking at the
characteristics of rhythmic learning through Javanese dance
show that students participating in rhythmic learning are less
active, have difficulty moving, are not happy, lack attention
and more than half experience obstacles in rhythmic skills.
Teachers need a rhythmic learning model with the aim of
improving rhythmic skills and critical thinking skills. The
Javanese dance used as a research treatment showed a large
influence on the results of students’ rhythmic and critical
thinking skills. This is in accordance with several theories
which state that there is a relationship between rhythmic
activity and critical thinking skills in students (Taghinezhad
& Javad, 2020; Kurniawan, 2020; Noviyanti, 2020).

The Impact of Javanese Dance on Rhythmic Skills

From the results found it is known that Javanese dance
has an impact on rhythmic skills. This can happen because
this model contains rhythmic activities based on the Javanese
dance which are close in characteristics to rhythmic skills.
According to the results of previous studies, rhythmic skills
are influenced by rhythmic components, both in the form of
dance and rhythmic movements (Cicchella, 2009; Ismail et
al., 2021; Kurniawan, 2020). When participating in rhythmic
activities, students must be required to think for themselves
about developing their skills. It is undeniable that critical
thinking skills can be improved through regular practice
of rhythmic skills. Learning rhythmic skills makes a huge
contribution in improving rhythmic skills. This can happen
because rhythmic activities provide many experiences where
students are able to control their bodies with confidence and
a high success rate, thus enabling them to help form positive
concepts (Botti & Nascimento, 2011).

The importance of rhythmic movements such as singing,
dancing, and playing musical instruments are activities that
are expected in learning rhythmic movements (Prima et
al., 2018). While the concept of rhythmic motion comes
from one of the components in the Dalcroze Eurhythmics
approach (Daly, 2022; van der Merwe & Habron, 2020).
The rhythmic philosophy put forward by Dalcroze has an
emphasis on providing rhythmic activities so that students
feel the elements of rhythm, music, tone and melody.
Dalcroze’s idea of using movement in musical activities can
stimulate students’ mental strength to learn skills (Wentink
& Van der Merwe, 2020).

There are two basic elements used to connect movement
and rhythm. Rhythmic movement is naturally embedded in

a person which makes it the strongest and closest musical
element in human life, meaning that movement and rhythm
must be in harmony (Daly, 2022). Movement is also reflected
in other fields, including the association and degree of
conformity with the movement of the human body, which
is expressed by the flexibility of motion (de Oliveira et al.,
2021). In rhythm, the interaction between the body and the
brain can be increased more optimally. The function of the
brain is to receive information and analyze stimuli which
then give instructions to the body to move. Students tend
to repeat the same movement because they feel comfortable
with the movement (Cicchella, 2009).

Rhythmic activity is a gymnastic movement performed
using music, or free exercise performed rhythmically (Farida
et al,, 2022). Gymnastics that use music must be matched
between movements and the type of music. The stresses given
to rhythmic gymnastics are rhythm, flexibility of the body
in movement, and uninterrupted continuity of movement
(Ivanov & Bardina, 2021). Thus, it can be concluded that
rhythmic skills for elementary school are categorized into
3 domains, namely cognitive, psychomotor, and affective.
Motion memorization is included in critical thinking skills
which is a cognitive aspect, while the accuracy of rhythm
with movement and flexibility of motion is a psychomotor
aspect, and the affective aspect can be seen from the
enthusiasm and discipline of students in performing
rhythmic movements (Terekhina et al., 2021). In order for
rhythmic activities to be carried out properly, students must
have good motor skills (Irmansyah et al., 2021). The motor
process is a movement that directly involves the muscles to
move and the innervation process that is able to move the
limbs (Prima et al., 2018). The process of motion maturity
which involves the muscles to move makes a person able
to move his limbs well. In this context, motor learning is
realized through muscle responses that are expressed in a
specific body movement or body part to improve the quality
of body movement (Sram & Veleminsky, 2018).

In developing the Javanese dance, it is necessary to
pay attention to the creativity of children in performing
rhythmic movements (Ismail et al., 2021). Moreover, the
Angguk dance, which is the basis of this model, has a strong
characteristic of movement which is a reflection of everyday
life such as walking, sitting, squatting, turning, twisting, and
nodding (Supeni & Harini, 2021). In this context students
should be able to utilize motion skills to improve critical
thinking skills. The rhythmic activities in the Javanese dance
provide many experiences where students are able to control
their bodies with confidence and a high level of success,
allowing them to help form positive concepts (Sawitri et al.,
2016).

The Javanese dance is a rhythmic activity which in its
expression uses the Angguk dance or traditional dance from
Java. To be a good dancer, a dancer is required to master
the aspects of wiraga, wirama, and wirasa (Utami & Utina,
2019). Angguk Dance is a form of cultural performance art.
The Angguk dance which was adopted as Javanese dance
can be understood as a form of rhythmic motion as well as
a combination of artistic and cultural elements in society
(Mursih, 2018). The dance that has become Javanese dance is
a beautiful movement and is born from a body that moves to
the accompaniment of the rhythm of music. Some opinions
state that Javanese dance is a rhythmic activity that conveys
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messages through body language accompanied by music or

rhythm.

The Impact of Javanese Dance on Critical Thinking

According to the results, it is found that Javanese dance
has an impact on critical thinking skills. This can happen
considering that in the Javanese dance there are movements
that must be memorized and understood well by students.
This is why students are required to have critical thinking
skills in mastering rhythmic skills (Terekhina et al., 2021;
Zhao et al., 2021). This Javanese dance is an activity based on
the Angguk dance which consists of elements of sequence,
accuracy, flexibility, and sincerity. It takes critical thinking
skills in mastering it. Rhythmic and dance activities have
something in common, namely both activities that combine
movement with music (Darwati et al., 2021). Javanese
dance contains messages about ideas, knowledge, beliefs,
values and norms. In terms of movement, clothing and
accompaniment, it shows that this dance work is simple but
tull of values. Dance skills or techniques are not difficult but
the expression of the soul is really prioritized to maximize
the message that will be conveyed. For rhythmic activities,
students are required to have good critical thinking skills
(Ardiansyah, 2018). Given this ability is very supportive of
the mastery of rhythmic skills which include memorization
of movements, accuracy of movements, flexibility of
movements, and seriousness of movements.

For fourth grade students, the Javanese dance, apart from
being a free rhythmic activity according to the wishes of the
students, can also be used as a vehicle for teaching critical
thinking skills, meaning that rhythmic activity movements
train students to think critically (Vieira & Tenreiro,
2016). Age between 7 to 12 years is often considered as an
important period in seeking knowledge as much as possible.
At this stage, children are usually at the primary level of
education, such as elementary school or junior high school.
This period is considered crucial because at this age children
have high cognitive abilities and comprehension. Children
at this age are very curious and very easy to absorb new
knowledge. Apart from formal education at school, children
can also broaden their knowledge through extracurricular
activities, such as sports, art, music or community activities.
In a supportive environment, they can develop their interests
and talents in various fields. However, it is also important to
strike a balance between learning and play. Children at this
age also need time for social interaction, play, and outdoor
exploration. Through play, they can develop social skills,
creativity and problem solving. Upper class students are
individuals who are very active in doing physical activities
and filling their spare time (Rollings & Wells, 2018). Age 7
to 12 years is an important period in seeking knowledge as
much as possible. Formal education in schools and activities
outside of school can provide opportunities for children to
broaden their knowledge and develop interests and talents
in various fields.

One of the growth experienced by elementary school
students is the ability to think. The ability to think is
characterized by mental activities such as remembering,
understanding, and solving problems (Susanto et al., 2022).
This is in accordance with the concept that physical education
including rhythmic learning can help students practice

critical thinking skills (Ramos & Goémez, 2021). Students
are able to group different objects. As stated by Piaget that
cognitive development of students is a period that is at the
stage of concrete operations, which is characterized by the
ability to classify objects based on similar characteristics,
associate numbers, and solve simple problems (Barrouillet,
2015). To develop the power of reasoning and creativity,
students need to be given the opportunity to ask questions,
have opinions and assess various things related to their
environment. This characteristic is in accordance with the
theory of rhythmic motion learning that leads to critical
thinking skills (Trigueros & Navarro, 2019).

The problem encountered at the beginning of conducting
the experiment was finally proven, namely the lack of teacher
ability in providing learning rhythmic activities in the
learning process in elementary schools (Hastuti et al., 2020).
Teacher courage is needed in applying learning models with
rhythmic activities. One way is by providing appropriate
training and support for teachers, including training in
implementing learning models that involve rhythmic
activities. The results of the treatment in the experiment
also confirmed that there were not many physical education
teachers who used local traditional dances as a vehicle for
learning rhythmic activities (Saregar, 2021). This is reflected
in the absence of traditional dance as a local curriculum that
needs to be developed (Rahmadhani et al., 2020).

The results of the treatment of this model also confirm
that the Javanese dance in addition to having an impact on
critical thinking skills also has an impact on high social
values. These social values are in accordance with social
cognitive theory, which is a theory that emphasizes the idea
that most human learning occurs in a social environment
(Sunetal., 2022). By observing other people, humans acquire
knowledge, rules, skills, beliefs, and attitudes (Sapsaglam
& Omeroglu, 2016). Individuals also look at models or
examples to study the usefulness and appropriateness of
behaviors as a result of the behavior being modeled, then
they act according to beliefs about their abilities and the
expected results of their actions (Stewart & Krivan, 2021).
Another distinctive characteristic is that critical thinking is
a major role in the function of self-regulation. Most of their
behavior is motivated and governed by internal standards
and reactions to their own actions related to self-assessment
(Escriva-Boulley, 2018).

Dance-based learning models or rhythmic activities can
be an interesting alternative in learning. Including proven
to improve rhythmic skills and critical thinking. There are
several learning models to develop rhythmic skills (Lasma
& Rachman, 2019). Generally, rhythmic activity models are
used in game or dance type materials that promote teamwork
between teams so that it is easy to assess rhythmic and critical
thinking skills (Eun, 2019). In implementing Javanese dance
it is important to consider the needs and characteristics of
students, as well as provide a safe space and appropriate
support. Teachers can combine elements of dance with a
variety of other learning strategies to create diverse learning
experiences for students. Thus, critical thinking in rhythmic
activities is a way of thinking for students to respond by
analyzing facts to form an assessment of the rhythmic
motion function performed. Javanese dances often contain
complex messages and stories. Students are faced with the
task of interpreting dance movements, symbolic meanings,
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and the cultural context behind them. This process involves
analytical abilities and interpretation skills, which are
important components of critical thinking.

Conclusion

The conclusions from the results and discussion above
are the Javanese dance treatment had an impact on rhythmic
skills and critical thinking. The influence of the Javanese
dance on rhythmic skills is seen in changes in the skills of
sequence, accuracy, flexibility, and sincerity. The influence of
the Javanese dance on critical thinking can be seen in aspects
of basic clarification, basic decision making, conclusions,
further clarification, and strategies & tactics as outlined in
rhythmic motion. With Javanese dance showing the impact
in improving rhythmic skills and critical thinking. This is in
accordance with previous research that rhythmic learning
models can improve rhythmic skills and critical thinking.
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Abstract

The purpose of the study was to examine interlimb maximal handgrip strength asymmetry and wrist circumference
asymmetry in amateur boxing across three weight classes and two different stances.

Materials and methods. The study sample comprised 12 (flyweight: 4; bantamweight: 4; featherweight: 4) amateur
elite international boxers of India. Both limbs were tested for maximal handgrip strength and wrist circumference.
For both tests, interlimb asymmetry was calculated using the interlimb asymmetry equation validated by Bishop et
al. (2018). One-way ANOVA was used to compare asymmetries in three different weight classes, and an independent
samples t-test was used to compare asymmetries in two different boxing stances.

Results. The average wrist circumference asymmetry in different weight classes was 2.85+1.97 for flyweight,
1.2940.75 for bantamweight, and 2.44+1.23 for featherweight, whereas the average maximal handgrip strength
asymmetry was 4.91+3.75 for flyweight, 7.69+1.89 for bantamweight, and 5.80+2.89 for featherweight. Non-
significant differences in interlimb asymmetry for wrist circumference and maximal handgrip strength in three
different weight classes and two different stances were obtained (p > 0.05).

Conclusions. The maximal handgrip strength asymmetry and wrist circumference asymmetry in elite international
boxers were found to be less than 10 percent and observed non-significant differences in weight classes as well as
stances indicate elite amateur international boxers to be less prone to interlimb asymmetry-related injuries and have

favourable conditions for high performance.

Keywords: flyweight, bantamweight, featherweight, southpaw, orthodox, boxing.

Introduction

Boxing is one of the oldest combat sports in human
history and is historically referred to as the “noble art” and
pugilism. The International Boxing Association has stated
that the first proof of this was found in Egypt around 3000
B.C. Boxing probably started in Ethiopia around 6000 B.C.,
and in 688 B.C., at the first Olympic Games, boxing made its
historical debut as an Olympic sport (Chaabéne et al., 2014).
In order to be successful in boxing, a person must possess a
wide range of skills, knowledge, and traits that can be mea-
sured, analyzed, and ultimately improved through the use of
the right tools and techniques throughout their athletic ca-
reer (Kapo et al., 2021). Boxers choose between the orthodox
or southpaw stance. The term “orthodox stance” describes
how the boxer should stand, with the left foot and hand

© Kumar, S., & Rajput, Ya.S., 2023.
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forward and the right foot and hand back. The term “south-
paw;” which comes naturally to left-handers, describes hav-
ing one’s right foot and right hand in the front (Sorokowski
et al,, 2014). What we call the difference between one limb
in relation to the other is known as inter-limb asymmetry
(also known as bilateral asymmetry or bilateral difference)
(Bishop et al., 2018). Oktem et al. (2017) has determined a
highly positive correlation between hand grip strength and
upper extremity parameters. Specific sports practice also
affects the morphological differences of the body sides. Ad-
ditionally, participating in sports activities that primarily use
one side of the body results in asymmetrical changes to some
tissues, and martial arts may be an example of a discipline
in which one side of the body is emphasized over the other
(Burdukiewicz et al., 2020a). The most popular way to evalu-
ate the strength of the muscles in the upper extremities is
by measuring hand grip strength, which also serves as a key
performance indicator for athletes (Fry et al.,, n.d.). Using
magnetic resonance imaging, Ducher et al. (2005) and Daly
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et al. (2004) have determined in tennis players that the ra-
dius, ulna and humerus have a larger diameter compared to
the non-dominant upper limb, in the dominant upper limb.
Simenko et al. (2017) determined significant differences be-
tween right and left body pairs in -73 kg youth judo players.
Krzykata and Leszczynski (2015) uncovered a significant
increase in muscle mass and bone mineral density on the left
side of the bodies of both male and female professional field
hockey players. Guidetti et al. (2002) has established that the
isometric muscle contraction, especially that of the upper
limb (i.e., the dominant arm), is closely associated with box-
ing competition ranking. The boxer’s hand-grip isometric
strength is a significant physical fitness indicator. Indian Na-
tional Boxers’ morphological, physiological, and biochemi-
cal characteristics between Senior and Junior levels (Khanna
& Manna, 2006). Hand-grip strength performance of the
main hand correlates with both the power of the straight and
the side blow (Chaabéne et al., 2015). Sporrong et al. (1996)
and Guidetti et al. (2002) suggested that hand-grip strength
is one of the most important medical control indicators in
boxing training. The performance of left and right hand-grip
isometric strength by weight category was examined, and
it was found that there is a substantial difference between
the lightweight, middleweight, and heavyweight categories
(Ramirez-Garcia et al., 2010). However, scientific literature
related to interlimb grip strength and wrist circumference
asymmetry in elite international boxers is scarce. During
an amateur boxing bout, a pugilist executes combination
of punches from dominant as well as non-dominant hand.
Therefore, reduction in interlimb asymmetry may be an in-
fluential factor to determine outcome of a bout as well as
prevention of injuries during the course of a bout. By iden-
tifying any significant differences in handgrip strength and
wrist circumference between the dominant and non-dom-
inant limbs, coaches can customise exercises and routines
to promote symmetrical development, potentially reducing
the risk of injuries and optimising sports performance. The
investigation of elite boxers’ handgrip strength and wrist
circumference asymmetry can contribute to the develop-
ment of injury prevention strategies and could aid in talent
identification and selection process. The research may shed
light on the biomechanical aspects of boxing as well as the
possible effects of specific stances on handgrip strength and
wrist circumference. Understanding these biomechanical
differences can aid in the refinement of boxing techniques,
the optimisation of movement patterns, and the improve-
ment of boxing performance as a whole. The findings of
study may serve as a basis for comparing interlimb asym-
metry in athletes from other combat sports or even athletes
from other sports to differentiate the asymmetry patterns in
boxing.

The aim of this study was to compare the wrist
circumference asymmetry and interlimb hand grip strength
asymmetry in three different weight classes and two different
stances. On the basis of findings of previous studies, we
hypothesized that there would be no significant difference
in wrist circumference asymmetry and interlimb hand grip
strength asymmetry in three different weight classes and
two different stances. However, interlimb handgrip strength
asymmetry and wrist circumference asymmetry would be
less than 10 percentage in all the three-weight classes and
two different stances.

Materials and Methods

Experimental Approach to the Problem

Indian elite international male boxers were the focus
of this descriptive cross-sectional study. Anthropometric
profiles were established, and interlimb asymmetry for
hand grip strength and wrist circumference was compared
among three different weight classes: flyweight (48-
51 kg), bantamweight (51-54 kg), and featherweight (54-
57 kg) (International Boxing Association, 2023). The
National Boxing Training Center, situated in the Netaji
Subhash National Institute of Sports in Patiala, served as the
testing site. All athletes didn’t need any special introductions
or familiarisation since they had already taken part in
the ensuing tests. Prior to their regular morning boxing
training, the athletes underwent anthropometric and hand
grip strength evaluations by an ISAK level 1 anthropometrist
who was also a national boxing coach.

Study participants

Twelve (7 southpaw + 5 orthodox) of the best male box-
ers in India from three different weight classes (flyweight
(48-51 kg), bantamweight (51-54 kg), and featherweight
(54-57 kg)) were chosen for the study. Data from all avail-
able boxers in specified weight classes in national camp was
collected and limited resources were the key factor in de-
termining the size of the sample the researchers were able
to gather. The participants were international boxers from
India who were also a part of either the Olympic Games, the
World Championships medal winners, the Commonwealth
Games medal winners, the Asian Championship medal win-
ners, or the Senior National Champions. After the goals and
steps of the experiment were explained to each participant,
they all signed an informed consent form. The Lakshmibai
National Institute of Physical Education in Gwalior’s Ethics
Review Committee gave its approval for this study, which
was carried out in compliance with the Helsinki Declaration.
During the time leading up to the Asian Boxing Champion-
ship, the assessment was done. A survey was used to find out
the participants’ birth dates, their preferred boxing stances
(Southpaw or Orthodox), and any injuries they might have

Selection of subjects,
N=12

N

Southpaw, N=7 1 | N Orthodox, N=5

Bantamweight, Featherweight,
N=4 N=4

l n J

1

e Maximal Handgrip strength Assessment
e Wrist Circumference Assessment

Fig. 1. Cross sectional design of the study

Flyweight,
N=4
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had in the past six months. None of the athletes have re-
ported any injuries.

Procedure of data collection

Anthropometrics:

Height was measured using a stadiometer and the
standard ISAK procedure for stretch stature to reduce the
effect of diurnal variations. The subjects were instructed
to stand with their feet together and their heels, buttocks,
and upper back touching the scale. The measurer placed
the hands along the jaw of the subject and gently lifted the
subject’s head upward through the mastoid processes. The
recorder tightly compressed the hair and made sure that
the head remained in the Frankfort plane and that the feet
did not leave the ground. At the end of a deep inspiratory
manoeuvre, the measurement was made (Norton, 2018).
An electronic weighing scale made for professional boxers
(Ohaus SD200L Boxing Scale) was used to measure body
mass. The subjects were directed to put on the bare essentials
of clothing, verify the zero, and then position themselves at
the centre of the scale with their weight evenly distributed
on both feet, heads held up, and eyes fixed forward. The
wrist circumference was measured as the minimal girth
distal to the radial styloid process. Non-elastic tape was
used to measure the circumference of both wrists (left and
right). The subject sat back with his non measuring arm at
his side in a comfortable state. The measuring forearm was
supinated, the hand was relaxed, and the elbow was slightly
extended. It was necessary to manipulate the tape measure to
get the minimal girth without compressing the tissues with
too much tape tension. The measurement was recorded to
the nearest 0.1 cm (Rogowski et al., 2008).

Maximal Handgrip Strength Test

The Takei T.K.K.5401 GRIP-D handgrip dynamometer
(Takei Scientific Instruments Co., Ltd., Tokyo, Japan) was
used forall data collection to measure the maximumisometric
handgrip strength of the dominant and non-dominant hand
(Gatt et al., 2018). Prior to the test, the athletes performed
a warm-up consisting of two sets of five submaximal grip
strength exercises. The participants were told to do the test
for 5 seconds while standing with their elbows fully extended
and their shoulders bent 90 degrees (Bonitch-Géngora et
al., 2012). The interval between attempts was between 30
and 60 seconds. For further analysis, the average of three
handgrip strength attempts was used.

Wrist Circumference Measurement

The cescorf anthropometric tape with 2 meter range
and 6 millimeter width was used. The subject assumesd
a relaxed pose, with the left arm hanging at the body’s
side. The right elbow was slightly extended, the forearm
was supinated, and the hand was relaxed. The measurer
stood infront of the subject. It was necessary to use the tape
measure to ensure that the minimum circumference was
reached, and the tissues were not compressed by excessive
tape tension. The measurement was recored in centimeter
(Norton, 2018).

Fig. 2. Cescorf
anthropometric tape

Fig. 3. Takei T.K.K.5401
GRIP-D handgrip

dynamometer

Interlimb Asymmetry

Interlimb asymmetry was calculated using the equation
validated by Bishop et al. (2018)

Interlimb asymmetry = (Max (left or right) — Min (left
or right)) + Max (left or right) x 100

Statistical Analysis

Analyses were conducted using jamovi version 2.3
(2022). Shapiro Wilk normality test was run which indicated
no evidence of non-normality in the data set for wrist
circumference asymmetry (W=0.97, p=0.91) and maximal
hand grip strength asymmetry (W= 0.89, p=0.12). In case of
homogeneity of variances, Levene’s test indicated variances
of all the groups to be equal (p=0.27) for wrist circumference
asymmetry. However, variances of the all the groups
were unequal for maximal handgrip strength asymmetry
(p=0.02). Therefore, ANOVA (Fisher’s) test was carried out
for wrist circumference asymmetry and Welch’s test was
used for maximal handgrip strength asymmetry. For WC_A
and MHGS_A comparison between orthodox and southpaw
stance independent t test was employed after verification of
normality and homogeneity of the data.

Results

The values of mean, standard deviation and standard er-
ror of mean are reported in Table 1. The mean and standard
deviation values reported by the researchers for wrist circum-
ference asymmetry in different weight classes was (flyweight:
2.85£1.97; bantamweight: 1.29+0.75; and featherweight:
2.44+1.23), whereas for maximal handgrip strength asym-
metry was (flyweight: 4.91+3.75; bantamweight: 7.69+1.89;
featherweight: 5.80+2.89). The mean and SD values for
wrist circumference asymmetry in different stances was
(orthodox: 2.39+£0.96; and southpaw: 2.05+1.78), whereas
for maximal handgrip strength asymmetry was (orthodox:
6.92+3.00 and southpaw: 5.57+2.97).

Fisher’s one-way ANOVA was used to compare the
difference in interlimb wrist circumference asymmetry
(WC_A) in three different weight classes. The researchers
found that there was no significant difference between
flyweight, bantamweight, and featherweight boxers in terms
of WC_A; (F(,9)=1.32, p=0.315). Welch’s one-way ANOVA
was used to compare the maximal handgrip strength
asymmetry (MHGS_A) of boxers in three different weight
classes and insignificant difference was obtained; F, 555 =
1.05, p = 0.410. From Table 2, it is evident that the t value
for WC_A obtained was 0.39, and its associated p value
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Table 1. Descriptive Statistics for wrist circumference asymmetry and maximal handgrip strength asymmetry in different

stances and weight classes

Variable(s) Stance Weight Class N Mean SD SE
WC_A Flyweight 4 2.85 1.98 0.98
Bantamweight 4 1.29 0.76 0.37

Featherweight 4 2.44 1.23 0.61

Orthodox 5 2.39 0.96 0.43

Southpaw 7 2.05 1.78 0.67

MHGS_A Flyweight 4 491 3.75 1.87
Bantamweight 4 7.69 1.89 0.94

Featherweight 4 5.80 2.89 1.44

Orthodox 5 6.92 3.00 1.34

Southpaw 7 5.57 2.97 1.12

Table 2. One way ANOVA for wrist circumference asymmetry and maximal handgrip strength asymmetry in three

different weight classes and two different stances in boxing

Statistical technique Variable t F MD SED df dfl df2 P
Fisher's ANOVA WC_A 1.32 2 9 0.32
Welch’s ANOVA MHGS_A 1.05 2 5.55 0.41
Independent t test WC_A 0.39 0.35 0.88 10 0.71
MHGS_A 0.77 1.35 1.75 10 0.46

Note. Hat [ orhodx # [ southpaw- Abbreviations: WC_A- wrist circumference asymmetry; MHGS_A- maximal handgrip strength asymmetry;

MD- mean difference; SED- standard error difference

Mean (95% Cl) Mean (95% Cl)
6
‘ 8 { } l
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Fig. 4. Mean and median of different weight classes and stances
(O: Orthodox; S: Southpaw) for wrist circumference asymmetry
(WC_A) and maximal handgrip strength asymmetry (MHGS_A)
in elite amateur international boxers.

was 0.71. Since the p value was greater than 0.05, it may be
concluded that the null hypothesis was not rejected at the 5%
level. Hence, it may be inferred that there was no significant
difference between orthodox and southpaw boxers in wrist
circumference asymmetry. In the case of MHGS_A, the t
value was 0.77 and the corresponding p value was 0.46. Since

the p value was higher than 0.05, there were no statistically
significant difference between the two boxing stances in
MHGS_A as well.

Discussion

The aim of the study was to compare the interlimb wrist
circumference asymmetry and hand grip strength asymmetry
in three different weight classes and two different stances in
boxing. Results revealed no significant difference in physical
attributes (WC_A and MHGS_A) in three different weight
classes (flyweight, bantamweight, and featherweight) as
well as two different stances (Orthodox and southpaw) in
boxing. Different weight classes and stances of boxers may
have training adaptations that produce similar asymmetries
in wrist size and handgrip strength. Previous studies have
demonstrated that regardless of weight class or stance, boxers’
handgrip strength significantly increases with training
(Ramirez-Garciaetal., 2010). Cronin et al. (2017) and Guidetti
et al. (2002) have mentioned a strong positive relationship
between handgrip strength and boxing competition ranking.
India is ranked third in the latest AIBA world rankings (IBA,
2023) and indian boxers, regardless of their weight classes, are
precisely adjusted in terms of physical qualities.

However, mean values for WC_A and MHGS_A were
less than 10 percentage in all three weight classes as well
as both stances. Previous studies have reported maximal
handgrip strength asymmetry of less than 10 percentage
in Turkish athletes (Ziyagil et al., 2015), bodybuilders and
martial artists (Burdukiewicz et al., 2020b). Asymmetry less
than 10 percentage isan indicator of readiness for trainingand
being less prone to injuries (Kyritsis et al., 2016; Rohman et
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al., 2015). Inter-limb asymmetries higher than 15 percentage
have been linked to higher injury rates in athletes and non-
athletes (Grindem et al., 2011; Impellizzeri et al., 2007;
Barber et al., 1990). The findings of previous studies were in
line with the current study, wrist circumference asymmetry
reported by Rogowski et al. (2016) was less than 3 percentage
whereas Kannus et al. (1995) reported less than 5 percentage
bilateral differences in wrist girth.

Our study demonstrates that stance is not a predictor
of asymmetries and when boxers are performing at their
highest level, asymmetries do not differ between lighter
weight classes. While the present study provides novel
insights into interlimb asymmetry, it is equally important
to acknowledge the study’s limitations. Due to possible
differences in fitness level, gender, and playing level, the
results cannot be extrapolated to female boxers or boxers
competing at lower levels. Second, the study lacked useful
lower limb asymmetry parameters, precluding definitive
lower limb asymmetry details for international boxers.
However, future research on this subject should include the
middleweight and heavyweight divisions, female boxers, and
lower limb asymmetry parameters at various playing levels.

Conclusion

In conclusion, the results of this study indicate that there
were no significant differences in wrist circumference asym-
metry (WC_A) and maximal handgrip strength asymmetry
(MHGS_A) between orthodox and southpaw stances among
elite international male boxers. These findings contribute to
our comprehension of interlimb asymmetry in boxers and
may be useful for optimising the training and performance of
boxers. The maximal handgrip strength asymmetry and wrist
circumference asymmetry in elite international boxers were
found to be less than 10 percent, and observed non-significant
differences in weight classes as well as stances indicate elite
amateur international boxers to be less prone to inter-limb
asymmetry-related injuries and have favourable conditions for
high performance. MHGS_A & WC_A does not depend on
boxing stance in elite amateur international boxers. However,
additional research is encouraged to investigate other factors
that may influence asymmetry in handgrip strength and wrist
circumference among boxers and other athletes.
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ACUMETPIA KIHLIBOK 3A MOKA3HUKAMU MAKCUMAJIbHOI
CUNN CTUCKAHHA PYK TA OBXBATY 3AM'ACTKA B ENITHUX
BOKCEPIB-HOJ1OBIKIB MI2KHAPOAHOI'O KJ1IACY

Canpen Kymap'A2<PE, JxyBengpa Cinrx PagpxmyT'ABCPE

"Hanionanbumit iHCTUTYT (hisdHOro BuxoBaHHA iMeHi Jlakummi baii

ABTOpPCHKMIT BT A — Am3aitH gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykormucy; E — 36ip komTis

Pedepar. Crarra: 7 c., 2 Tab1., 4 puc., 30 mreper.

MerTor0 moCHimKeHHs OyI0 BUBYEHHs acuMeTpil MaKCUMaIbHOI CHIM CTUCKAHHs PYKM MDK KiHI[iBKaMy Ta acuMeTpii 00-
XBaTy 3aIl’ ICTKA B JIOOUTETbCbKOMY OOKCi B TPOX BaroBMX KaTeropiAx i ABOX Pi3HUX CTilfKax.

Marepianu Ta Mmerogu. Bubipka gocmimkeHHst cknaganacs 3 12 (Haiuteriia Bara: 4; jerka Bara: 4; HamiBierka Bara: 4) ejir-
HVX MDKHapOgHMX 60KcepiB-mobureniB 3 Iupil. O6maBi KiHI[iBKYM TeCTyBamu Ha MAKCUMA/IBHY CITy CTUCKAHHSI PYKI Ta 06XBaT
3amrAcTKa. I 060X TecTiB acuMeTpilo MK KiHI[iBKaMy pO3paxoByBa/IM 3a JOIIOMOTOI0 PiBHAHHA acMMeTpil MX KiHI[iBKaMu,
BaJTi{HICTD SIKOTO MifTBEpIXeHa B gocmimKeHHi Bishop et al. (2018). [l mOpiBHAHHS acMMeTpiil y TPbOX Pi3HMX BaroBUX Ka-
TEropisiXx BUKOPUCTOBYBAIM OFHO(PAKTOPHMII AUCIEPCITHNIT aHAaIi3, a /I TIOPIBHAHHA aCUMETPIil y BOX Pi3HUX OOKCEPCHKIUX
CTiliKaX BUKOPUCTOBYBa/M t-KpuTepiit CTbIOfeHTa /I He3aIeKHMX BUOIPOK.

Pesynbratu. CepefiHs acMeTpis 00XBaTy 3aIl sICTKA B PI3HMX BarOBUX KaTeropisax craHoBumIa 2,85+1,97 [ Halleriuoi Bary,
1,29+0,75 pnsa merkoi Barm Ta 2,44+1,23 1714 HaIliBJIETKOI Bary, TOAL AK CEPENHS aCUMETPisd MaKCMMAa/IbHOL CU/IM CTUCKAaHHA PYKI
craHoBua 4,91+3,75 i Haiinermoi Bary, 7,69+1,89 o nerkoi Baru Ta 5,80+2,89 my1a Haniserkoi Baru. bynn opeprxaHi He3Ha-
qymii BifMIiHHOCTI B acuMeTpii MiX KiHIIiBKaMy JJIsI TOKa3HUKIB 0OXBATy 3aIl’ ICTKA Ta MaKCUMAJIbHOI CH/IM CTUCKAHHS PYKM B
TPbOX PiSHMX BaroBMX KaTeTOpisx i BOX pisHuX criiikax (p > 0,05).

BucHOBKM. AcuMeTpisi MaKCMMa/IbHOI CHIM CTUCKAHHS PYKM Ta acHMeTpis 00XBaTy 3aIlsICTKa B €THUX MDKHApPOJHMX
OokcepiB BUABMIACSA MEHINOK 3a 10 BificOTKIB, a ClIOCTepeXKyBaHi He3Hau YL BiIMIHHOCT] y BarOBUX KaTeropisix, a TAKOX Y CTiil-
KaX BKa3yloTb Ha Te, 1[0 e/TiTHI MbKHapoHi 60Kcepu-mo6uUTeNi MeHIlle CXWIbHI 0 TPaBM, ITOB A3aHMX 3 ACUMETPI€I0 KiHIIiBOK, i
MalOTh CIIPUATINBI YMOBM JI/I1 BUCOKOI Pe3y/IbTaTMBHOCTI.
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Abstract

The purpose of this study was to determine the effect of small-sided games 5v5 on increasing aerobic endurance in

football players.

Materials and methods. This type of study is a quasi-experiment with a one-group pretest-posttest design. The
population of this study was Gama Muda Football School (SSB) players in Pasaman Regency (Indonesia), totaling
60 persons. Sampling was performed using a targeted sampling technique, so the sample was determined to be a
maximum of 20 individuals. The players’ endurance capacity was determined by measuring their VO,max capacity.
The study used the Yo-Yo Intermittent Recovery Test (Yo-Yo IR Test) as an instrument to obtain research data. Data
analysis in this study used the mean difference test (t-test) statistical method. Before testing our hypothesis, we first

performed a normality test using the Lilliefors test.

Results. After hypothesis testing, the results obtained show the value of t-count (10.15) > t-table (1.729), indicating
that small-sided games 5v5 training effectively improves the aerobic endurance ability of young football players.
Conclusions. The results of this study demonstrate that small-sided games 5v5 training can improve the aerobic

endurance of young football players.
Keywords: small-sided games, aerobic endurance, football.

Introduction

Football today is developing very rapidly in terms of
technique, physical, and tactics. In recent years the rhythm of
football games is faster. Players are able to execute techniques
and make good tactical decisions even when running fast
(Ragoetal.,2017).In order to avoid pressure from opponents,
players must have high technical, physical, and skill abilities.
In modern football, achieving the best results is determined
by three main factors: technique, tactics, and the overall
condition of each player (physical, moral, psychological,
etc.) (Bolotin & Bakayev, 2017). Physiological, technical,
and tactical skills are all important to soccer performance
(Hoff et al., 2002; Dio Juliandri & Sukarmin, 2019). Football
is a sport that requires intermittent aerobic and anaerobic
abilities according to the fundamental characteristics of the
game (Evangelos et al., 2012; Reinhardt et al., 2020; Sulaiman
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etal., 2022). To be a great football player, players must have
good performance components (physical, technical, tactical,
and psychological). (Menegassi et al., 2018; Ade et al., 2014;
Forsman et al., 2016; Anam et al., 2022). Soccer requires its
players to train in various physical conditioning components,
including strength, speed, jumping, and aerobic capacity
(Altavilla et al., 2017; Oone et al., 2012; Joo, 2018).

The game of football has the idea of scoring as many goals
as possible and guarding your own goal so you don’t concede.
Based on this idea, the game of football becomes even more in-
teresting. In the modern football era, football games are played
at a fast and high tempo (Jozef et al,, 2018; Dost et al., 2016).
The movements made by players during the match cover a con-
siderable distance. A player runs 8-12 km during a match. The
distance traveled by players in one match ranges from 10-12 km
(Taylor, 2016; Emmonds et al., 2016; Najafi et al., 2015). The dis-
tance covered by a football player during the game is 10-14 km
(Theocharis et al., 2022). In high-level football games, the total
distance traveled is between 10-13 km (Michailidis, 2022).

In the distance of 10-14 km, many actions are performed
by football players. The activities performed by players while
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on the field are 1) walking at 3.1 km, 2) low-speed running at
1.5 km, 3) moderate-run speed at 1.2 km, 4) high-speed run-
ning at 0.2 km, 5) sprinting (100% speed) 250 m, 6) running
backward 800 m (Taylor, 2016). During the 90 minutes, the
players covered a distance of over 11 km, with 3% running
and 5% running at high intensity (Rodriguez-Fernandez
et al,, 2019). In a high level of effort, football players per-
form 150-200 short, powerful actions during a match; for
example, sprinting, changing speed and direction, tackling,
acceleration, deceleration, and jumping (Ferraz et al., 2017).
According to (Afyon et al., 2015) at a higher level, football
players are very fast runners for 90 minutes of matches. They
frequently run 2500 to 3500 m and average anaerobic thresh-
olds of 1500 to 2500 m and 600 to 1200 m.

The range and activity are quite a lot and to support high
performance during the above-mentioned actions requires
good physical condition. According to (Bahtra et al., 2022)
one of the factors that determine the improvement of sports
performance is physical condition. One of the key physical
requirements for soccer players to have endurance. The
body’s ability to carry out activities as long as possible without
experiencing fatigue is called endurance (Scheunemann, 2012;
Wiguna, 2017). Endurance is the body’s capacity to carry out
activities for a long time without experiencing fatigue and
accompanied by rapid recovery (Sidik et al., 2019; Emral,
2017). Aerobic endurance is the body’s ability to take, transport
and use oxygen (Hardiansyah et al., 2020; Zarwan et al., 2020).

Football matches that have high mobility and so long,
namely 2x45 minutes require good endurance. The problem
that we often see in training to improve endurance is boredom
of players during the training process. This is because
endurance training has along duration of time. In addition, the
activities carried out are very monotonous. Lack of variety in
training methods is only in the form of long-distance running
to train the physically applied so that training becomes
boring and less effective for improving the ability of students
(Prakoso & Sugiyanto, 2017). Fatigue contained in physical
exercise and training programs that are not yet appropriate is
thought to be a trigger for not achieving training goals so the
right training method is needed to increase VO,max capacity
(aerobic endurance) (Hostrup & Bangsbo, 2017; Rago et al,,
2017). This is sometimes what makes the increase in player
endurance slow and even tends to stagnate. If the player’s
aerobic endurance is not at a good level, it will interfere with
the player’s performance in the match.

Responding to this problem requires a breakthrough in
choosing or finding the right training method. According to
(A. U. K. Putra et al., 2016) Many training methods can be
used to increase aerobic endurance such as interval training,
fartlek, continuous running and SSG. To increase aerobic
endurance, several training programs have been carried out,
including aerobic exercise and small sided games (SSG) (Los
Arcos et al.,, 2015). Meanwhile, according to (Strudwick,
2016) The football team uses a variety of training methods to
improve players’ physical conditioning, general training (e.g.
continuous, circuits, intervals, repeated sprints) and specific
training (e.g. small side games, soccer technique drills,
special drill positions with the ball). Many methods can be
used to improve the aerobic endurance of football players.
Both the general (without the ball) and the specific (with the
ball). The choice of method depends on the situation and the
needs of the coach.

From the description described above, the small side
games method was chosen to improve the aerobic endurance
of players. SSG is a drill designed with fewer players and a
smaller field size compared to 11vs11 games (Bergkamp et
al., 2020). SSG are a form of exercise carried out in the form
of playing that adopts the actual game so that players can
master technical, tactical, and physical skills simultaneously
(A.N. Putra et al., 2022; Setyadi, 2016; Praniata et al., 2019).
This type of training is often played with modified games on
areduced field area, using adapted rules and involving fewer
players than traditional games (Hammami et al., 2018).
Small Side Games are one of the exercises that can be used
by coaches to improve endurance and develop technical
skills (Moran et al., 2019). Intense training with SSG for
4 weeks can increase endurance performance by 8.2% in
soccer players (Paul et al., 2019). Small side games training is
effective and efficient to increase the endurance of beginner
female futsal players (Wenly et al., 2021).

Although there have been many studies on this model
but more on small-side games in general. In this study,
researchers modified and improvised with a focus on 5v5
small-sided games. The research results (Gaudino etal.,2014)
explain in SSG 5v5 the player’s mileage is higher, acceleration
and deceleration are large, and the speed distance is very
high and maximum. High mileage will indirectly be able to
increase aerobic endurance. In addition, modifications were
also made to the training variables, namely training intensity,
duration, and set. The intensity of the exercise is between 75-
85%, and the duration of the exercise is long. Taylor (2016)
explains training for aerobic capacity (VO,max) is most often
referred to as basic endurance training. In terms of exercise
intensity level, it is recommended to train in intensity zones
1 and 2 (60-80 to 85% of HRmax) and duration between
30-60 minutes. The modification of this form of training is
different from previous studies.

Research related to this method is expected to increase
the awareness of coaches that the small-side game’s method
can improve various aspects of football such as physical
condition (especially aerobic endurance), technical skills,
and tactical abilities. The urgency of this research has an
impact on training methods in football so that later coaches
use the small-side game’s method to improve endurance in
football games. The aim of this study was to determine the
effect of small side-game 5v5 training on improving aerobic
endurance in young football players.

Material and Methods

Study Participants

The study is classified as a type of quasi-experiment with
a one-group pre-test post-test design. The subject in this
study were SSB Gama Muda Pasaman players with a total
of 60 people. Samples were taken by means of purposive
sampling in order to obtain a sample of 20 U-15 players.
The distribution of selected players is goalkeeper 2 people,
defender 8 people, midfielder 6 people, and strikers 4 people.

Study organization

This study modifies small side games to increase aerobic
endurance. Modifications made to player count focused
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Table 1. Small-side Game Training Program

Training Sections Pitch Dimension (m) Intensity Duration Set Recovery
1-3 45 x 35 75%-85% 6 minutes 3 2 minutes/set
4-6 45 x 35 75%-85% 7 minutes 3 2 minutes/set
7-9 45 x 35 75%-85% 9 minutes 3 2 minutes/set
10-12 45x 35 75%-85% 11 minutes 3 2 minutes/set
13-15 45 x 35 75%-85% 13 minutes 3 2 minutes/set
16-18 45 x 35 75%-85% 15 minutes 3 2 minutes/set
on SSG 5v5. Exercises are carried out for 16 sessions with
a frequency of 3 times a week. The training program is xcellent
structured in such a way as to achieve an increase in the very Goog 1
aerobic endurance of players. The size of the field is designed
45x35 m by adjusting the number of players. The training oo ™
load in this study was adjusted to the training load to Moderate | —

increase aerobic endurance. Training intensity 75-85%, set
3 times per session, rest 2 minutes between sets and duration
of 20-50 minutes. The duration of the training is increased
every week (training program in table 1).

Measurement & Statistical Analysis

The test used in this study is the Yo-Yo Test (Bangsbo
& Mohr, 2015). After the data is collected then the data
is compiled, then data processing is carried out with the
t-test analysis technique with the following calculation
steps: 1) Normality test using Liliefors. The normality test
aims to determine whether the data obtained are normally
distributed or not, 2) To see the difference between the two
forms of exercise, the t-test is used.

Results

The study process was conducted for 18 meetings, with
details of one session for pre-test, 16 sessions for treatment,
and one session for post-test. The results of the study will
be described by the objectives of the previously proposed
hypothesis. Starting with aerobic endurance data, normality
test, and t-test. Table 3 is the frequency distribution of
aerobic endurance tests.

The table above explains that in the pre-test the aerobic
endurance ability of the dominant players is in the good
category (15 people) and there is no very good category.
whereas during the post-test there was an increase in aerobic

Table 2. Aerobic Endurance Result

Interval Class Category Pre-test Post-test
Fr Fa Fr Fa

>55 Excellent 0 0 0 0

51-55 Very Good 0 0 1 5

45-50 Good 15 75 16 80

38-44 Moderate 5 25 3 15

35-37 Low 0 0 0 0

<35 Poor 0 0 0 0

Total 20 100 20 100

Low
Poor

0 2 4 6 8 10 12 14 16 18

HRow2® Row1l
Fig. 1. Histogram of Pre-test and Post-test

endurance ability, where the category became 16 people and
the very good category was 1 person. For more clarity, it can
be seen in the histogram below:

After the data description, hypothesis testing was
carried out to answer the hypothesis that had been proposed.
Before hypothesis testing, a normality test was conducted. A
summary of the results of the data normality test can be seen
in the following table:

Table 3. Normality Test Results

Group Mean SD Lo Lt Ket
Pre-Test 46.24 2.02 0.074 0.190 Normal
Post-Test 47.52 2.46 0.052 0.190 Normal

Based on the table above, it can be seen that all data are
normally distributed, where Lt > LO. So, the next step is to
test the data hypothesis. The results of the hypothesis test can
be seen in the table below:

Table 4. Hypothesis Test Results

Aerobic Endurance Mean SD teount a tiable
Pre-test 46.24 2.02

10.15 0.05 1.729
Post-test 47.52 2.46

Based on the summary of the table above, after hypothesis
testing, the results obtained the value of t.,uu (10,15) > tipa
(1,729), indicating that small side games training effectively
improves the aerobic endurance ability of football players.

Discussion

Results of this study reveal that training in small side-
games can improve endurance in football players. This is
consistent with multiple studies and literature stating that
small side game training can improve endurance. SSG train-
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ing method can improve the aerobic endurance of U-17
football players (Arianto & Setyawan, 2019). SSG can im-
prove the aerobic and anaerobic capacity of football players
and train football players more specifically (Evangelos et al.,
2012). Small-side games allow the HR response to increase,
similar to some short-duration intermittent runs that are
effective in increasing player endurance (Dellal et al., 2011;
Sannicandro et al., 2016; Sannicandro & Cofano, 2023). In
addition, the results of research (Wahyudianto et al., 2020)
explained that small sided games type Intermittent training
has a significant effect on the aerobic capacity of Satria Muda
football players.

Football is a sport that is carried out for a long duration,
so good endurance is needed. Player movement is greatly
helped if you have good endurance. Excellent endurance will
support players to always be consistent and fight in matches,
otherwise, without excellent endurance, it will be difficult
for players to fight until the end of the match. This situation
will be a must for players to improve endurance. One of
the efforts that can be made to increase endurance is to
carry out continuous and systematic training. The exercises
performed must be by the principles of endurance training
to build endurance.

The training process that is carried out structured, in-
tensive, and systematic will be able to increase the endurance
of football players. One way to see whether or not a person’s
endurance has improved is by measuring their VO,max.
VO,max is a level of the body’s ability expressed in liters
per minute or milliliters/minute/kg body weight (Herlan &
Komarudin, 2020). The body’s capacity to consume oxygen
optimally in activities or exercise is called VO,max (Emral,
2017; FIFA, n.d.; Poon et al., 2021; Yanti et al., 2022; Candra,
2020). From several theories, it is explained that the VO,max
needs of football players are various. VO,max of interna-
tional football players is 55-68 ml/kg/minute (Slimani et al.,
2019), and 48-62 ml/kg/min (Wells et al., 2011). Professional
56.5 ml/kg/min; Amateur 55.7 ml/kg/min (Helgerud et al.,
2001). The high requirements for VO,max in a football game
mean that the coach must be able to provide the right train-
ing methods that can increase endurance.

In football, the exercises that are designed should be
more specific to the actual game of football. In training
to increase endurance ideally done with ball exercises
(Scheunemann, 2012; Hoff et al., 2002). Training to improve
the physical abilities of football players should use specific
training such as SSG, technique drills, and playing position
drills (Strudwick, 2016; Seeger, 2015). Training performed
with high intensity in the form of special football games
such as SSG can improve aerobic endurance (Ishee & Foster,
2013; Ingebrigtsen et al., 2012). The application of training
methods to physical conditions must always be specific to
football (Curry, 2019). Training using small side games from
a weekly training load can improve physical condition and
soccer technical skills (Radziminski et al., 2013).

A player’s performance in a match improves whens
his endurance increases (Russell et al.,, 2016; Mier &
Alexander, 2011). Endurance training will increase VO,max
and positive enzymatic and metabolic adaptations, which
increase resistance to fatigue (Costa et al., 2016). Therefore,
the small-side game method can be used to improve the
aerobic endurance of football players. This small-side games
method sis representative of real football training, only the

field is reduced. This means that this exercise can be a picture
of a real football game, so this exercise has many advantages.
The advantages of this small side games exercise are not only
to increase the player’s endurance but also to improve basic
football technique skills. Then the small side games exercise
can also improve the player’s tactical understanding and also
train the player’s mentality.

Conclusions

The results of this study can improve the aerobic
endurance of football players, this is evidenced by the value
Of teount 10.15> tiper 1.729, thus HO in this study is accepted.
Based on the hypothesis proposed small side games method
can increase the aerobic endurance of football players. From
these results, it will add to the trainer’s reference, especially
physical trainers in increasing the aerobic endurance of
soccer players
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ABTOpPCHKMIT BRI A — Au3aitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrtis

Pegepar. Crarrsa: 8 ., 4 Tabn., 1 puc., 67 mxeper.

MeTo10 11bOT0 FOCTIIKeHHs 010 BU3HAYEHHs BIUIMBY irOp HEIOBHMMM CK/IafiaMi 5 Ha 5 Ha MifiBUIIEHHS aepoOHOI BUTPH-
BasocTi y yTOOMiCTIB.

Marepianu Ta metopm. Lleit TUII JOCTiPKEHHA € KBa3ieKCIIEPMMEHTOM 3a CXEMOIO ITONIEPENHBOIO Ta MiICYMKOBOIO TECTY-
BaHHS Ha OffHil rpyIi. [eHepabHO CYKYIHICTIO B 1{bOMY JOCIIKeHH] 6y rpasui pyT6ombHOT ko [ama Myzia B pereHTCTBi
[Tacaman (IHgoHesis), 3aranpHO0 YncIeHHICTIO 60 0ci6. Binbip B16ipKu MpOBOAMIN METOLOM LIiIbOBOTO BifbOpY, TOMY po3Mip
Bubipku 6yB 3a/jaHmit KisbKicTio MakcumyM 20 oci6. IIokasHUK BUTPUBAIOCTI IPABLiB BI3HAYA/IN IIIIXOM BIMIiPIOBAHHSI IXHBOTO
MOKa3HMKa MaKCHMa/IbHOTO CIIOXMBaHH:A KucHIO (VO,max). Ik iHCTpyMeHT /11 OTpMMaHHA JaHNX TOCTI/PKeHHA B JOCTIIKeHH]
BUKOPUCTOBYBA/IM T€CT Wo-it0 3 TePEMKHIM BilTIOYMHKOM (Tect 17[0—1710). I aHasisy maHMx y bOMY JOCTIIPKEHH] BUKOPUC-
TOBYBAJIM CTATUCTUYHUIT METOJ, KpUTepilo cepefHboI pisHuUMi (t-kpurepiit). Ilepir Hi>X epeBipuTH Hally TillOTe3Y, M1 CIIOYATKY
IIPOBE/IN TECT HAa HOPMAJIBHICTD 3a JOIIOMOro0 KpuTepito Jlimmiedopca.

Pesynprarn. ITiciisa mepeBipki TimoTesn ofjep)KaHi pesyanbTaTy IOKasylTbh 0641cIeHe 3HadYeHHs t-KpuTepito (10,15) > Ta-
OnnyHe 3Ha4YeHHs t-KpuTepiio (1,729), 1110 BKasye Ha Te, [0 TPEHYBAHHs 3 irop HETIOBHMMI CK/IafiaMu 5 Ha 5 e(peKTUBHO IIifiBUIILYE
aepoOHy BUTPMBAICTb IOHUX PYTOOICTIB.

BucnoBku. Pesynbraty LIbOro JOC/TIIPKEHHS JEMOHCTPYIOTD, [0 TPEHYBAaHHA 3 irOp HEOBHMMM CK/IaJjaMM 5 Ha 5 MOXYTb
HOKpAI[yBaTy aepOOHY BUTPUBAIIICTD IOHUX PyTOOIICTIB.

Kiro4oBi croBa: irpu HEIIOBHUM CKJIaZioM, aepOOHa BUTPUBAIICTD, GyTOOT.
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Abstract

Study purpose. The goal of this project is to provide a basic volleyball skill exam for Universitas Muhammadiyah
Surakarta students enrolled in the Sports Education study program.

Materials and methods. This work employed experimental techniques. They are testing the reliability and validity
of fundamental volleyball skills for students between 18 and 24. For objectivity and validity, personal correlations are
employed in data analysis, while reliability coefficients between classes are used in data analysis for reliability. The
population and sample consisted of 114 students studying sports education in the first and third semesters, including

64 males and 50 females.

Results. The validity value, r = 0.653, was highly significant. Additionally, the researcher’s score with tester 1’s assistance
is r = 0.759, with tester 2’s assistance is r = 0.651, and the correlation coefficient between the results of assistant testers one
and two is a high r = 0.686. The objectivity value of the result score for the volleyball skill instrument was r = 0.787 for the
researcher and examiner one and r = 0.705 for examiner two. The correlation coefficient between assistant examiners one
and two was high at r = 0.706. The motion reliability score for volleyball skills was high (r = 0.652). The volleyball skill

reliability score had a very high result score of r = 0.872.

Conclusions. Based on the study findings, it is clear that the accuracy test of fundamental skills is highly effective
and efficient and merits being used as a benchmark instrument to assess the skills of volleyball. To improve volleyball
playing abilities, further research involving various factors, including social environment, psychosocial factors, and
physical condition factors by student characteristics, is necessary. However, caution is required due to the small
sample sizes used in this study and the need to consider other variables.

Keywords: the validity, reliability tests, volleyball batteries.

Introduction

The volleyball sport’s regulations state that each team
can play the ball one to two times before it crosses the net,
but three times is the maximum. A one-handed serve that
sends the ball over the net initiates plays (Oliinyk et al., 2021).
Before the ball touches the ground, leaves the pitch, or is
mishandled by a player, it can be played once more (Hu et

© Jariono, G., Nurhidayat, N., Sudarmanto, E., Nugroho, H.,
Maslikah, U., & Budiman, [.A., 2023.
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al., 2022; Muharram et al., 2023; Soytiirk, 2019; Yudasmara &
Fadhli, 2018). According to the regulations, volleyball games
start with a service technique. This method can be accepted by
a forearm pass technique (forearm pass) or overhead passing
technique (overhead pass), fed by forearm pass or overhead
pass techniques, followed by a punch (technic spike), and
finallyablock (technic block) (Dewantietal.,2023). According
to Nasrulloh, players in this game must jump vertically while
spiking and blocking to make contact with the ball from a
height of their choosing (Nasrulloh et al., 2021).

Volleyball requires roughly 10-12 years of sportsman
coaching to achieve maximum or perfect outcomes. Learning
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volleyball critical motion abilities of primary school pupils
through effective and efficient game-centered strategies
is the conclusion of Samsudin’s research (Samsudin et al.,
2021). The principles of sports coaching, in Bompa’s opinion,
start at the multilateral level, the specialization stage, and
the pinnacle stage of achievement (Bompa & Buzzichelli,
2019). The emphasis of the multilateral/novice stage, which
starts with volleyball at the age of 11-12, is on preparation
for introducing numerous sports. The specialization stage,
which occurs between the ages of 14 and 15, emphasizes
the choice of a specific subject that is actively pursued and
has the potential for peak performance, such as volleyball.
Athletes play volleyball at the peak of their abilities, typically
between the ages of 20 and 25.

How to judge a player’s talent during a game and
selecting a good volleyball player are two challenges
that coaches must overcome (Indrakasih et al., 2022). To
plan training for athlete progress, coaches must have the
proper guidance and resources (Budiarti et al., 2019). The
measuring process is crucial because it enables the trainer to
assess the training plan’s effectiveness (Juditya et al., 2020).
Based on the evaluation findings, numerous initiatives and
improvements will be undertaken to enhance the training
programs quality (Lima et al., 2021). Additionally, the coach
can only analyze volleyball skills using the tools already used
for student assessment, not the actual movements. Due to
age and talent discrepancies, senior volleyball players cannot
be evaluated using student skill assessments.

For coaches, professors, and physical education teachers
to use volleyball skill instruments to evaluate and choose
future volleyball players, it was essential to determine
whether they accurately assessed the abilities and skills of
volleyball players aged 18 to 24. The application also aims to
assist volleyball coaches, lecturers, and physical education
teachers in evaluating players’ skills and appropriate moves.
Volleyball skill instruments minimize the usage of tools and
human resources, and their execution indications are more
by the caliber of volleyball skills, such as serve, pass, block,
and smash.

Materials and methods

Study participants

The research conducted experimental research to
create a product of fundamental volleyball playing abilities
for students between 18 and 24. According to Sugiyono’s
explanation, experimentation is a quantitative research
approach used with experiments that meet the criteria of
effectiveness, quality, or the same. This is done to ensure the
influence of independent variables on dependent variables
(results) under controlled circumstances (Sugiyono, 2017).

Study organization

This study used a pre-test and post-test to evaluate the
validity and reliability of the fundamental volleyball skills
of students between 18 and 23. The fundamental volleyball
tactics of serving, forearm pass, overhand Pass, smashing,
and blocking are used as test materials. Between January and
March 2023, a purposeful sampling technique was used to
gather samples with male and female gender characteristics

criteria tailored to the requirements of the Universitas
Muhammadiyah Surakarta Indonesia, students who were
the focus of the current study. 64 males and 50 females were
included in the 114 students chosen to participate in the
current experiment. Students majoring in sports education
at the Universitas Muhammadiyah Surakarta in the first
and third semesters made up the population and sample
for this study. The accuracy of volleyball sports techniques,
including serve, underpass, overpass, smash, and block, is
assessed based on the characteristics examined. The data
was gathered using assessments that examined the precision
of fundamental volleyball techniques: (1) Forearm pass:
Students pass to the wall for one minute. The score is
determined by the touch of the ball on the predetermined
target with the position to make a bottom pass behind the
line (a distance of 3 meters from the target wall) with a
target height of 2.5 meters and the Scoring according to the
touch of the ball in the target area of 1.2 and 3 with a target
distance of 30 cm each; (2) Top Pass: For one minute, the
students make top passes to the wall. (3) Top and bottom
serve: Students perform ten upper serves, scoring based on
the ball’s fall on a predetermined target. The score is given
according to the touch of the ball to the predetermined
target with the position to perform a bottom pass behind
the line (a distance of 3 meters from the target wall) with a
target height of 3.5 meters and a Score according to the touch
of the ball in the target area of 1.2 and 3 with a target distance
of 30 cm each. The rating is based on the touch of the ball in
the target area of 1, 2, 3, 4, and 5 with a size of 2.5 meters with
a value of 2; the size of the line with a distance of 5 meters
is given a value of 1, and 3 and line sizes with the princess
2.24 meters. The position to serve behind the line (9 meters
from the target) has been used to determine the ball’s fall in
the target area. With an assessment based on the touch of the
ball in the target area of 1, 2, 3, and 4 with a size of 3 meters
can be a value of 2, the size of the line with a distance of
4.5 meters is given a value of 1, and 3. The size of 4.24 meters,
the score is given according to the ball’s fall in the target area
that has been set with a position to smash behind the attack
line (a distance of 3 meters from the target). The chance was
presented ten times. The ball’s descent to a predetermined
target determines the score. The rating is given according
to the touch of the ball in the target area of 1, 2, 3, and 4
with the provision that it can be scored four if the ball falls
on the target line 2 0.75 meters, and can be three if the ball
falls on the target size of 1 me. The position to block behind
the attack line (3 meters from the target) has a net height of
2.43 meters, and the princess has a height of 2.24 meters.
Each test’s implementation and intended results can be
summed up as follows;

Overhand Pass

Equipment: Ball, note, and target wall

Implementation steps: (1) Students may attempt two
passes before taking the test; (2) Students complete the top
pass for one minute; (3) Position for the top fitting is behind
the line, three meters from the target wall.

Rating: (1) Assessment based on when the ball touches
the target area; (2) if the ball is lost, the first throw to the
target is not given a score; (3) Off-target ball touches are
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given a value of 0; (4) If the ball touches precisely on the
target line, the score obtained is the highest; and (5) The
value obtained is the total score of 1 minute of overhand
Pass executed.

SN Target
~
*— ! PR——
| T30cm : J ‘ 30:1}1\\
: \
| \
! Evaluator
! 3.5m
) \
: \ ’ %
_______________________ \

\

O
3m

Area Overhand pass
Fig. 1 Overhand Pass
Forearm pass

Equipment: Ball, note, and target wall

Implementation steps: (1) Students may attempt two
passes before taking the test; (2) Students complete the top
pass for one minute; (3) Position for the top fitting is behind
the line, three meters from the target wall.

Rating: (1) Evaluation based on the ball’s touch in the
target area; (2) If the ball is lost, the first throw to the target is
not given credit; (3) Off-target ball touches are given a value
of 0; (4) If the ball touches precisely on the target line, the
score obtained is the highest; and (5) The value obtained is
the total score of one minute of forearm pass executed.
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Fig. 2. Forearm pass
Service

Volleyball court, net, ball, and comments are provided

Procedure: (1) Students may perform the smash exper-
iment twice before the test; (2) Students must smash ten
times; and (3) Position for free service (as long as the service
area is allowed).

Rating: (1) The ball’s fall into the target area is taken into
account; (2) The ball strikes the net and leaves the field (goes
out); and (3) The value achieved is the sum of the scores for

the ten serves made
%uam
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Fig. 3. Service

Block

Volleyball court, net, ball, and comments are provided

Procedure: (1) Students may do block experiments twice
before the test; (2) Students block ten times; (3) Position for a
free block (along the net).

The ball concerned at the net and out of court is given
the number 0; the value gained is the total score of 10 blocks.

Rating: (1) Assessment based on the ball’s fall in the

target area.
% Evaluator

Blocker

»
w
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»
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\lm 1.5m  25m
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Fig. 4. Block

Smash

Volleyball court, net, ball, and comments are provided

Procedure: (1) Students may perform the smash experi-
ment twice before the test; (2) Students may smash ten times;
(3) Students may smash by throwing their balls; and (4) Stu-
dents should crush in the middle (position 3).

When the ball strikes the net and leaves the field (goes
out), it receives a score of 0; when it falls in the target area,
it receives a score of 1; and when it lands in the target area,
it receives a score of 10.
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Fig. 5. Smash

Statistical analysis

Validity and reliability tests are used in data analysis
methods. The correlation Product-Moment of Karl Pearson
is the validity test that is employed. The Scale Reliability
Analysis from Alpha Cronbach’s Reliability Test (Sugiyono,
2017).

Table 1. Standards for interpreting a test instrument’s
correlation coefficient

Interval Coefficient Category
0.80-1.000 Very high
0.60-0.799 High
0.40-0.599 Currently
0.20-0.399 Low
0.00-0.199 Very low

In addition, a paired test (t-test) was used to assess the
accuracy of the fundamental volleyball skill exam. SPSS 25
overall data analysis.

Results

Figure 1 displays the outcomes of a descriptive analysis
that considers mean scores, standard deviations, and other
metrics to highlight the findings of this study on the validity
and reliability of students’ basic volleyball playing abilities in
terms of gender characteristics.

70,00
60,00
50,00
40,00
30,00
3

20,00
10,00

Mean Std. Deviation (SD)
Age Number of
responders (n)
= Male 20,58 1,10 64
® Female 20,80 1,10 50

Fig. 6. Characteristics of sex and age

Figure 6 displays the sex characteristics of 64 males and
50 females, together with the mean ages of males and females
(20.58 - 20.80 = 0.22). This indicates a 0.22-year difference
in age features, while the sample’s other characteristics
studying in the first and third semesters of the Universitas
Muhammadiyah Surakarta sports education study program
are nearly the same. Furthermore, the results of the validity
and reliability test of basic volleyball skills are in Table 2
while Table 3 interprets the results of the difference in mean
and standard deviation (SD) of basic volleyball playing
technique skills.

Table 2. Results of the Analysis of Volleyball Skill
Instruments’ Reliability and Validity

Male (N = 64) Female (N = 50)
Variable
Validity Reliability Validity Reliability

Overhand pass 0.639 0.744 0.638 0.852
Forearm pass 0.603 0.756 0.632 0.847
Service 0.673 0.758 0.686 0.801
Smash 0.666 0.752 0.656 0.832
Block 0.683 0.787 0.644 0.896

Table 3. Results of differences in the mean basic technical
skills of playing volleyball

Variable G;Ir;gf ! Mean * SD
Overhand pass M/F 1.96 £2.15
Forearm pass M/F 1.42 £2.44
Service M/F 1.48 £6.05
Smash M/F 348 +£5.23
Block M/F 4.20+2.17

*M = male; F = Female

The findings of the investigation of the validity and
reliability of the fundamental volleyball skills of students in
the high category are presented in Table 2. The acquisition
of each test is proof of this: (1) Overhand pass with a validity
of 0.639 and a reliability of 0.744 for males and a validity of
0.638 and a reliability of 0.852 for females; (2) Forearm pass
with a validity of 0.603 and a reliability of 0.756 for males
and a validity of 0.632 and a reliability of 0.847 for females;
(3) Service with a validity of 0.673 and a reliability of 0.758
for males and a validity of Thus, it can be inferred that the tool
can be used to assess students’ proficiency in fundamental
volleyball abilities. However, due to the population and
sample size being so tiny for the Universitas Muhammadiyah
Surakarta’s sports education study program, care must be
used when employing this instrument.

Additionally, based on variations in mean and standard
deviation for theboysand females of each study variable, Table
3’s descriptive analysis of research outcomes was performed.
The acquisition of each test is proof of this: (1) Overhand
pass, with a mean of 1.96 and a reliable standard deviation
of 2.03; (2) Forearm pass, with a mean of 1.42 and a reliable
standard deviation of 2.50; (3) Service, with a mean of 1.48
and a reliable standard deviation of 4.52; (4) Smash, with
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a mean of 3.48 and a reliable standard deviation of 4.97;
and (5) Block, with a mean of 4.20 and a reliable standard
deviation of 1.80. It follows that there are disparities between
the typical fundamental volleyball skills of male and female
students. As a result, the fundamental volleyball skills of
male and female students differ. This suggests that the
coeficient, which was applied to a sample of 114 persons,
can be generalized or applied to the population as a whole.

Discussion

When this research was conducted on sports education
students at the Universitas Muhammadiyah Surakarta, the
volleyball accuracy test instrument was modified from sev-
eral valid research results and is suitable for testing and mea-
suring basic volleyball skills of students aged 18-24 years.
Test the instrument’s validity and dependability and the ac-
curacy of the fundamental volleyball methods, including
serve, top pass, bottom pass, block, and smash in the high
category. Each of the aforementioned basic volleyball skill
tests utilizes a value for Cronbach’s Alpha of 0.60. Therefore,
it is possible to infer that the correlation coefficient with
the range of 0.60 to 0.799 has good reliability. The test data
results have a strong level of validity and reliability if the cor-
relation coeflicient is more significant with r-table N = 114,
if the number of samples with a level of 5% = 0.05 is 114, or
if the correlation coefficient is more significant than 0.5, or
if the correlation coefficient is 0.176, or if primary volleyball
skill data can be used to measure volleyball playing skills in
students between the ages of 18 and 24. It may be anticipated
that volleyball sporting accomplishments will be at their best
in line with Furkan’s advice that coaches, managers, and offi-
cials can exploit Battery Tests to pick players (Furkan, 2019).

According to Aulia’s research, the invention of the study’s
instruments is a valuable tool for determining motion and
the outcomes of volleyball abilities such as serve, dig, set,
block, and spike (Aulia et al., 2022). Furthermore, according
to Aulia’s research, this volleyball skill instrument helps mea-
sure the skills of volleyball players between the ages of 18 and
25 (Aulia et al., 2022). According to Yudasmara’s research
findings, the test instrument has a high correlation coeffi-
cient value, enabling teachers to utilize it to gauge how well
students learn volleyball. Tests are quick and straightforward
to perform anywhere. It has also been demonstrated that
the instrument can evaluate volleyball-related theoretical
or practical concerns (Yudasmara & Fadhli, 2018). Accord-
ing to Komani’s research (Komaini et al., 2022), volleyball
smash test equipment is designed using sensor technology
to quantify a player’s capacity to smash the ball. According
to Sujarwo’s research findings, this instrument helps assess
volleyball players’ levels of self-assurance when serving and
jumping (Arif & Sujarwo, 2021). Contrary to Soytiirk’s re-
sults, aspiring physical education teachers must learn to as-
sess motion and apply alternative measurement techniques
in volleyball matches (Soytiirk, 2019).

The instrument’s validity determines the veracity of
any justifications or generalizations drawn from the data
acquired (Palao et al., 2015). An instrument is considered
valid for measurement (Conti et al., 2016). Analyzing mea-
surements and checking for logical inconsistencies in data
findings are requirements for validity studies (Garri et al.,
2020). According to Xupeng Wan, a measuring device is

considered accurate if it can determine the target’s size (Wan
& Niu, 2017). Objectivity is one of the elements that should
be prioritized when it comes to testing, measurements, and
evaluations (Destriana et al., 2021). If an instrument lacks
objectivity, it is seen as unreliable. The concept of objectivity
is crucial for all measurement tools and methodologies. The
skill level of each volleyball player should be assessed equally
(Wang et al., 2018).

As a result, instruments must adhere to particular
standards, such as being highly valid or measuring what
should be measured. Last but not least, the instrument must
have high reliability, consistency in measurements, and high
objectivity, or findings that are essentially the same regardless
of how many people take measurements. The current
study investigated the validity, objectivity, and reliability of
volleyball skill instruments used to gauge players’ skills and
abilities between the ages of 18 and 24. The findings of this
study show that an instrument developed to score volleyball
players between the ages of 18 and 24 in terms of service,
forearm pass, overhand Pass, block, and smash abilities, has
excellent levels of validity, objectivity, and reliability. This
shows that tools for measuring research skills can be used to
gauge what needs to be gauged. When coaches, managers,
and team officials employ the instrument test to choose
players, it is reasonable to anticipate that volleyball sporting
accomplishments will be at their peak.

Conclusions

Based on the study’s findings, it is clear that the primary
skill accuracy test is highly effective and efficient and
merits being used as a normative instrument to assess the
skills of volleyball players between the ages of 18 and 24.
Further research involving various factors, including social
environment, psychosocial factors, and physical condition
factors under student characteristics, is necessary to improve
volleyball playing abilities. However, caution is required due
to the small sample sizes used in this study and the need to
consider other variables.
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BA30BI TEXHIYHI HABUYKIW FT'PU Y BOJIENBOJ ANA
CTYAEHTIB: BANNIAHICTb | HAQIVHICTb

Tarot [I>xapiono'**?, Hypxigaar'®¢, Eko Cygapmanro'®E, Xapic
Hyrpoxo*“®, ¥Vsizaryn Macnika®*®, Ingpa Ani bygiman*®?

"YuiBepcuter Myxammapisa B Cypaxapri

*YHiBepcUTeT OAUHAIATOrO OepesHs

3JI>KaKapTChKUII IepyKaBHMIT YHIBEPCUTET

‘MayKaneHKCbKuI YHiBepCcuTeT

ABTOpPCHKMIT BKTAJ: A — Au3aiiH gocnipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykormcy; E — 36ip komtis

Pedepar. Crarts: 7 ¢., 3 Tabn., 6 puc., 25 pxepernt.

Mera gocnimkeHH:. MeTo Iii€l fOCTifHUIIBKOI poOOTH € 3abe3IedeHHs icInTy 3 6a30BMX HABMYOK IPY Y BOTIEOOI IS CTY-
neHriB YuiBepcutery Myxammania Cypakapra (IHZoHesis), sIKi 3ammcanncs Ha HaB4anbHy porpamy « CHOPTYBHE BUXOBAaHH».

Marepianu ta MeTopu. Y 1iiif po60Ti BUKOPUCTOBYBa/IN eKCIIepYMeHTaIbHI MeToaM. 3a IX OIIOMOrOI0 IIepeBipsI0Th Haill-
HICTb i Ba/liIHICT OCHOBHMX HAaBUYOK TP y BOIENOO /It CTYAEHTIB BikoM Bif 18 1o 24 pokis. []jis1 aHamisy gaHUX MOKa3HMKIB
06’ €KTMBHOCTI Ta BaJIiTHOCTI BMKOPMCTOBYIOTD iHAMBi/lyanbHi KOpe/ALil, a I/ aHa/li3y JaHMX ITOKa3HMKiB Ha/IilHOCTi BUKOPMC-
TOBYIOTb KoedillieHTn HagiitHOCTI Mix Kimacamu. TeHepanbHa CyKynHicTb i Bubipka ckmaganucs 3i 114 cTyneHTis, ki BuB4amm
CIOPTUBHE BUXOBAHHA B IIEPIIOMY Ta TPETHOMY CEMECTPAX, i3 AKMX 64 4omoBiky Ta 50 >KiHOK.

Pesynprarn. 3HaueHHs BamifHoCTi, r = 0,653, Oy1o Bucoko 3HadyumM. Kpim Toro, omiHka aBTOpa JOCTI>KEHH 3 yIacTIO
TOCTiHNKa-acUCTeHTa 1 cTaHOBUTD I = 0,759, 3a y4acTIo JOCTITHMKA-aCUCTeHTa 2 I OLjiHKa CTaHOBMUTH I = 0,651, a koedi-
L[iEHT KOpenALil MK pe3yabraTaMy HOCiHMKIB-aCUCTEHTIB OJVH i /IBa € BMCOKMM Ha piBHI r = 0,686. 3HaYeHH: MMOKa3HUKA
00’€KTMBHOCTI MiZICYMKOBOI OLIHKY J/IA IHCTPYMEHTY OLIHKYM HaBMYOK I'PY Y BOMEitO0 cTaHOBWIO I = 0,787 /1 aBTOpa JOCT-
IDKEeHHsA Ta OOCTiTHMKa-acucTeHTa onuH Ta r = 0,705 m1a mocmigHMKa-acUCTeHTa ABa. Koe(l)iuieHT KOpeJIALil MiXK JOCTiTHMKaMI-
aCUCTEHTaMIM OfiMH i ABa OYB BUCOKMM Ha piBHi r = 0,706. OLjiHKa HafilfHOCTI PyXYy /I HABUYOK IPU Y BO/IEII60I 6y/a BICOKOIO
(r =0,652). Ouinka HafiTHOCTI HABMYOK puy BOJIENO0IT Majia Iy>Ke BIUCOKY Hi[ICYMKOBY OLIiHKY 1 = 0,872.

Bucnosku. Ofep>kaHi pesynbTaTi JOCTiPKeHHA Jal0Th MiZICTaB/ BB)KAaTV OYEBU/IHUM, 110 TECT Ha TOYHICTb OCHOBHUX Ha-
BUYOK € BICOKOe(DeKTUBHUM i IIPAKTUYHUM i 3aC/IyTOBYE HA BUKOPMCTAHHS K €Ta/IOHHOTO iHCTPYMEHTY OL{HKM HaBUYOK Ipu
y Boseitbon. s BHOCKOHA/IEHH: 3I0HOCTEl 0 TP Y BO/IeitO0/T HeoOXi/fHI mofanbli JOCTIIKeHHs 3 BUKOPUCTAHHAM Pi3HUX
(axropis, 30kpeMa (aKTOPiB COLIATBHOTO CEPEIOBUIIIA, ICUXOCOLiaIbHUX (PaKTOPiB, PakTOpiB (i3NIHOrO CTaHy 38 XapaKTepuc-
TUKaMU CTYAeHTiB. [Ipu 1boMy nOTPiOHO BUABIATY 00aWIMBICTD 3 OIVISIY HA MUl po3Mip BIOIPKI, 1110 BUKOPUCTOBYETHCS B
IIbOMY JJOCTiI>KeHH], i HeoOXiTHICTb BpaxoByBaTH iHIIi 3MiHHi.

KrowoBi cmoBa: Tectu BanifHOCTI, HafitHOCTI, HAOOPY TeCTIB HABMYOK I'PY Y BOJIENOOI.
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Abstract

Background. School-based physical activity interventions contribute positively to children’s general health, wellness,
and quality of life. The present study aims to investigate the effect of a 12-week handball training intervention on the
ingredients of physical fitness and physical performances of primary school children.

Materials and methods. In this quasi-experimental study, students participating in school-based handball training
constitute the intervention group (IG) (n = 15, aged 12.3 £ 0.96) and those who do not participate (n = 17, aged

12.1 £ 0.83) constitute the control group (CG). The linear speed (T30m), change of direction speed (T-test time),
lower extremity power (standing long jump (SLJ)), muscular strength and endurance (30-sec curl-ups and push-
ups), and estimated maximum oxygen uptake (VO,max) (YYIRTL-1) were measured at the beginning and end of
the handball training session. Independent samples t-test was conducted to test the significant differences in pretests
between groups. Paired samples t-test was carried out to analyze statistically significant differences within groups.
Results. The results revealed that, except for SLJ test scores, the pre-tests IG performed statistically significantly
higher than the CG. In post-test scores, the IG performed statistically significantly higher than the CG in all test
scores. In addition, physical fitness performance levels of the IG significantly changed between pre- and post-test

(p < 0.05) but not in the control group (p > 0.05).

Conclusions. In conclusion, school-based handball intervention can positively affect students’ physical fitness and

performance characteristics.

Keywords: physical fitness, performance, school-based activity, health benefits, prepuberty.

Introduction

In a study published in The Lancet in July 2012, physical
inactivity was announced as a pandemic (Kohl et al., 2012),
and it has been known to spread without slowing down
despite the global measures taken by governments and non-
governmental organizations since then (Sallis, Bauman, &
Pratt 1998). In WHO reports (2007), it is stated that there
are diseases related to sedentary lifestyles, such as cardio-
respiratory system disorders, cancer types and diabetes,
and approximately 1.9 million deaths are related to physical
inactivity (WHO, 2019). Obesity and lack of physical
activity, which first emerged in a WHO report in 2000, draws
attention to the fact that sedentary life in children and young
people has reached alarming proportions (WHO, 2020).

© Akinci, Ya., & Ates, B., 2023.
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It is also known that participating in regular physical
activity contributes to the shaping of the individual’s physical,
cognitive, emotional, and social potential and benefits
society (Longmuir & Tremblay, 2016). It has been observed
that regular physical activity habits, which are known to
have positive contributions to the general health, wellness,
and quality of life of the individual (Edwards et al., 2017),
have socio-economic benefits such as reducing obesity, heart
diseases, cancer, and treatment (Edwards et al., 2017; Haskell
etal.,, 2007; Warburton & Bredin, 2017) and reducing health
expenditures (Gehris et al., 2018). Because of the previously
mentioned benefits, WHO (2010) recommends children to
have average of 60 minutes of moderate to vigorous physical
activity daily at least three times a week, plus muscle-
strengthening activities in addition to these studies.

Admittingly, those who participate in physical activity
in their childhood and youth trigger positive psychosocial
developments such as mastering fundamental movement
skills, overcoming challenging physical activities, enjoying
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participation, and increasing motivation to participate in
sports. Therefore, the enhancement of participating in regular
physicalactivity gives children the motivation and confidence to
maintain regular participation in physical activity throughout
their life (Cleland, Dwyer, & Venn, 2012; Rangel, Fellingham,
Santana, & Lamas, 2022). In fact, a positive linear association
between the duration of physical activity and positive health
effects has been established, with longer duration associated
with increased physical fitness (Pate 1995; Shephard, 1997).
In this context, school PE courses are a unique opportunity
that provides direct access to the children and young population
and have facilities, teachers, and curricula to achieve social and
educational physical activity and healthy lifestyle objectives
(Dobbins et al., 2013; Hills, Dengel, & Lubans, 2015). On the
other hand, PE classes are unique places for many children to
increase their physical fitness, play sports, and exercise (Sallis,
Prochaska, & Taylor, 2000; Biddle & Mutrie, 2007). In addition
to these, it is known that physical education lessons have
psychosocial benefits such as body self-perception and general
well-being (Bailey, 2006). Physical education courses are more
likely to affect boys and young children better than girls and
adolescents (Lemes et al., 2020). Because it is easier for these
groups to reach higher physical activity levels, less sedentary
behaviour and psychological satisfaction in the activities and
sports events they participate in (Hilland et al., 2011).
Similarly, the positive effects of extracurricular sports
activities on physical activity (Blair, Cheng, & Holder, 2001),
motor competency (Cattuzzo et al., 2016), physical fitness
(Cleland et al., 2005), psychological well-being (Bailey,
2005), and even academic achievement (Broh, 2002) of
children and adolescents were investigated in many studies.
Studies examining the benefits of children’s participation
in extracurricular activities were clustered, especially
around football (Krustrup et al., 2010), basketball (DiFiori
et al., 2018), and volleyball (Sozen, 2012). In the relevant
literature, little information exists about the physical
performance, physical fitness and motor characteristics of
children and young handball players (Mohamed et al., 2009).
On the other hand, handball, a competitive team sport,
requires skills such as running, jumping, passing, throwing,
catching, and dribbling together with the physical contact
of the opponent in anaerobic and aerobic loads (Hermassi
et al., 2017; Milanese et al., 2011). Stunning results have
been found regarding the physical fitness and physical
performance of children and young people participating in
extra-curricular handball training. Fernandez-Fernandez et
al. (2020) found a significant positive difference between the
jump, sprint, and agility test scores and throwing velocity
of the U-13 and U-15 age groups of handball players
participating in extracurricular training all season and those
not participating in a regular exercise program. Similarly,
Vicente-Rodriguez et al. (2004) revealed that 14-year-old
girls (n = 51) participating in handball training had better
muscle mass, bone density, strength endurance running test
and sprint time than their peers. In the study conducted
with 14-year-old male (n = 88) and 13-year-old female (73)
handball players, Zapartidis et al. (2009) found that there
was a statistically significant difference in ball velocity, SL]J,
30 m sprint and VO,max performances of males selected and
not selected for the national team, and only ball velocity and
SLJ performances of females. Training in team sports during
puberty plays a significant role both in athletic performance

(Garl, Ring, & Bomba, 1988). In this context, handball is
attributed as a sport that improves and develops physical
activity, physical fitness and performance in physical
education classes and extracurricular sports activities for
children and youth (Oxyzoglou et al., 2009).

Although studies show the benefits of physical
education courses and extracurricular sports activities,
studies still estimate the prevalence of inadequate physical
activity in children and adolescents to be more than 80%
worldwide (Foley et al., 2021; WHO, 2020). Research shows
that children spend more time on non-energy sedentary
behaviours such as sitting, lying down and watching
screens and spend less time being physically active. This
has been steadily increasing over the past decade (Guthold
et al., 2018). Despite many comprehensive studies among
elite young male and female players, little information is
available concerning young handball players’ physical fitness
and performances characteristics in the current literature.
However, to the best of our knowledge, studies evaluating
the effect of handball training attended by pre-adolescent
children are also scarce in the literature.

The purpose of the study was i) to determine the role
and importance of participating in extracurricular sports
in school-age children’s physical fitness and performance
development and ii) to examine the 12-week school-based
handball intervention on the physical fitness performance
in school children. It is hypothesized that handball training
would develop all physical fitness and physical performance
in young handball players. This study may be important
for determining and comparing the physical fitness and
performance characteristics of handball players of this
age group and for creating the most appropriate training
plans for these players. In addition, creating reference data
on this age group of handball players is valuable for future
comparisons and skill determination. As a result, this study
can benefit long-term athletic development to improve
juvenile handball players’ health, fitness, and performance.

Materials and methods

Participants

A total of 32 schoolchildren, aged 12-14 years from the
same school were included in the present study. The subjects
were divided into two groups depending on their participation
in any school sports. Fifteen were assigned to a handball group
(age 12.3 £ 0.96 years) as they have been playing handball for at
least 2 years and at least 2 times per week and have competition
experience in school sports. The other subjects (n = 17, age
12.1 + 0.83) who were not involved in extracurricular sports
for atleast 1 year in addition to their physical education class at
school were defined as the control group. All participants and
their parent(s) provided written informed consent and were
informed about the procedures and potential threats and aids
before being involved in the study. Subjects were free to quit
the study anytime without providing a reason.

Study Protocol

The pre-and post-test measurements of the participants
were evaluated one week before and after the 12-week
intervention session. In general, handball training sessions
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lasted for 90 minutes, including about 20 min of low intensity
warmups including dynamic stretching exercises, 60 min of
technical handball exercise drills and 10 minutes of cool-
down. The handball training method is shown in Table 1.
One familiarization session was held before the tests. The
physical fitness performance levels (Running speed (T30m),
Change of Direction (CoD speed (T-test time)), jumping
ability (standing long jump (SLJ)), muscular strength and
endurance (30-sec curl-up and push-up), and estimated
maximum oxygen uptake (VO,max) (Yo-Yo intermittent
recovery test level-1 performance (YYIRT-1)) were tested.
All physical fitness tests were conducted on an indoor
handball court at the same time (16:00-18:00). A normalized
warm-up (5-min of sub-maximal running, dynamic
stretching activities, jump exercises, and sprints) procedure
was followed prior to the testing session. 10-minute breaks
were given between all tests (Fernandez-Romero, Sudrez, &
Carral, 2017).

Statistical analysis

Descriptive statistics were calculated and presented
as mean and SD for anthropometric and physical fitness
variables for the gender and groups. The normality
assumption of the data was met by the Skewness & kurtosis
and Shapiro-Wilk tests; therefore, parametric tests were
used. Independent samples t-test was conducted to test
the significant differences in pretests between groups.
Paired sample t-test was carried out to analyze statistically
significant differences within groups. In Excel, the effect size
was calculated by converting partial eta-squared scores to

Cohen’s d. The ES is classified as small (0.00 < d < 0.49),
medium (0.50 < d < 0.79), and large (d > 0.80). The data
were processed using SPSS Statistics 23.0 (IBM, 2015), and
the significance level was set at p < 0.05.

Results

There were no statistically significant differences in any
pretests between the IG and CG (p > 0.05). The height of the
IG and the body mass and BMI of CG increased over time
(p < 0.05) (Table 2).

Curl-up test results are given in Table 3. At baseline
and post-training, the number maximum of curl-ups was
significantly higher in IG than in CG (p < 0.05). After the
12-week handball intervention period, IG demonstrated a
significant increase in the maximum number of curl-ups
by 24% (p = 0.00, d = -3.42 [large effect]). In contrast,
the number of curl-ups significantly decreased by -24%
(p =0.001, d = 0.95 [large effect]) in the CG.

Table 3 illustrates the changes in push-up test scores both
in IG and in CG. The push-up test showed similar results, at
baseline and post-training, the maximum number of push-
ups was higher in IG than in CG (p < 0.05). IG increased
the maximum number of push-ups from the pretest score
of 18% (p=0.011, d = -0.76 [medium effect]). No significant
change was evident in CG push-up between a pretest score
to a posttest score (p = 0.641).

Table 3 summarizes pre and post-test values for SL]J tests.
At the baseline, no significant differences were observed
between the two groups, whereas SL] performance was
found higher in TG than in CG after the intervention period

Table 1. The content of 12-week handball training intervention

Warm-up (20 min)

Main Session (60 min)

Cool-down (10 min)

Week 1 Continuous running, lead ups ~ Ball handling drills, ball control static and dynamic, Basic athletic Stretching
abilities with a technical component

Week 2 Jumping jag series, lead ups Movement in the field, Dribbling, Basic athletic abilities with a Stretching
technical component

Week 3 Continuous running, lead ups ~ Holding the ball, dribbling, moving in the court Stretching

Week 4 Lead ups, calisthenics Throwing the ball, holding the ball, Dribbling Stretching

Week 5 Small-sided games, lead ups Catching the ball, passing the ball dribbling the ball, and Stretching
throwing the ball

Week 6 Lead ups, calisthenics Catching the ball, passing the ball dribbling the ball, and Stretching
throwing the ball in different directions and against opponent

Week 7 Jumping jag, small-sided games ~ Shot on goal, passing, catching, and throwing, Basic athletic Stretching
abilities with a technical component

Week 8 Lead ups, Continuous running  Shot on goal, passing, catching, and throwing, Basic athletic Stretching
abilities with a technical component team offensive and defensive
skill

Week 9 Small-sided games, calisthenics ~ Attacking the opponent, shooting, Basic athletic abilities with a Stretching
technical component, team offensive and defensive skills

Week 10 Track running, calisthenics Attacking the opponent, shooting, Basic athletic abilities with a Stretching
technical component, team offensive and defensive skills

Week 11 lead ups, jumping jag Basic athletic abilities with a technical component, passing Stretching
catching shooting and blocking, scrimmage game

Week 12 Continuous running, Small Basic athletic abilities with a technical component, passing Stretching

sided games

catching shooting and blocking, scrimmage game
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Table 2. Subjects’ characteristics

Intervention (n = 15)

Control (n=17)

Pre Post Pre Post
Height (m) 1.55 £ 0.09 1.55 £ 0.08* 1.54 £ 0.08 1.54 £ 0.08
Body mass (kg) 46.90 £7.38 46.50 £ 6.61 48.00 £ 10.6 50.10 + 10*
BMI (kg/m?) 19.30 £ 2.14 19.20 £ 2.33 20.10 £3.22 21.00 £ 2.99%

BMI: Body Mass Index; *p < 0.05; * Significant difference from pre-training

Table 3. Physical fitness performance before and after the 12-week intervention program

Group Paired t test
Pre Post A% p value Cohens d Magnitude
Measures Mz+SD M=+SD
IG (n=15)
Curl-up 17.90 + 4.07* 2350 £5.11* 24 0.00 -3.42 Large
Push-up 12.50 + 3.16* 17.90 £+ 6.67* 18 0.01 -0.76 Medium
SLJ 136.90 + 4.99 147.30 + 14.5* 6 0.01 -0.80 Large
T-test 12.60 * 1.06* 10.30 £ 0.97* -22 0.00 3.64 Large
T30m 6.15 £ 0.64* 559 +0.51* -8 0.00 1.66 Large
VO,max 28.30 £ 3.85% 34.80 + 3.24* 19 0.00 -4.02 Large
CG(n=17)
Curl-up 10.10 + 2.47 8.35+2.12% -24 0.00 0.95 Large
Push-up 6.47 +5.25 6.88 +4.82 6 0.64 -0.12 -
SLJ (cm) 127.60 £ 11.6 128.10 + 10.5 0 0.66 -0.11 -
T-test (s) 14.90 + 1.28 14.70 + 1.33 -1 0.26 0.29 -
T30m (s) 7.10 £0.74 7.30 £0.87 -2 0.51 0.16 -
VO,max 24.50 + 3.2 22.50 + 2.74* -9 0.00 1.05 Large

(p < 0.05). The handball training followed by the IG had
a beneficial impact on SLJ performance because jumping
height after rebound increased by 6% (p = 0.008, d = -0.80
[large effect]). The CG exhibited no significant changes in
SLJ performance (p > 0.05).

Pre and posttest for training and control groups were
presented in Table 3. In both baseline and post-training,
the IG had a higher agility test time than the CG (p < 0.05).
A significant decrease of -22% (p= 0.00, d = 3.64 [large
effect]) in the T-test score, which shows the enhancement
in performance, was observed for the IG (12.6+1.06 to
10.3+0.97 seconds). However, there was no significant
change observed in the control groups (p = 0.255).

At baseline and post-intervention, IG was significantly
faster than the CG in the T30m test (p < 0.05) (Table 3).
The analysis indicated that only the training group has a
significant main effect over the 12-week intervention period
(A% = -8%, p = 0.00, d = 1.66 [large effect], 6.15+0.64 to
5.59+0.51 seconds). In contrast, it was found that no
significant difference between the pre-to post-test for the
CG (p < 0.05).

Performance on the YYIRT-1 run significantly differed
between the two groups (Table 3). The IG had a higher
estimated VO,max performance than CG at the baseline and
post-intervention tests (p< 0.05). The estimated VO,max

performance showed the greatest improvement following the
handball training group with an increase of 19% (p = 0.00,
d = -4.02 [large effect]). On the other hand, a significant
negative difference was observed in the estimated VO,max
values of the CG (A% =-9%, p < 0.001, d = 1.05 [large effect])
from pre to post-test.

Discussion

This study shows that 12-week school-based handball
intervention is associated with higher physical fitness in
prepubescent children. The findings of this present study
are as follows: (i) Baseline data indicated that students who
participated in school-based handball training, apart from
their SLJ performance, achieved higher scores in maximum
curl-ups, push-ups, and VO,max, compared to their age-
matched CG; (ii) as expected, IG improved running speed,
agility, muscular strength and endurance, as well as the
estimated VO,max performance compared to CG; (iii) There
was a decrease in the maximum number of curl-ups and
VO,max mean values in the CG. However, no significant
changes were found in the maximum number of push-ups,
SLJ, speed, and agility time.

Cardiovascular fitness level (Ruiz et al., 2016) and
muscular strength (Castro-Pifiero et al., 2010) are often
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defined to as part of health-related fitness test batteries and
usually have relationship with disease prevention and health
(Howley, 2001). In the present study, the IG displayed a
superior performance in terms of maximum curl-up and
push-up numbers, as well as VO,max scores, compared
to the CG (p < 0.05). It has been previously observed that
students enrolled in physical activity programmes exhibit
improved cardiovascular fitness (Ahmed et al., 2017;
Larsen et al., 2021; Madsen et al., 2022) in comparison to
non-active individuals, as well as demonstrating a higher
maximum capacity for completing curl-ups and push-
ups (Ahmed et al., 2017). Moreover, previous studies have
demonstrated that children who partake in physical activity
interventions within the school environment exhibit greater
jumping abilities compared to their non-active counterparts
(Fernandez-Romero et al., 2017; Marques & Gonzalez-
Badillo, 2006). The present baseline outcomes of the
current study contradict prior research that implied greater
achievement in SL] among the active group. Gorostiaga et al.,
(2006), stated that handball trainings could enhance upper
extremity strength compared to lower extremity. These low
scores can be attributed to the programme’s emphasis on
technical and coordination training before the study, which
may have resulted in insufficient training time for other
areas. Ziv and Lidor (2009), suggested that explosive power
training should be implemented in handball for athletic
performance. The lower score in SLJ is correlated with poor
muscular strength (Castro-Pifiero et al., 2010) thus, coaches
should give more attention to leg strength training in the
training season program.

Bothspeed and agility were found higher for IG compared
to the CG. Previous research suggests that engaging in sports
during prepubescence can have a positive impact on the
speed and agility performance of children (Gracia-Marco
et al,, 2021; Masanovic et al. 2020). In a study, boys who
participated in soccer training in the prepubertal period
exhibited better running speed (30-m sprint) and agility
(T-test) performance than those who only participated in the
physical education program (Ates, 2018). Although speed
and agility are considered performance-related physical
fitness parameters (Howley, 2001), in particular, evaluating
these abilities contributes to enhance health, especially bone
health, (Ortega et al., 2008) and motor skill development in
young individuals (Schmidt et al., 2018; Palou et al. 2019).

When analysing the effects of 12-week of handball
intervention sessions, the students in the IG made greater
gains in selected health-related fitness measures after 12-
week of school-based handball intervention than the CG.
The maximum number of curl-up and push-ups increased
significantly after the intervention session in IG. These
findings support previous studies’ results, that school-
based handball intervention enhances muscular strength
and endurance in prepubertal children (Lemes et al., 2023).
In this study Lemes et al. (2023) reported that girls, aged
10-16 years, who attended handball training programs at
school (2 hours weekly for 38 weeks) were found to have
greater the maximum number of sit-ups compared to
children who attended only physical education classes. In
addition, our results showed that the maximum number
of curl-ups significantly decreased (-24%) in CG. It can be
said, improvement in weight and BMI values in CG during
the study could have affected the maximum number of

curl-ups. Because both abdominal and upper body strength
was inversely associated with overweight in cross-sectional
analyses (Kim et al., 2005).

A significant increase in VO,max mean values (19%) in
IG and a significant decrease in VO,max mean values (-9%)
in CG demonstrated the benefits of a school-based handball
training program to improve specific cardiovascular fitness
level of prepubescent children. These findings agree with
previous studies, which suggest that implementing handball
activities in school settings can enhance prepubertal
children’s cardiovascular capacity (Ion, 2015; Lemes et al.,
2023). Furthermore, the decrease in VO,max mean values
in CG can be explained by the increase in weight and BMI
values during the study. These results were confirmed by
previous studies (Kim et al., 2005).

The school-based handball intervention session was
also successful in significantly increasing the jump distance
measured in the SL]J test (6%). Previous studies (Ion, 2015)
investigating handball training in children have reported the
same tendencyofgreaterimprovementin jump testsinvolving
SLJ. In this study, it is possible that the characteristics of
the handball exercise, including throwing with long jumps,
could be explained by the increased distance jumped after
the handball intervention.

Thecurrentstudy,improvementinselected performance-
related physical fitness parameters (agility (T-Test) and
sprint (T30m) test time) was observed after 12-week of
handball intervention sessions in IG. In parallel with our
results, Oxyzoglou et al. (2009) reported that handball
training programs (3 times/week for 60min (50 training
sessions)) have been associated with increased 30-m sprint
and agility time performance in preadolescent children.
In addition, Ion (2015), reported a significant increase in
50 m running time after start practicing handball games in
children. It can be said that the performance improvement
in speed (-8%) and agility (-22%) time performance in the
IG demonstrated the positive effects of handball training
to improve the explosive skills of prepubescent children.
This reflects the characteristics of the training programs of
handball, which emphasize specific explosive actions such
as fents and directional change, attacking/attacking the
opponent, defending, and direct and lateral movement in
the field (running, stops, turns). In addition, sprint and CoD
exercises with and without a ball (Marques & Gonzélez-
Badillo, 2006), used throughout 12-week of school-based
handball training may have also developed running speed
performance. Thus, sport-specific speed and agility exercises
are recommended for handball conditioning programs (Ziv
& Lidor, 2009).

Conclusion

The results of this study corroborate previous findings
which suggest that engagement in school-based physical
activity programme is positively associated with enhanced
levels of physical fitness, in comparison to students who
do not partake in any physical activities. The marked
improvement in the maximal number of curl-ups and push-
ups, speed and agility time, VO,max mean values, and
SLJ distance indicates the effectiveness of a school-based
handball intervention as a method for enhancing the both
health related and performance-related physical fitness of
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preadolescent children. The role of these improvements in
supporting a healthy life in both the present and the future
is crucial. In this end, it has been suggested that school-
based handball activities are valuable tools for promoting the
holistic development of children.
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BMJINB YTPYYAHHA Y OOPMI WWKUIbHUX TPEHYBAHDb
I3FAHABOJTY HA OIBUYHY NIATOTOBJIEHICTb
| PE3YJIbTATUBHICTb QITEN BIKOM 12-14 POKIB

Acin Akunmxn'P, baxap Aremn'45¢

'"VirakcpKuii yHiBepcuTeT

ABTOpCHKNMI BKIAJ;: A — Au3aiiH gocmipkeHHs; B — 36ip ganux; C — crataHanis; D — migrotoska pykormcy; E — 36ip komtis

Pedepar. Crarrs: 8 ., 3 TabL., 59 mKeper.

IcTopis muTaHHA. YTpy4aHHA Y GOpMi IIKIIPHMX 3aXOHiB i3 (i3NYHOI aKTMBHOCTI ITO3UTHBHO BIUIMBAIOTh Ha 3ara/bHMI
CTaH 3/I0pOB’sl, FAPHE CAMOIIOYYTTS Ta AKICTb KUTTA AiTeil. MeTOr IbOro JOCII/KeHHs € BUBYEHHS BIUIMBY 12-TIDKHEBOTO Tpe-
HYBaHHA 3 TaHA00/Ty Ha KOMIIOHeHTH (i3VYHOI MiATOTOBIEHOCT] Ta Pi3NIHUX MOKA3HMKIB JIiTeil MOTOAIIOrO MIKiITBHOTO BiKY.

Marepianu Ta MeToau. Y 11bOMY KBasieKCIIepUMEeHTaIbHOMY JOCII/PKeHH] Y4Hi, sIKi 6epyTh y4acTb Y IIKUIBHUX TPeHYBaH-
HAX i3 rauAbony, ckmafaoTs rpyny Brpydanus (I'B) (n = 15, Bikom 12,3 + 0,96 poky), a Ti, XTo He bepe y4acTi (n = 17, BikoMm
12,1 + 0,83 poky), CK/IafalTh IpyIy MopiBHAHHA. JIiHIIHY MBUAKICTD (TecT niHiiHOI BUAKOCTI Ha Aucranuii 30 M — T30m),
HIBUAKICTb 3MIiHM HAIPAMKY (4ac BUKOHAHHS T-TeCTy Ha CIPUTHICTD, AKUIT Hepefdadae Oir i3 MaHeBpyBaHHAM T-mofiOHOIO
TPAEKTOPIEI0), CHIy HIDKHIX KiHI[iBOK (cTpubky B foBxuHy 3 Micyt (CIIM)), M’s130BY city Ta BUTPUBAIICTD (MifIIOMHU KOPITYCy
Ta BiKMMaHHsA IpoTAroM 30 CeKyHJ) Ta PO3paxyHKOBMIl MAKCUMYM CIIOXKUBaHHA KMcHIO (VO,max) (tect Mo-110 3 epeMbKHIM
BignounukoM (piBens 1) — YYIRTL-1) BumipioBaiu Ha IOYATKy Ta B KiHI[i TpeHyBaHHsA 3 raHA001y. [I1s1 epeBipKu CTaTUCTUYHO
3HAYYIVX BiMiHHOCTeI1 y IOIepeHiX TecTax MiX IpylIaMy BUKOPUCTOBYBaM t-Kpurtepiit CrblofieHTa /11 He3a/IeXKHUX BIOIpOK.
Jlist aHamisy CTaTMCTUYHO 3HAYYIIVX BifMIHHOCTENT y Ipynax BUKOPUCTOBYBanu t-kpurtepiit CTbiofieHTa IS IAPHUX BUOIPOK.

PesynbraTu. PesynbraTu BUABNIIY, 10, 32 BUHATKOM OLIiHOK y Tecti CJIM, MOKa3HMKY NOIepeIHbOro TecTyBanH:A y I'B 6ymu
CTAQTUCTUYHO 3Havylle Bumumi, HiX y KI. B oljiHkax miZcyMKOBOTO TeCTyBaHHA MOKasHMKM y I'B Oymu cTaTMCTUYHO 3HAUYIIe
Bumumy, HDK y KT, B ycix TecroBux onjinkax. Kpim toro, piBai mokasHukis ¢isudHoi nmigrorosrenocti y I'B crarucriano sHagyie
3MIHMINCA 32 Iepiof MX HOIIepefHiM i mifcyMmkoBuM TecTyBaHHAM (p < 0,05), a B KOHTpOJIBHIlt rpymi — Hi (p > 0,05).

Bucnosxku. [TifcymoByroun, yrpydanHs y GopMi IIKITbHIX 3aHATS i3 TaHA00/Ty MOYKe IIO3UTMBHO BIUIMBATY HA XapaKTepyC-
TUKY Bi3MYHOI MiTOTOBIEHOCTI Ta Pe3y/IbTaTUBHOCTI Y4YHIB.

KnrouoBi cioBa: (biquHa IiITOTOB/IEHICTh, Pe3y/IbTaTUBHICTD, IIKiIbHMII 3aXifl, KOPUCTD /IS 3110p013’5{, nepiof, mo nepenye
CTaTeBill 3PLIOCTI.
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Abstract

Study purpose. The running-based anaerobic sprint test (RAST) has been developed to assess anaerobic power and
fatigue levels using a repeated sprint protocol. The aim of this research was to study the effect of fatigue induced by
RAST on performance in execution time (ET) and decision-making (DMA) in technical-tactical actions in soccer in

a laboratory situation.

Materials and methods. Quasi-experimental, longitudinal, pretest-posttest comparative study. Two groups of soccer
players (n = 34) divided into a control group (n = 18) and an experimental group (n = 16) were evaluated twice at two

different times.

Results. Taking into account the p-value, effect size and statistical power, there are differences before and after RAST
in the variables Total Index (TI) and ET, and not in DMA. On the other hand, the control group remained stable at

both times.

Conclusions. After the intervention, the experimental group showed a decrease in the figures of the ET and TI
variables, but not in the DMA variable, in other words, the decisional time and motor time, components of the ET
variable and essential at the time of rapid decision-making, increased in the posttest.

Keywords: fatigue, performance, cognition, Stroop task, soccer.

Introduction

Soccer is a team sport that involves physical (sprints,
sprints, sprints, changes of direction, jumps) and technical
demands (dribbling, passing, shooting) (Nédelec et al.,
2012), in addition, it has a high cognitive demand, because
cognitive flexibility is intertwined with decision making to
change the direction of movement and the type of action
required in each situation. Thus, technical skills depend on
cognitive skills to obtain the results (Herman et al.,, 2015;
Zentgraf et al., 2017).

Soccer players must quickly assess information about
the ball with respect to their teammates, opponents, and

© Calle-Jaramillo, G.A., Gonzalez-Palacio, E.V., Jaramillo, A.R.,
& Gonzalez-Jurado, J.A., 2023.
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location on the field before considering the appropriate action
based on their skills, the coach’s instructions, and the current
match situation (Williams, 2000). When shooting, passing
or dribbling, the player needs exceptional visual perception
to register approaching opponents and teammates, as well
as quick decision-making and inhibitory control to change
the motor plan if a defender impedes the current execution
(Wilke & Vogel, 2020).

Therefore, it is necessary to consider that the visual
reaction time can be divided into two moments: the first is the
period between the appearance of the stimulus and the onset
of saccades, which has a duration between 180 and 300 ms.
(Gilaetal, 2009), and the second moment corresponds to the
duration of the nerve impulse from the sensory organ to the
motor plate, and ranges between 180 and 200 ms. (Bonnet,
1994). Likewise, the decisional time is another component of
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the reaction time, and this refers to the time it takes to make
decisions (DMA) due to the characteristics of the stimulus,
i.e., the greater the complexity of the stimulus, the longer
the duration of the decisional time and therefore of the ET
(Calle-Jaramillo et al., 2023).

In this sense, fatigue is a multifactorial phenomenon
that involves central structures (proximal to the
neuromuscular junction) and peripheral structures (distal
to the neuromuscular junction) (Aquino et al., 2022).
Similarly, fatigue can be mental when there are sustained
and prolonged periods of cognitive activity (Marcora et al.,
2009) that compromises executive function (e.g., decision-
making, cognitive flexibility, working memory) and the
ability to maintain attention on a task (Lorist et al., 2005).
Thus, both central and peripheral fatigue, and mental
fatigue, are related to the neuromuscular and cognitive
structures underlying the different moments that make up
visual reaction time, thus affecting technical and tactical
skills and consequently the performance of soccer players
(Huijgen et al., 2015; Romeas et al., 2016).

Short high intensity efforts performed in sports
such as soccer or basketball could fatigue the Central
Nervous System (CNS) (Clemente Sudrez et al., 2011). To
demonstrate this, Flicker Fusion Thresholds (UFF) (method
used to measure CNS fatigue and cognitive function) were
used after a Running Repeat Ability (RSA) test (Ghozlan &
Widlocher, 1993), observing CNS fatigue due to decreased
UFF (Simonson & Brozek, 1952). For this reason, fatigue is
not only due to muscular factors but also to factors affecting
the CNS (Clemente Sudrez et al., 2011).

Several studies demonstrated the effects of fatigue
induced by combined cognitive and motor tasks (Repeated
Interval Loughborough Soccer Passing Test, 90-minute
training matches) (Bian et al., 2022) and by isolated cognitive
(color stroop task) (Gantois et al., 2020; Smith et al., 2016)
or motor tasks (high-intensity physical loads) (Frybort et al.,
2016) on the technical-tactical performance of the soccer
player.

Consequently, the aim of this research was to study the
effect of RAST-induced fatigue on ET and DMA performance
in technical-tactical actions in soccer in laboratory situation,
using the Stroop Task Football Test (STFT) (Calle-Jaramillo
et al., 2023) at two moments: without fatigue (pretest) and
with RAST-induced fatigue (postest) (Nara et al., 2023).
We hypothesize that there will be differences in TI between
fatigued and non-fatigued soccer players.

Materials and methods

Participants

Thirty-four male soccer players of the U-20 category,
belonging to the youth divisions of Envigado Futbol Club,
a professional soccer club, participated in the study. The
characteristics of the sample (mean + SD) were as follows:
age (18.31 £ 1.07 years), height (178.56 + 4.35 cm), weight
(68.58 +4.47 kg) and time spent at the club (8.63 + 0.98 years).
To determine the sample size, the “A priori: computer requires
sample size”, t tests (difference between two independent
means: two groups) function in G-power 3.1.9.7 program
was used based on the following parameters: effect size
0.999; probability a<0.05; statistical power (1-f=0.80) and

two groups; the calculation established a minimum sample
of 34 players.

Design

This was a quasi-experimental study with a pretest-
postest non-equivalent and longitudinal comparative
control group (Manterola & Otzen, 2015; Baios et al,
2019). A group of soccer players were assessed twice using
the Stroop Task Football Test (STFT) (Calle-Jaramillo et al,
2023) in two different conditions. First, an assessment was
performed without fatigue (pre-test) and subsequently with
RAST-induced fatigue (post-test) (Nara et al., 2023).

Variables

Independent variables: RAST; dependent variables: T1,
DMA, ET.

The variable ET is expressed in decimal minutes and is
calculated by dividing the seconds the test lasts by 60 seconds.
For example, 1 minute and 10 seconds equals 70 seconds, so
70 seconds equals 1.16 minutes. If the test lasted 50 seconds,
then 50 seconds equals 0.83 minutes.

Procedure

The Stroop Task Football Test (STFT) evaluates decision-
making (DMA) and execution time (ET) through technical-
tactical actions (passing and driving) to study cognitive
motor performance in soccer through the Total Index (TI)
(Calle-Jaramillo et al., 2023).

In addition, the run-based anaerobic sprint test (RAST)
has been developed to assess anaerobic power through a
repeated sprint protocol with variables analogous to the
Wingate Test (WAnT). The RAST consists of six 35-meter
sprints separated by 10 seconds of recovery. The characteristic
distances and recovery time of the RAST protocol suggest
that it could be an ideal test for assessing RSA (ability to
repeat sprints) in team sport players competing on the field
(Nara et al., 2023).

Given that RSA has been hypothesized to be an indicator
of physical performance in a soccer match (Rampinin et al.,
2006) and a necessary component of physical fitness in team
sports, standardized assessment is becoming increasingly
important (Spencer et al., 2005). An effective RSA test must
reflect sport-specific movement patterns observed during
competition (Keir et al., 2013).

For this reason, the validity of recently developed RSA
testing protocols has been assessed by comparisons with the
popular Wingate test (WanT). The WAnT has previously
been used as a test by which RSA protocols are validated
(Zagatto et al., 2009).

There were seven days of difference between both
tests: STFT without RAST (pretest) and STFT with RAST
(postest). Both tests were performed in competition season
at the same time of the day, 48 hours after training. Prior to
the execution of the tests, participants performed a warm-up
based on typical soccer actions and similar to the STFT to
test their understanding of the STFT.

Environmental characteristics: The test was performed
between 8:00 and 10:00 a.m. at a temperature between 18
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and 25 degrees Celsius on soccer fields with synthetic turf.
An official FIFA Golty® ball was used.

Inclusion criteria: Signed informed consent, completion
of both tests (pretest and postest) and having attended all
training sessions of the immediately preceding weekly cycle.

Exclusion criteria: Having consumed caffeine or any
other stimulant substance on that day, diagnosis of any
psychiatric or neurological problem, and physical injury or
discomfort at the time of the test.

46 players participated in the study (see Figure 1), seven
players did not meet the inclusion criteria, and 5 players
were excluded for having presented injury or physical
discomfort at the time of the test. Finally, in the analysis of
the information, the records of 34 players were taken into
account.

Ethical considerations: We refer to the ethical provisions
of the Declaration of Helsinki.

m frrsearordgpin=9

Excluded (n=7)

‘ Not meeting inclusion criteria (n=7)

FOLLOW UP

Lost to follow — up (presented
injuries or physical discomfort at
the time of the test (n=5)

!

ANALISYS

Analyzed (n = 34)

Excluded from analysis (n = 0)

Fig. 1. Flowchart: inclusion/exclusion criteria to obtain the sample

Test design to assess the groups

The Stroop Task Football Test (STFT) was used to assess
DMA, ET and TI with and without RAST-induced fatigue.
The test consists of 32 stimuli delivered by a screen (16 stim-
uli with red arrows and 16 stimuli with green arrows), where
red arrows correspond to passing and green arrows cor-
respond to driving. The arrows may or may not match the
quadrant (congruent trials vs. incongruent trials). The par-
ticipant must respond to the direction of the arrow and not
to the location, and must respond to the color of the arrow.
This allows two responses (type of action and direction of
movement) to be scored on each stimulus, for 64 possible
hits. The number of correct answers is divided by the time
the test lasts (ET), and the result is TI, a value that indicates
the cognitive motor performance of the soccer player in the
test (Calle-Jaramillo et al., 2023) (see Figure 2).

Performance of the STFT at the pretest and at the RAST-
induced postest. After completion of the RAST, participants
had a 15-second pause before starting the STFT (see Fig-
ure 3). The control group only performed the RAST at two
different times.

.'.'37‘ 101 ?01” ',“I
210 410 00.100
NN A (A
RN 20T 407
%00 400 110 .310
V4 NN
20T 401 LT LAY
10 L0 %500 400
TR 10T 10T
00 L.00 $10 5510
STIMULI RESPONSE  STIMULI RESPONSE

Design to evaluate the group before RAST-induced fatigue
(pretest) and after RAST-induced fatigue (postest)

Fig. 2. Scoring of the Stroop Task Soccer Test (STFT). Evaluation
of trials with their respective stimuli and responses

STFT (Pretest)

STFT (Postest)

Fig. 3. Stroop Task Football Test (STFT) before (pretest) and after
(postest) the Running Anaerobic Sprint Test (RAST)

Finally, the STFT data (Calle-Jaramillo et al., 2023) (see
figure 3) were transcribed in IBM SPSS Statistical Software
version 23°. Likewise, the duration of the sprints (RAST)
was recorded using a manual stopwatch (CASIO - HS - 3V
- 1RDT, Dimensions H x W x D: 62.00mm, 63.50mm, and
17.00mm, Weight: 40.30g).

Results

To begin the description of the results, we proceeded to
evaluate the normality of the variables (DMA, ET and TI) by
comparing the data of the subjects intergroup (control group
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vs experimental group) and intragroup (pretest - postest)
from the Shapiro - Wilk test (see table 1). The results indicated
that in the pretest the DMA and ET variables of the control
group and the experimental group presented non-normal
distribution (p<0.05), but in the case of the TI variable,
both groups presented normal distribution (p>0.05). On the
other hand, in the post-test, the DMA variable in both the
control and experimental groups and the ET variable in the
control group presented non-normal distribution (p<0.05),
however, the TE variables in the experimental group and the
TI variable in the control and experimental groups presented
normal distribution (p>0.05) (see Table 1).

Table 1. Normality of variables

Shapiro-Wilk

Group
Statistic gl p

Control 0.861 18 0.013
Pretest DMA

Experimental 0.815 16 0.004

Control 0.889 18 0.037
Pretest ET

Experimental 0.886 16 0.049

Control 0.943 18 0.327
Pretest T1

Experimental 0.895 16 0.068

Control 0.850 18 0.008
Postest DMA

Experimental 0.791 16 0.002

Control 0.894 18 0.046
Postest ET

Experimental 0.973 16 0.882

Control 0.946 18 0.372
Postest T1

Experimental 0.968 16 0.810

Comparing each of the groups before the intervention
process, statistically significant differences were found between
the experimental group and the control group in the DMA and
ET variables; both in favor of the experimental group. In the
case of the DMA variable, the difference had a significance
lower than 0.05 and a large effect size (d=0.80), however, its
statistical power (1-p=0.60) was below the reference value
(0.80), i.e., there may be a type 2 error in 40% because there was
a rejection of the null hypothesis in this contrast (see Table 2).

In the case of the ET variable, the experimental group had
a median decimal time of 0.95 (RI=0.11) much lower with

respect to the control group (Md=1.20; IR=0.16), a difference
that was statistically significant with a very large effect size as
was its statistical power (p<0.01; d=2.16; 1-$=0.99); which
indicates that in the two variables described above it is not
possible to assume the groups as homogeneous, especially with
regard to the ET variable, in other words, the experimental
group was superior to the control group (see Table 2).

In relation to the TI variable, the comparison between
the two groups was made with the Student’s t-test, where, in
addition to normality, compliance with the homoscedasticity
assumption was verified (f=0.001; p=0.981), assuming
equality between variances. The comparison showed that
the experimental group (M=63.80; SD=8.60) presented a
higher rating than the control group (M=46.50; SD=8.14), a
difference that was statistically significant, with a very large
effect size and a probability of committing a type 2 error
almost null (p<0.01; d=2.13; 1-$=0.99); therefore, in the TI
variable, the groups were also non-equivalent before the
intervention process (see Table 3).

Subsequently, the two groups were compared after the
application of the independent variable (RAST-induced
fatigue), where the behavior of the dependent variable DMA
was similar and without statistically significant differences
(P>0.05).Inthe caseofthe ET variable, the statistical difference
between the experimental group (Md=1.10; IR=0.17) and the
control (Md=1.28; IR=0.19) was significant, with large effect
size as well as statistical power (P<0.01; d=1.27; 1-$=0.94);
therefore, in the DMA variable, the experimental group in
the postest ended up being equivalent to the control group.
However, the ET variable evaluated after fatigue had a better
performance in the experimental group, i.e., it was still better
than the control group (see Table 4).

Regarding the TI variable, the experimental group
presented a decrease in its score (M=54.37; SD=8.96),
however, this value was higher than that of the control
group (M=46.63; SD=6.09), a difference that was statistically
significant (p<0.01); d=1.07; 1-B=0.85); therefore, the
experimental group, as before the intervention, was better
than the control group (see Table 5).

In the comparison between pretest and postest of
the three dependent variables, there were no statistically
significant differences (see Table 6 and 7).

Comparing the results between the pretest and postest
of the experimental group, that is, after the fatigue induced
by the RAST, in the case of the DMA variable, no statistically

Table 2. Comparison between the experimental and control groups in the pretest of the DMA and ET variables

Variable Group Md IR UMW p d 1-8

Experimental (n=16) 62.00 5.00

DMA 74.00 0.015 0.80 0.60
Control (n=18) 58.00 8.00
Experimental (n=16) 0.95 0.11

ET 22.00 0.001 2.14 0.99
Control (n=18) 1.20 0.16

Table 3. Comparison between the experimental and control groups in the pretest of the TI variable

Variable Group M SD t P Mean differences IC,; d 1-p

Experimental (n=16) 63.80 8.60
TI -6.023  0.001 -17.305 -23.157 -11.453  2.13 0.99

Control (n=18) 46.50 8.14

gl=32
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Table 4. Comparison between the experimental and control groups in the post-test of the DMA and ET variables

Variable Group Md IR UMW P d 1-p
Experimental (n=16) 61.50 6
DMA Control (n=18) 61.00 10 120.00 0.403
Experimental (n=16) 1.10 0.17
ET Control (n=18) 128 0.19 51.50 0.001 1.27 0.94
Table 5. Comparison between the experimental and control groups in the post-test of the TI variable
Variable Group M SD t p  Mean differences 1C,; d 1-p
Experimental (n=16) 5437 896
TI -2.973 0.006 -7.737 -13.036  -2.436 1.07 0.85
Control (n=18) 46.63 6.09
gl=32
Table 6. Comparison between pretest and postest of the DMA and ET variables of the control group
Variable Valuation Md IR Z (Wilcoxon) p d 1-B
Pretest 58.00 8.00
DMA Postest 61.00 10.00 72 0.086
Pretest 1.20 0.16
ET Postest 1.28 0.19 087 0384
Table 7. Comparison between pretest and postest of the TI variable of the control group.
Variable  Valuation M SD t P  Mean differences IC,; d 1-
Pretest 46.50 8.14
TI Postest 46.63 6.09 -0.091 093 -0.1338 -3.2486 2.9808
gl=17
Table 8. Comparison between pretest and postest of DMA and ET variables of the experimental group
Variable Valuation Md IR Z (Wilcoxon) p d 1-
Pretest 62.00 5.00
DMA Postest 61.50 6.00 1230 0219
Pretest 0.95 0.11
ET Postest 1.1000 0.17 -3.182 0.001 1.38 1.00
Table 9. Comparison between pretest and postest of the TI variable of the experimental group
Variable Valuation M SD t P Mean differences 1C95 d 1-p
Pretest 63.80 8.60
IT 6.949 0.001 9.43467 6.5409 12.3283 1.16 0.99
Postest 54.37 8.96
gl=15

significant differences were found; while for the ET variable
there were statistically significant differences, with a large
effect size and a possibility of committing a type 2 error of
0%. (p<0.01; d =1.38; 1-p=1.00) (see Table 8).

In the TI variable, there was a statistically significant
difference, with large effect size and statistically high power
(p<0.01; d =1.16; 1-f=0.99) between the pretest (M=63.80;
SD=8.60) and postest (M=54.37; SD=8.96) (see Table 9).

Discussion

The aim of this research was to study the effect of RAST-
induced fatigue on performance in execution time (ET)
and decision making (DMA) in technical-tactical actions

in soccer in a laboratory situation, using the Stroop Task
Football Test (STFT) (Calle-Jaramillo et al., 2023) in young
soccer players at two different times: without fatigue (pretest)
and with RAST-induced fatigue (postest).

Previous studies such as the “Repeated Interval
Loughborough Soccer Passing Tests: An Ecologically Valid
Motor Task to Induce Mental Fatigue in Soccer” (Bian et
al., 2022), evaluated cognitive behavior in 15 young soccer
players (mean age 22.0, SD: 2.5 years) following mental
fatigue, showing negative effects on penalty time (+5.9 £4.9
vs. +5.4 +4.2 s, p = 0.748) and passing accuracy (-1.4 +1.5
vs.-1.0 £1.3, p= 0.465) in the Loughborough Soccer Passing
Tests (LSPT). Comparing the results of the previous research
with those found in this study, similarities are found in terms

766



Calle-Jaramillo, G.A., Gonzalez-Palacio, E.V., Jaramillo, A.R., & Gonzalez-Jurado, J.A. (2023). Effects of Fatigue Induced by the
Running-Based Anaerobic Sprint Test on the Performance in Execution Time and Decision-Making in Technical-Tactical Actions in
Soccer (Passing and Driving) in a Laboratory Situation

of time, since ET tends to increase in fatigue condition;
however, at the same time it differs, since the DMA in the
technical action of passing and driving was not affected by
the presence of fatigue.

Another study analyzed the effect of mental fatigue on
decision-makingin 20 male professional soccer players (mean
age 22.6 years, SD: 3.3), using the Stroop task (accuracy and
response time) to assess inhibitory control before and after
mental fatigue induced by the 15-minute Stroop task and
the 30-minute Stroop task, finding an increase in response
time during the Stroop task after the 30-minute Stroop task
condition (F(2,17) = 6.57, p = 0.03) compared to the 15-min
Stroop task and control conditions (Effects of mental fatigue
on passing decision-making performance in professional
soccer athletes) (Gantois et al., 2020). Thus, reaction time
was also affected by mental fatigue; results similar to those
reported in this study.

In addition, other research showed the impact of
mental fatigue on decision-making in soccer. Twelve male
soccer players (mean age 19.3 years, SD: 1.5) performed
a decision-making test preceded in a randomized order
by 30 min of Stroop task (mental fatigue) or 30 min of
magazine reading (control). Soccer-specific decision-
making performance was assessed through accuracy and
pass response time using edited video clips of professional
soccer matches. Decision-making accuracy was lower and
response time was longer after the Stroop task that generated
mental fatigue. Response accuracy was likely lower in
the mental fatigue condition (80.9 + 6.4%) compared to
the control condition (85.7 £ 4.9%; SD = -0.89 + 0.73).
Similarly, response time was probably slower in the mental
fatigue condition (768 + 134 ms) compared with the control
condition (685 + 156 ms; SD = 0.49 * 0.47). Comparing
the results of the previous research with those found in our
study, similarities are found regarding ET, since it tends to
increase TI in fatigue condition; however, at the same time
it differs, since decision making in the technical action of
passing and driving was not affected by the presence of
fatigue (Smith et al., 2016).

Similarly, a study by Frybort et al. (2016), showed
that physical load affected speed, but not decision-making
accuracy in 42 semi-professional male elite soccer players
(mean age 18.0 + SD: 0.9), evidencing that high-intensity
exercise negatively affected visuomotor response time
compared to moderate-intensity exercise due to physiological
fatigue. The results showed a mean effect (Z-test = 0.34)
and ANOVA (897.02 + 57.46 vs. 940.95 + 71.14; p = 0.002),
which are similar to those reported in this study, where TE
and not DMA changed due to the presence of fatigue, which
in this case was also physically induced.

Understanding that elite soccer has a multifactorial load
(psychological, physical, cognitive) that induces mental,
central and/or peripheral fatigue, it is necessary to evaluate
the technical tactical performance of the player when he
has all types of fatigue combined or when he has the types
of fatigue separately, so it is suggested for future research
to analyze the cognitive motor behavior according to the
type(s) of induced and non-induced fatigue at different
times of the season. Not isolating and not combining the
types of fatigue to evaluate the player’s performance is an
aspect to be taken into account for future research.

Conclusions

After the intervention (RAST-induced fatigue), the
experimental group showed a decrease in the figures of the
ET and TI variables, but not in the DMA variable, while
the control group remained stable in all variables. In other
words, decisional time and motor time, components of
the ET variable and essential for rapid decision-making,
increased in the postest.

Although the intervention in the experimental group
decreased performance in two of the three variables (ET and
TI), this was not lower than the figures of the control group,
however, the intervention shows that the soccer players are
susceptible to RAST-induced fatigue in the experimental

group.
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BMJINB YTOMU, CNPUYMUHEHOI AHAEPOBHUM CMPUHT-TECTOM

HA OCHOBI BIT'Y, HA PE3YJIbTATUBHICTb 3A MOKA3HUKAMWU YACY
BUKOHAHHA TA NPUAHATTA PILWEHD NIA YAC TEXHIKO-TAKTUYHUX AIN
Yy ®YTBOJI (MEPEOQAYA TA BEAEHHA M’AYA) Y IABOPATOPHIV CUTYALLIT

T'inbepmo Auppec Kanne-Xapaminbo'4*“P, Enok Banentun Ioncanec-Ilamacio® ®P,
Anppec Poxac Xapaminpo®*®<P, Xoce Autonio Ifoncamec-Xypamo'45CP

"YuiBepcurer imeni ITabmo e Onasine
*AHTIOKIICBKUII YHIBEPCUTET

ABTOpPCHKMIT BKTAJ: A — Au3aitH gocmipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykormcy; E — 36ip komtis

Pegepar. Crarrs: 8 ., 9 Tabn., 3 puc., 27 mxeper.

Mera gocmifykeHHA. AHaepoOHMIT CIPUHT-TeCT Ha 0cHOBI 6iry (RAST) 6yB pospobieHuit 11 OL[iHKM aHaepOOHOI ITOTYX-
HOCTI Ta piBHIB yTOMM 32 JOIIOMOIO IIPOTOKOTY IIOBTOPHOTO CIIPMHTY. MeTO IIbOr0 ZOCTifKEeHHs Oy/I0 BUBYEHHS BIUIMBY
BTOMH, CIIpU4YMHeHoi TectoM RAST, Ha pe3ynbraTuBHICTD 3a MoKasHMKamu 4acy BukoHanHA (ET) i npuitaarTa pimens (DMA)
HiJ Yac TeXHiKO-TaKTUYHUX Aiit y GyT6osi B mabopaTopHiit curyaril.

Marepianu Ta MeTopu. KBasiekcrnepuMeHTanbHe, IOHTITIOHE TOPiBHANIbHE JOCTiPKEHHA 3 IIONIEePEHIM i IiJCyMKOBMM Tec-
TyBaHHAM. [IBi rpynu ¢yrbomicTiB (n = 34), mogineni Ha KOHTPOIbHY (n = 18) Ta ekcriepuMeHTaIbHY (n = 16), OLiHIOBaIN ABiYi
B /IBa pi3Hi MOMEHTH 4Yacy.

PesynpraTn. bepyun 1o yBaru p-sHaueHH:, po3Mip eeKTy Ta CTaTMCTUYHY IIOTY>KHICTh, CIIOCTePiraloTbcA BiMiHHOCTI 0 Ta
mics Tecty RAST y sminHux «3aranpumit ingexe» (TI) ta «yac Bukonannsa» (ET), a y 3MiHHIl «npuitHATTA piteHb» (DMA) - Hi.
3 mpyroro 60Ky, KOHTPO/IbHA IPyIIa 3a/MIIaacs CTabi/IbHOI 061ABa pasL.

BucnoBxku. Ilica BTpyJaHHA B eKCIepMMEHTANbHIl TPy crocTepiranocs sHmkeHHA 3HadeHb 3MiHHUX ET Ta TI, ame ne
3MiHHOI DMA, iHIMMM croBaMu, TOKa3HUKI Yacy IPUITHATTA pillleHH: Ta MOTOPHOTO 4acy, sKi € KomnoHeHTaMu 3MiHHOI ET Ta
€ iCTOTHO BaYX/IMBYIMM B MOMEHT IIBUJKOTO NPUIHATTA pillleHb, 3pOC/IN 33 pe3y/IbTaTaMI IifICyMKOBOT'O TeCTyBaHHS.

KirrouoBi cmoBa: BToMa, pe3y/IbTaTUBHICTD, Mi3HaHHA, TecT CTpyIia Ha BUK/TIOUEHH: HepeleBaHTHOI iHpopMaii, pyToot.
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Abstract

The purpose of the study was to determine the authenticity of the dynamic balance control device developed on the
basis of modern trends in the field of electronic equipment for students with disabilities.

Materials and methods. 32 students with disabilities, aged 18-24 years, I-1II years of study, who received a doctor’s
permission to participate in testing and had vestibular disorders, were selected for the studied sample, in accordance
with the provisions of voluntariness and anonymity. General scientific methods of gathering theoretical information,
the method of technical modeling, pedagogical testing and methods of mathematical statistics were used.

Results. A dynamic balance control device was developed on the basis of the most up-to-date electronic equipment
and programming. The device consists of an integrated electronic unit, a programmable microcontroller system

unit, and a PC. The information received by the capacitive sensors placed in the unit of the integrated electronic

unit during the student’s performance of the test task is processed in the unit of the programmable microcontroller
system and transmitted via non-contact infrared communication lines to the PC where it is graphically presented. To
establish the authenticity of testing using the developed device, reliability and validity coefficients were determined,
which in numerical values reached a “high” level, in contrast to the test the results of which were recorded directly by
the teacher and numerically corresponded to the limits of “low” and “medium”.

Conclusions. The dynamic balance control device presented in the work is designed using the most up-to-date
electronic equipment and programming. Considering the importance of eliminating vestibular disorders and related
dynamic balance disorders in students with disabilities, the use of the presented development of the control device

in the practice of inclusive PE is aimed at ensuring the effectiveness of this process. The integration of a control
device developed based on current trends in the field of electronic equipment into the inclusive physical education of
students with disabilities is the basis for the development of new approaches in the process of dynamic balance testing
based on objective assessment.

Keywords: students with disabilities, physical education, testing, inclusion, control, electronic equipment, dynamic
balance.

Introduction tant issues in the field of higher education at the global level.
In particular, ensuring the quality of the educational pro-
cess for students with disabilities is associated with several
problems that have worsened under martial law. Given the
development of events regarding the duration of the military
aggression of the Russian Federation, the number of such

persons will increase. Therefore, the problem of physical and
'}® TMOB psychological rehabilitation of students with disabilities dur-
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Problem statement. The invasion of the Russian Federa-
tion into Ukraine increased attention to a number of impor-
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ing their studies in higher education institutions is gaining
considerable relevance.

In ensuring the full-fledged life activities of students
with disabilities in higher education, a significant place is
given to the potential of inclusive physical education (PE)
(Haegele & Sutherland, 2015). Adaptation of this process to
today’s requirements, and its modernization, which ensures
the process of correction of health disorders of students with
disabilities, is of particular importance.

Since the experience of inclusive PE in higher education
institutions is practically absent in Ukraine, the development
of this direction as a factor in health preservation and
rehabilitation of persons with disabilities is currently one
of the priority tasks of the educational policy of higher
education.

Analysis of recent research and publications. First of
all, we should note that the national doctrine of education
development in Ukraine in the 21st century defines that
the main factor in the development of education should
be innovative activity (Mykytyuk et al., 2022). The issue of
the necessity and significance of innovative processes in
inclusive education is reflected a number of scientific works
(Goodwin & Watkinson, 2000; Lidor & Hutzler, 2019; Page,
Anderson, & Charteris, 2021; Grenier, Patey, & Grenier-
Burtis, 2022).

It is believed (Haegele & Sutherland, 2015), that solving
the problem has a multidisciplinary basis. According to
specialists (Pocock & Miyahara, 2018), the effective here is
the inclusive PE of students with disabilities using forms,
means, and methods of PE (Ivashchenko, 2020) in a complex
with the latest advances in electronic techniques (Gogoi,
2019; Gupta, 2021).

There is no doubt that the goals of modern inclusive
PE require the latest technologies (Kuntjoro et al., 2022).
Currently, considerable experience has been accumulated
in this field of knowledge, which proves the role of unified
electronic techniques, which are constantly developing
almost every day (Blavt et al., 2022). Researched, that
a wide range of electronic techniques, covering any
procedures, providing storage, receiving, manipulation, and
transmission of information in electronic form in digital
form (Klavina, 2011; Koryahin et al., 2022), open significant
new opportunities for evaluating the effectiveness of the PE
process.

A significant percentage of students with disabilities
now have vestibular disorders, which can be the result of
numerous diseases or craniocerebral injuries. If disease or
injury damages the vestibular system, balance and postural
control disorders, problems with stability and coordination
of movements, dizziness, etc. can occur (Voronova et al.,
2021). A consequence of vestibular dysfunction can be
cognitive and communicative disorders, concentration
difficulties, etc., which, accordingly, creates difficulties in the
learning process (VeDA). Such disorders are characterized as
brain “fatigue” syndrome, which is accompanied by various
cognitive disorders (Hall et al., 2016). In addition, emotional
disorders, which are very relevant in the conditions of
prolonged stress of war, indirectly affect gait and balance
(Da Cruz et al,, 2010; Gurgel et al., 2012).

Correction and elimination of vestibular disorders, as
a science-based area of PE practice, is aimed at the effective
management of vestibular symptoms (Herdman, 2013;

Fitzgerald, 2006). Assessment of the process of correction
of vestibular disorders should include assessment of balance
and dynamic coordination (Dunne et al., 2023). From the
standpoint of pedagogical science regarding the organization
of the educational environment in higher education, but
with an emphasis on taking into account the determinants
and model of inclusive education in a complex with modern
advances in electronic techniques and software in the process
of correction and elimination of vestibular disorders are very
timely.

The purpose of the research was to determine the
authenticity of the dynamic balance control device developed
based on modern trends in the field of electronic techniques
for students with disabilities.

Materials and methods

Research methods

The conducted research involved implementation
in three stages: development of the device, collection of
empirical data, and mathematical processing. To formulate
reliable, relevant research answers, methods based on
interdisciplinarystrategieswerechosenintheimplementation
of the research. Along with general scientific methods,
methods evolved from other disciplines were used to obtain
theoretical and empirical material (analysis, synthesis, and
generalization). The method of technical modeling was
used to create a test control device that was subject to study.
In addition, the method of pedagogical experiment and
mathematical methods of descriptive statistics were applied,
which were used to formulate conclusions based on an
accurate description of the data obtained.

For individuals with vestibular problems and dynamic
balance assessment, the Four Square Step Test (Four_Square_
Step_Test) was used. The testing procedure involves stepping
through the membranes forward, sideways and backwards
(Fig. 1). Description of the test: the student must successively
step over four membranes set with a cross on the ground.
At the beginning of the test, the student stands in square 1
facing square 2. The goal is to enter each square as quickly as
possible with both feet in the following sequence: square 2,
3,4,1,4,3,2,1 (clockwise counterclockwise arrow). During
the test, the student must be in a standing position on two
legs in each square. Two attempts are made and the best time
(in seconds) is taken as the score. Both feet should touch the
floor in each square. The attempt is considered unsuccessful
if the student fails to complete the sequence, loses balance,
contacts the membrane.

Fig. 1. Scheme of the test
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Study participants

The research sample consisted of 32 students with
disabilities who met the inclusion criteria (had vestibular
disorders) for the study. Written consent to participate in
testing was obtained from each of the research participants.

The condition for participation in the experiment was
the stability of the condition, the absence of pronounced
symptoms of exacerbation of vestibular disorders, or the
main disease at the time of screening and data collection.
The research sample was formed from equal numbers of
men and women aged 18 to 24 years, I-III courses of study
Lviv Polytechnic National University, Kamianets-Podilskyi
Ivan Ohienko National University and Lutsk National
Technical University, who received a doctor’s permission
to participate in testing. During the process of obtaining
informed consent, students were informed that in the event
of inappropriate reactions (dizziness, rapid heart rate, etc.),
the test procedure was terminated.

The study was carried out in accordance with the
provisions of voluntariness and anonymity. All test
participants gave written consent to participate in the
experiment.The study was planned and carried out following
the principles of bioethics set forth by the World Medical
Association (WMA-2013) in the Helsinki Declaration
“Ethical Principles of Medical Research Involving Humans”
and UNESCO in the “General Declaration on Bioethics and
Human Rights”

The provisions of voluntariness and anonymity carried
out the study. All test participants gave written consent to
participate in the experiment.

Research organization

The collection of empirical data on students’ performance
of the test task was implemented in two ways of recording
the result. One was carried out with the participation of a
specialist who used a stopwatch and visual control, the other
— with the help of a developed control device. To ensure the
reliability of the experiment, testing was carried out during
three months of the academic semester, trying to ensure the
same conditions. The test participants were given precise
instructions and formulated tasks.

Statistical analysis

All statistical analyses were performed using SPSS
Version 22.0 (IBM Corporation).

To determine the quality and applicability of the
developed control device in the practice of inclusive PE, the
characteristics of the study’s compliance with the formal
criteria of authenticity - reliability and validity of the test
were calculated. As complementary indicators, they are
used as an assessment of the reliability and significance of
research results.

The test is considered reliable only if it provides high
measurement accuracy (Magill, & Anderson, 2017).
Reliability as validity was measured by retesting the same
test subjects no later than two weeks after the first test.

Given that the test results are presented quantitatively, a
correlational study was used to determine the specified test
characteristics of authenticity (reliability and validity) and

to investigate the relationship between the variables without
control or manipulation by the researcher (Bhandari, 2023).

To determine the degree of correlation between
different measurements for testing new means of measuring
variables, it is recommended to use correlation analysis, at
the same time, such analysis is considered ideal for rapid
data collection in natural conditions (Turney, 2022).

Results

First of all, we note that vestibular disorders cause a lot of
discomfort to students with disabilities. Constant dizziness
and migraines, difficulty maintaining balance while walking
and other functional movements, such as getting up from a
chair, reduced work capacity, and even the fact that they can
cause accidents. Balance is most directly affected by postural
disturbances when the center of gravity shifts (Voronova,
Lazareva, Kovelska, & Kobinskyi, 2021).

The main problem of test control of dynamic balance
using the test is to ensure standardization of the testing
procedure and fixation of results. Our research was aimed
at eliminating subjectivity in these operations to ensure the
objectivity of the control and the reliability of the obtained
results. This is important because they are the basis for the
correction of individual programs of inclusive PE (Blavt,
2022).

Therefore, we have developed a dynamic balance control
device for students with disabilities. The device consists of an
integrated electronic unit, a programmable microcontroller
system unit, and personal computer (PC). Signals in the
device are transmitted by infrared communication lines
(Fig. 2).

The basis of the device is an integrated electronic unit,
which is built based on the use of sensor electronics, which
is now widely used in modern smart systems. The function
of the integrated electronic unit consists of non-contact
measurement of the position of the legs during the test,
movement dynamics, turning angles during walking, as well
as the accuracy of the test task.

Capacitive sensors form the basis of the integrated
electronic assembly. Capacitive sensors, which function
according to the principle of non-contact capacitive
tomography (Wojcik, Vistak, Mykytyuk, Politanskyi,

5
v 4
et
=
/ 4
Fig. 2. Scheme of the developed dynamic balance control
device: 1 - student, 2 - integrated electronic unit, 3 - infrared

communication lines, 4 — programmable microcontroller system
unit, 5 - PC
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Diskovskyi, Sushynskyi, Kremer, Prystay, Jaxylykova, &
Shedreyeva, 2020), are placed in a block of integrated
electronic assembly, made in the form of a square. Along
the perimeter of the square, there are electrodes of spatial
scanning capacitive sensors, and inside the square - a two-
coordinate sensor matrix for detecting surface pressure.
The two-coordinate matrix records the position of the
student’s legs when performing the test exercise, as the
main parameter of dynamic balance. Such a sensor matrix,
ensuring the fixation of footprints on its surface, allows to
determine their position on the measuring plane during the
performance of the test task.

An important parameter of the capacitive sensor
electrodes used in the developed device is the measurement
speed. In the integrated electronic combination, the speed
of operation is 100.000 measurements per second. In terms
of image acquisition time, this provision has a throughput
of several hundred frames per second and a data processing
time of only a few milliseconds per frame. The range of
pressure measurement on the surface allows you to identify
the position of the feet of student of all weight categories.
The measurement is made at a speed of 6 frames per second.

Further, informative signals measurement are transmit-
ted to the block of the programmable microcontroller sys-
tem, and then to the PC. The signals received in the PC are
processed by the software developed for the implementation
of the device.

The next stage of the experimental research involved
testing and determining the authenticity of the test using
various means of recording the result (Tab. 1, 2). To ensure
the reliability of the experiment, testing was carried out
three times.

Establishing the authenticity of the test, using the fixa-
tion of the results with a stopwatch, proved that the reliability
according to numerical indicators corresponds to the limits
of low and medium. The validity of these tests is within the
same limits. The presence of a fairly high coeflicient of varia-
tion, which characterizes the range of differences, draws at-
tention. Indicators of the coefficient of variation within the
limits of significant variation for all the studied parameters
indicate that the stability of the results in the studied sample
is lower than the metrological norms of reliability.

According to the results of the statistical processing of
the results, the use of the developed device provides a high
level of authenticity, which is reflected in the reliability and
validity indicators. Such results, in comparison with the

Table 1. Results of dynamic balance testing with stopwatch
fixation (n = 32)

Test tasks and measurement results (s)

ps:::i:lt::::s 1+t attempt 2% attempt 3 attempt
male female male female male female
M 42 5.1 4.3 4.9 4.7 5.5
S 0.85 1.1 1.2 1.3 0.87 1.7
V (%) 31.5 345 30.5 35.8 32.1 36.1
rtt
reliability 0.702 0.612 0.712 0.641 0.718 0.691
validity 0.295 0.281 0.305 0.290 0.317 0.233

Table 2. Results of dynamic balance testing with fixation by
an electronic control device (n = 32)

Test tasks and measurement results (s)

pS::::IS::tC:l_ls 1*t attempt 2% attempt 3% attempt
male female male female male female
M 4.11 4.89 4.17 4.51 4.05 4.33
S 0.71 0.91 1.01 0.83 0.79 1.12
V (%) 23.4 25.1 23.9 26.1 22.5 26.3
rtt
reliability 0.818 0.812 0.842 0.817 0911 0.893
validity 0.388 0.401 0.390 0.395 0.417 0.393

fixation of results in the traditional way using a stopwatch,
when the quantitative values of authenticity, are significantly
inferior to those obtained from the use of the developed
device. The obtained numerical indicators of authenticity
reached the level and “high level’, and even “very high”.

In addition, the use of the developed device allows you
to record test results with an accuracy of seconds, which is a
powerful factor in ensuring the reliability of the assessment.
Thus, the digitization of testing, providing direct feedback
with assessment.

The software has been developed to digitize test results.
Using programming, they ensured the formation of a test
control database. Accumulation, updating and graphic
presentation of test control information made possible the
efficiency of analysis with the results of test control. In the
database, archiving of test counter data in the infrastructure
of data storage and processing centers was provided in a
personal text format for each student and is available to them.

Discussion

It is the need of the hour to organize the educational and
educational process of PE in higher education, which would
meet the educational needs of all students with disabilities
without exception (Grenier, Patey, & Grenier-Burtis, 2022;
Pocock & Miyahara, 2018; Blavt et al., 2023). This issue
requires an effective and quick solution, taking into account
the rapid increase in the number of students with disabilities
since the full-scale invasion of russia on the territory of
Ukraine, and the duration of hostilities, to eliminate the
limitations of their educational opportunities and health
care (Blavt, Bodnar, Mykhalskyi, Gurtova, & Tsovkh, 2023).

Scientific developments related to the modernization
of inclusive PE are aimed at combining classes in useful
proportions and methods of monitoring their effectiveness
(Baglieri & Bacon, 2020; Sawade, 2023; Qi & Ha, 2012).
We support scientific approaches (Gogoi, 2019; Koryahin
et al., 2020; Varga & Révész, 2023), regarding the need to
raise the level of scientific research in physical education,
integrating them into the global practice of informatization.
As mentioned (Mykytyuk et al., 2022; Gupta, 2021), the use
of modern electronic resources on the basis of permanent
informatization of PE is recognized as a key factor in
ensuring the quality and efficiency of PE.

Focusing on changes in the current understanding and
practices of inclusive PE to correcthealth disorders of students
with disabilities, vestibular disorders are widely understood
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as those that determine the quality of daily life (Gurgel et
al,, 2012). A special place in this process is occupied by the
functions of walking and maintaining balance (Voronova et
al., 2021) and body stability, for example, while standing and
sitting. Given the relevance of the topic, we draw attention
to the proven significant connection between the presence
of emotional disorders and the way of life and work of the
vestibular apparatus (Da Cruz et al., 2010). The obtained
empirical results (Hall et al., 2016; Herdman 2013), of the
experiment confirm the dependence of dynamic balance
on the functional state of the vestibular apparatus and the
presence of functional disorders, which is obviously a factor
in the variation of results in retests.

The practical value of the control device presented for the
first time in the work lies in the possibility of its application
to persons with amputated limbs. We agree that in this
case (Koryahin et al., 2020; Rum et al., 2021), electronic
techniques of control are not only a technological method of
scientific research, a source of supplying new information,
knowledge and ensuring interdisciplinary interactions, but
also a method of forecasting and prediction.

Conclusions

In the process of ensuring quality education for
students with disabilities, a special place is given to effective
inclusive physical education in institutions of higher
education, whose number is permanently increasing. In the
national-state dimension, the actualization of the content
of inclusive PE is determined by the challenges caused by
the growth of requirements to ensure the effectiveness of
the educational field of knowledge in the aspect of national
health preservation.

The use of innovative technologies in inclusive physical
education is positioned in the interdisciplinary plane. The
dynamic balance control device presented in the work is
designed using the most modern electronic techniques and
programming. Considering the importance of eliminating
vestibular disorders and associated disorders of balance
and coordination of movements, the use of the presented
development in the practice of inclusive PE of students with
disabilities is aimed at ensuring the effectiveness of this
process.

The degree of authenticity of the developed dynamic
balance control device for students with disabilities was
experimentally investigated. According to the statistical
analysis, in the digital values, the indicators of reliability and
validity reached the “high” level, in contrast to the studied
indicators obtained by the traditional method, which were
recorded at the “acceptable” and “average” levels.

Among the advantages of the developed control
device, we single out: simplicity and ease of use, achieving
objectivity of control, devoid of subjectivity in recording
results, promptness of the obtained results and their
evaluation, suitability of test control results for automated
processing and use of statistical methods, archiving and
saving in the database. The efficiency of the test process and
obtaining information in digital form are valuable aspects
of the implementation of the development in the practice of
inclusive PE for students with disabilities.
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EQEKTUBHICTb 3ACTOCYBAHHA ENNEKTPOHHOI TEXHIKU
Y KOHTPOJII AMHAMIYHOI PIBHOBAI'U B NMPOLIECI
IHKJTIO3UBHOIO ®I3UYHOIo BUXOBAHHA
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'HanionanpHuii yHiBepcuteT «JIbBiBCbKa IOMiTeXHiKa»

’Kam’sinerjp-Ilominpcbknmit HaljioHapHMIT YHiBepcuTeT iMeni IBana Orienka
3JIpBiBCBbKMIT lep>kaBHUII YHiBepcuTeT BisnvHol Kynbrypu iMeni IBana bobepcbkoro
*JIyLbK1it HalliloHaJIbHUI TeXHIYHMII YHiBEepCcUTeT

ABTOpPCHKMIT BKIAJ: A — Am3aitH gocmipkeHHs;; B — 36ip ganux; C - crataHanis; D — migroroska pyxonucy; E - 36ip KOIITIB

Pedepar. Crarts: 7 c., 2 Tab1., 2 puc., 37 pKeper.

Merta FOCTi)KeHHA TI0JIATa/Ia Y BU3HAYEHHI aBTEHTUYHOCTI pO3p06/IeHOr0 Ha OCHOBI Cy4acHUX TPEH/IB B ranysi elleKTpo-
HHOI TeXHIKM IPUCTPOIO KOHTPOJIIO AMHAMIYHOI PIBHOBArM CTY/IEHTIB 3 iHBa/liHIiCTIO.

Marepian ta MetTopu. JIo mocmipKyBaHoi BUGipKY, BIAMIOBI{HO /{0 ITO/I0XEHDb JOOPOBIIBHOCTI Ta aHOHIMHOCTI, Oy f06paHi
CTYA€HTU 3 iHBamigHicTIO BikoM 18-24 poxu I-1II KypciB HaBYaHHA, AKi OTpMMay JO3BiJ liKapA Ha y9acTb y TECTYBaHHI Ta Ma/n
BecTOYILAPHI OpylIeHHsA. BiikopucTaHo 3arabHOHAayKOBI MeToAM 360py TeopeTndHol iHpopMaliii, MeToy; TeXHIYHOrO MOJie/o-
BaHH4, TeflaroTiyHe TeCTYBaHH:A JI METO/IM MaTeMaTU4HOI CTaTUCTUKMN.

Pesynbraru. Po3po61eHo IpUCTpilt KOHTPOIIIO JHAMIYHOI PIBHOBAry Ha OCHOBI HaJICy4acCHIIIOI €JIEKTPOHHOI TEXHIKM Ta
nporpaMyBaHHsA. [IpucTpilt ckajjaeTbes 3 610Ky IporpaMoBaHOI BOYZOBaHOI MiKPOKOHTPOJIEPHOI CHCTEMIA. PKepea >KUBJIeHHS,
I1K, 610Ky iHTErpOBaHOTO €/IEKTPOHHOrO 00’ enHaHHs1. IHpOpMaLlist, OTprMaHa CeHCOpaMi, po3MillleHnMH y 671011 iHTerpoBaHOTO
€/IeKTPOHHOT0 06’€THAHHA IIPY BUKOHAHHI CTY/IeHTOM TeCTOBOTO 3aBJIaHHA, 00pOO/IAETHCA MIKPOKOHTPOJIEPOM Ta IepPeaEThCs
OesKOHTaKTHUMM JTiHsAMY iHdpauepBoHoro 38’a3ky Ha IIK, ne rpadiuHo npepncrasiserbes. [Iis yCTaHOBIEHHS aBTEHTUYHOCTI
TeCTYBaHH:A 3 BUKOPUCTAHHAM PO3pOOIEHOT0 IPWIany, 6y/I0 BisHauYeHO KoedillieHTH HaiifHOCTI Ta BaIiFHOCTI, AKI y YMCTIOBUX
3HAYEHHSIX JOCAIIN «BUCOKOTO» PiBHSI, HA IPOTUBATY TECTY, Pe3Y/IbTATHU SIKOTO (iKCyBamich OesnocepefHbO BUKIaadeM 3 BI-
KOPUCTaHHAM CEKYH[OMIpa Ji 3a YMC/IOBMMY ITOKa3HMKAMI BiITOBIHI MEXaM «HIU3bKOI» Ta «CEPENHbOI».

BucHoBku. IIpencrasiennit y po60Ti IpUCTpilt KOHTPOIIO JUHAMIYHOI PiBHOBArM CKOHCTPYHOBAHO 3 BUKOPMCTAHHIM
HAaJICYYacCHIIIO] eJIeKTPOHHOI TeXHIKM Ta IPOrpaMyBaHHA. 3BaXKAl4M HA BAXUIUBICTh YCYHEHHs BeCTUOY/LIPHUX PO3JIafiB Ta
OB 5I3aHNX {3 HMMM MOPYIIEHb [YHAMIYHOI PIBHOBArM Y CTY/EHTIB 3 IHBIHICTIO, BUKOPUCTAHHS IIPE3eHTOBAHOI pO3pOOKNM
IPYUCTPOI0 KOHTPOIIO y MpakTulli inkmosnsHoro ®B ckepoBaHo Ha 3abesnedeHHs eeKTUBHOCTI IbOro mpouecy. [Hrerpauisa y
iHKTI03BHe (pi3MuHe BUXOBAHHS CTYAEHTIB 3 iHBa/IHICTIO IPUCTPOI0 KOHTPOIIIO, PO3PO6/IEHOr0 Ha OCHOBI Cy4acHMX TPEH/IB B
rasysi eJleKTpOHHOI TeXHIKI, € OCHOBOIO PO3pOO/IEHHS HOBYX IIIXO/B Y IpOLeCi TeCTyBaHHs [MHAMIYHOI pIBHOBAarM Ha OCHOBI
06’ EKTMBHOTO OL[IHIOBAHHS.

KirouoBi croBa: 31106yBaqi BUIIIOI OCBITY 3 iHBa/TigHICTIO, ¢)i3Mqu BMXOBaHH:A, TECTYBAaHHS, iHKIII0315, KOHTPOJIb, €IEKTPO-
HHa TeXHiKa, JMHaMi4YHa piBHOBara.
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Abstract

Background and Study purpose. Blood flow restriction training is a new training technique that involves low-
intensity exercise and can generate physiological changes equivalent to high-intensity exercise. The aim of this study
is to assess the impact of blood flow restriction in conjunction with low-intensity resistance exercise on muscle mass
and muscle strength among overweight adolescents, in comparison to conventional resistance exercise.

Materials and methods. The study involved two randomized groups: an experimental group, which performed 40%
of one repetition maximum (1RM) resistance exercise combined with 60% of arterial occlusion pressure (AOP), and
a traditional resistance exercise group, which performed 70% of 1RM resistance exercise. All participants underwent

pre-test and post-test evaluations for body composition, 1RM, and muscle circumference. The training program
lasted for six weeks and consisted of upper and lower body training, including exercises such as leg press, leg curl,

arm curl, and arm extension.

Results. The group that underwent low-load blood flow restriction (LLBFR) training showed a notable increase in
muscle mass (p<0.049) as well as arm and leg circumference (p<0.047 and p<0.046, respectively) compared to before
the training program, similar to the results of high-intensity resistance exercise.

Conclusions. Combining blood flow restriction with low-intensity resistance training is a potentially effective
approach to increase muscle size and strength, especially in overweight adolescents. Moreover, this type of training
can decrease the amount of exercise load, making it a feasible option for individuals who may not tolerate high loads

due to certain medical conditions or other limitations.

Keywords: resistance exercise, overweight, vascular occlusion, blood flow restriction, local hypoxia, low-intensity.

Introduction

For almost two decades, overweight and obesity have
been recognized as significant health concerns globally
(WHO., 2000). Both developed and developing countries are
experiencing a rise in these conditions Lang & Froelicher.
(2006). According to the World Health Organization (WHO),
there were 1.6 billion overweight adults, over 400 million
obese adults, and at least 20 million overweight children
under five years old. If current trends persist, these numbers
are expected to increase to 2.3 billion overweight and
700 million obese individuals. Overweight and obesity are
major public health concerns worldwide and are associated

© Huntula, S., & Nuttouch, W., 2023.
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with various chronic diseases, such as hyperlipidemia,
type 2 diabetes, atherosclerosis, liver disease, cancer, and
neurodegenerative diseases that can lead to reduced quality
of life and increased mortality rates. It is crucial to address
this issue through lifestyle modifications, such as increased
physical activity and a healthy diet, to prevent and manage
obesity-related health problems (Teufel et al., 2021).

As it lowers body weight, total fat, visceral fat,
intrahepatic fat, and blood pressure, moderate-intensity
aerobic exerciseis an effective treatment for adult overweight/
obesity, whereas moderate-intensity resistance exercise can
help maintain lean body mass during weight loss (Oppert
et al,, 2021). However, those with excessive body weight/
obesity, the elderly, recuperating athletes, or those with no
prior training experience who cannot endure significant
mechanical pressure on the joints during high-resistance

777



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 5

training may sustain sports injuries from high-intensity
strength or aerobic training. These risks have been discussed
in numerous studies. For example, a high body mass index
and percent body fat are associated with significant increases
in muscle injury markers following high-intensity exercise
(Kim & Yoon., 2021), and high-intensity running, cycling,
and swimming can harm muscles in athletes (Huang et al.,
2019). However, Blood flow restriction training has been
shown to aid in the rehabilitation of knee injuries and
improve musculoskeletal system recovery. By applying
external pressure to the limb using devices such as inflatable
cuffs or elastic bandages, blood flow restriction can partially
block arterial blood flow and occlude venous blood flow in
the pressured limbs, which can reduce muscle damage and
promote muscle recovery. Some studies have also suggested
that blood flow restriction training can improve muscle
strength and hypertrophy in athletes recovering from injury
or surgery (Castilla et al., 2021; Wortman et al., 2021).

Blood flow restriction training has been developed as
an alternative to high-intensity training for individuals who
cannot tolerate high mechanical pressure. This technique
involves applying external pressure to the limb during
exercise, partially blocking arterial blood flow and occluding
venous blood flow in the pressured limbs (Perera et al.,
2022). This produces the effect of intensive training while
using lower resistance or endurance exercises. Previous
studies have demonstrated that blood flow restriction
training can increase muscle mass and strength, improve
muscle fitness, aerobic capacity, knee rehabilitation, acute
bone formation markers and hormonal responses, and
athletic performance in various populations (Korkmaz
et al., 2022; Sun., 2022; Bemben et al., 2022). However,
there is limited research on the effects of low-intensity
resistance training combined with blood flow restriction
on muscle mass and strength in overweight adolescents.
Therefore, our study aims to investigate the effects of this
type of training on body composition parameters, muscle
mass, and strength, and compare them to a high-intensity
resistance training group.

Material and methods

Participants

The study recruited 30 participants who were considered
overweight based on a BMI between 25 and 29.9 and engaged
in recreational exercise. The participants were considered
recreational, meaning they engaged in exercise for leisure
and not as part of a structured training program. The sample
size was determined based on an estimated effect size of
0.25, with a significance level of p < 0.05 and a statistical
power greater than 0.80, resulting in a required sample size
of n = 30 (Curty et al.,, 2018). Individuals with vascular
health issues such as hypertension, deep vein thrombosis,
or distended varicose veins, as well as those with a history
of medical treatment or drug use, were excluded from the
study. All participants were given detailed explanations of
the experiment’s purpose, procedures, and methods and
voluntarily provided informed consent before participating.
The thirty participants were randomly assigned to either the
group that received 40% of one-rep max (1RM) resistance
exercise with 60% of arterial occlusion pressure (AOP) for

blood flow restriction (n=15) or the group that underwent
traditional resistance exercise group, which performed
70% of 1RM resistance exercise high-intensity resistance
training (n=15). An independent t-test was conducted to
compare the age, height, weight, and body mass index (BMI)
between the two groups, revealing no statistically significant
differences (p > 0.05). The study’s procedures, methods,
and consent form were approved by the Human Research
Ethics Committee of Walailak University (approval number:
WUEC-23-084-01), and the study was conducted from
March to June 2023.

Study design

In this study, a randomized trial design was used,
and the participants were divided into two groups using
the randomized block approach. The two groups were the
blood flow restriction combine with low-intensity resistance
training (LTBFR) group and the high-intensity resistance
training (HT) group, as shown in Figure 1.

Adolescent (BMI 25 —29.9)
(n=30)
Pre intervention
measurement

] 1

High-intensity resistance exercise Low-intensity resistance exercise combine with
or HT group (n=15) blood flow restriction or LTBFR group (n=15)
L T

Body composition
1RM

Blood pressure
Heart rate

02 saturation

I

{Intervention of resistance exercise 3 day/week}

total 6 weeks
Post intervention
measurement

Fig. 1. The outline of the groups of the study

Body

1RM

Blood pressure
Heart rate

02 saturation

To be eligible for participation in this study, individuals
had to be capable of performing their daily activities without
experiencing persistent depression and should have adequate
social support. Those who could not exercise safely, had a
generalized anxiety disorder, changed their medication or
therapy within the past three months, experienced an acute
injury or illness while exercising, or engaged in alcohol/
substance misuse or smoking were excluded from the study.
Participants were instructed to refrain from self-medication,
notify the study’s medical director if they developed a fever
or acute infection or started using new medication, and
avoid making any changes to their diet during the study
period.

Experimental procedures

Body composition

Prior to the exercise session, body composition was
assessed by measuring height, body weight (BW), and body
mass index (BMI) using a body composition monitor (Tanita
model UM-076) in accordance with the manufacturer’s
guidelines.
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Determination of arterial occlusion pressure

Leg and Arm Circumference

Before determining the arterial occlusion pressure,
measurements were taken for the circumference of both
the legs and arms. A tape measure was used to measure the
distance from the acromion process to the olecranon process
on the arm, and a mark was made at a point located 50%
distal to the acromion process. Similarly, the circumference
of the right thigh was measured at a point corresponding to
33% of the distance from the inguinal crease to the top of
the patella. These measurements were obtained at designated
marks to ensure precise and accurate application sites for
the cuffs.

Brachial systolic and brachial diastolic blood pressure

Brachial systolic and diastolic blood pressure were
assessed using an appropriately sized automatic blood
pressure cuff (Allwell, Model BSX593). Measurements for
systolic brachial blood pressure (SBP) and diastolic brachial
blood pressure (DBP) were taken in duplicate, and the
average of these values was used for analysis.

Training protocol

The study’s procedure commenced by measuring
baseline factors, including body composition, muscle mass,
and muscle strength. Two groups were then evaluated:

1. The first group performed resistance exercise using
40% of'their one-repetition maximum (1RM) in combination
with 60% of the arterial occlusion pressure (AOP) for blood
flow restriction.

2. The second group engaged in traditional resistance
exercise using 70% of their IRM.

Both groups participated in 60-minute sessions,
conducted three times per week, for a duration of six weeks.
Throughout the study, all measurements and training sessions
were conducted in a controlled environment, maintaining a
constant temperature and humidity level. Figure 2 provides
a visual representation of the experimental setup.

Blood flow restriction determining — Cuff Pressure

The level of pressure needed to block blood flow in a
limb, known as arterial occlusion pressure (AOP), varies

depending on factors such as the shape, width, and length
of the tourniquet, limb size, and individual blood pressure.
In this study, the pressure used to limit blood flow during
resistance exercise was set at 60% of the AOP, which can be
achieved by inflating the exercise cuff until blood flow stops
completely (100% of AOP).

The Arterial Occlusion Pressure (mmHg) for 100% of
AOP (Loenneke et al., 2015) was calculated as follows:

Lower Body = 0.912 (SBP) + 0.734 (DBP) + 5.893 ('Thigh
circumference (cm)) - 220.046

Upper Body = 0.667 (SBP) + 0.399 (DBP) + 1.461 (Arm
circumference (cm)) - 17.236

Then, for blood flow restriction combined with 40%
of 1RM of low-intensity exercise, use a percentage of that
pressure as 60% of AOP during exercise.

After a 10-minute rest period, specialized blood pressure
cuffs made of nylon (5 cm wide) were applied to the proximal
portions of each arm. These cuffs were connected to a cuff
inflator system to regulate pressure. A pressure equivalent to
60% of the AOP was targeted for each arm. To determine the
appropriate pressure, the arterial occlusion pressure (AOP)
was estimated using specific formulas for both upper body
parts, whichamounted to around 80 - 110 mmHg for the upper
body (calculation for individual participant). Throughout the
training period, the O2 saturation was continuously measured
to monitor oxygen levels. Upon completion of this session,
the cuffs were removed from the arms, and participants were
instructed to rest quietly in the relax position with normal
blood flow for an additional 5 minutes.

Following the 5 minute rest period with normal blood
flow, the cuffs for leg (10 cm wide) were applied to the
proximal portions of each leg. Similarly, a pressure equivalent
to 60% of the AOP was targeted for each leg. To determine the
appropriate pressure, the arterial occlusion pressure (AOP)
was estimated using specific formulas for lower body parts,
which amounted to around 130-250 mmHg for the lower
body (calculation for individual participant). Throughout the
training period, the O, saturation was continuously measured
to monitor oxygen levels. Upon completion of this session,
the cuffs were removed from the arms, and participants were
instructed to rest quietly in the supine position with normal
blood flow for an additional 5 minutes (Loenneke et al., 2015).

Resistance training intervention

The participants in the study performed resistance train-
ing three times a week for six weeks, on Mondays, Wednes-

|
Before 6 week training

Body composition
1RM
Arm, Leg circumference

40 minutes of resistance training intervention

|
After 6 week training

Body composition
1RM
Arm, Leg circumference

Warm-up 10 mins

» Low-intensity exercise combine with Blood Flow Restriction

» High-intensity exercise

Fig. 2. The outline of the time schedule of the study
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days, and Fridays from 4:00-7:00 PM. Each session lasted 60
minutes and focused on upper and lower body physicality.
The participants determined their one-repetition maximum
(1RM) for the biceps curl, triceps extension, leg extension,
and leg press. The resistance training program consisted of
four stations, with each station performing three sets of three
reps. The low-intensity resistance training group with 60%
arterial occlusion pressure (AOP) of blood flow restriction
used 40% of their 1RM, while the high-intensity resistance
training group used 70% of 1RM and was evaluated before
and after week six. The training sessions included 10 minutes
of warming up and stretching in standing and sitting poses,
followed by 40 minutes of resistance training at the four sta-
tions, and a 10-minute cool-down period (Table 1 shows the
details of the training program).

Table 1. Components of the resistance training
intervention (three times/week for six weeks)

Components Set Repetitions
Upper body
Biceps curl 3-5 12-15
Triceps extension 3-5 12-15
Lower body
Leg extension 3-5 12-15
Leg press 3-5 12-15

One repetition maximum (1-RM)

To assess changes in muscle strength, the researchers
measured the one-repetition maximum (1-RM) for the
participants. The 1-RMleg pressand 1-RM leg extension were
evaluated using a bilateral leg press machine and a bilateral
leg extension machine (Spirit, UK) respectively. For the 1-RM
biceps curl test, the bilateral machine triceps extension with
the dominant arm was used. Additionally, the 1-RM triceps
extension was measured using the triceps extension machine

(Spirit, UK). These specific tests were chosen to determine
an individual’s maximum strength in the targeted muscle
groups. The data obtained from these tests provided valuable
insights into changes in muscle strength over time and were
essential in designing appropriate exercise programs tailored
to each participant’s needs.

Statistical analysis

Data values are presented as the mean + standard er-
ror of the mean (SEM). IBM SPSS Statistics 26 (IBM Corp.,
Armonk, NY, USA) was used for statistical analysis. Paired
sample t-tests were used for comparisons between groups.
One-way analysis of variance (ANOVA) with Tukey’s post-
hoc test was performed to evaluate significant differences be-
tween the groups. Statistical significance was set at P < 0.05.

Results

Demographic characteristic of the participants

Thirty participants were screened between March and
June 2023 and were randomly assigned to one of two groups
(n = 15 each). The first group underwent a low-intensity
resistance training program with 40% of 1RM combined
with blood flow restriction training at 60% of AOP, while
the second group received high-intensity resistance training
at 70% of 1RM. The baseline characteristics, including
mean age (year), height (cm), body weight (kg), and body
mass index (kg/m?), were measured and found to have no
statistically significant differences between the two groups,
as shown in Table 2.

Comparison of participant muscle
mass before and after the test

Table 3 and Figure 3 display the mean values of pre-
and post-test for the two groups. In the LTBFR group, the
mean muscle mass after the LTBFR training was significantly

Table 2. Demographic characteristics of the participants at baseline

Characteristics LTBER (n=15) HT (n=15) 95% CI p-value
Age (year) 20.15+0.19 20.00 £ 0.28 -0.85to 0.54 0.652
Height (cm) 170.62 £ 1.36 168.62 +2.88 -8.56 to 4.56 0.535
Weight (kg) 76.94 £ 3.24 77.81 £5.56 -12.41 to 14.15 0.894
BMI (kg/m2) 27.61 £0.95 27.17 £ 1.38 -3.89 to 3.01 0.796

Data are presented as mean + standard error of the mean (SEM), with unpaired t-test. BMI, body mass index

Table 3. Comparison of pre- and post-test muscle mass for the 40% of 1RM of low-intensity combined with 60% of AOP of

blood flow restriction (LTBFR)

Muscle Mass (kg) i -value
Characteristics n £ Difference between % Change e .
Pre-test Post-test means
LTBFR 15 50.55 £ 2.97 58.21 +2.23* 7.66 £ 3.71 15.15 0.049
HT 15 54.77 £ 3.81 65.32 + 3.40% 10.55 £5.11 19.24 0.049

Data are represented as the mean + standard error of the mean (SEM). *P < 0.05 indicates significant difference when compared with
pre- and post-test demographics for the 40%1RM of low-intensity combined with 60% of AOP of blood flow restriction (LTBFR)
participants group. Data were compared between pre- and post- group using an unpaired t-test
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Fig. 3. Comparison of pre- and post-test muscle mass both the
40% of 1RM of low-intensity combined with 60% of AOP of blood
flow restriction (LTBFR) and high intensity resistance training
(HT)

higher than the mean muscle mass before LTBFR training
(p < 0.049). Similarly, in the HT group, the mean muscle
mass after the HT training was significantly higher than the
mean muscle mass before HT training (p < 0.049), as shown
in Figure 3.

Increasing of arm circumference and leg
circumference following the intervention

Based on Table 4 and Figure 3, it appears that both
LTBFR and HT training resulted in significant increases
in arm and leg circumference. Specifically, LTBFR training
resulted in a significant increase in arm circumference
(p<0.036) while HT training resulted in a significant increase
in both arm (p<0.047) and leg (p<0.046) circumference. The
percent change in circumference was higher for HT training
in the arm (10.15%) compared to LTBEFR training (8.87%),
while the percent change in leg circumference was higher for
LTBEFR training (8.65%) compared to HT training (9.97%).
Overall, it seems that both LTBFR and HT training were
effective in increasing arm and leg circumference.

Increasing of One- repetition maximum
(1RM) following the intervention

Table 5 and Figure 5 display the results of the pre- and
post-tests for one-repetition maximum (1RM). The data
shows that both LTBFR and HT interventions resulted in
a significant increase in 1RM compared to before training.
The percent increase in leg extension and leg press for LTBFR
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Fig. 5. One-repetition maximum (1RM) of pre- and post-test
for the 40% of 1RM of low-intensity combined with 60% of AOP
of blood flow restriction (LTBFR) and high intensity resistance
training (HT)

training was higher than for HT training, with increases of
30.52% and 40.38%, respectively, for LTBFR and 26.56% and
61.36%, respectively, for HT.

Discussion

The objective of our study was to assess the impact of
combining low-intensity resistance training with blood
flow restriction on muscle mass and strength in overweight
adolescent. Our main discovery was that after six weeks

Table 4. Arm and leg circumference of pre- and post-test for the 40% of 1RM of low-intensity combined with 60% of AOP
of blood flow restriction (LTBFR) and high intensity resistance training (HT)

i ini LTBFR (n=15) HT (n=15)
Resmtance: training % Change p-value % Change  p-value
station Pre-test Post-test Pre-test Post-test
Arm circumference (cm) 31.69 £0.94 34.50 + 0.84* 8.87 0.036 31.04+1.08 34.19 +1.05# 10.15 0.047
Leg circumference (cm) 57.15+1.55 62.85+ 1.95* 9.97 0.031 5858+ 1.61 63.65%1.79# 8.65 0.046

Data are represented as the mean + SEM. *P < 0.05 indicates significant difference when compared with pre- and post-test demographics
for the 40% of 1RM of low-intensity combined with 60% of AOP of blood flow restriction (LTBFR) participants group, #P < 0.05
indicates significant difference when compared with pre- and post-test demographics for the 70% of 1RM of high-intensity
participants group. Data were compared between pre- and post- group using an unpaired t-test
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Table 5. One-repetition maximum (1RM) of pre- and post-test for the 40% of 1RM of low-intensity combined with 60% of
AOP of blood flow restriction (LTBFR) and high intensity resistance training (HT)

Resistance: training b ) % Change p-value = ash) % Change p-value
station Pre-test Post-test Pre-test Post-test
Biceps curl (kg) 30.66 +2.55 38.31 +2.53* 25.11 0.042 2238 £ 1.59 30.23 £ 2.62# 35.08 0.017
Triceps extension (kg) 38.92+1.89 44.61 +1.86* 14.62 0.043  32.54+247 41.73 + 2.69% 28.24 0.019
Leg extension (kg) 49.15+3.79  64.15 +3.43** 30.52 0.007 54.15+£5.32 68.54 + 4.38# 26.56 0.048
Leg press (kg) 92.77 +7.86 130.23 + 8.13** 40.38 0.003 83.54+6.71 134.80 £ 10.88### 61.36 0.0005

Data are represented as the mean + SEM. Data were compared between pre- and post- group using an unpaired t-test.

of this training, there was a significant increase in muscle
mass (15.15%) compared to the baseline measurement.
Both LTBFR and HT interventions resulted in significant
increases in muscle mass after 6 weeks of training. The muscle
hypertrophy potential was determined by calculating the
percentage increase in muscle mass, and the results showed
that LTBFR had a 15.15% increase in muscle mass and HT
had a 19.24% increase, indicating that both interventions
had similar levels of muscle growth. The effect sizes observed
suggest that the results are reliable and consistent with
previous studies on various populations (Centner et al.,
2019; Zhang et al., 2022; Lixandréo et al,, 2018) including
individuals with musculoskeletal injuries (Hughes et al.,
2017). The values obtained in the current study are similar
to the findings of a previous study that showed that two
weeks of twice-daily squat and leg curl training with BFR
produced thigh muscle hypertrophy of 0.32% per session
(Abe et al., 2005) and increases thigh muscle cross-sectional
area as well as maximal muscle strength (Yasuda et al.,
2016). However, the cellular and molecular mechanisms
underlying the hypertrophic response to LTBFR training
are not fully understood. Skeletal muscle hypertrophy is
generally attributed to an increase in protein accretion, or the
accumulation of contractile protein (Schiaffino et al., 2021).
This happens when the balance between protein synthesis
and degradation shifts toward synthesis. Skeletal muscle
is a flexible tissue that can adapt to even minor changes
in nutrition and physical activity. Resistance exercise,
in particular, causes a slight increase in muscle protein
breakdown (Schiaffino et al., 2021; Atherton et al., 2010;
Morton et al,, 2015), but it also stimulates muscle protein
synthesis to a greater extent. When resistance exercise is done
before consuming protein, the two stimuli complement each
other, resulting in even greater muscle protein synthesis than
muscle protein breakdown (Glynn et al., 2010). Repeated
sessions of resistance exercise and protein intake lead to
an increase in skeletal muscle protein accumulation, also
known as hypertrophy (Cermak et al., 2012). Typically, the
load required to stimulate this level of protein synthesis
is believed to by in excess 8-10 sets of resistance exercise
at a 70-80% of 1RM of resistance training (Dreyer et al.,
2006). Interestingly, a single bout of knee extension exercise
combine with blood flow restriction elicits the same level of
protein synthesis with a lower repetition count and 20% of
1RM of resistance training. Recent research has shown that
a single bout of low-intensity knee extension exercise with
blood flow restriction at 20% of 1RM intensity can increase
thigh muscle protein synthesis (Fujita et al., 2007). The

combination of low intensity resistance exercise and blood
flow restriction has been shown to increase protein synthesis
and result in muscle hypertrophy. This effect is believed to
be due to the unique physiological response of blood flow
restriction, which limits blood flow to the working muscle,
creating a hypoxic environment that stimulates the release
of growth factors and enhances muscle protein synthesis
(Lim & Goh., 2022). The lower intensity and repetition count
required to achieve this effect with blood flow restriction
compared to traditional high-intensity resistance exercise
makes it a promising tool for individuals who may not be
able to tolerate high-intensity exercise or who are looking
for a more time-efficient approach to building muscle mass.

The physical effects of LTBFR resistance training may
be influenced by metabolic stress, as the mechanical strain
induced by LTBFR resistance training is thought to be similar
to that of traditional high-intensity resistance training
(Pearson & Hussain., 2015). It has been suggested that,
compared to lower-intensity resistance training, blood flow
restriction training results in lower oxygen bioavailability,
which leads to the onset of anaerobic glycolysis in muscles
and the accumulation of fatigue metabolites such as lactate
product (Fry et al., 2010; Shimizu et al., 2016; Takarada et
al., 2000). Recently, Fujita and Yasuda observed an increase
in muscle protein synthesis and ribosomal S6 kinase 1
(S6K1) phosphorylation following a single session of blood
flow restriction combined with low-intensity resistance
exercise. These changes in transcriptional factors associated
with muscle hypertrophy after LTBFR may be attributed to
the up-regulation of genes related to hypertrophy, such as
phosphoinositide 3- kinase (PI3K), protein kinase B (AKT),
and mTOR (Yasuda et al., 2009). Drummond et al. also found
that the brief periods of hypoxia and reperfusion induced by
BFR activate the mTOR pathway, promoting cell survival
and growth adaptations in skeletal muscle. Furthermore, the
up-regulation of vascular endothelial growth factor (VEGF),
a crucial modulator in vasculogenesis and angiogenesis, is
necessary for hypertrophy and can be stimulated by hypoxia
and lactate accumulation (Drummond et al., 2008; Simons
et al., 2016). These mechanisms are associated with local
hormone secretion, cell swelling, muscle damage, and
increased production of reactive oxygen species, all of which
contribute to anabolic muscle phenomena (Loenneke et al.,
2012).

With regard to muscle strength the present study showed
that estimated 1RM in biceps curl, triceps extension, leg
extension and leg press increased significantly after 6-week
resistance training in the blood flow restriction group.
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To summarize, the study found that both LTBFR and HT
interventions resulted in significant increases in overall
strength and power, as measured by 1RM, after 6 weeks
of training. The HT group had a greater increase in 1RM
compared to the LTBFR group, suggesting that high-intensity
resistance training may be more effective for increasing
muscle strength. However, LTBFR resistance training still
offered superior increases in muscle strength compared to
the baseline measurement. Additionally, when comparing
specific exercises, percent change in muscle strength was
higher for the LTBFR group for biceps curl, triceps extension,
leg curl, and leg press. The results of the study showed that
LTBFR training led to greater strength gains in the leg
extension compared to HT training. Specifically, there was
an average percent change of 30.52% in the LTBFR group
and 14.91% in the HT group. These findings are consistent
with previous research, such as a study by Fujita et al. (2008)
which found significant increases in maximal leg extension
strength after a two-week training program that included
lactic acid accumulation (Fujita et al., 2008). Indeed, the
increase in fast-twitch muscle fiber activation and the
accumulation of lactic acid in muscle fibers are potential
mechanisms that may explain the strength gains observed
in the LTBFR group (Takarada et al., 2000; Loenneke et al.,
2012). Additionally, the increase in serum growth hormone
concentrations in the blood flow restriction group may
have contributed to the observed muscle hypertrophy and
neuromuscular adaptation (Miller et al., 2021; Yinghao et al.,
2021; Fekri-Kourabbaslou et al., 2022). These metabolic and
neurohormonal changes induced by blood flow restriction
may have stimulated anabolic pathways and protein synthesis
in the muscle, leading to hypertrophy and strength gains.

While the present study demonstrated promising
results, there are some limitations to be acknowledged.
Firstly, the study only included overweight adolescents, so
it is unclear whether similar results would be observed in
other populations, such as athletes or elderly individuals.
Secondly, the study did not investigate potential sex
differences in the response to blood flow restriction
combine with resistance training, which should be explored
in future research. Additionally, while the study suggested
that blood flow restriction with resistance training may
improve vascular endothelial function and peripheral blood
circulation (Green et al., 2004; Miyauchi et al., 2003), further
investigation is necessary to confirm these mechanisms.
For example, measuring vascular endothelial growth
factor and mammalian target of rapamycin, its regulates
cell proliferation, would help clarify these mechanisms
(Shimizu et al., 2016). Overall, despite these limitations,
the combination of low-intensity resistance training with
blood flow restriction appears to be a promising strategy for
promoting muscle hypertrophy and strength, particularly in
overweight adolescents. Further research is needed to fully
understand the underlying mechanisms and to determine
the effectiveness of this training in other populations.

Conclusions

That is a significant finding, low-intensity resistance
training combined with blood flow restriction can be a
feasible substitute for high-intensity resistance training in
promoting muscle strength and hypertrophy in overweight

adolescents, which may benefit those who cannot or choose
not to perform high-intensity resistance training. However,
these findings should be confirmed by additional research,
which should also examine the potential long-term impacts
of LTBFR on muscle mass and strength. Moreover, further
research is needed to investigate the effects of LTBFR on
other populations.
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M’'A30BA MACA TA M'A30BA CUNA NICNA 6 TUMXKHIB TPEHYBAHDb
3 OBMEXXEHHAM KPOBOTOKY B NOEAHAHHI 3 HU3bKOIHTEHCMBHAMW
CUNOBUMU TPEHYBAHHAMW Y NIANITKIB 13 HAAMIPHOIO BATO1O

Conrapanops Xynryna'A*PF, Barrana Hatryy'APcP®

'"VuiBepcurer imMeni Banarimakn

ABTOpPCHKMIT BT A — am3aits gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komtis

Pedepar. Crarts: 10 c., 5 Tabn., 5 puc., 43 mxepena.

IcTopis muTaHHA Ta MeTa JOCHiHKeHHA. TpeHyBaHH: 3 00Me)XeHHIM KPOBOTOKY — 1je HOBA TeXHiKa TPeHyBaHb, sIKa BKIIO-
Yae BIPaBM HM3BKOI IHTEHCUBHOCTI Ta MOXKe BUK/IMKATK (i3ionoriuHi 3MiHN, eKBiBa/eHTHI BIpaBaM BMCOKOI iHTEHCMBHOCTI.
MeTo10 1{bOTO HOCTIIKEHHSI € OLIiHKa BIVIMBY 0OMEXeHHsI KPOBOTOKY B IOEIHAHHI 3 HM3bKOIHTEHCHBHUMY BIIPABaMM 3 OIIOPOM
Ha M '5I30BY Macy Ta M 5130By CWIY B ITi/IiTKIB i3 HaAMiPHOIO Baroo MOPiBHAHO 31 3BMYAIHIMI BIIPAaBaMI 3 OLIOPOM.

Marepianu Ta MeTomM. Y OC/II>KEHHI B35UIM y4acTh [IBi paHJOMi30BaHi IpyIN: eKCllepMMeHTa/IbHa IPYIIA, KA BUKOHYBala
BIIPaBMU 3 OIOPOM Ha piBHi 40% omHomoBTOpHOrO Makcumymy (1IIM) y noepHanHi 3 piBHeM 60% THUCKY apTepiaTbHOI OK/II03il
(TAO), i rpyma sBMYalfHUX BIIPaB 3 OIIOPOM, KA BMKOHYBaja BIpaBy 3 ornopoM Ha piBHi 70% 1IIM. Yci yyacHukn mporinm
OLiHIOBaHHA cK1aay Tina, 11IM Ta oKpy>XHOCTi M’AA3iB [0 Ta Iic/A TecTyBaHHA. IIporpamMa TpeHyBaHb TpyBaa MICTb TYKHIB i
CKJIafianacs 3 TPeHYBaHb M A3iB BePXHbOI Ta HIDKHBOI YaCTVHU Ti/la, BKTIOYAIOUN TaKi BIPaBM, SAK )KVMM HOTaMI, 3STMHAHHA HIT,
3TMHAHHA PYK i pO3TMHAHHA PyK.

Pesynpratu. Ipyma, fka nmpoxopuia TpeHyBaHHA 3 0OMeXeHHAM KPOBOTOKY 3 HM3bKMM HaBaHTaxeHHAM (LLBFR), mpo-
IeMOHCTpYBajIa HOMiTHe 30iIbIeHHs M 5130801 Macu (p<0,049), a TakoXX OKPYXHOCTI pyK i Hir (p<0,047 Ta p<0,046 BixnoOBiTHO)
HOPIBHAHO 3 BifITIOBITHMMM IOKa3HUKAMM [0 IIOYATKY IIPOrpaMM TPEHYBaHb, HOJiOHE 1O pe3y/IbTaTiB BUCOKOIHTEHCHBHIUX BIIPaB
3 OIIOpPOM.

BucHoBku. IloeHaHHA TpeHYBaHb 3 0OMeXXEHHAM KPOBOTOKY 3 HU3bKOIHTEHCHBHUMM TPEHYBAaHHAMH 3 OIIOPOM € IOTEH-
LiiTHO e()eKTUBHIM ITi/IXOf{OM /{0 30i/IbIIeHHS posMipy Ta cunm M’s13iB, 0CO6/IMBO Y HiIITKIB i3 HagMmipHOIO Barow. binbue Toro,
Lieil TUII TPEHYBAHb MOXKe 3MEHIINTH 00CAT (i3MYHOr0 HaBAaHTAXXEHHS, 1[0 POOUTH 1OT0 MOXK/IMBUM BapiaHTOM I 0Ci0, sKi
MOXYTb He IIepeHOCUTH BUCOKI HABaHTa)KEHHs Yepes3 eBHI MeMYHI CTaHM M iHIN 0OMeXKEeHHSI.

Kinro4oBi coBa: BIpasy 3 OIIOPOM, 3 HaJIMIIKOBOIO BAaro, OK/II0O3isA Cy/H, 0OMeXeHHs KPOBOTOKY, JIOKa/lbHa TilOKcis,
HI3bKOIHTEHCUBHUIIA.

Information about the authors:

Huntula, Soontaraporn: soontaraporn.hu@wu.ac.th; https://orcid.org/0000-0003-0243-2539; Department of Sport and Exercise
Science, Walailak University, 222 Thaiburi, Tha Sala District, Nakhon Si Thammarat 80160, Thailand.

Wattana, Nuttouch: wattana.nu@wu.ac.th; https://orcid.org/0000-0003-3964-8560; Department of Sport and Exercise Science,
Walailak University, 222 Thaiburi, Tha Sala District, Nakhon Si Thammarat 80160, Thailand.

Cite this article as: Huntula, S., & Nuttouch, W., (2023). Muscle Mass and Muscle Strength Following 6 Weeks of Blood
Flow Restriction Combine with Low-Intensity Strength Training in Overweight Adolescents. Physical Education Theory and
Methodology, 23(5), 777-786. https://doi.org/10.17309/tmfv.2023.5.17

Received: 20.09.2023. Accepted: 18.10.2023. Published: 30.10.2023

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

786



Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $pi3MYHOro BMXOBaHHA
Physical Education Theory and Methodology

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

ORIGINAL SCIENTIFIC ARTICLE

CONTROL AND EVALUATION OF THE STRENGTH ABILITIES
OF PRIMARY SCHOOL AGE KARATE BOYS

Svitlana Marchenko'42¢P, Olha Ivashchenko®*®“P? and Anton Kupreichenko'4#<P

'H. S. Skovoroda Kharkiv National Pedagogical University

*Kharkiv State Academy of Physical Culture

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

Corresponding Author: Svitlana Marchenko, Email: sport-svet1968@ukr.net

Accepted for Publication: October 18, 2023
Published: October 30, 2023

DOI: 10.17309/tmfv.2023.5.18

Abstract

The purpose of this research is to provide a qualitative assessment of the development of strength abilities in 7 year

old boys using the results of complex control.

Materials and methods. 32 boys of 7 years old took part in the research. The children and their parents were
informed about all peculiarities of the research and gave consent to participate in the experiment. The following
research methods were applied to solve the tasks: analysis of scientific and methodical literature, pedagogical testing,

and mathematical statistics of research results processing.

Results. Pearson’s correlation coefficient was calculated to estimate the closeness of interaction between parameters.
The Spearman-Brown formula was used to determine the overall reliability (homogeneity) of the test. The test “Sit-
ups in 30 s from the supine position” and the test “Throwing of a stuffed ball from a shoulder with a right hand”

have the greatest number of numerous statistical interconnections (r,, = 0.701-0.851) of high degree of significance
(p<0,001) with other tests characterizing the structure of power fitness of the studied children. It is noteworthy that
the test “Throwing a stuffed ball from a shoulder” is an exercise that involves different muscle groups of the trunk and
upper and lower limbs. In its structure, it is similar to the technique of punching, so it is advisable to include it in the
battery of tests to measure explosive power in martial arts. The 9-point scales of test evaluations were developed.
Conclusions. The tests we tested considering the specific qualities necessary for karate are logically and empirically
informative and reliable. They can be recommended for the control of different relatively independent types of power

abilities of 7 year old karate boys.

Keywords: strength training, reliability of tests, informativeness of tests, Kyokushinkai karate, boys.

Introduction

In recent decades, scientists have observed dynamic
changes in the physical fitness of children and adults toward
deterioration (Granacher, Lesinski, Biisch et al., 2016; Bull,
Al-Ansari, Biddle et al., 2020; Driukov & Marchenko, 2021).
The results of fitness tests indicate a tendency to decrease
strength and physical performance in early childhood
(Iermakov et al., 2020; Ligin Yin, Changfa Tang & Xia Tao,
2018; Khudolii, Ivashchenko, Iermakov et al., 2019).

Masanovic, Gardasevic, Marques et al. (2020) analyzed
research studies that covered 1,746,023 children and adoles-

© Marchenko, S., Ivashchenko, O., & Kupreichenko, A., 2023.
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cents from 14 countries (China, Finland, Sweden, Belgium,
New Zealand, Denmark, Spain, Norway, Mozambique, Po-
land, the United States, Lithuania, Portugal, Canada) from
1969 to 2010. Most studies show a steady decline in strength
and endurance, which is not surprising given the constant
changes in the lifestyles of children and adolescents.

The tests used to determine static and dynamic
muscle strength in the study by Rutkowski, Sobiech and
Chwalczynska (2019) showed significantly lower results
compared with reference values from 16 years ago. Long-
term changes in muscle fitness over 10 years have been
reported in handgrip strength (-6%), squats (-27%), and
bent arm hangs (-26%) in English children aged 10-11 years
(Smith, Eather, Morgan et al., 2014).
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From a health perspective, this decline is a cause for
concern, as many studies have shown an inverse correlation
between muscle fitness and obesity, cardiovascular disease,
and metabolic risk factors in youth (Piek, Bayman & Barnett,
2016; Biernat, Krzepota & Sadowska, 2018; Gjonbalaj et
al., 2022). The authors’ opinions coincide with the need to
develop a comprehensive series of tests that are easy to use
to assess motor skills (Masanovic, Gardasevic, Marques et
al., 2020; Marchenko & Verdysh, 2021; Kruglov & Khudolii,
2022). This will definitely strengthen the data on longitudinal
trends in the physical fitness of children and adolescents
around the world.

Karate trainings can be a positive alternative to a
sedentary lifestyle for children in terms of their leisure
time. It is an active and comprehensive form of involving
the body in movement (Marchenko, Ivashchenko, Jagiello
et al,, 2022). They do not require special equipment and
can be widely implemented as part of physical education
classes in schools and contribute to the development of
motor skills and physical abilities (Rutkowski, Sobiech &
Chwalczynska, 2019; Marchenko, Khudolii, Ivashchenko et
al., 2023; Marchenko, Ivashchenko, Jagielto et al., 2023).

The issues related to testing the strength abilities of
7 year old boys at the stage of initial training in Kyokushinkai
karate need to be studied. Studying the qualitative assessment
of the level of strength development, checking the tests for
reliability and informativeness, and developing normative
tables will make it possible to improve control over the
effectiveness of the training process and competitive activity
of young athletes.

The purpose of this research was to provide a qualitative
assessment of the development of strength abilities in 7 year
old boys according to the results of complex control.

Materials and methods

Participants

32 boys of 7 years old took part in the research. The
children and their parents were informed about all
peculiarities of the research and agreed to participate in the
experiment.

Design of the study

The following research methods were used to solve the
tasks: analysis of scientific and methodological literature,
pedagogical testing, and methods of mathematical statistics
for processing research results.

The testing program included well-known tests (Eurofit,
1993; Serhienko, 2015; Goncharenko, 2021). Tests were
selected in such a way as to comprehensively characterize
the structure of children’s strength training.

Dynamic strength:

Test 1 — push-ups;

Test 2 — mixed hanging push-ups;

Test 3 - sit-ups in 30s from the supine position

Power endurance:

Test 4 - bent arm hang.

Static strength:

Test 5 — handgrips of a right hand;

Test 6 — handgrips of a left hand.

Explosive muscle strength:

Test - standing long jump;

Test 8 — Vertical jump;

Test 9 — throwing a stuffed ball (1kg) from a shoulder
with a right hand

Test 10 - throwing a stuffed ball (1kg) from a shoulder
with a left hand

Statistical analysis

Data were collected and systematized using EXCEL
(Microsoft Excel 2016, Microsoft Corp., Redmond, WA,
USA). Statistical analysis was performed using the statistical
software package IBM SPSS Statistics for Windows,
Version 26.0. Armonk, NY: IBM Corp. USA. The following
parameters were calculated: the arithmetic mean of the value
(X), the standard square deviation, which characterizes the
variability of the trait (S). The hypothesis of normality of the
data distribution was determined using the Kolmogorov-
Smirnov test (Dn). To assess the closeness of the interaction
between the parameters, Pearson’s correlation coefficient
(rxy) was calculated. The obtained values of the correlation
coeflicients were considered according to Hopkins (2002) as
trivial (r < 0.1), small (0.1 <r < 0.3), moderate (0.3 <r<0.5),
large (0,5) <1< 0,7), numerous (0.7 <r < 0.9), almost perfect
(r 2 0.9), and perfect (r = 1). The significance level was set
at p < 0.05. The Spearman-Brown formula (r,) was used to
determine the overall reliability (homogeneity) of the test.
We used a sigmoidal rating scale to obtain the evaluation
standards.

Results

The results of the research are presented in Tables 1-4.
The indicators of the studied children presented in table 1
characterize the level of their power abilities. The analysis
of average statistical indicators of testing shows that, in gen-
eral, all indicators of tests correspond to the law of normal
distribution by the Kolmogorov-Smirnov criterion. Com-
parison of the obtained results with the tables “Normative

Table 1. Average statistical indicators of the test results

No Tests X S
1 Push-ups, times 13.53 5.891
2 Mixed hanging push-ups on a 9.03 3.277
rope, times
3 Bentarm hang, s 9.50 3.877
4  Standing long jump, cm 125.81 11.363
5  Sit-ups in 30s from the supine 13.72 3.285
position, times
6  Handgrips of a right hand, kg 11.59 2.650
7  Handgrips of a left hand, kg 9.88 2.091
8  Vertical jump, cm 17.47 2.770
9 Throwing a stuffed ball froma  292.22 67.048
shoulder with a right hand, cm
10 Throwing a stuffed ball froma  228.38 65.927

shoulder with a left hand, cm
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estimations of physical fitness in primary school age pupils
in Ukraine” (Serhiyenko, 2010) and normative tables pre-
sented in the curriculum “Kyokushinkai karate” for CYSS
(Goncharenko, 2021) indicate that the power fitness of most
studied children is at high, above average, and average levels.
Many children could not perform the exercise “Hanging
push-ups”, so it was decided to use a modified test “Mixed
hanging push-ups on a rope”

For an objective estimation of boys’ power fitness, an
analysis of the informativeness of tests was conducted. Table
2 presents characteristics of the interrelation of variables
of general power fitness of boys aged 7 years in the form of
results of Pearson correlation coeflicients. The test “Sit-ups
in 30s from the supine position” and the test “Throwing of
a stuffed ball from a shoulder with a right hand” have the
greatest number of numerous statistical interconnections
(ryy = 0.701-0.851) of a high degree of significance (p<0.001)
with other tests characterizing the structure of power
fitness of the studied children. It is noteworthy that the test
“Throwing a stuffed ball from a shoulder” is an exercise that
involves different muscle groups of the trunk and upper and
lower limbs. A statistically significant correlation (p<0.001)
was found with very high correlation coeflicients between
the results of the test “Throwing a stuffed ball from the
shoulder with a right hand” and the results obtained in the
following exercises: “Mixed hanging push-ups on a rope’,
I, = 0.701, “Bent arm hang’, r,, = 0.707, “Sit-ups in 30 s from
the supine position’, r,, = 0.851, “Handgrips of a right hand”,
1,, = 0.763, “Throwing a stuffed ball from the shoulder with a
left hand”, r,, = 0.840. Also “Throwing a stuffed ball from the

Table 2. Correlation dependence between the test tasks

shoulder with a left hand” with the results in the tests “Sit-
ups in 30 s from the supine position’, r,, = 0.740.

At a high degree of significance (p<0.001) the results
in the exercise “Sit-ups in 30s from the supine position”
are very closely interconnected with a large galaxy of
tests: “Push-ups”, r,, = 0.753, “Bent arm hang’, r,, = 0.792,
“Standing long jump”, r,, = 0.725. The highest correlation
coeflicient obtained between “Sit-ups in 30s from the supine
position” and “Throwing a stuffed ball from a shoulder with
a right hand” emphasizes active participation of muscles of
an abdominal press during the performance of a push and
consequently during the performance of strikes by hands.
Strong abdominal muscles are able to transmit a greater
force impulse from the leg push from the support to the arms
and allow for greater rotational force during the execution of
arm striking techniques.

If you perform this test without technical skills and
rely only on the strength of your arm muscles, the result
is not always desirable. Therefore, it should be borne in
mind that throwing heavy objects from the shoulder is best
performed with the simultaneous use of the legs (performed
from the “kumite dachi” fighting stance with the legs semi-
bent), torso muscles (helping to push the ball during its
start), and arms (they do the lion’s share of the work), but
without considering the previous two positions, the test’s
effectiveness is reduced by 20-30%). It should be noted that
the test “Throwing a stuffed ball from a shoulder” is similar
in structure to the striking technique, so it is advisable to
include it in the battery of tests when measuring high-speed
power in martial arts.

No Indicators 1 2 3 4 5 6 7 8 9 10 '
_ r, 1 0.973
1 Push-ups, times
P
o 388 1 0.959
2 Mixed hanging push-ups on a rope, times !
p .028
3 B h I, .849% 517 1 0.952
ent arm hang, s
& p .000 .002
4 Standing | ) I, A461** 671" 517 1 0.978
tanding long jump, cm ’
g ongjump p .008 .000 .002
Iy .753% .618%% 792 725%* 1 0.959
5 Sit-ups in 30s from the supine position, times
p .000 .000 .000 .000
6 Handerios of a richt hand. k Iy, .518%* 588 .617** .448* 687 1 0.970
andgrips of a right hand,
grp 8 8 p .002 .000 .000 .010 .000
- Handeri £ left hand. k Iy J448% .547°% 520 484** 6577 .794%* 1 0.786
andgrips of a left hand,
grip § p .010 .001 .002 .005 .000 .000
gV 1 w 394 506 4897 592 637 .499*F 442* 1 0.897
ertical jump, cm
JHmp p .026 .003 .004 .000 .000 .004 .011
o Throwing a stuffed ball from a shoulder with Ty (6767 701°% 707 6277 851" 763 663 6357 1 0.996
aright hand, cm p .000 .000 .000 .000 .000 .000 .000 .000
Throwing a stuffed ball from a shoulder with Ixy 553%% 568** .523** 526 .740** .579%F .642*F 446* .840** 1 0.995
aright hand, cm p 001 .001 .002 .002 .000 .001 .000 .011 .000

*correlation is significant at the level of 0.05 (two-sided); **correlation is significant at the level of 0.01 (two-sided)
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Table 3. Sigma limits deviations of a 9-point scale for
evaluating test scores

Qualitative assessment

of motor abilities Points Sigma limits

Lack of abilities 1 lessX-1768S

Very poor abilities 2 fromX-126StoX-175S
Low abilities 3  fromX-076StoX-1.25S
Minor abilities 4  fromX-0.26StoX-0.75S
Average abilities 5 fromX+025StoX-0.25S
Capable 6 fromX+026StoX+0.75S
Very capable 7  fromX+0.76 StoX +1.25S
Super capable 8 fromX+126StoX+1.758S
Gifted 9  from X+ 1.76 S and more

In the process of correlation analysis, a numerous
statistical correlation of high significance was found between
the tests “Bent arm hang” and “Push-ups’, r,, = 0.849
at p<0.001 and in “Handgrips of a left and a right hand’,
Iy = 0.794, p<0.001.

The strong interaction of correlation coefficients
calculated between the test results with a high degree of
significance (p<0.001) made it possible to conclude that the
tests are equivalent. Their joint use increases the reliability of
assessments of the respective strength abilities. In practice,
it may be useful to use only one equivalent test, which
simplifies testing and only slightly reduces the informational
content of the test battery.

The results of the test “Vertical jump” show an order of
magnitude lower correlation with the whole range of other
tests (ry, = 0.506-0.637), characterizing different levels of the
system of boys” power fitness at the degree of significance
(0.01<p<0.001).

After retesting, the reliability coefficient (r,) was
calculated using the intraclass correlation coefficient between

the two sets of results. This showed that the tests we selected
have unequal but sufficient retest reliability (r, = 0.786-
0.996). Excellent reliability was found in all tests except for
“Vertical jump” (r, = 0.897) and “Handgrips of a left hand”
(ry = 0.786). This may indicate that such element of power
fitness as “speed and power” is probably not fully formed
and not sufficiently stable in 7-year-old pupils. “Vertical
jump” turned out to be technically difficult for children;
its performance requires a sufficiently developed ability to
coordinate movements. Handgrip reflects the functional
state of the child’s muscular and nervous systems and is an
integral indicator of training and endurance. However, at
the beginning of school, children use the leading hand more
actively in their learning activities. Therefore, the results
of the test “Handgrips of a left hand” showed lower retest
reliability.

The mean square deviation served as the basis for
determining confidence intervals according to the rule of
three sigmas in the development of evaluation scales and
indicative indicators for 9 levels (Table 3). According to
Serhienko & Sharyi (2010), a 9-point scale for evaluating test
scores is the most informative and differentiates the average
results more than a 5-point scale.

Discussion

The study assumed that the effectiveness of the training
process of 7 year old karate boys within the framework of
physical education classesat school depends on the qualitative
assessment of the level of development of strength abilities.

The selection of scientifically based tests, checking their
informativeness and reliability can solve the problem of
decreasing strength and physical performance in children
by obtaining accurate data on the state of their strength
training. This will allow optimal planning and organization
of the process of strength training.

Knowledge about the necessity of such important
characteristics as informativeness and reliability for the

Table 4. Evaluation scale for control of coordination abilities of karate boys aged 7 years old

Points
Tests
1 2 3 4 5 6 7 8 9
Push-ups, times <4 4-6 7-9 10-12 13-15 16-18 19-21 22-24 >24
Mixed hanging push-ups onarope, 2-3 4-5 6-7 8-9 10-11  12-13  14-15 > 15
times
Bent arm hang, s <2.6 2645 4665 6684 85-10.5 10.6-12.5 12.6-145 14.6-165 >16.5
Standing long jump, cm <105  105-110 111-116 117-122 123-128 129-134 135-140 141-146 > 146
Sit-ups in 30s from the supine <7.0 7-8 910 11-12  13-14 1516  17-18 1920  >20
position, times
Handgrips of a right hand, kg <6.8 6.8-8.1  82-95 9.6-109 11-12.3 12.4-13.7 13.8-15.1 15.2-164 >16.4
Handgrips of a left hand, kg <61 6171 72-82 83-93 94-104 105-11.5 11.6-12.6 12.7-13.7 >13.7
Vertical jump, cm <126 12.6-13.9 14.0-153 154-16.7 16.8-18.1 182-19.5 19.6-20.9 21.0-22.3 >22.3
Throwing a stuffed ball from a <173 173-206 207-240 241-274 275-308 309-342 343-376 377-410 > 410
shoulder with a right hand, cm
Throwing a stuffed ball from a <113 113-145 146-178 179-211 212-244 245-277 278-310 311-343 > 343

shoulder with a left hand, cm
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correct use of any tests has been confirmed (Anastasi
& Urbina, 2007; Serhienko, 2010; Chaabeéne, Hachana,
Franchini et al., 2012). These aspects were considered in the
battery of tests. This improves the process of teaching physical
exercise techniques, makes it possible to achieve the goal
in the shortest possible time, significantly reduces injuries,
and increases interest in training in sports (Marchenko &
Kovalenko, 2020; Marchenko & Bezpalko, 2020; Marchenko
& Satdyiev, 2021).

The results obtained complement the information of
Marchenko & Ishchenko (2016), Rutkowski, Sobiech &
Chwalczynska (2019), and Hontarenko, Marchenko & Korol,
2022 about the very low level of results in the “Hanging
push-ups” test. Our study identified children who could
not perform the exercise; therefore, a modified test “Mixed
hanging push-ups on a rope” was used. Knowledge about the
importance of strength development and its different types
in martial arts, means and methods of its determination,
and special and effective development has been studied and
supplemented (Chaabene, Tabben, Mkaouer et al., 2015;
Liqin Yin, Changfa Tang & Xia Tao, 2018; Marchenko &
Satdyiev, 2021).

The results of the study by Gasior, Pawlowski,
Jelerr (2020) demonstrate that in childhood, the handgrips
test-retest has acceptable reliability. In this study, we found
excellent reliability of the handgrips of a right hand and poor
reliability of the handgrips of a left hand, which contradicts
the data of the authors. This may be due to the more ac-
tive use of the leading hand during training. According to
Driukov & Marchenko (2021) and Mukhina & Marchenko
(2021), this test is sufficiently informative for a comprehen-
sive assessment of children’s prospects during the selection
process for training in a karate sports section.

Kyokushinkai karate is a striking martial art that requires
highly developed explosive power and speed. We agree with
the opinion of Stamenkovi¢, Mani¢, Roklicer et al. (2022)
that the use of the “Standing long jump” and “Medicine ball
throw” tests are absolutely justified and logical to include in
the battery of tests when measuring high-speed power in
karate boys.

Conclusions

Based on the analysis of literary sources and experience
of our own research, we can state that the choice of control
exercises (tests) determines the depth of the studied material
and, therefore, its evidence base. Checking and assessing the
level of formation of important motor abilities in primary
school students is quite complex, but one of the most
important areas of activity for scientists and sports teachers.
The choice of indicators of complex control depends on
the purpose of testing, which determines the criteria for
evaluating the relevant test indicators (informativeness,
reliability, etc.).

The authors argue that regular strength training can
increase physical activity and improve the physical fitness
and individual health of schoolchildren. A high level of
strength training is the basis for the effective implementation
of high physical, technical, and tactical requirements in
Kyokushinkai karate.

The tests we have tested, which considering the specific
qualities required for karate, are logically and empirically

informative and reliable. They can be recommended for
controlling the different relatively independent types of
strength abilities of 7-year-old karate boys.
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MerTa ocnigKeHHs — HaflaTy AKiCHY OLIIHKY PO3BUTKY CM/IOBUX 31i6HOCTEN XJIONIB 7 POKiB 3a pe3y/IbTaTaMy KOMITJIEKCHO-
r'0 KOHTPOJIIO.

Marepianu i MeTogu. Y foC/IipKeHH] B35 y9acTb 32 xyomnis 7 pokis. Jlitu Ta ixui 6arsku 6y iHpopmoBaHi Ipo Bci oco-
61MBOCTI HOCT/KEHHA 1 Ja/Ii 3TOAy HA yYacTb B eKCIepUMeHTi. [I/iA BUpillleHHs ITOCTaB/IeHNX 3aBIaHb Oy/IM 3aCTOCOBaHi Taki
METOJM JIOC/TII)KEHHS: aHa/Ii3 HAYKOBO-METOMYHOI JIiTepaTypH, NeJJaroriuHe TECTYBaHHA Ta METOAY MaTeMaTUYHOI CTaTUCTUKI
006pOOKY pe3y/nbTaTiB JOCTIIKEHH .

PesynbraTu. J]jis1 OLIHKY TICHOTY B3a€MO3B 3Ky MiX ITapaMeTpaMy po3paxoByBascs Koedimient kopensauii ITipcona. s
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B3a€MO3B A3KiB (I, = 0,701-0,851) Brcokoro cTymens 3HaunMocTi (p<0,001) 3 iHmmmu TecTamm, AKi XapaKTepU3yIOTh CTPYKTYpPY
CIJIOBOI MiATOTOB/IEHOCTI JOCTIIKYBaHKX AiTell. 3BepTae Ha cebe yBary Te, 110 TecT «Knjok HabuBHOrO M’s19a Biff I/I€4a» sB/ISE
co0010 BIIPaBY, B AAKili 3a/1isHi pisHi M’ 13081 rpynu Ty1y0a, BepXHiX Ta HIDKHIX KiHI[iBOK. 32 CBOEIO CTPYKTYPOIO BiH IIORiOHMI1 TeX-
Hilji yapiB pyKamu, TOMY J10T0 JOLIBHO BKIIOYATH B 6aTapero TeCTiB ITijf 4ac BUMipIOBaHH: BUOYXOBOI CH/IM B €AMHOOOPCTBAX.
Pospo6ieno 9-1u 6a/IbHi IKa/Iu OLiHOK TeCTOBYUX BUIPOOYBaHb.
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Abstract

Background and Study purpose. Holistic education becomes an important aspect to achieve target on education
as proposed by sustainable development goals (SDGs). Many believe that education of the future should be
comprehensive, aspirational and inclusive, that is holistic education. Physical education is part of school subjects
that can be used to realized the educational goal of holistic learning. Through mindful planning and understanding
of conceptual framework, physical activity and sports in physical education can be a powerful tool to improve the
development of the whole child that includes cognitive, socio-emotional, and physical aspect. To date, there are few
systematic reviews that discuss holism in the context of education, and almost none of them specifically discuss

holistic education in the physical education setting.

Materials and methods. This paper systematically reports previous empirical studies about the strategies used to
implement holistic education in physical education class. There are 15 papers selected in this study following the
Preffered Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Results. As the result, this study proposes a conceptual framework for designing a teaching strategy in PE to promote
whole child development. The framework encompasses the learning dimension of body, mind and spirit. All the

aspects are discussed below.

Conclusions. Based on the results and discussion obtained from the 15 reviewed papers, we proposed a conceptual
framework to design an approach to implement holistic education in physical education.

Keywords: systematic review, holistic education, physical education, PRISMA.

Introduction

Improving the quality of education is a concern for global
leaders. There is special attention given by world leaders on
education improvement by inserted education vision in The
Sustainable Development Goals (SDGs)(United Nations,
2015). The education which proposed in the SDGs highlight
the transformation of education toward comprehensive,
holistic, aspirational, and inclusive. According to Mahmoudi
etal. (2012), holistic education means to repair future citizen
that could transform themselves into individual that concern
and mindful about others, for the communities ,and for the

© Syaukani, A.A., Mohd Hashim, A.H., & Subekti, N., 2023.
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planet. This is certainly very relevant to the 21* century
demands to balance global economic growth with human
development.

Many countries have initiated the use of holistic
education in the national education curricula, for example,
USA, Canada, Finland, Singapore (Miseliunaite et al., 2022).
Those are countries that basically renowned by its high
quality of education. They realize that holistic education
is necessary to ensure sustainable development, especially
regarding human resources. However, judged by SDGs
reports, many countries still struggling to achieve significant
goals on education. In Indonesia, holistic education has
been used as a policy basis in assessing student’s learning
outcomes that include affective, cognitive, and psychomotor.
However, in practice, there are often misconceptions about
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the application of holistic education in school settings.
For example, it can be observed from study by Hamami &
Nuryana (2022) which interpret holistic learning on the
balance between religious and science education. This is
certainly contrary to the holistic concept which emphasizes
balance in student’s outcome that incorporating domain of
heart, body, and mind.

Physical education (PE), as part of compulsory subject
in most school in every level of primary and secondary
education, recently has become more important. This
is because the value of physical activity and sports in PE
is being highlighted to prevent social and psychological
problem such as school violence and suicide (Jeon et al.,
2021). Unlike any other subject, PE contain physical and
sports lesson that can be used to transfer holistic ability to
students. Sports hold a significant place in lives and culture.
It is not just an activity for improving health and fitness, but
it also has a deeper meaning and value. Sports provide many
benefits, both physical and mental, that contribute to overall
well-being. Sports could provide students with opportunities
to learn how to manage their time, set goals, and handle
pressure. It also could teach them how to handle success and
failure, which are essential skills for success in life. Therefore,
Goudas et al. (2006) proposed a call for “education through
physical” as opposed to “education of the physical”

Although theattention of holistic education isincreasing,
there were few literatures study of well-rounded competency
within holistic education concept. The study is limited to the
following: the contribution of holistic education to world’s
problem (Miseliunaite et al., 2022), holistic education as
an approach for 21st century (Mahmoudi et al., 2012).
To the best of our knowledge, literature study focusing
on implementation of holistic education within physical
education context is scarce or even has not been conducted.
Therefore, this paper aim to run investigation from previous
study about the strategy that can be used to implementing
holistic education into physical education. The main research
question of this study is “What are the critical factor that
should be considered in designing holistic-based physical
education?”. Based on the literature review, we propose a
conceptual framework that might benefit teacher to guide
an instructional model that could facilitate holistic learning
in physical education lesson.

Materials and methods

This study uses a preferred reporting items for the
systemic review and meta-analysis (PRISMA) approach
in collecting, selecting and analyzing papers related to the
implementation of holistic education in physical education
classes. The PRISMA method has been widely used in the
study of literature on health and technology, as for social
science, it has also been found in several important studies
in education (Sukirman et al., 2021). PRISMA was chosen as
the methodological foundation in this study because it was
considered the most suitable method to reduce potential
bias.

Search procedures and data sources

Databases used in this study include Scopus, Web of
Science (WoS), ProQuest, and Springer Link. The above

databases are determined based on their good reputation
in the academic world, also the availability for access to our
condition. After establishing the databases, researchers then
set searching keywords, namely “holistic education”, “whole
child education”, “physical education”, “sports”, “school’,
“outdoor activity”. This study uses the Boolean operators
“AND” and “OR” to string keywords into search strings used
in bibliographic search. The search string created is applied
to searches that include the entire article (title, abstract,
keywords). There is no publication time limit from the
article search carried out, meaning that each article can be
accepted if it is relevant to a predetermined research topic.
The final search was carried out in the end of December
2022 resulted in 233 documents. In databases that provide
“search within results” features such as Scopus and Web of
Science, the search string created is followed up by entering
keywords separately and sequentially into the “search within
result” line. To produce articles that relevant with the topics
of this study, restrictions are used only on education and
social studies by utilizing the “filtered by subjects” feature to
limit searches only to social studies. The subjects specified in
“filtered by subjects” are social sciences. From the advanced
search results using the automated search tool, 91 documents
were obtained which will be further processed to the
screening stage. The detailed result yielded by searching
protocol in this study is provided in Table 1.

Table 1. Detail results obtained by the search protocol

Database sources Documents yielded

Scopus 81
WoS$ 53
ProQuest 26
Springer Link 73
Total 233
Eligibility criteria

Before entering the screening process, the collected doc-
uments are checked for the possible duplication in more than
one database. After eliminating duplicates and refine search
using automated search tool, the initial investigation was
reduced to 91 documents. There are exclusion and inclusion
criteria in this study. Documents which met the exclusion
criteria will be eliminated, meanwhile documents which met
the inclusion criteria will be included. The detailed exclusion
and inclusion criteria is presented in Table 2. All documents
other than empirical studies is excluded because it does not
contain original research to answer research question. Ir-
relevant documents refer to any study on holistic education
which has no relation to physical education is also rejected.
Documents which conducted research in other than school-
setting is also excluded. Documents included in this review
should use student as a study sample, including high school
students, but not limited to junior high school and elemen-
tary school student. The selection criteria was also based on
following criteria: (1) written in English, (2) peer-reviewed
journal, (3) open access.

A total of 91 documents were screened. All documents
were entered into Excel and given a sequential number from
1 to 91 based on alphabetical order of the title. This was
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Table 2. Exclusion and inclusion criteria

Exclusion criteria Inclusion criteria

Systematic review Empirical study

Irrelevant documents Relevant studies

Curicullar and co-curricular PE

Non curricular activities o
and sports activities

Ongoing research publication =~ Completed research

Non English publication article ~ Written in English

followed by a three-stage screening process. In the first stage
of the screening process, the title of the documents were
reviewed. The purpose of this stage is to exclude documents
that seem not relevant to the topic of holistic physical
education in schools. If found documents that unclearly
met the exclusion criteria, the documents is retained for the
next step. If a document was excluded, the exclusion reason
was assigned next to document title in the Excel. A total
of 55 documents is verified for further screening process.
Detailed report on the number of documents being excluded
is presented in Figure 1.

Conducted the second round of screening process, the
researchers screened the abstract of all remaining documents
to determine whether these works employ an experimental
study approach on holistic physical education at school.
A document was only excluded if it was obvious that it
was not fit with the investigation topic of the current study.
Figure 1 showed that after the second stage of screening,
a total of 25 documents is left for the last stage.

Finally, researchers reviewed all remaining documents
during third stage of screening process by read all content
of the documents to determine which documents provided

Records removed before
Records identified through screening (n=142)
g database searching * Duplicate records removed:
“é (n=233) 18
= * Automated searchtool
“:‘J removal: 124
e
Records excluded (n=36)
Records screened by title : INrreIeva nF doc.urrTents: 19
(n=51) on Enghfh'ﬂtl(e.?;
* Systematicreview: 14
: '
£ Reports not retrieved (n=30)
§ Reports sought for retrieval * Non experimental studies:
A (n=55) 18
* Non-curricular activities: 8
* Non-student sample:10
v Full-text articles excluded
(n=10)
Full-text assessed for  Contain PE but lacking/no
= eligibility holistic education: 5
= (n=25) * Contain holistic education
= but lacking/no PE:2
o * NonEnglish content:1
* Notopen access document:
2
v
_5 Studies included in review
3
g (n=15)

Fig. 1. PRISMA search protocol on this study

sufficient empirical information to be included in the study.
Based on the selection criteria presented in Table 2, we
selected 15 records as eligible criteria. These were included
in the study for further in-depth analysis (see Table 3).

Data extraction and analysis

Information on the included articles were extracted by
reading the full text of the manuscript. Then, NVivo software
for qualitative methods analysis was used in the present
study to code important information into selected theme.
This software was selected due to the following advantages:
(1) managed data effortlessly; (2) able to find themes easily;
(3) save time and energy for data classification. The coding
framework was executed based on research question using
opencodingstrategy until datarichness wasachieved. Coding
is administered in paragraphs that are done repeatedly to
ensure we do not missed important data. All documents were
evaluated and coded based on the following arrangement:
bibliography of the article, objective of the study, research
design, research settings, study participants, intervention,
research instruments, data collection procedure, findings,
study limitations, future works, and recommendation.

Results

There were 15 articles included in this study. Most of the
articles analyzed in this study represent Western education,
and come from the European continent (Poland, Netherlands,
Greece, Spain), the Americas (Canada). Meanwhile, the
representation of the eastern education system is represented
by articles from several countries on the Asian continent
such as South Korea, and Japan. This supports the findings of
Lee at al. (2014) which states that holistic education is mostly
applied in the Euro-American education system, but still
relevant to be applied in eastern education systems. Findings
from studies categorized into several theme which contain
information to answer the research question to summarize
answer on the current practice of achieving student’s holistic
competency using physical education and sports.

Table 4 describes the classification of variables that are
contain in the research of 15 selected papers. We categorized
them into three types including cognitive skill, socio-
emotional skill, and psychomotor skill. Research summarized
in this study analyzed the impact that can be caused by
physical activity and sports through PE setting in school.

All papers included in this study is limited to empirical
study within the scope of physical education or physical
activity at school. From the 15 selected papers, mostly were
experimental research as illustrated in Fig. 2, namely 73%
or 11 articles (Canabate et al., 2020; Kolovelonis et al., 2023;
Koszalka-Silska et al., 2021; Luna et al., 2021; Meijer et al.,
2022; Melero-Canas et al., 2021; Mullender-Wijnsma et al.,
2019; Pirrie & Lodewyk, 2012; Wawrzyniak et al., 2022),
followed by correlational 13% or 2 articles (Gwon & Shin,
2023; Morita et al., 2016), explanatory 7% or 2 articles (Jeon
et al., 2021; Rillo-Albert et al., 2021).

PE on improving psychomotor ability

It is well known that PE is closely related to the
empowerment of psychomotor ability. However, not all
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Table 3. Selected documents included in the study

No Authors & Year Country Publisher Database
1  (Rillo-Albert et al., 2021) Spain MDPI ProQuest
2 (Canabate et al., 2020) Spain MDPI ProQuest
) (ol a2 i o pocues
4  (Condello et al., 2021) Italy MDPI Scopus
5 (Goudas et al., 2006) Greece Springer SpringerLink
6 (Lunaetal., 2021) Spain MDPI ProQuest
7  (Jeon et al., 2021) South Korea MDPI WOS
8  (Meijer et al,, 2022) Netherlands Wiley Scopus
9  (Mullender-Wijnsma et al., 2019) Netherlands Springer WOS
10 (Morita et al., 2016) Japan Elsevier WOS
11 (Gwon & Shin, 2023) South Korea MDPI ProQuest
12 (Kolovelonis et al., 2023) Greece MDPI ProQuest
13 (Melero-Canas et al., 2021) Spain MDPI Scopus
14 (Pirrie & Lodewyk, 2012) Canada Elsevier Scopus
15 (Wawrzyniak et al., 2022) Poland MDPI Scopus

Table 4. Classification of the research variables
Cognitive skill Socio-emotional skill Psychomotor skill
Executive function Emotional intelligence Physical fitness

Academic achievement
Cognitive performance
Neurocognitive functioning Self-esteem
Cognitive skill
Brain morphology Self-belief
Academic grit

Motor conflict

Social competence

Emotional regulation

Prosocial behavior

Gross motoric skill
Sports-specific skill
BMI

Socio-emotional competencies

Fig. 2. Study design on selected documents

research available in the research database is included in
holistic education studies. Based on 15 papers included in
this study, four papers were attributed physical ability to be
one of the research variables along with variables from other
competency domain (i.e cognitive and socio-emotional).
Based on the reviewed paper, researchers found that their
design of study has several impacts on psychomotor ability.
As the research conducted by Morita et al. (2016) said that
fitness level and obesity level to be one of important factors
for student’s academic achievement. Additionally, based
on the experiment conducted by Wawrzyniak et al. (2022)

Improving fitness, gross motoric skill and _
sport-specific skill
e e oy
cognitive ability
Promote self-regulation, self-esteem and _
social skill

0 2 4 6 8 10
Total Articles

Fig. 3. Main objective of the studies

pointed that delivering PE with cognitive task can stimulate
development of both psychomotor and cognitive skill. In
addition to achieving benefits in improving fitness level and
gross motor skills, PE in holistic learning design can also be
used as a means to improve sports-specific skills while still
achieving goals in other learning domains. Condello et al.,
(2021) claimed that PE with integrative theory base can help
student to achieve motor and non-motor abilities.

In order to achieve benefit in fitness and psychomotor
while still able to secure the advantage on other learning
domain in the framework of holistic education, some
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researchers suggest that PE lesson should meet the minimum
requirement of 20 minutes of moderate-to-vigorous physical
activity (MVPA) on each session (Morita et al., 2016; Pirrie
& Lodewyk, 2012). In addition, ideally it should also be
ensured that students feel joy when participating in PE
lessons, so that even though the intensity is moderate-to-
vigorous, students can still show a good learning attitude
during learning (Gwon & Shin, 2023; Jeon et al., 2021;
Kolovelonis et al., 2023; Melero-Canas et al., 2021).

PE on improving cognitive ability

Cognitive skills are the skills that are used to think, learn,
and reason. Some factors that can affect a student's cognitive
skill include genetics, environment, and education. PE has
been found to have a positive impact on cognitive skills
(Gwon & Shin, 2023; Kolovelonis et al., 2023; Meijer et al.,
2022; Melero-Canas et al., 2021). PE can improve cognitive
skills in several ways. First, it can increase blood flow to the
brain. When the body doing exercise, the heart pumps more
blood to the brain, which helps to improve brain function.
Second, PE can improve memory and learning.

Exercise has been found to increase the production of a
protein called BDNE, which is essential for the growth and
survival of brain cells. Third, PE can improve attention and
focus. Exercise has been found to increase the production of
dopamine, a neurotransmitter that is essential for attention
and focus (Chaddock-Heyman et al., 2016; Meijer et al.,
2022). It is also supported by Jeon et al. (2021) which states
that physical activity in the morning can increase students'
intelligence potential through improving brain functions
suchas concentration, memory, and attitude in the classroom.
However, what needs to be considered is that the type and
intensity of physical activity that were reported can affect the
final result. Experts believe that aerobic activity is superior to
other types of physical activity in terms of improving brain
function (Chaddock-Heyman et al., 2016; Morita et al.,
2016). In order to get optimal results, the duration of physical
activity should also be taken into account. Researchers
suggested that moderate to vigorous physical activities
(MVPA) and longer exposure of MVPA might be required
to produce effect on brain structure and function (Meijer et
al., 2022; Pirrie & Lodewyk, 2012). Another indirect effect of
PE on academic ability is presented by Mullender-Wijnsma
et al. (2019). They believe that physically active academic
lesson can contribute to student’s on-task behavior and
academic motivation.

Teaching strategy to support the learning outcomes
of cognitive ability is varied among researchers. Jeon et al.
(2021) established Oth period of PE class to foster health
and academic performance among Korean students. The
Oth period of PE was implemented based on the fact that
morning exercise is good for brain. The activity was held
before the beginning of regular class hour. They claimed
through this activity, students are having better learning at-
titudes, that contribute to their academic performance in
class. Kolovelonis et al. (2023) used combination of popu-
lar game and physical activity to create “exergames” to be
implemented in physical education class. They claimed that
in order to conduct a successful PE program, teacher need
to arrange activities that attract student’s interest to main-
tain student’s motivation to participate in the lesson. This

is similar with another research findings that playfulness is
important in PE. Through a physical lesson that perceived
to be fun, students can develop academic grit that will not
only benefit them in PE, but other academic areas to en-
gage in positive school lives (Gwon & Shin, 2023). Different
tactical approach used to combine mathematical concept
with physical education to create positive impact on cogni-
tive aspect (Wawrzyniak et al., 2022). In this way, classroom
teachers (CTs) and physical education teachers (PETs) can
collaboratively create meaningful PE by integrating physical
exercise with cognitive tasks.

PE on improving socio-emotional skill

The relationship between physical and psychological
aspects in sports has been widely recognized in the concept
of sound-body sound-mind where indicators of successful
coaching should include the development of both (Goudas
et al., 2006). PE can have a significant impact on a student’s
socio-emotional intelligence by fostering skills such as
teamwork, communication, emotional regulation, self-
awareness, and empathy. By fostering a sense of teamwork
and collaboration, PE classes can also help students build
positive relationships with their peers and address issues
such as bullying and social isolation. Luna et al. (2021) and
Goudas et al. (2006) point out that physical activity and
sports can promote, both directly and indirectly, student’s
social and emotional well-being. School physical education
is suitable context for student to learn physical and socio-
emotional skill simultaneously. This due to several reasons:
First, physical and socio-emotional skill can be taught
together through demonstration and practice. Second,
various skills learned in sports can be applied to social
context. The skills including: the abilities to perform under
pressure, problem solving, teamwork, communication and
to deal with success and failure. Third, sports and physical
activity is part of the school curriculum that applies from
elementary to secondary education. Therefore, students are
likely to be familiar with PE learning environment.

PE teacher should understand that there is intrapersonal
dan interpersonal aspect of socio-emotional skill. Not only
physically healthy and skilled, through PE, students are
educated to be able to manage emotions (intrapersonal) and
build good social relationships (interpersonal) with those
around them (Jiménez-Parra et al., 2022; Rillo-Albert et al.,
2021). Canabate et al. (2020) conducted research to improve
emotional awareness on student’s practicing Yoga and Taichi.
They investigate whether Yoga, Taichi, and other introjective
practices give an impact to student’s emotional intelligence.
The result stated that there is a significant effect of those
practices toward the improvement of student’s intrapersonal
skill including emotional attention, clarity of feeling and
emotional repair. Incorporated SE education to PE lesson
is recommended to be done since primary education. This
is because in the preadolescent period it is important to
form a strong personality through the development of SE
intelligence which includes social competences and self-
esteem. Jiménez-Parra et al. (2022) added that SE intelligence
benefit children and later in their life as an adult to avoid
risk of having social and mental disorders. Researchers
experimented with educational programs designed to
optimize students’ SE skills in PE classes. For example,
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Goudas et al. (2006) with programs termed as GOAL (Going
for Goal) and SUPER (Sports United to Promote Education
and Recreation), are programs run to combine physical
skills and life skills in PE classes. As a result, in addition
to being able to improve or retain physical fitness, students
are also able to increase their lifeskill capacity through goal
setting orientation. Meanwhile, Luna et al., (2021) initiated
an educational intervention based on The Sports Education
Model (SEM) to study the effect on social and emotional
wellbeing. SEM is a teaching and learning approach that aims
to provide students with a more holistic and comprehensive
sports experience.

Discussion

Based on the above-mentioned articles, we summarized
several factors that can be considered to develop and imple-
ment PE educational program to achieve holistic develop-
ment of students. We proposed a conceptual framework to
implement a strategy of holistic education physical educa-
tion (HEPE) as presented in Fig. 4. Based on the concept
of holism (Miller, 2019), generally it can be grouped into 3
parts, they are mind, body, and spirit. Mind refers to cogni-
tive aspect, spirit refers to emotional and social capacities,
while body means fitness and motor ability. Based on studies
included in this systematic literature review, each has attri-
butes that cannot be neglected if the goal is achieve objec-
tives in every learning domain. For example, in the cognitive
domain, it is necessary to ensure that learning activities must
contain elements of problem solving and combine physical
activity and sports with lessons from other subjects such as
math and language (Setyaningsih et al., 2019; Sutama et al,,
2022; Wawrzyniak et al., 2022). Through such cognitive-
enriched, Physical education can not only benefit health and
physical fitness but also for other curricular subject such as
math, language, and writing. This is because in its imple-
mentation, students not only do physical activity but also
indirectly learn to count, read, and write. Although the con-
text of Wawrzyniak et al’s research, (2022) is for elementary
school students, this idea can be applied at higher education
levels by incorporating other subjects into PE lessons.

Spirit education is part of holistic education because it
involveseverypart ofonesbeingincluding theiremotion, their
senses, and their relationship with other (Best, 2011; Thambu
et al.,, 2021). In other words, it comprises intrapersonal and
interpersonal skills, both of which are important in efforts
to interpret oneself and the social environment. Element
of spirit education that we propose in the conceptual
framework is responsibility dan role-playing. Responsibility
is a concept where students must have responsibility for
themselves in terms of emotional control and have roles
and responsibilities in their social environment. It involves
teaching them to be aware of their social and environmental
impact, to understand the consequences of their actions,
and to be proactive in making positive contributions to
their communities. By emphasizing social responsibility
in education, students not only become better citizens,
but they also develop a sense of empathy, compassion, and
respect for others. Role-playing can be a valuable tool in
physical education as well. By assuming different roles and
scenarios, students can explore topics such as sportsmanship,
teamwork, and leadership, especially through involvement in
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Cognitive Skill

Holistic Education
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Fig. 4. Conceptual framework to implement holistic education
through physical education
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team sports activity. This can help them develop skills such
as communication, problem-solving, and decision-making,
as well as a better understanding of different perspectives.

Another dimension of holistic education is education
of the body, meaning that being committed in regular
exercise and physical activity to improve health and fitness.
By emphasizing the importance of physical health, students
can develop lifelong habits that promote overall wellness.
Physical education classes can also help students develop
skills such as coordination, balance, and flexibility, as well as
promote teamwork and sportsmanship. Element attributed
to body or physical education is exercise principle which
consist of frequency, intensity, time, and type (FITT). These
principles are used to design effective exercise programs.
Frequency refers to how often a person exercises, intensity
refers to how hard they exercise, time refers to how long
they exercise, and type refers to the type of exercise they
do. By carefully considering these factors, teachers can
design a PE lesson that is safe, effective, and able to improve
student health and fitness. Most of the articles in this study
following the schedule of PE as in school curriculum. They
vary between once a week to three times per week with each
duration could last for 90 minutes. The activity thought in
the PE class was mostly sports, and aerobic physical exercise
with intensity of medium-to-vigorous. Interventional
program is also varied between studies. However, Melero-
Canas et al. (2021) and Wawrzyniak et al., (2022) argue that
in order to yield significant effect especially on cognitive and
psychomotor domain, intervention should be done through
whole academic year.

We propose important elements related to the application
of HEPE. These elements are based on the holism concept
that each learning domain is related to each other (Shroff,
2011). There are the following: gamification, collaboration,
competition, and playfulness. Gamification is described
as implementing game element into non-game context
(Zainuddin et al., 2020). Gamification added joy,create
engagement, learning motivation and social influence while
making student immerse in experiential learning. Therefore,
gamification is suitable to be implemented of this context
so that student will perceive the designed activity fun and
attractive. Another shared elementis collaboration. Given that
HEPE is designed toward problem-based learning, student are
encourage to work in group. When student work together to
learn, their knowledge and classroom involvement improved.
In addition to that, by having a collaboration, student can
enrich their social interaction to promote development of
socio-emotional competence (Koszatka-Silska et al., 2021)
with a comparison group. ANOVA (2 x 2. Competition is
also important element to be considered in HEPE. According
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to sports education model (SEM), meaningful competition
is necessary to provide stimulation and positive motivation
(Luna et al., 2021). The last shared element is playfulness,
meaning that learning should be fun and engaging. Gwon &
Shin (2023) noted that with playability increase, there will be
academic grit that also increase. Academic grit is mediating
factor for PE-related attitude. Therefore, we can expect a
better learning attitude if students possessing academic grit
as a result of lesson playability.

We presented holistic skill as the dependent variable
in the conceptual framework, which consist of three com-
ponents, they are cognitive skill, socio-emotional skill, and
psychomotor skill. In holistic education concept, all various
learning domain is related. There is relationship between
body and mind, as well as relationship between the individual
and social environment (Miller, 2019). Without having to put
aside one aspect from another, learning design must be able
to develop individual potential as a whole. Therefore, it is
important for an educator to be able to plan, implement, and
evaluate learning activities based on learning outcomes in the
cognitive, socio-emotional, and psychomotor domains.

Conclusions

Based on the results and discussion obtained from the 15
reviewed papers, we proposed a conceptual framework to de-
sign an approach to implement holistic education on physical
education. According to holism principle, we make a prop-
osition of connection between body, mind, and spirit. The
body encompasses physical health and fitness, mind is about
academic achievement or cognitive performance, and spirit
is including intrapersonal skill in form of emotional intel-
ligence, and interpersonal skill in form of social competence.
The study can be designed in experimental research with two-
group pre-posttest design to investigate the differences. Both
sports and physical exercise can be used as a lesson to improve
students’ holistic development. However, many studies noted
that sports can be more useful to explore students prosocial
behavior while cognitive enriched activity can improve stu-
dent’s cognitive ability. All in all, to create engagement during
intervention, gamification of learning is needed.
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KOHUENTYAJZIbHA CTPYKTYPA NPUKNAAHOI LJTICHOI
OCBITU Y ®I3U4HOMY BUXOBAHHI TA CMOPTI:
CUCTEMATUYHUIA ornaa EMNIPUMHUX BAHUX

Aram Axmap Illaykani?ABPE, Anna XacHimi Moxp Xammm?ABCP,
Hyp Cy6exTi'®*“P®

"VuiBepcuter Myxammagisa B Cypaxapri
*TexHonoriunmit yHiBepcuTeT Maaiisii

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

Pedepar. Crarts: 9 c., 4 Tabn., 4 puc., 30 mxepern.

IcTopisa nuraHHA Ta MeTa gocmimkeHH:. [limicHa ocBiTa cTae BOXIMBMM aCIeKTOM MjIA IOCATHEHHS OCBITHIX Ifinen, ki
Y3TO/PKYIOTLCA i3 LinAmu cranoro po3sutky (IICP). Barato XTo BBaXkae, 110 0CBiTa Mail6y THOTO Ma€ Oy TV KOMIUIEKCHOIO, IIpe-
CTVDKHOIO Ta iHKIIO3MBHOI, TOOTO LiTicHOI 0cBiTo0. PisyHe BUXOBAHHA € Ti€I0 YaCTMHOIO IIKiTbHUX TIpeIMETIB, AKa MOXe
OyTy BMKOpMCTaHa [/ peaisallil 0CBITHbOI MeTH 1i/1iCHOTO HaBYaHHA. 3aB/IAKU PETEIbHOMY IVIAHYBAHHIO Ta PO3YMiHHIO KOH-
LIeNTya/IbHOI CTPYKTYpH (PisVyHA aKTUBHICTB i CIIOPT y PiSUYHOMY BUXOBaHHI MOXYTb OYTHU IOTY>KHIM iHCTPYMEHTOM J/IA 110-
KpallleHHs PO3BUTKY AUTVHY B LII/TOMY, 110 BK/IIOYA€ KOTHITUBHUIL, COLia/TbHO-eMOLiitHMI1 i pisnunumit acriektu. Ha cborogHimmHiin
IeHb iCHye He6araTo CUCTeMaTHYHUX OI/IAAIB, Y SIKMX OOTOBOPIOETHCS LITICHICTD Y KOHTEKCTI OCBITH, i Maike B YKOZHOMY 3 HUX
KOHKPETHO He 00TOBOPIOETLCA Li/TiCHa OCBiTa B yMOBaxX (i3MUHOIO BUXOBaHH.

Marepianu Ta MeTopM. Y 11iji CTaTTi CUCTEMATUYHO BUK/Ia[€HMII 3BIT IPO MOIIePENHi eMIipUYHI JOCTiPKEHHA CTpaTeTil, AKi
BUKOPMCTOBYIOTb JI/IA1 peatisaliii 1iinicHol ocBiTy Ha ypokax ¢isnuHOro BUXOBaHHs. ¥ IIbOMY JOCI/PKeHH] Oy/10 BinibpaHo 15 cra-
Teil BIITIOBiHO 10 peKkoMeHpaL il «IlepeBaskHi eleMeHTH 3BiTYyBaHHA /LA CUCTEMAaTUYHUX OIIAAIB 1 MeTaaHanisi» (PRISMA).

Pesynpraru. SIK pesynbrar y [bOMY AOCTIKEHH] IIPOIIOHYETHCSI KOHI[ENITya/IbHA CTPYKTYPa [yIsi pO3po0KM cTparerii BUKIa-
IaHHSA (QI3VYHOTO BUXOBAHHA [JIA CIIPUAHHSA BCeOIYHOMY pPO3BUTKY AUTUHU. LIS CTPyKTypa OXOIUIIOE HaBYaIbHUII BUMIp Tifa,
Ppo3yMy Ta fyxy. Yci 1ji acClieKTy 06roBOPIOIOTHCS HIDKYE.

Bucnosku. Ha mifcTaBi pesynbraTiB Ta 0OrOBOpeHHs 15 pOSIIAHYTUX JOKYMEHTIB MU 3aIlIPOIIOHYBa/IN KOHIEITYalIbHY
CTPYKTYPY /I Po3pobxu IiAXOMy IO peasisanil LinicHOI OCBiTH Y (biquHOMy BIXOBaHHi.

KirouoBi cmoBa: crcTeMaTH4HUIT OIVIAL, LiTiCHA OCBiTa, Qi3nyHe BUXOBaHH:, pekoMeHpanil PRISMA.
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Hawa posigka

ETANMU PEQAKUIAHOIO NMPOLIECY

MonepepHin po3rnag noaaHHA (40 2 TUXKHIB)

e TIpU3HAYEHH:A PEJAKTOPa;

e IepeBipKa PYKONMCY ILIO0 BiOBIJHOCTI TeMaTUKM
JKypHay;

o TexHiyHa epeBipka (06cAr pyKomnmcy, o6cAr aHoTaljil, OIliHKa
MOIaHHS OO0 CTWIICTUYHUX Ta 6ibmiorpadiyHnx BUMOT,
BUK/IafieHNX Y KepiBHUIITBI /151 aBTOPIB);

e  BU3HAYEHHA AaKTYa/NbHOCTi, HOBU3HM Ta OPUTiHa/TbHOCTI
poboru;

*  HAaABHICTD IIEJJarOriyHOrO eKCIIEPUMEHTY, IOTO BifITIOBiIHICTD
METOMOMOril [OCHIPKEHHA, AKYy MOXXHAa IIOBTOPUTU
(pempesenTaTuBHICTH BUOIPKY, OFHOPIAHICTH BUOIpKM 3a
BIKOM, PYXOBOIO IiITOTOBJIEHICTIO, piBHEM CIIOPTUBHOI
IiTOTOB/IEHOCT], CTa)KeM 3aHATb, TOIIO);

e AKIIO PYKOINC € OIIA/IOBUM, TO IIePEBipAETHCA BUKOPUCTaHHA
nportokory PRISMA, Aknit 0XOIIIOE CMCTEMATUIHi OI/IAAN
Ta MeTa-aHaji3M. ABTOpaM pPEKOMEHOBAHO 3alOBHUTH
KOHTPOJIbHMII CIIMCOK i 67T0K-CXeMy Ta BK/TIOYUTH IX 10 IOaHHS;

e  IIepeBipKa Ha IUIariar.

Skimo pykonuc oTpuMaB NO3UTUBHY OL[iHKY, TO BiH CIIpAMO-

BYETbCA Ha PELIEH3YBAHHs, iHaKIIe — BiXMIAEThCA.

PeueH3yBaHHA

ITig6ip Ta 3ampoLIEHHs PeleH3€HTIB, OYiKyBaHH: BifIOBizi
Ha 3anuT (7o 2 TIOKHIB). TumoBuit nepiox, HeoOXigHMII /IS TIPO-
Be/IEHHA pelleH3yBaHHA CKIaJa€ YOTUPY TYDKHI.

Bci crarrti, 110 ONPUIIOAHIOIOTBCA B JKYpHal, NPOXOAATD
peleH3yBaHHA.

TonoBHMIT peflakTOp >KypHaTy HalpaB/ide CTATTIO HA pelleH-
3yBaHHs1 QaxiBIIsIM, 1110 MAalOTh HailOUIbIII O/IM3BKY IO TEMM CTATTi
HayKOBY cIlelliasisanito. PelleH3yBaHHA MPOXOAUTD 3 IO/BilIHOIO
CIIIIOI0 CXEMOIO.

Y npoueci pelleH3yBaHHA 3aBXAM PO3I/IANAIOTHCA:

. eTUYHI aCIeKTH;

e OpUTiHAIbHICTb TBOPY;

o BaxmMBicTh iHpOpMAIii;

e YiTKiCTb Ta 3pO3yMiJliCTh TEKCTY;

e JIOLiJIbHICTb BUKOPMCTAHHSA METOJIB JOCTi/[)KEeHH;
e  iHTepmperanis pe3y/nbTaTiB;

e OOIPYHTOBaHICTb BICHOBKIB.

MpwuiiHATY pilleHHA Wogo ny6nikauii (4o 2 TVKHIB)

o 00TOBOpEHHsA peleHsiil: 3amuT HoBOI Bepcil, puitHATTA abo
BiIX1M/IEHHA NTOJAHHS;

e AKINO NPUIIMAETHCA PillleHHA PO 3alIMT BUIIPAB/IEHOI Bepcii
PYKOINCY, TO aBTOPY HaflaeTbCs 2 TUXKHI Ha MiTOTOBKY
pyKomucy;

e AKIIO NPUIMAETHCA PilllEHHA NPO NPUITHATTA PYKOMMCY, TO
BiH CIIPIMOBYETbLCA Ha eTal MiATOTOBKM HO MyOiKariii.

e AKIO IPUIMAETHCA PillleHHA MPO NPUIHATTA PYKOIMKCY, TO
aBTopaM Oyyie HeoOXimHO NepepaxyBatu XypHaty Ilnary 3a
IIy6/iKaLiio CTaTTi A/ KOMIIEHCYBaHH: BUTPAT HAa BUAHHSL.

MNigroToBKka go ny6nikauii (4 TVKHI)

e  JliTepaTypHe peJjaryBaHHs;

e KOMIT'IOTepHA BEPCTKa;

e O3HAMOMJIEHH: aBTOPiB 3 MAKETOM;

e BUIPABJICHHs IIOMMUIOK IPYKY Ta GOpPMaTyBaHHS;

e  TIJArOTOBKA i 3aBaHTa)KEHHH €JIEKTPOHHOI Bepcii )KypHaty.

My6nikauin (3a rpagikom)

EDITORIAL PROCESS

Preliminary consideration of the
submission (up to 2 weeks)

o appointment of an editor;

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

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

o determining the relevance, novelty and originality of the paper;

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

o if the manuscript is a review paper, the use of the PRISMA
protocol, which covers systematic reviews and meta-analyses,
is checked. Authors are recommended to complete the checklist
and the flow diagram and include them in the submission.

o plagiarism check;

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

Peer Review

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

All articles in this journal undergo peer review. The editor-
in-chief of the journal sends the paper for peer review to experts
whose scientific speciality is the closest to the topic of the paper.
Peer reviewing takes place under a double-blind scheme.

In each paper, the peer review process always considers:

o ethical aspects;

« originality of the paper;

o the importance of information;

o clarity and comprehensibility of the text;

o expediency of using the research methods;interpretation of
results;

o validity of conclusions.

Making a decision on publication (up to 2 weeks)

o discussion of reviews: request for a new version, acceptance or
rejection of the submission;

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

o ifadecision is made to accept the manuscript, it is sent to the
step of preparation for publication;

o ifadecision is made to accept the manuscript, the author will
need to pay the journal the Fee for publication of the paper to
compensate for the publication costs.

Preparation for publication (4 weeks)

o literary editing;

o desktop publishing;

o  familiarization of the authors with the layout;

o correction of printing and formatting errors;

o preparation and upload of the electronic version of the journal.

Publication (on schedule)
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