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With its dynamic and constantly changing characteristics, basketball, which requires more than
one movement, is one of the most preferred and popular team sports in the world. It is important
to know that basketball requires programs based on speed, agility and strength fitness components,
in which endurance and strength parameters are predominant. In this context, resistance training,
which provides skill excellence and increased muscle strength, is important for basketball players.
The aim of this study is to examine the effects of 4-week specific core training applied to pre-
adolescent and adolescent children who do basic basketball training on explosive strength.

A total of 16 [Control Group (CG): n=8; Experimental Group (EG): n=8] individuals (age 13.29 £ 1.96
years) who did not have any health problems from basketball school and continued basketball basic
training were included in the study. The groups continued their usual basketball basic training
program (2 days a week, 60 minutes a day). However, in addition to the basic training program,
the experimental group was subjected to an isometric training program for 12-minute core
strengthening. Training programs were made for a total of 4 weeks. We examined the effects of core
training on speed, vertical jump and agility parameters. Statistical analyzes of the data obtained as
a result of the research were obtained using the IBM SPSS 23.0 package program.

There was no difference between the groups for sprint and vertical jump parameters of core and
basic basketball training (p>0.05). However, there was a significant difference in favor of EG in the
agility test analysis results (p<0.05). As a result, we can say that 4-week core training applied in
addition to the basic basketball training program in children improves agility characteristics.

The findings showed that core training programs have positive effects on explosive strength
parameters. In addition, strengthening the core area significantly improved the agility parameter,
which is important in ground-direction changes. This, in parallel with the studies, supported that
core training programs should be an integral part of other training programs. This study also showed
that core stabilization training applied in a short time improves explosive strength parameters in
children.

basketball, core strength, children, biomotoric parameters.

Introduction
Basketball is one of the most popular team sports

way in basketball, which includes many difficulties
in a small area and requires more precision [4, 8].

that has been accepted worldwide and is the most
preferred [1, 2]. The basketball game, which offers
different challenges in many time periods with its
dynamic and constantly changing characteristics,
is a sports activity that requires more than one
movement [3, 4]. Considering the movements
it contains due to its physical and physiological
performance characteristics, it is a high-intensity
and short-term anaerobic exercise that includes
different sprint types, sudden accelerations/
decelerations, jumps, flexibility, jumps, agility,
upper and lower body strength or in low/moderate
intensity and partially prolonged aerobic exercise
activities such as standing and walking [2, 5, 6, 7, 8].
In addition to all these motoric skills, it is important
to be able to dribble by filling positions, to be able
to perform a good defense against the opponent and

to apply technical and tactical elements in the best
© Nurkan Yilmaz, 2022
doi:10.15561/26649837.2022.0201

The main factor for success for every sport
branch is to develop good conditioning programs
based on the specific physiological demands of that
branch [9]. In this context, it is important to know
that basketball specifically requires programs that
focus on maximum aerobic/anaerobic endurance
and power parameters on the basis of speed, agility
and power fitness components [4, 6, 10]. In order to
obtainthebestefficiency forbasketball,as asynthesis
of all the above-mentioned features: morphological
body type, genetic structure, functional and motor
abilities, specific technical and tactical abilities,
psychological and sociological characteristics
constitute the complex skills of a basketball player
[4]. Therefore, in basketball, where many player
groups start at the age of 5-6, it is important that the
age to start training is 7-8 in order to perform these
skills in the best way [1, 4]. Because in studies, it
has been stated that pre-adolescent and adolescent
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athletes or non-athletes have increased muscle
strength, aerobic and anaerobic power, jumping
ability and muscular endurance with short-term
training [11]. In studies supporting these increases,
they stated that coordination abilities improve with
age and sports expertise, for example, adolescent
basketball players exhibit much better vertical
jump, complicated reaction, focused attention and
speed of movement compared to their non-sport
peers. Therefore, it is predicted that there will be
a strong relationship between coordination and
specific conditioning in all age groups of basketball
players [10]. For example, it has been stated that
male basketball players with higher skill levels have
higher vertical jump, faster and more agility values
than less talented players [2].

Especially resistance training, which is done
in the early stages of life, prepares the necessary
infrastructure for higher-level training to be done
in the later periods, by increasing skill perfection
and muscle strength. In recent years, research on
the effects of strength exercises performed with
appropriate techniques and continuous supervision
on children and adolescents. It is known that
strength training increases many biomotor abilities
and performance by increasing muscle strength
in pre-adolescent and adolescence periods. On
the other hand, with the advancing time, the
importance of individualization of programs is an
undeniable fact due to innate genetic differences
between individuals, differences in strength or/
and strength training and general fitness [12, 13,
14]. In the game of basketball, which is played
at adolescent ages, which requires technical and
physical ability and versatility, especially the players
have a high rate of possession of the ball in the
small playground. It requires many movements that
include explosiveness in more than one direction,
including acceleration, deceleration and jumping in
various play styles. For this reason, it has been stated
that power is important for changing direction
performance in adolescent basketball players in
various planes of motion [15].

Resistance training is important for basketball
players. With the power obtained from basketball-
specific resistance training programs, it causes
changes in skeletal muscle, central and peripheral
nervous system resulting in increased muscle
strength output. Thus, athletes will be motivated
to handle the high-stress workload that may occur
during training or play more easily. On the other
hand, strength training programs are important
to prevent injuries that may occur with adequate
strength, rehabilitate injuries and/or improve long-
term health [3, 14]. Sports medicine specialists
emphasized the importance of core strengthening
techniques, which have become a fitness trend
in the sports medicine world in recent years, in
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order to increase performance and prevent injury,
and emphasized core strengthening, which is
often called lumbar stabilization. The core can be
described as a muscular box with the abdominals
anteriorly, the paraspinals and gluteals posteriorly,
the diaphragm as the roof, and the pelvic floor and
hip girdle muscles [16, 17]. Core muscles, on the
other hand, are defined as a structure that connects
the lower extremities, pelvis, spinal cord, ribs and
upper extremities with a kinetic chain [18]. It is
advocated as an important prerequisite to prevent
low back pain, increase athletic performance
and protect musculoskeletal health, especially in
performing some daily activities such as walking,
climbing stairs, standing upright, as well as the
implementation of many other sports such as trunk
and core muscle development, football, basketball,
athletics, and jumping disciplines [19, 20]. Athletes
need sufficient balance, strong core stability and
neuromuscular control to effectively perform the
movements required by their sports [21]. Because
the movements starting from the core muscle
system always keep our kinetic response and
readiness against the opponent alive in providing
motor control, standing against gravity or torques
[18].

It is stated that regularly followed and well-
planned core training programs that emphasize
the strengthening of the core region (for example,
focusing on the abdominal, waist, trunk and hip
muscles) are also suitable for children. In addition,
it can be said that it provides postural benefit in
gaining sports-specific skills and stabilizing the
lumbosacral region, as well as the ability to perform
challenging physical tasks that require core muscle
strength, good condition and control [14, 18, 22]. In
a study on the subject, it was seen that the 8-week
core stability training program developed functional
movement models and dynamic postural control in
athletes, and it was more beneficial especially in
athletes with weak movement skills [21]. From this
point of view, the aim of our study is to examine
the effects of specific core training applied to pre-
adolescent and adolescent children who do basic
basketball training in basketball school on explosive
strength.

Material and Methods

Participants

A total of 16 [Control Group (CG), n=8;
Experimental Group (EG), n=8] individuals (age
13.29 + 1.96 years) who did not have any health
problems from basketball school and continued
basketball basic training were included in the study.
If they had a history of health problems, a disease
or physical condition that could affect physical
activity, they were excluded from the study. All of
the participants were previously informed about
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the testing procedures and any known risks, and
provided their own written informed consent.
Participants were asked not to do any exercise 24
hours before the tests. All of the procedures were
in accordance with the Helsinki Declaration of
2021. This study was approved by University of
Inonu Ethics Committee for research on human
participants.

Research Design

Individuals who regularly attend basketball
school 2 days a week for 1 hour a day for basic
basketball training were included in the study.
Individuals were divided into two groups as
CG and EG. The groups continued their usual
basketball basic training program (2 days a week,
60 minutes a day) (table 1). However, in addition
to the basic training program, the experimental
group was subjected to an isometric training
program for 12-minute core strengthening (table
2). After obtaining the demographic and biometric
information of the individuals, the first performance
tests (sprint, jump and agility) were measured before
the training programming. After the measurements,
the individuals started to work in order to apply the
training protocol created specifically for the groups
for a total of 4 weeks. After the training program
was over, the tests applied before the training
were also applied after the training. All tests were
administered in the indoor gym of the basketball
school. All the data obtained were recorded on the
form created specifically for the study.

Height and Body Mass

All measurement procedures were performed
without minimal clothing and shoes. The height
measurements of the participants were measured
with a 0.1 ¢cm precision portable stadiometer (Seca
Ltd., Bonn, Germany) with the head in the frankfort
plane, while the body was upright and the weight
was evenly distributed on both legs. Body weight
(VA) and body fat ratio measurements were measured

Table 1. Basketball basic training protocol

with a body analyzer with a capacity of 270 kg and
a sensitivity of 100 g (Tanita SC-330S, Amsterdam,
Netherlands).

Height and Body Mass

All measurement procedures were performed
without minimal clothing and shoes. The height
measurements of the participants were measured
with a 0.1 cm precision portable stadiometer (Seca
Ltd., Bonn, Germany) with the head in the frankfort
plane, while the body was upright and the weight
was evenly distributed on both legs. Body weight
(VA) and body fat ratio measurements were measured
with a body analyzer with a capacity of 270 kg and
a sensitivity of 100 g (Tanita SC-330S, Amsterdam,
Netherlands).

In addition to the regular basketball basic
training program, the participants were included
in the basic core strength training program. The
core stability program was created from 4 different
isometric positions, each lasting 30 seconds and
performed in two repetitions.

Participants were required to maintain a static
position with only their forearms and toes touching
the ground. Subjects were asked to maintain hand-
eye contact, a neutral spine, and a straight line from
head to ankles. The coach demonstrated each of the
4 exercises with their proper techniques. Afterwards,
the participants were given a trial for 5 seconds. The
test started when the participant showed the correct
position. Individuals were asked to keep the exercise
as long as possible for the specified time. However,
if they could not hold the position for the specified
time, they were instructed to fall to the ground and
then return to the exercise within 1-2 seconds. Rest
periods of 30 seconds between repetitions and 120
seconds between each plank exercise were given
[23, 24, 25].

Test Protocols

Sprint Test
The 20 m sprint run was measured in an indoor

Groups Weeks Days Times Content of the training
Basketball specific warm-up
Control Basic Ball handling skills
4 2 60 min. Simple fundamental movement training
Experimental Motoric feature development studies

Stretch and cool down

Table 2. The EG core stability protocol

Group Weeks Days Times

Content of the training

Plank (prone, supine, right and left side)

Experimental 4 2 12 min.

30 sec.x 2 rep.
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environment using an infrared photocell device
(Sport Expert, Tiimer Engineering / Turkey), a two-
door timing system placed at the start and finish
lines. Subjects stood ready in a semi-crouched
position with the tips of their toes 50 cm away from
the starting line after they had done adequate warm-
ups before the measurement. When they felt ready,
they were asked to run at the maximum speed they
could run. Each individual was given two attempts
with a recovery period of approximately 3 minutes
between them. Individuals were verbally motivated
throughout all trials to achieve the best outcome.
At the end of the run, the duration of the distance
covered was recorded in ‘s’ with an electronic
stopwatch connected to the photocell mechanism.
The best time obtained was used for analysis. Also,
enough space was left for all participants to slow
down after the run [10, 26, 27, 28, 29].

Vertical Jump

The vertical jump test is a standardized test
for measuring explosive power, vertical jump and
athletic performance. The vertical jump height
indicator (Vertec/by Jump USA) was used for the
measurement of this test. At the moment preceding
the jump, the participants could freely flex the hip,
knee, and ankle joints and prepare the upper limbs
for a sudden upward thrust, in an effort to promote
the highest vertical jump possible. The participants
stands with feet apart below the height indicator.
The feet are at shoulder-width. The participants
swings his arms forward and up, jumps upward and
tries to make contact with the rod of the indicator
with his right hand at the position which indicates
the highest possible value, lands in the starting
position and repeats the jump, only now trying to
make contact with the rod of the indicator using his
left hand. The rest time between jumps was 20 s. The
participant’s vertical jump height was calculated
as the difference between their maximum jump
height and standing reach height. “Peak Power” was
calculated from the maximal jump height of three
trials [30, 31].

Modified T Agility Test

The modified agility t-test is a recently
established contemporary protocol as a measure
of defensive movements and speed in changes of
direction that occur with forward-backward and
right-left running. Participants waited for the exit
in the ready position by placing their preferred front
foot for running, not exceeding the marked line
50 cm behind the starting gate. Participants were
instructed to touch the top of the cones (30 cm high)
placed at all rotation points.

Each subject was required to sprint forward 5 m
and touch the tip of the cone with the right hand.
Then she performed a lateral shuffle to the left 2.5
m, and touched the tip of the cone with the left
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hand. Subject then changed direction and shuffled
5 m to the right to touch the tip of the cone with
her right hand. She then shuffled 2.5 m to the left to
touch the tip of the cone in the middle with her right
hand. Finally, the subject back-peddled 5 m, passing
through the finish point. Participants covered a sum
total distance of 20m. 3 trial rights were given for
each athlete. The subjects were allowed 3 minutes of
rest between each run. By writing the measurement
results in seconds, the best time obtained in three
trials was recorded. Any subject who crossed one
foot in front of the other, failed to touch the tip of
the cone, and/or failed to face forward throughout
had to repeat the test [15, 32, 33].

Statistical Analysis

Statistical analyzes of the data obtained as a
result of the research were obtained using the “IBM
SPSS 23.0 (IBM Corp., Armonk, NY, USA)” package
program. After descriptive statistics of the data
were made, normality analysis was performed for
the data set.

For the homogeneity of the research data, the
normal distribution of the data was tested with the
“Skewness-Kurtosis” and “Shapiro Wilks” tests.
As a result of this test, it was determined that
the distributions were normal. For this reason,
“Independent Samples T Test”, which is one of
the parametric tests, was used to analyze the
difference between the groups. Effect size (ES) was
also estimated for main effects and interaction by
calculating partial eta squared values using the
SPSS 23.0 statistical package. All tests taken were
expressed as median (min-max), mean and standard
deviation (SD) values. The degree of significance
was determined as “p <0.05” in the study.

Results

Table 3 shows that the average age of the athletes
participating in the study was 13,29 * 1,96 years,
an average height of 159,38 + 12,89 cm, and body
weight 62,37 + 20,55 kg.

The findings of the Independent Samples T-Test
results regarding the analysis of the data in this
study are as follows.

In table 4, according to the results we analyzed,
the differences revealed by core and basketball
training in independent sample groups; although
there was a mathematical difference between the
groups in the measurements of the sprint (EB=0.022;
p=.585; 2.36%) and vertical jump (EB=0.172;
p=.111; 21.23%) tests, this difference was not
statistically significant (p>0.05). However, there was
a statistically significant difference in favor of EG
in the measurements of agility (EB=0.257; p=.045)
test (p<0.05), this difference showed improvement
by 10.33%.
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Table 3. Descriptive data of all participants

Demographic features n X SS
Age (years) 16 13.29 1.96
Height (cm) 16 159.38 12.89
Body weight (kg) 16 62.37 20.55
Table 4. Findings of difference between groups
CG EG T test
Biomotoric abilities N XSS XSS t p ES %A
Sprint (20m) 16 4.06%.1253 3.96+.4704 .559 .585 0.022 2.36
Vertical Jump 16 28.25%4.528 34.25+8.876 -1.703 111 0.172 21.23
Agility 16 14.292+.7475 12.815+1.7477 2.199 .045% 0.257 10.33

ES: Effect Size; * The difference is statistically significant at the p<0.05 level. %A: percentage of difference

between measurements

Discussion

In the world of exercise and sports, the debate
about the benefits of core strengthening for both
athletes and sedentary individuals has continued
from the past to the present and is still a current
issue. In basketball, which is one of the performance
sports, it is emphasized that endurance, muscle
strength, sprint speed, agility and jumping ability
are at the forefront in terms of game characteristics.
Emphasizing the importance of core training for the
improvement and development of these abilities,
experts said that core programs are important
especially for children in terms of gaining sports-
specific skills and benefiting postural control.
From this point of view, in this study, an answer
was sought to the question of how the application
of a core stability program in addition to the basic
basketball training program would have an effect on
explosive strength parameters.

Although there were improvements in the
parameters of sprint (2.36%) and vertical jump
(21.23%) from explosive strength according to the
training pre-test and post-test results between
the groups. These results were not significant as
they did not differ between the groups (p>0.05).
However, the improvement in the agility parameter
(10.33%) represented a significant result in favor of
EG (p<0.05). When the literature on the subject was
reviewed, Dogan and Savas [18] stated that their
core training activities benefited the static-dynamic
balance and basketball psychomotor development
of basketball players aged 12-14. They also
emphasized that core training should be an integral
part of basic training programs for the continuity
of development. In his study, Sannicandro [20]
aimed to examine the effects of an integrative
core stability training on jumping and sprint
performance in young basketball players. He stated

that the experimental group showed significant
improvements in all parameters during the two time
periods, but the control group showed significant
improvement only in the 10m parameter. When
we examined the core training studies in different
performance sports, Hoshikawa et al. [34], according
to the results of the study in which they looked at
the effects of stabilization training on trunk muscle
and physical performance in young male football
players, reported that adding stabilization exercise
to soccer training does not increase trunk muscle,
but improves hip extensor strength and vertical
jump performance in early adolescence soccer
players. Ozmen and Aydogmus [35] stated that if we
observe the changes brought about by core strength
training in core endurance, dynamic balance and
agility parameters in adolescent badminton players,
significant gains were observed in Star Excursion
Balance and core endurance aspects, but no change
was observed in agility. Allen et al. [19], who
examined the effect of core endurance interventions
on trunk muscle endurance tests in school-aged
children, except for performance sports, found that
there were significant increases in muscular fitness
test performance for each measured test result.
Considering the risk of low back pain that starts in
childhood, they stated that in terms of the results of
the study, medium to high-intensity dynamic core
exercises can be added for children and adolescents
during their warm-up in physical education
classes in order to improve trunk and core muscle
endurance. Oliver et al. [23] stated that core muscle
activations will help reduce injury rates, since young
people are always at risk of musculoskeletal injuries
while doing physical activity. In this context, in their
study, they concluded that applying core stability
programs to a basic physical education curriculum
is beneficial for all children.

This study showed similar results with other

79



PEDAGOGY of Physical Culture

and Sports

studies. We can say that well-planned, controllable
and regular core stabilization training has a positive
effect by improving biomotor skills. It can be said
that it provides a positive benefit in the movement
component that requires agility by providing trunk
and spine balance, especially in children and young
people.

Limitations of the study

Factors such as the difficult conditions caused
by the covid-19 pandemic, the small age children in
the study group, and the distance of the basketball
school from the city center determine the limitations
of the study.

Conclusions

As a result of all the results obtained it has been
stated that core stabilization training programs are
important for every age group and for any sport

branch. It has been proven by the studies that
core training has important effects on improving

biomotor skills, physical fitness parameters,
acquired postural posture, gaining a solid body and
preventing injury risks.

This study also showed that core stabilization
training applied in a short time improves explosive
strength parameters in children. Therefore, it has
been demonstrated that making these trainings a
routine is especially important in terms of sportive
performance, as stated in the literature. In future
studies, long-term and different stabilization study
models can be added at monthly intervals. You can
also compare different genders with different age
groups.

Acknowledgements

I would like to thank students who participated
in the study.

References

1. Policastro F, Accardo A, Marcovich R, Pelamatti
G, Zoia S. Relation between motor and cognitive
skills in italian basketball players aged between
7 and 10 vyears old. Sports, 2018;6(3):1-8.
https://doi.org/10.3390/sports6030080

2. Nikolaidis PT, Clemente FM, Torres-Luque G &
KB. Repeated sprint ability exercise in a 9-year-old
basketball players: effect of change of direction. Ann
Med Health Sci Res. 2017;7(6):15-9.

3. Ronda LT, Cuzzolin F. Strength Training for
Basketball: A  Methodological = Framework
Based on Basketball and Player’s Needs. In:
Laver L, Kocaoglu B, Cole B, Arundale AJH,
Bytomski ], Amendola A, editors. Basketball
Sports Medicine and Science, Berlin, Heidelberg:
Springer Berlin Heidelberg; 2020, p. 779-89.
https://doi.org/10.1007/978-3-662-61070-1_61

4. Vigo A, Viviani F. The adolescent basketball
player: the importance of some anthropometric
characteristics for speed, resistance, power and
agility. Antrocom Online ] Anthropol. 2020;16(2):85-
95.

5. Andreji¢ O, Tosi¢ S, Knezevi¢ O. Acute Effects Of
Low-And High- Volume Stretching On Fitness
Performance In Young Basketball Player. Orig Artic.
2011;2012(1):11-6.

6. Noyes FR, Barber-Westin SD, Smith ST,
Campbell T, Garrison TT. A training program
to improve neuromuscular and performance
indices in female high school basketball
players. | Strength Cond Res. 2012;26(3):709-19.
https://doi.org/10.1519/]SC.0b013e318228194c¢

7. Latorre Roman PA, Villar Macias FJ, Garcia Pinillos F.
Effects of a contrast training programme on jumping,
sprinting and agility performance of prepubertal
basketball players. J Sports Sci. 2018;36(7):802-8.
https://doi.org/10.1080/02640414.2017.1340662

8. Truni¢ N,Mladenovi¢ M. The Importance Of Selection

80

In Basketball. Sport - Sci Pract. 2014;4(2):65-81.

9. Baléiunas M, Stonkus S, Abrantes C, Sampaio J.
Long term effects of different training modalities
on power, speed, skill and anaerobic capacity in
young male basketball players. | Sport Sci Med.
2006;5(1):163.

10. Kamandulis S, Venckunas T, Masiulis N,
Matulaitis K, BalCiunas M, Peters D, et al.
Relationship between general and specific

coordination in 8- to 17-year-old male basketball
players. Percept Mot Skills. 2013;117(3):821-36.
https://doi.org/10.2466/25.30.PMS.117x28z7

11. Bogdanis GC,ZiagosV, Anastasiadis M, Maridaki M.
Effects of two different short-term training programs
on the physical and technical abilities of adolescent
basketball players. ] Sci Med Sport. 2007;10(2):79-88.
https://doi.org/10.1016/j.jsams.2006.05.007

12. Faigenbaum AD, French DN, Lloyd RS,
Kraemer W]J. Strength and power training for
young athletes. In: Strength and Conditioning

for  Young  Athletes.  2019. P. 131-54.
https://doi.org/10.4324/9781351115346-7
13. Faigenbaum AD. Strength training for

children and adolescents. / Entrainement de
renforcement musculaire pour les enfants et les
adolescents. Clin Sports Med. 2000;19(4):593-619.
https://doi.org/10.1016/50278-5919(05)70228-3

14. Small EW, McCambridge MT, Benjamin
HJ, Bernhardt DT, Brenner ]S, Cappetta
CT, et al. Strength training by children and
adolescents.  Pediatrics, 2008;121(4):835-40.
https://doi.org/10.1542/peds.2007-3790

15. Scanlan AT, Wen N, Pyne DB, Stojanovi¢
E, Milanovi¢ Z, Conte D, et al. Power-related
determinants of modified agility T-test
performance in male adolescent basketball
players. J Strength Cond Res. 2021;35(8):2248-54.
https://doi.org/10.1519/JSC.0000000000003131

16. Akuthota V, Ferreiro A, Moore T, Fredericson



2022

Y 02

M. Core Stability Exercise Principles: Current
Sports Medicine Reports, 2008;7:39-44.
https://doi.org/10.1097/01.

CSMR.0000308663.13278.69

17. HibbsAE, ThompsonKG,FrenchD,WrigleyA,Spears
I.Optimizing performancebyimprovingcore stability
and core strength. Sport Med. 2008;38(12):995-1008.
https://doi.org/10.2165/00007256-200838120-
00004

18. DoganO,SavasS.Effectofan8-WeeksCoreTraining
Program Applied to 12-14 Years Old Basketball
Players on Strength, Balance and Basketball Skill.
Pakistan ] Med Heal Sci. 2021;15(2):823-9.

19. Allen BA, Hannon JC, Burns RD, Williams SM.
Effect of a core conditioning intervention on
tests of trunk muscular endurance in school-aged
children. J Strength Cond Res. 2014;28(7):2063-70.
https://doi.org/10.1519/JSC.0000000000000352

20. Sannicandro I, Cofano G, Piccinno A. Can
the Core Stability Training Influences Sprint
and Jump Performances in Young Basketball
Players? Adv Phys Educ. 2020;10(03):196-206.
https://doi.org/10.4236/ape.2020.103017

21. Bagherian S, Ghasempoor K, Rahnama N,
Wikstrom EA. The effect of core stability training
on functional movement patterns in college
athletes. ] Sport Rehabil. 2019;28(5):444-9.
https://doi.org/10.1123/jsr.2017-0107

22. Sannicandro I, Cofano G. Core Stability
Training and Jump Performance in Young
Basketball Players. Int | Sci Res. 2017;6(5):479-82.
https://doi.org/10.21275/ART20173282

23. Oliver GD, Adams-Blair HR,
CP. Implementation of a Core Stability
Program for Elementary School Children.
Athl Train Sport Heal Care. 2010;2(6):261-6.
https://doi.org/10.3928/19425864-20100630-01

24. Boyer C, Tremblay M, Saunders TJ, McFarlane A,
Borghese M, Lloyd M, et al. Feasibility, validity, and
reliability of the plank isometric hold as a field-based
assessment of torso muscular endurance for children
8-12yearsofage.PediatrExercSci.2013;25(3):407-22.
https://doi.org/10.1123/pes.25.3.407

25. Choi JH, Kim DE, Cynn HS. Comparison of trunk
muscle activity between traditional plank exercise
and plank exercise with isometric contraction of
ankle muscles in subjects with chronic low back
pain. J Strength Cond Res. 2021;35(9):2407-13.
https://doi.org/10.1519/JSC.0000000000003188

Dougherty

26. Turki-Belkhiria L, Chaouachi A, Turki O, Chtourou
H, Chtara M, Chamari K, et al. Eight weeks of
dynamic stretching during warm-ups improves
jump power but not repeated or single sprint
performance. Eur ] Sport Sci. 2014;14(1):19-27.
https://doi.org/10.1080/17461391.2012.726651

27. Seitz LB, Mina MA, Haff GG. A sled push
stimulus potentiates subsequent 20-m sprint
performance. J Sci Med Sport. 2017;20(8):781-5.
https://doi.org/10.1016/j.jsams.2016.12.074

28. Boz HK, Temur HB. The Relationship between
Core Stability and Some Performance Parameters
between Fourteen and Sixteen Year Old Group
Male Long Distance Runners and Football
Players. African Educ Res J. 2020;8(2):352-6.
https://doi.org/10.30918/AER].82.20.076

29. Zambak O. Evaluation of Maximum aerobic
power, shoot speed and 20m. sprint powerof
football players at pre-season, mid-season.
Int ] Disabil Sport Heal Sci. 2019;2(2):72-7.
https://doi.org/10.33438/ijdshs.624026

30. Stojanovi¢ N, Jovanovi¢ N, Stojanovi¢ T. The
effects of plyometric training on the development of
the jumping agility in volleyball players. Facta Univ
- Ser Phys Educ Sport. 2012;10(1):59-73.

31. Yingling VR, Castro DA, Duong JT, Malpartida
FJ, Usher JR, Jenny O. The reliability of
vertical jump tests between the Vertec and My
Jump phone application. Peer/. 2018;4:1-13.
https://doi.org/10.7717/peerj.4669

32. Sassi RH, Dardouri W, Yahmed MH, Gmada N,
Mahfoudhi ME, Gharbi Z. Relative and absolute
reliability of a modified agility t-test and its
relationship with vertical jump and straight
sprint. J Strength Cond Res. 2009;23(6):1644-51.
https://doi.org/10.1519/]SC.0b013e3181b425d2

33. Corbett L. The relationship of a modified agility
T-Test with stretch-shortening cycle and straight sprint
acceleration. [Doctoral dissertation]. University of
Wales; 2011.

34. Hoshikawa Y, lida T, Muramatsu M, Ii N,
Nakajima Y, Chumank K, et al. Effects of
stabilization training on trunk muscularity
and physical performances in vyouth soccer
players. J Strength Cond Res. 2013;27(11):3142-9.
https://doi.org/10.1519/]SC.0b013e31828bed36

35. Ozmen T, Aydogmus M. Effect of core strength
training on dynamic balance and agility in
adolescent badminton players. Journal of Bodywork
and  Movement  Therapies, 2016;20:565-70.
https://doi.org/10.1016/j.jbmt.2015.12.006

81



PEDAGOGY of Physical Culture

and Sports

Information about the author:

Nurkan Yilmaz; https://orcid.org/0000-0002-8845-7093; nurkan.yilmaz@inonu.edu.tr; Department of
Physical Education and Sports Teaching, Inonu University; Malatya, Turkey.

Cite this article as:

Yilmaz N. Investigation of the effect of isometric core strength training in addition to basic basketball
trainings on explosive power in children aged 9-17. Pedagogy of Physical Culture and Sports, 2022;26(2):75-82.
https://doi.org/10.15561/26649837.2022.0201

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited
(http://creativecommons.org/licenses/by/4.0/deed.en).

Received: 07.12.2021
Accepted: 21.01.2022; Published: 30.04.2022

82



2022

Y 02

ORIGINAL ARTICLE

The role of gender in predicting life satisfaction of the interest in
physical education lesson

Ahmet E. Sagin

Health Sciences Institute, Inonu University, Malatya, Turkey

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

Abstract

Background
and Study Aim

Material and
Methods

Results

Conclusions

In this study, it was aimed to investigate the relationship between the level of interest in physical
education lesson and life satisfaction of students studying in secondary schools.

The research group consisted of 421 students in total 52.3% (n=220) were male students and 47.7%
(n=201) were female students. Structural equation model was used in the analysis of research data.

The effect of interest in physical education lesson on life satisfaction was found to be 19.8% (R?
=.198, p <0.05). In the gender variable, the effect of interest in physical education lesson on life
satisfaction in girls is 12.8% (R? =.128), whereas it is 25.7 (R? =.257) in boys. According to the
model, as the level of interest in physical education lesson of students studying in secondary school
increases, their life satisfaction increases. While it is concluded that the interest level of students
studying in secondary schools in physical education and sports lessons positively predicts their life
satisfaction, this rate is higher in male students.

Since the participation of students in physical education and sports activities contributes to the
multifaceted development and life satisfaction of students, it is necessary to increase the interest
of students in physical education lessons and especially to engage female students. It is very
important for physical education teachers to provide an environment for student participation
in physical education and sports lessons. School-based interventions that can increase female

students’ participation and interest in physical education and sports lessons can be effective.

Keywords:

life satisfaction, interest in physical education, gender and sports, structural equation model

Introduction

In the psychological studies, the happiness of the
individual is indicated by the concept of subjective
well-being. Subjective well-being (happiness),
which reflects the degree of experience of the
individual’s life or means evaluating the life of the
individual, is considered as a versatile structure
that includes both cognitive and emotional factors
[1]. The affective dimension of subjective well-
being is divided into 2 items as positive affect (joy,
interest, cheer, trust, excitement, etc.) and negative
affect (grief, sadness, anxiety, anger, etc.), while
the cognitive dimension is life satisfaction [2]. Life
satisfaction is the individual’s self-assessment in the
light of the criteria he/she has determined [3]. While
life satisfaction [4], which is an important structure
in positive psychology, is examined in detail in
adults, life satisfaction of children and young
people has recently begun to draw attention [5, 6].
Life satisfaction in adults increases to a certain age
and then decreases. With this decrease, cognitive,
physical and social problems emerge [7-10].

Increasing the quality of life has been a target for
the individual, society, nation and the world for a
long time [11]. Life satisfaction can be an important
factor especially in reducing the problematic

© Ahmet E. Sagin, 2022
doi:10.15561/26649837.2022.0202

behavior of young people [12]. At this point, school
environments can contribute to increasing life
satisfaction because school environments are
important not only for the academic development
of students but also for their non-academic
development [13]. School can be an important area
for young people’s life satisfaction [14] and can
make important contributions to their lives [15].
Relationship between students at school, teacher-
student relationship, order and discipline, parental
involvement in education can play critical roles
in determining students’ life satisfaction [16]. As
students’ life satisfaction increases, they develop
more positive attitudes towards school and teacher
[4], and their academic achievement [13], self-
esteem, focus of internal control, and extraversion
raise [17]. On the other hand, those with higher
life satisfaction experience less depression [6],
less stress [6, 15], less anxiety and worry [7, 17].
Therefore, it is important to increase students’ life
satisfaction. Otherwise, when life satisfaction is low,
the probability of being addicted [18, 19], carrying
weapons or knives, engaging in a fight [19] suicidal
ideation [7, 9, 20], depression [21, 22] increases.
Motivation is an important force in starting and
maintaining learning behaviors. Because it becomes
harder for students tolearnunless they are motivated
[23]. Interest can make a critical contribution to
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increase the effectiveness of learning processes. The
interest not only increases the student’s focus on
the lesson, but also makes him willing [24] and has a
strong influence on learning [25]. It is an important
component that contributes to psychological
well-being in all life stages as well as its effect on
learning [26]. Interest to physical education and
sports lessons is an important factor in creating
the learning environment [27-29]. At this point, it
is very important to attract students’ attention to
physical education and sports lessons. According
to Chen, Durst and Pangrazi [30], physical activities
must provide new information, require a high level
of attention, refer to research and provide a fun
environment for students to attract their attention.
In a traditional classroom environment, students
are expected to gather around a table and complete
a given study. Physical education and sports lessons
offer environments where students try to show their
talents and skills, where sports activities are at the
forefront and where dynamic interaction matters
[31]. Physical education and sports lessons play a
distinctive role in developing children’s mobility
skills and gaining physical competence [32]. Sports
and physical activity help the individual in personal
pleasure, personal development, social adaptation
and social change [33]. Physical activity supports
the healthy development of children [34-36] and
makes them feel better psychologically [37]. In
physical education lessons, students have more fun
and their perception of pleasure increases, and they
also have the opportunity to socialize [31, 35, 38].
Physical education and sports activities can also
benefit academic performance as it affects children’s
social leadership, participation in decision-making
processes and increasing their concentration [32].
In the researches, it is seen that students define
physical education lessons as a fun, loved and joyful
lesson [39, 40].

It is thought that as a result of the students
having fun and enjoyable time in the lessons, their
interest in the lesson increases, and in parallel to
this, it may positively affect their life satisfaction.
In this study, the relationship between the interest
level and life satisfaction of students studying in
secondary schools was studied.

Materials and Methods

Relational screening model was used in this study
in which the relationship between secondary school
students’ level of interest in physical education
and life satisfaction was examined. Relational
screening model was preferred in order to give an
idea about cause-effect relationship between two
or more variables [41, 42]. The relationship between
students’ interest in physical education lesson and
their life satisfaction was tested using the structural
equation modeling (SEM). SEM is a powerful analysis
method used in theory development by examining
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the relationships between variables [43].
Participants

421 students attending the secondary school
participated in the study. While 52.3% (n = 220) of
the students participating in the study were female
students, 47.7% (n = 201) were male students. The
study group was distributed as 23% (n = 98) in the
5th grades, 26.1% (110) in the 6th grades, 23.8% (n
= 100) in the 7th grades, and finally 26.8% (n = 113)
in the 8th grades. Required legal permission was
obtained from Canakkale Onsekiz Mart University
Graduate School for this research (Ethics committee
decision no: 2021-13/19).

Research Design

Data Collection Tools

Life Satisfaction Scale: Life satisfaction for
children scale, which was developed by Gaderman et
al. [44] and adapted to Turkish culture by Altay and
Eksi [45], was used to determine the life satisfaction
of students studying in secondary school. Exploratory
factor analysis (EFA) and confirmatory factor
analysis (CFA) were performed for the construct
validity of the scale. According to AFA results, since
Bartlett test result is significant (2 = 822.101, df: 10,
p <.001) and Kaiser-Meyer-Olkin (KMO) coefficient
is .834, the data set was found to be suitable for
factor analysis. It was determined that the variance
rate explained by the scale was 61.030%. Cronbach’s
Alpha reliability coefficient of the scale was found to
be .851. As a result of the CFA, it was observed that
the item factor loads varied between .57 and .88.
According to the results of CFA, x2 / sd (2.827), GFI
(.987), CFI (.989), NFI (.983), IFI (.989) and RMSEA
(.066) values were found. It was determined that the
scale has perfect fit reference values [46, 47].

The Scale of Interest in Physical Education
Lesson: It was developed by Ugras and Temel in
order to determine the interest levels of secondary
school students for physical education and sports
lesson [48]. According to EFA results, since Bartlett
test result is significant (2 = 3225,060, df: 45, p
<.001) and Kaiser-Meyer-Olkin (KMO) coefficient is
941, the data set was found to be suitable for factor
analysis. It was determined that the variance rate
explained by the scale of interest in the physical
education lesson was 66.662%, and the factor loads
were between .71 and .83. Since the results of the
DFA analysis were out of acceptable values, two
modifications were made. Acceptable values were
achieved after modification (y2/sd = 4.786, GFI =
.948, CFI =.974, NFI =.965, IFI = .974, RMSEA = .80).

Statistical Analysis

SPSS 23 and AMOS 23 statistics programs
were used to analyze the data. Before determining
whether the data are suitable for the structural
equation model, 30 questionnaires with missing,
erroneous and extreme values were removed and
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the process was continued with a total of 421 data
sets. For the normality assumption of the data,
skewness and kurtosis values were examined. After
determining that EFA, CFA and Cronbach’s Alpha
reliability coefficients met the necessary conditions
for Structural Equation Modeling (SEM), analyzes
were performed. While SPSS 23 was used for EFA with
descriptive statistics, AMOS 23 was used in CFA and
SEM analysis. x2/sd, GFI, CFI, NFI, IFT and RMSEA
values were examined to test the YEM model.

Results

As it can be seen in Table 1, the average scores
of the students in the scales of interest in physical
education and life satisfaction showed a normal
distribution. For this reason, parametric tests were
preferred [49]. It has been determined that there is
a moderate significant correlation (r =.463, p <.01)
between interest in physical education lesson and
life satisfaction.

After examining the relationship between the
interest in physical education lesson and the life
satisfaction of students, the predictive effect of the
“interest in physical education lesson” variable on

the “life satisfaction” variable was tested by path
analysis. The model tested is shown in Figure 1.

It has been determined that the model examining
the effect of interest in physical education lesson
on life satisfaction has acceptable fit indices (x¥
sd = 2.930, GFI = .927, CFI = .964, IFI = .899, NFI =
.946, RMSEA = .068). The path model showing the
relation of interest in physical education lesson is
shown in table 2.

According to Table 2, it has been observed that
the interest in physical education lesson affected
life satisfaction emphatically and unquestionably
(B=.51, p<.05) and is statistically significant. It has
beendetermined that the effect of interestin physical
education lesson on life satisfaction is 19.8% (R? =
.198). After the analysis of the interest in physical
education lesson predicting life satisfaction, the
path analysis for the interest of female students in
physical education lesson is shown in Figure 2.

The model, which examines the effect of interest
of female students in physical education lesson on
life satisfaction, has been found to have acceptable
fit indices as a result of modifications (x%/sd = 2.154,
GFI =.899, CFI =.937, IFI = .938, NFI = .890, RMSEA
= .073). The path model showing the relation of

Table 1. Arithmetic mean, standard deviation, skewness, kurtosis and correlation values of variables

Variables X SS Skewness Kurtosis Correlation
Interest in Physical Education Lesson 390 099 -1.03 0.45 1
Life Satisfaction 3.67 0.96 -0.72 -0.11 .445™

Note: **-p <.05

- IPEC

al
a2 03

[E R L1s] 3]
(o1 )y={10]

@15

IPEC: Interest in physical education lesson LS: life satisfaction

Figure 1. Path analysis of the interest in physical education lesson for predicting life satisfaction
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interest in physical education lesson is shown in
table 2.

According to Table 3, it has been observed that the
interest in physical education lesson positively and
significantly (B=.45, p <.05) affects life satisfaction
and is significant statistically. It has been determined
that the effect of interest in physical education
lesson on girls’ life satisfaction is 12.8% (R?=.128).
After analyzing the interest of female students in
physical education lesson on life satisfaction, the

path analysis of male students’ interest in physical
education course is shown in Figure 3.

The model examining the effect of male
students’ interest in physical education lesson on
life satisfaction was found to have acceptable fit
indices as a result of the modifications made (x2 /
sd = 2.126, GFI = .897, CFI = .966, IFI = .966, NFI =
.937, RMSEA = .075). The path model showing the
relation of interest in physical education lesson is
shown in table 4.

Table 2. Standardized regression results regarding the effect of interest in physical education lesson on life

satisfaction
Path . Sta_n dardized Standard Critical Significance
Path Coefficient  estimate Error (S.E) Rate (CR) Value (p)
®) (Estimate) : : P
Interest in Physical Education 5 446 049 9.148 st

Lesson — Life satisfaction

Note: ***-p<.05

Figure 2. Path analysis for the interest of female students in physical education lesson on predicting life

satisfaction

Table 3. Results on the effect of female students’ interest in physical education lesson on life satisfaction

Path . Sta.n dardized Standard Error Critical Significance
Path Coefficient estimate (S.E) Rate (C.R) Value (p)
®B) (Estimate) . . P
Interest in Physical
Education Lesson — Life .45 .387 .077 5.005 e

satisfaction

Note: ***- p< .05
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Figure 3. Path analysis of male students’ interest in physical education lesson on predicting life satisfaction

Table 4. Results on the effect of male students’ interest in physical education lesson on life satisfaction

Path . Stap dardized Standard Error Critical Significance
Path Coefficient estimate (S.E) Rate (CR)  Value (p)
®) (Estimate) : : p
Interest in Physical
Education Lesson — Life .55 .482 .064 5.005 e

satisfaction

Note: *** - p< .05

According to Table 4, it has been observed that
the interest in physical education lesson affect
life satisfaction positively and significantly and
is statistically significant. The effect of interest in
physical education lesson on life satisfaction in
male students was found to be 25.7% (R? =.257).

Discussion

In the study, the relationship between secondary
school students’ level of interest in physical
education lesson and their satisfaction with life was
examined with the structural equation model. It
was concluded that the level of interest of students
studying in secondary schools to physical education
and sports lessons predicted their life satisfaction
positively and significantly. In the studies
conducted, the health development, psychological
development, socialization opportunities and
academic performance of students participating
in sports activities and physical activities are
positively affected [32, 34, 35, 37]. Sportive activities
encourage compliance with social rules and keep
alcohol, violence, illegal substance abuse away. It
increases self-esteem. It gives fun and pleasure.

It gives life experience. It allows you to make
more friends. It helps to improve mental health
[50-54]. Similarly, individuals who participate in
physical activities after the youth period feel more
competent, protect their self-esteem and increase
the chance of staying healthy and fit. However,
individuals who stay away from sports and physical
activity over time have more cognitive, physical and
social difficulties compared to those who do sports.
Therefore, it can be said that physical activity
increases life satisfaction and those who move more
and participate in physical activities have more life
satisfaction than those who do not participate [8,
55-58]. Therefore, in this study, it is possible that
the interest of secondary school students in physical
education lesson affected life satisfaction positively.

In our study, when we look at the relationship
between the level of interest in physical education
lesson and life satisfaction according to the gender
variable, it was seen that the level of interest in
men affects their life satisfaction more. While the
participation of students in physical education and
sports activities is high at young ages, participation
rates decrease with adolescence [59-61]. While
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some studies do not differ by gender [61], most of
the studies show that the participation rates of
girls in physical education and sports activities
decrease compared to boys [59, 60, 62, 63]. In a
study investigating girls’ participation in physical
activities in secondary school, Robbins, Pender
and Kazanis [64] found that female students had a
sense of self-awareness and inadequacy. The study
conducted by Whitehead and Biddle [65] between
forty-seven girls among the ages of 14-16 reveals
that the participation of adolescent girls in physical
activities is not high due to social effects and social
norms. While Fisette [66] says that female students
are ashamed in physical education and sports
lessons and they fall behind in the background,
according to Kirk [67] male students with high skills
come into prominence due to the creation of a skill-
oriented lesson environment in physical education
and sports lessons. It is very important to create a
physical education lesson environment that meets
the unique needs of girls in such an environment
[68]. In this study, it can be interpreted that female
students have less interest in physical education
lesson than male students, and its effect on life
satisfaction also decreases.

In order to increase the life satisfaction of
children and ensure their participation in sports,
they should be ensured to participate in physical
education and sports activities from a young age
[69]. Therefore, environments where students will be
interested in physical education and sports lessons
should be created. Physical education lessons have
quite different alternatives to attract students.
Students’ interest in the lesson may increase with
the presence of elements such as innovation,
exciting and stimulating activities, physical activity
and social participation [23, 70, 71]. Domville et al.
[72] state that their desire to participate as long
as students enjoy in physical education and sports
lessons. For this reason, physical education and
sports lesson should increase the students’ feeling
of instant enjoyment [62, 73]. In order to increase
students’ interest in physical education and sports
lessons, Chen et al. [74] conceptualized the lesson
to cover 5 sub-dimensions. These are: innovation
(the difference between current knowledge and
knowledge to be learned), attention (cognitive
participation), challenge (difficulty), discovery
(features of learning tasks that encourage the
student to explore their environment) and pleasure
(positive emotion experienced by the student). In
order to attract the attention of students to physical
education and sports lessons, besides the individual
preferences of the students and external factors, the
most important task belongs to physical education
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teachers [72]. Researches show that attitude levels
[48, 75, 76] are already positive, which is one of the
important factors affecting children’s participation
and maintenance in physical education and physical
activity [69, 77-79]. At this point, the classroom
environment created by physical education teachers
will increase the interest of the students and ensure
that their attendance is permanent [80, 81]. In
this way, it can be ensured that students’ interest
in physical education lessons are increased and
their life satisfaction is increased. It can be stated
that by increasing students’ interest in the lesson
and indirectly their life satisfaction, it will have a
positive effect on many factors such as academic
success, peer relations, school belonging. As a
result, it was concluded that the level of interest of
students studying in secondary schools to physical
education and sports lessons predicted their life
satisfaction positively. At the same time, it was
determined that male students’ interest levels
of physical education lessons predicted their life
satisfaction more. As students’ participation in
physical education and sports activities contributes
tothe multifaceted development and life satisfaction
of students, increasing the interest of students in
physical education lessons becomes important. It
is very important for physical education teachers to
provide an environment for student participation in
physical education and sports lessons. School-based
interventions that can increase female students’
participation and interest in physical education and
sports lessons can be effective [68].

Limitations

It was concluded that the level of interest of
students studying in secondary schools to physical
education and sports lessons predicted their life
satisfaction strongly. By virtue of this result, it can
be misleading to interpret the relationship between
physical education and life satisfaction only by
looking at the levels of physical education and
physical activity. Our study emphasizes that the level
of interest in physical education and sports can have
a significant effect on students’ life satisfaction. Our
study is not representative nationally and data were
collected from a specific region in Turkey.
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Abstract

Background
and Study Aim

Material and
Methods

Results

Conclusions

The ecological-dynamic approach promotes motor learning through task variability, modification of
environmental constraints and appropriate use of feedback, original and creative motor solutions.
This study wants to open a critical perspective on the didactics of physical activity selecting a
methodological perspective adherent to ecological-dynamic approach. The aim is to highlight the
significant aspects and the uniqueness and unrepeatability of heuristic learning, starting from
theoretical lines.

For this purpose, an accurate survey of the scientific literature has been analyzed, highlighting the
points of contact and contrast of cognitive and ecological-dynamic approach.

In the context of physical education, the most used pedagogical approach is the linear one. Teaching
is influenced by spatial and temporal constraints, spaces and equipment, with reproduction styles
and with predefined tasks and motor responses. This modality promotes awareness of motor skills
and not transferability to other subject areas, as indicated by ministerial documents. Non-linear
pedagogy, while promoting motor learning as a consequence of the interaction between the subject
and the context, shows some limits. The first concerns the learning of transversal skills and, the
second concerns the use of prescriptive teaching, absent in the ecological-dynamic approach,
through heuristic learning.

It is necessary to overcome the areas of prescriptiveness that still resist in the paradigm most
recognized by the scientific community, the Constraints Led Approach, closely related to nonlinear
pedagogy. They do not favor completely a heuristic learning as the anthropometric constraints
suffer from the limitation of biomechanics. Also, goal constraints are prescriptively determined by
the physical education teacher, which is not compatible with heuristic learning.

Conclusions. This analysis highlights the need, usefulness and usability of heuristic learning in
different professional fields. The study aims to offer a new perspective on physical education
objectives in the National Indications, projecting them towards a social and transversal purpose.

Keywords:

ecological-dynamic approach, teaching method, soft skills, life skills, didactics exercise.

Introduction

The teaching-learning process, adopted by
physical education teachers in Italian high schools,
has been developed traditionally on models and
practices signed by dualistic relationships. An
example is the relationship between theory and
practice, object and subject, mind and body, quantity
and quality, which influence teaching styles and
consequent approaches to the learning process [1].
The learning process has been suffering from causal
and linear visions and prescriptive methodological-
didactic frameworks. They, despite the consolidated
practices and theoretical foundations supporting
them, cannot comprehensively understand the
complexity of the mechanisms that are established
in the realization of human movement. Specifically,
it concerns the complex interaction between the
individual and the environment and the circular
relationship between perception and action. They
are understood through an ecological-dynamic

©Tiziana D'lsanto, Felice Di Domenico, Sara Aliberti, Francesca D’Elia,
Gaetano Raiola, 2022
doi:10.15561/26649837.2022.0203

approach [2]. A valid educational process, including
a variety of methodological approaches and
teaching styles, [2] could take into consideration
the physical, psychological characteristics and
needs of students to determine different ways of
elaborating information. Consequently, a valid
educational process would facilitate original and
creative motor responses in the students [3]. Each
motor learning experience should be planned,
monitored, inclusive and as significant as possible.
It should be developed in the curriculum from
pre-school education and constitute a continuous
commitment of the student in sport and physical
activities. Physical education lessons should respect
the individuality of each student by facilitating
their interaction and collaboration to make them
acquiring knowledge, skills, motor skills and
transversal skills (soft and life skills). The aim is
to subsequently be able to better deal with daily
problems and have a better quality of life [4]. A
pedagogical-didactic process requires knowledge
of content and organizational methods, but also
knowledge and mastery of teaching approaches
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and teaching styles to foster the development
of significant motor learning. This requires a
didactical-methodological approach which triggers
interactions between psychological, emotional,
perceptual, coordinative, motivational factors [5, 6],
taking into consideration the contextual variables. If
the organizational modalities and motor tasks have
their functional valence, also teaching styles have
their didactic valence. They provide communication
and educational relationship between teachers and
students [7]. We know that there is not a teaching
style better than another, but the most appropriate
can be identified to develop skills and motor
competences to stimulate the development of soft
skills [8]. A particular teaching style should combine
the need to implement disciplinary content with
the characteristics and educational needs of the
student. So, the teacher has the task of creating
an appropriate and stimulating learning context
for the optimal development of the skills and
competences of the student [9]. Regarding motor
learning, it emerges the need to develop theories
and teaching models referable both to the cognitive
and ecological-dynamic approach. We need to
emphasize teacher-student relationship, human and
material resources available and the environmental
context of learning, where students acquire useful
information to perform motor experiences [10]. It is
clear that the type of approach used by the teacher
has a relevant value [11] because it significantly
influences how students improve their knowledge,
skills and motor competencies.

Hypothesis. Highlighting the educational-
formative valence and the influence of different
didactic approaches on motor learning, we want to
open a critical scenario on the current didactics of
motor activities. We also want to tend a theoretical
framework of reference of the ecological-dynamic
approach, according to a dualistic scheme
(prescriptive versus heuristic).

Purpose. The purpose is to highlight, starting
from the theoretical lines, the methodological
applications of the ecological-dynamic paradigm,
highlighting the points of contact and contrast of
cognitive and ecological-dynamic approach.

Material and Methods

Data sources and search strategy

An in-depth investigation of the scientific
literature was conducted highlighting the main
points of contact and contrast of the cognitive
and ecological-dynamic approach, with the
theoretical and argumentative elaboration of
operational proposals. For the purpose of searching
the available literature, following data bases
were used: Scopus, Scholar and Web of Science.
Searching was performed using following terms
(individually or in combination): heuristic learning,

94

cognitive approach, CLA, teaching method, physical
education. All the papers and abstracts were
evaluated for selection of potential papers to be
included in the systematic overview. Relevant
studies were considered after detailed search if they
met the criteria.

Type of study and analysis

Inclusion criteria. Theoretical and practical
studies about motor learning approaches and
limitation of CLA and non-linear pedagogy were
included in the analysis.

Results

Only 29 articles met the inclusion criteria and
were included in two paragraphs: one on motor
learning approaches and one on the limitation of
CLA and non-linear pedagogy; then concluding with
a comparison between the two approaches, cognitive
and ecological-dynamic, through methodological
proposals.

1. Motor learning approaches: conceptual and
empirical definitions and comparative results

In the last years, didactic research has focused
on the teaching-learning process, that is, on the
transition from how the teacher teaches to how
the student learns [12, 13, 14, 15]. The choice of
methodological-didactical approach implies how
the teacher should teach, how the pupil learns,
imposing observation and evaluation of different
motor tasks and response modes in qualitative
and quantitative terms [16]. The approach may be
cognitive and ecological-dynamic and, differently
for each student, it may have different effects
on learning, psycho-social development and the
enhancement of individual differences [17]. The
cognitive approach determines the following
learning methods: by imitation and by conditioning.
These are learning based on the repetition of the
task with predefined and inflexible organizational
and environmental methods which, due to their
predictability and repetitiveness, when skills are
acquired, perfected and automated. They also
produce an inversely proportional effect in terms
of cognitive commitment, e.g. the reduction of
attentionand motivationlevels[18].Inthisapproach,
the teacher determines the motor task, intensity,
duration, constraints, etc. This methodological-
didactical approach is the one most used at school in
physical education, in which teaching is influenced
by spatial and temporal constraints, spaces and
equipment, with styles of reproduction and with
predefined tasks and motor responses. In this sense,
this modality only promotes the awareness of how
motor skills are acquired and not the transferability
of these motor acquisitions to other disciplinary and
extra-disciplinary areas. The constraints represent
a series of factors that influence learning and
motor-sports performance all time, based on the
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relationship established with the environment [19].
The aforementioned interacting constraints are
dynamic and in continuous evolution so as to alter
or facilitate the activity of the student, making his
behavioral adaptability stronger [20]. The scientific
literature promotes an interaction between the
constraints during physical-sports activity. This
reciprocal influence is constant. Therefore, a
student must be able to self-regulate the various
constraints in order to generate effective and
efficient movement solutions [21]. Otherwise, in
pedagogy non-linear acquisition of knowledge, skills
and motor skills occur because of the interaction
between the subject and the environmental context.
And the tasks become significant by promoting the
appropriate links with previous learning, preparing
the student for the following ones [22]. However,
having some limitations regarding the learning of
transversal skills (soft and life skills) and rerushing
to prescriptive teaching in some stages of learning,
something that the ecological-dynamic approach,
through heuristic learning, does not provide at all.
The ecological-dynamic approach is
phenomenological, it describes laws and principles
on which the motor control system is based on [23]
and has self-organizing properties. By practicing on
a specific task with this approach does not mean
always repeating the same solution, but repeating
several times the process of solving the taskitself[24].
Teaching in the heuristic-dynamic approach is aimed
to stimulate the emergence of spontaneous solutions
to motor problems, that is, to implement a process
of finding motor solutions through the continuous
variation of motor actions [25]. In heuristic learning,
the teacher assists the student in the autonomous
research of motor solutions, but if the learning
task is too complex, the student should not be
prescriptively instructed on how to simplify motor
execution, and the constraints of the environment
should be modified [26]. Moreover, self-regulation
has a main function [27] that is, to permit the free
expression of movement in interaction with others
and with the limits of the context. The ecological-
dynamic approach promotes, with contributions of
different methodological approach rather than the
cognitive one, motor learning in a heuristic form,
through didactic experiences based on variability of
tasks, modification of environmental constraints and
appropriate use of feedback (intrinsic and extrinsic).
So, students can develop original and creative self-
generative and self-determined motor solutions. In
this process, the teacher assumes a different role
according to the approach adopted. In the presence
of a cognitive approach the teacher will play his role
with a function of instructor predetermining with
different degrees of prescription the activities to be
performed and the goals to be achieved. In the case of
ecological-dynamic approach, the teacher assumes
the role of observer and supporting the students in

their activities of exploration and discovery [28].
Executive variability is not seen as a limiting factor,
but as an index of the non-linear interaction of the
systemwith the constraints imposed by the organism,
the task and the environment in the process of finding
new motor solutions [29]. The teacher proposes
content and organizes the educational setting. He
chooses the teaching style (of reproduction and
production, guided discovery and problem solving),
proposing motor tasks not always predefined [30], in
which the student can experiment with the executive
variants of motor skills (e.g. playing 3vs3 in mini-
basketball or mini-volleyball). Through productive
styles, guided discovery, and problem-solving, the
pedagogical-didactic focus is placed on the learner
and operational proposals will need to consider the
complex interactions that occur between students,
the task, and environmental constraints [31]. On the
other hand, through reproductive styles, the focus
is placed on the teacher, promoting prescriptive
teaching.

2. Limitations of CLA and non-linear pedagogy

Considering the scientific evidence from
different areas, in particular the theories of the
ecological-dynamic paradigm and neuroscience
[32, 10], it is necessary to surpass those areas
of prescriptiveness that still resist, such as for
anthropometric constraints, goal constraints
and in the practice of sports games. For example,
the use of the Constraints Led Approach (CLA),
strictly related to non-linear pedagogy [33], does
not completely promote heuristic learning. This is
because anthropometric and goal constraints are
prescriptively determined by the physical education
teacher, poorly reconciled with heuristic learning,
especially in educational terms. In ecological-
dynamic approach, 3 different types of constraints
that modify and shape the behaviors of a complex
dynamical system can be identified: organic,
environmental, and activity constraints. In contrast,
the ecological-dynamic approach studies the activity
of the complex dynamical system by leaving it to
evolve independently under specific manipulations
of the constraints [34]. The ecological-dynamic
approach, in fact, determines specific ways of
learning by discovery, by problem solving, as well as
having a strong impact on intrinsic motivation and
in providing fun to do this type of motor experiences.
These motor experiences are determined, in the
school context, also through cooperative strategies,
such as circle time, cooperative learning, role
playing, peer tutoring, etc. The goal is to facilitate
the priority acquisition of soft and life skills, as
described in the Ministerial Indications for the
part related to physical education. In addition,
these practices make it possible to work together
to try to overcome the gap between excellent and
not-excellent students in motor skills, for example,
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through peer tutoring, that is, a cooperative strategy
that increases learning capacity, self-esteem and
motivation of both the student-tutor and the
student-tutee, overcoming the motor skills gap
between the two groups. Prescriptive teaching, on
the other hand, increases the gap, because those
who are able to perform the exercises imposed
by the teacher, pass to the next level, while those
who need more time will continue to be unable to
perform that particular motor task. It is therefore
of considerable educational and social impact to be
able to provide for the possibility of personalizing
teaching-learning. This also provides students with
Special Educational Needs to participate and learn
with others [35]. Some of them may express the
need for longer time to learn and to solve motor
problems. It will be possible to valorize individual
differences and therefore personalize the motor and
sport experience only if the educational path has
not been predefined by the teacher. Not surprisingly,
reasonable accommodation is also mentioned
in Art.2 of the UN Convention on the Rights of
Persons with Disabilities, 2006 (ratified in Italy by
Law 18 of March 3, 2009), that is, to be able to apply
modifications and adaptations necessary to ensure
that all people with disabilities enjoy all human
rights and fundamental freedoms. These indications
transferred to the didactics of physical education
means by recognizing and designing different
didactic programs to promote the learning of motor
and sports skills, but especially transversal skills
[36]. The foundations of this type of teaching can be
traced, as previously highlighted, to the paradigm
of the ecological-dynamic approach, in which an
important value is attributed to the variability of
the environment and the stimuli generated by it
[37], to the teaching style, in which the teacher has
arole as a facilitator, while the student has a role of
active research and experimentation in processing
data and producing answers for the resolution of
motor problems. An observational study on the
indirect teaching style showed that this style has
a high influence on students’ social development,
self-perception, cooperative activities, and that
it succeeds in promoting intrinsic motivation,
awareness of the meanings and values of physical
education [38]. Other research also moves in this
direction, in which the positive impact of the play
is highlighted:

- It involves all students, independently of their
motor skills,

- It promotes and facilitates cooperative learning
and socialization processes [39, 40].

Finally, it is hoped that physical education,
starting from pre-school through the area of
experience “the body and movement”, in continuity
with the Primary School and the Secondary School of
the first degree, will be developed through didactic-
motor programs that stimulate heuristic learning
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by promoting not only the motor development
of students, but also and especially the cognitive,
affective and social-relational ones (soft and life
skills).

3. Methodological
approaches compared

Table 1 shows some examples of activities
to propose, underlining the difference between
heuristic learning and prescriptive teaching.
Regarding heuristic learning, the general scheme
consists of:

« Choice of theme, also previously anticipated by
the teacher.

e Brainstorming activities, a modality of
teamwork used to encourage creative thinking
and the production of multiple ideas, where
each student expresses what they know about
the chosen topic.

« Vision of a video-tutorial or scheme, prepared
by the teacher, on the activity to be performed
with a defined objective.

« Autonomousdivisionofchildrenintocooperative
groups to practice. The activity can be modified
through the rules and the environment. Some
alterations of the environment and the rules of
the game, especially for older children, could
consist of reducing the height volleyball net
reducing the size of the court with the aid of
lighter balls in basketball and volleyball for
more control, more touches, more time, more
passes, more freedom.

e The teacher assesses through grids and can only
help kids find the solution through clues or by
asking questions. He cannot demonstrate or
give the answer.

e At the end, the practice of circle time will be
performed to deal with relational and emotional
topics regarding the activity performed.

Regarding prescriptive teaching, the general
scheme consists of:

- Choice of theme and objective to be reached by
the teacher.

- Explanation and demonstration of the activity
to be performed.

- Execution of the activity by the students, using
partial exercises (simplified, segmented), varied,
randomized, error correction.

To sum up, prescriptive teaching with the use of
didactic exercises enhances physical performance
and skill refinement, little autonomy, much external
independence, high specialization, low flexibility,
preordained and repetitive patterns, and maximum
development of conditional skills, but limited
applicability in competition. Heuristic learning, on
the other hand, with the use of instructional delivery
promotes self-programming, self-determination,
self-regulation, autonomy, high flexibility/low
specialization, problem solving and creativity,

of the two

proposals
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Table 1. Practical examples of some activities divided by each thematic core for prescriptive teaching and

heuristic learning.

Thematic core Activity Heuristic learning Prescriptive teaching
Brainstorming on motor schemes and
watching a video, with subsequent
discussion. The teacher prepares a circuit The teacher explains
The body and the based on the discussion that emerged, but and demonstrates how
relationship with space P'a th’. does not explain how to perform it: he/ to perform the paths or
and time cireuit she leaves the students free to explore. He/  circuits. Children imitate
she can intervene through questions or the teacher’s actions.
by applying the degrees of freedom. Circle
time.
After watching and discussing a video on Perform the positions of
Body language as a Nature nature, the students will have to assume the teacher demonstrating
communicative-expressive . . the various positions of characters/objects  various positions of
- imitation . . - .
modality of nature in free interpretation, chosen by characters/objects of
their classmates in turn. Circle time. nature.
Brainstorming on what the students mean
Fair play by fair_play, djviding them into groups. Teacher explains what fair
The game, sport, rules and Watching a video on some examples. . .
fair pla fmd rules Discussion about what has been seen and play means, e.xpl.t;unmg a
play in sport o sport game with its rules.
application of the rules through a sport.
Circle time.
Brainstorming on risk prevention and
perception and watching a video on this
Path at focus, with discussion. Have the students The teacher prepares a
Health wellness various construct a route with various options, course at various levels of
prevention and safety levels of placed side by side, so that everyone difficulty, explaining how
difficulty.  can choose which one based on their to perform it.

perceptions of their own difficulties and
potential. Circle time.

minimal development of conditional skills, but
high applicability in competition. In this view,
remembering that physical education must be
of quality and quantity, able to influence all four
domains of the person, such as physical efficiency,
motor coordination, executive functions and life
and soft skills, we can summarize by stating that the
teaching-learning method that best lends itself to
the achievement of these objectives is the heuristic
one.

Discussion

Physical Education is a discipline that can
make a specific contribution to the development of
different domains of human functioning, thanks to
the constant activation and mediation of the body
and movement by promoting within the school
curriculum:

The development of motor potential, starting
with basic motor patterns, and then evolving into
specific skills, including technical, sporting and
expressive skills);

The development of social-relational skills
through recreational-sport activities, rules and fair

play;

The development of active and healthy lifestyles
for the maintenance of an adequate level of psycho-
physical well-being (as a fundamental element of
health and prevention).

Physical education is characterized, therefore, as
a discipline of “hinge” between the scientific field
(knowledge of the body, how it works, movement),
expressive communication, relationship and
citizenship [41]. These aspects are punctually
considered in the 2012 Directions. The study wants
to open a new scenario on the use of the ecological-
dynamic approach in teaching practices through the
method of heuristic learning, which has a peculiar
feature by developing a unique and unrepeatable
way for each individual with executive particularities
that take into account the structural anthropometric
characteristics and different cognitive functions.
Moreover, by not receiving any indication during the
motor-sport experience from external subjects (e.g.,
teacher or coach), it is the self-regulation the main
function and allows the free expression of movements
in interaction with others and with the limits of the
context. The teacher has the task of facilitating
activities, stimulating spontaneous solutions to
respond to problems that arise, ensuring safety
and developing the maximum motor potential for
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everyone. The need to move towards the structuring
of dynamic ecological teaching methodologies
has emerged, such as laboratories that, through
heuristic learning, promote the construction of
learning by the student, which corresponds to a
non-directive teaching where the student takes on
different functions of the teacher, differentiating
into teaching and tutoring among peers, small group
and cooperative learning, and self-learning; such
outcome is what does not happen in the cognitive
approach and what, on the contrary, happens only
partially in the ecological-dynamic one.

Conclusions

The study wants to offer a new perspective
on the objectives of physical education in the
National Indications, which already present a
heuristic profile because they are not performance
objectives, but project learning towards transversal
and socialization objectives. In the light of what
has been analyzed and exposed, the articulation
of disciplinary purposes should be divided into
intrinsic, extrinsic and the whole teaching-learning
process needs intentionality and systematicity

in the different didactic phases. Ascertained that
the different methodological approaches produce
different effects on the ways of learning and that an
approach with reproductive styles is not the optimal
solution for the quality of learning to respect
individuality, enhance the capabilities of individuals
and include all students. Therefore, it is necessary
to ensure and propose motor experiences through
production styles capable of bringing out original
and multivariate motor skills, and furthermore,
these skills would have a higher frequency of
being transferred to other areas. It is necessary to
remember that the process of meaningful learning
[42] and the proximal development of it [43] and the
production of learners’ motor skills are continuously
influenced by the constraints due to the interaction
between individual-activity-environment. This
interaction, alongside the active role of the learner
and the facilitating role of the coach (teaching style/
learning by discovery), produces significant changes
in the learning processes and in the motor and sport
responses of the learners by assigning a primary role
to heuristic learning in the pedagogical-didactic
domain.
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The aim of this study is to verify the X-method for determining the second anaerobic threshold in
rowers.

Twelve male athletes from the national rowing team of Bulgaria were tested. Participants
performed a one-time graded incremental exercise test to exhaustion on a rowing ergometer. The
workload were conducted on rowing ergometer system Concept 2, and spirometry system Clark C5.
We obtained ventilatory indices, intensity and heart rate bred-by-bred for each participant, for
each test stage. The anaerobic threshold was determined by two methods: 1) by the localization
of the respiratory compensation point visually, after polynomial regression analysis of the trends
for the dynamics of the ventilatory variables related to time and 2) by the X-method using the
change in the ratio between heart rate and pulmonary ventilation. We compared the heart rate
corresponding to the anaerobic threshold determined by both methods.

We found similar values for heart rate at the respiratory compensation point and the anaerobic
threshold determined by the X-method for each of the investigated. The Shapiro-Wilk test showed
a normal distribution of the two samples with a significance level of a = 0.05. Thus, the t-test for
two paired samples showed a p-value of 0.202 at a = 0.05. We found a correlation coefficient r =
0.973 between the heart rate at the anaerobic threshold (determined by X-method) and the heart
rate at the anaerobic threshold (detected at the respiratory compensation point). The Blant-Altman
analysis showed that 95% of the points in the scatter plot lie within the confidence interval.

The two methods give similar results and can be applied alternatively in the investigation of rowers
in the age group 18.3 = 1.07 years. The X-method always gives a reliable intersection point, which
in our studies is close to the second anaerobic threshold. Comparative studies are also needed in
other contingents for the wider use of the X-method.

ventilatory threshold, heart rate, anaerobic threshold, pulmonary ventilation, endurance, non-

invasive

Introduction

After proposing the concept of anaerobic
threshold (AnT) and its importance for planning the
training process, scientists and coaches are trying to
find a way to determine it that is easy to applicable,
non-invasive, accurate enough for practice, reliable
and inexpensive. The large number of proposed
methods can be conditionally grouped according to
certain criteria.

Most of the methods are related to determining
the blood lactate concentration during and after
exercise. They are performed by taking a blood
sample, usually from the ear pendant, i.e. invasive.
Although these methods are considered the
“gold standard” in determining AnT, a number of
methodological problems have been described in
their use [1]. Furthermore, many authors dispute
the direct link between anaerobic metabolism in
muscle cells and blood lactate levels [2, 3]. The fact
that these methods are invasive makes them less
preferred by sports professionals.

__Another part of the methods for determining

© Lachezar G. Stefanov, 2022
doi:10.15561/26649837.2022.0204

AnT requires expensive spiroergometric equipment
and laboratory conditions described in the second
half of the last century [4, 5]. They determine AnT
based on ventilatory parameters, such as volume
of oxygen consumption (VO,); volume of expired
carbon dioxide (VCO,); pulmonary ventilation
(Ve); ventilatory equivalent of oxygen (Ve/VO,);
ventilatory equivalent of carbon dioxide (Ve/VCO,);
end-tidal partial pressures for oxygen (P.,0,; end-
tidal partial pressures for carbon dioxide (P, CO,;
respiratory exchange ratio (RER) [6, 7]. The analysis
of the ventilatory variables shows two inflection
points, of which the first, called the first ventilatory
threshold (VT1) shows the upper boundary between
moderate and high intensity, while the second,
called the second ventilatory threshold (VT2)
shows the upper boundary between high and severe
intensity. VT2 is thought to be associated with
respiratory compensation point (RCP) in increasing
metabolic acidosis [8]. On the other hand, the lactate
threshold (LT) corresponds to VT1. Some authors
define this lactate threshold as the first lactate
threshold (LT1). The second lactate threshold (LT2)
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is associated with VT2 [9]. Other studies have linked
VT2 to a RER of 1.00. Long known that “additional”
CO, is released above this point as a product of
the bicarbonate buffering system associated with
lactate accumulation [10].

In principle, the anaerobic threshold is
determined during an incremental exercise test to
exhaustion by changes in ventilatory variables and
/ or blood lactate concentration. VT2 is determined
non-invasively and seems to be an applicable
training indicator and a key performance factor in
endurance sports [11]. Usually AnT is compared
with: the power of the work performed (W); the
speed to cover a certain distance (V); the time
against which the load is applied (t); and HR heart
rate at the various stages of the test. The common
between the different approaches is that they use
incremental exercise test to exhaustion.

Maximum lactate steady state (MLSS) is another
protocol and is considered the most accurate in
determining AnT [12]. MLSS and critical power (CP)
are two widely used indicators of higher oxidative
metabolism that can be maintained under prolonged
exercise and are often considered synonymous [13].
There is unarguable evidence that MLSS is specific
to each sport. Furthermore, it has been accepted for
at least 2 decades that although the speed at MLSS
is an inarguable predictor of running endurance
in a large group of runners, it also has a high risk
of both overestimation and underestimation of
performance [2]. Apart from the fact that the method
is invasive, the procedure for its implementation
requires the most time from the known methods for
determination of AnT.

In the present study we analyze the upcoming
changes in the observed variables according to the
3-phase model of Skinner and McLellan [14]. These
authors, attempted to explain each stage of 3-phase
double breakaway model and the physiological
mechanisms underlying the events which occurred.
These authors described the initial phase as being
predominantly aerobic with a heavy reliance of
type I muscle fibers and free fatty acids as the
metabolic substrate. The aerobic threshold leads
into the aerobic-anaerobic transition phase, which
involves the recruitment of type I1a (FOG) fibers and
the appearance of lactate in the blood. Lactic acid
in turn decreases blood and intracellular pH and
causes an increase in excess CO,, ventilation (Ve)
and RER, and a disproportionate increase in Ve/VO,.
The aerobic-anaerobic transition phase ends at the
anaerobic threshold where lactate production equals
its removal capacity. The anaerobic phase, the third
phase follows. This phase involves the recruitment
of type IIb (FG) fibers with a rapid rise in lactic acid
production. Lactate production exceeds its removal
with a rapid increase in blood lactate and Ve, and a
decrease in the fractional concentration of expired
0, [9].
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Over the years, a number of methods have been
developed to determine AnT avoiding invasive
procedures and expensive  spiroergometric
equipment. Various strategies have been proposed,
some based on responses to Ve or respiratory rate
[8], while others are based on changes in HR or HR
variability, all expressed as a function of time or load
intensity [15]. One group of them uses changes in
HR [16]. This method has caused great controversy
over the years about its validity, repeatability and
physiological validity. However, many coaches,
especially in track and field, still use it today.

Recent studies suggest that determination the
second anaerobic threshold (AT2) based on heart
rate variability (HRV) during exercise may be a
cheaper and non-invasive method [17, 18]. However,
detailed validation studies are still lacking.

Iban Latasa [19] investigate the reliability of
the surface electromyogram (EMG) for automatic
detection of aerobic and anaerobic thresholds
during a cycle ergometric test with increasing
intensity (25 W / min) to exhaustion. They present
an agreement between the first EMG threshold and
VT1, on the one hand, and between the second EMG
threshold and VT2, on the other, and define the
method as valid and non-invasive [19]. There is still
a lack of detailed research on different contingents
in different sports.

Onorati et al. [15] used regression of Ve versus
HR and RR (respiratory rate) versus HR. They
obtain a bilinear response with a clear breakpoint
of the curve. The breakpoint corresponds to the
RCP determined by the standard technique with
segmented regression of Ve versus VCO, and the
ventilatory equivalents Ve/VO, and Ve/VCO, [20, 21].

Other exotic methods for determining AnT have
been described, which have not been established in
sports science, so I will not comment on them.

The determination of AnT by a method recently
described by us [22] was compared with the AnT
determined by two reference methods using
blood lactate concentration. The method uses the
intersection between difference (Diff) between the
percentages of the %HR versus HR  and the %Ve
versus Ve _ on the one hand and the %Ve on the
other to determine AnT. We called this method the
X-method and so we will present it in the present
study.

Hypothesis: After proving in a previous study
[22] that there is a 95% of agreement between HR at
AnT determined by the X-method, the modified D__
method and at fixed blood lactate concentration of 4
mmol/L, we assumed that a similar agreement there
should be between X-method and VT2 determined
by RCP.

The aim of this study was to verify the X-method
for determination of AnT by comparing it with AnT
determined by the ventilatory variables measured
during the incremental maximum test in rowers.
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Material and Methods

Participants.

Twelve male athletes from the national rowing
team of Bulgaria were tested. Subjects admitted
in the study were currently active in competition.
Participants performed a one-time incremental
maximum test to exhaustion on a rowing ergometer.
This represents a control test for the effectiveness
of the training process of the competitors from the
national rowing team. The measurement procedures
and potential risks were verbally explained to each
subject prior to obtaining a written declaration of
consent. Subject characteristics are presented in
table 1.

Table 1. Subject characteristics.

Characteristics Mean=Sd

Age (yrs) 18.3%#1.07

Weight (kg) 186.7%6.54

Height (cm) 84.9+8.92

BMI 24.3+1.73
Procedure.

At the beginning of the examination, the
anthropometric variables of the participants
were measured and they were acquainted with
the possible disadvantageous consequences of
performing the test for them. Then they were
familiarized with the conditions and equipment for
the study. For determination of AnT, in this test we
used the measurements for power (W), HR, Ve, VO,,
VCO,, Ve/VO,, Ve/VCO, and RER. Measurements
were performed bred-by-bred and averaged every
30 s during the test. We used these measurements to
determine the RCP. Each measurement was denoted
by “t”, i.e. each unit “t” represents a period of 30 s.
The workload were conducted on rowing ergometer
system Concept 2, spirometry system Clark C5.
The initial workload was 60 W. Each stage lasted 2
minutes. Each subsequent stage was 40 W higher
than the previous. Thus, we obtained measurements
for each participant for HR, Ve, W, VO,, and VCO,
of each stage. We used these measurements to
determine the AnT by X-method.

Determination of AnT by RCP

To determine AnT by detecting of RCP, i.e. VT2,
we used visual methods, after polynomial regression
analysis of trends in the dynamics of ventilatory
variables: Ve, VCO,, VO,, values of Ve/VCO,, Ve/
VO,, and RER versus time [23, 24]. According to
Beaver et al. [23] RCP cannot always be detected,
which is also confirmed by the experience of
Ekkekakis et al. [25]. Therefore, we used a complex
of several approaches to identify RCP and searched
for similarities in the variables between them. To
illustrate the methodology for determining AnT, we

present an analysis of the measurements for one of
the participants. We used the following approach to
determine the RCP in the several steps:

Step 1. We describe regression for VCO, on the
abscissa and Ve on the ordinate with a 6-order
polynomial. Visually determine where the linear
part of the polynomial starts after half of the course
of the described curve. At the point where the linear
part of the curve begins, a change in the slope of
the polynomial is detected (Figure 1). We find out
what value for VCO, corresponds to this inflection
point. We record the value for VCO,. In case such an
inflection point is not detected, go to step 2.

Step 2. We describe the regression for VCO, in
the ordinate versus time ”t” on the abscissa, which
corresponds to the consecutive number of the
measurement. We describe a polynomial of 6-order
and find the sequence number of the measurement
denoted by “t” corresponding to the inflection point
for Ve from step 1. This point usually coincides with
the beginning of the increase in the slope of the
curve (Figure 1) and we assign it as RCP.

Step 3. Regression for Ve versus “t” on the
abscissa is described by a polynomial of 6-order
and we look for the last linear segment in the
second half of the test. At the beginning of this
segment Ve begins a steeper rise (fig.1). According
to the corresponding measurement number “t” we
determine the achievement of RCP.

Step 4. We describe the regression for Ve/ VCO,
and Ve/VO, in the ordinate versus time on the
abscissa expressed as “t”. We determine when the
course of the Ve/VCO, curve decreases and achieve
the lowest value, followed by an increase, and we
compare it with the course of the Ve/VO, curve,
which initially decreases, followed by an increase,
which at one point becomes steeper (Figure 2)
[23, 26]. For this corresponding number of “t” we
determine the RCP.

Step 5. We describe a regression for RER versus
“t” and determine at which measurement number
its value remains permanently above 1.00 (Figure
2). At this point we determine the RCP [10].

Step 6. We compare the measurement numbers
corresponding to the RCP obtained in steps 2, 3,4
and 5. In case of discrepancy in the time to reach the
RCP, we analyze the adequacy of the determinations
in the mentioned steps and select the appropriate
“t”. We find HR in the corresponding measurement
“t”. We average the measured HR with that of the
previous and subsequent measurements. This HR
corresponds to the AnT determined by RCP. We
compare it with the HR achieved in AnT determined
by the X-method.

Determination of AnT by X-method

For determination of AnT by the X-method, we
used the peak heart rate (HR ) of each participant
to calculate the percentage of HR achieved (%HR)
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Figure 1. Represent the trends of the regression curves of 6-order polynomials for Ve and VCO2 versus t.
The red, straight lines reflect the last linear segments of the two curves.
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Figure 2. Represent the trends of the regression curves of 6-order polynomials for Ve/VO2, Ve/VCO2 and
RER versus t. The red line indicates the RCP determined by the criteria described in steps 4 and 5, and t to
which it corresponds. The green line indicates the RER corresponding to 1.00. AnT shows the measurement
number corresponding to the anaerobic threshold
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foreach stage. Thus,we converted the absolutevalues
for HR into percentages. We used the same procedure
for pulmonary ventilation as the peak value (Ve )
was accepted as 100% of (% Ve). The approach
we propose is graphical and the determination of
AnT was done in a specific sequence. The difference
(Diff) between the percentages of %HR and %Ve is
compared with %Ve. The %Ve showed larger and
more characteristic changes, and a steeper increase
after a certain exercise intensity. As the exercise
intensity increases, the difference in the relative
proportions of the functions of the cardiovascular
and respiratory systems decreases. Diff decreases
while %Ve increases. This is expressed graphically
by the intersection between the Diff and %Ve curves
(Figure 3). This intersection point indicates AnT.
The X-method uses averaged measurements for
each exercise stage.

We then plot a regression between W and
HR, which is described by a 3-order polynomial.
We determine HR against the W detected by the
X-method (Figure 4). Thus we find the HR achieved
at AnT.

Statistical analysis

We first performed a variation analysis to
determine the means, minimum, maximum, STDEV
and coefficient of variation. The Shapiro-Wilk test

showed a normal distribution of the two samples
at a significance level of a = 0.05, which allowed us
to use parametric methods for statistical analysis.
To compare the samples of the two methods we
used t-test for two paired samples at a = 0.05.
To compare the two methods studied, we used
Pearson’s correlation coefficient. We plotted the
scattering diagram of the HR obtained using both
methods for determining AnT. We then used the
Blant-Altman (B&A) graphical method to prove the
similarity between the two compared methods at a
95% confidence interval. We used the Shapiro-Wilk
test to prove a normal distribution of the differences
between the two methods, which is a condition for
the correct application of the B&A analysis.

For statistical data processing we used EXCEL 10
of Microsoft Office 10 and the XLSTAT application
developed for the purpose.

Results

Table 2 presents the HR for AnT determined by
X-method and for AnT determined by RCP for each
of the participants. In the same table, the last two
columns present “averages” and “differences” from
(B&A) analysis, which we will discuss below.

On the table 2 they make an impression the
quite close values of HR at RCP and AnT found
by the X-method for each of the participants.

%Ve —— Diff ——
i /\ /
e 4 - 30.00
R* = 0.999
2.00
- 25.00
72.00
L 20.00
Q [T
62.00 =
g z
- 15.00
52.00
/ \ L 10.00
42.00 / \
32.00 - 2.00
/ AnT \ RZ = 0.9983
22.00 ; ; ; ; . 0.00
0 100 200 300 400 500 600
W (Watt)

Figure 3. Represents the intersection of the curves for %Ve and Diff versus W, which corresponds to AnT.
The blue line connects exercise intensity to the point of intersection.
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Figure 4. Reflects the ratio of HR to W. The intersection between the HR curve and the red lines determines
the AnT in this case.

Table 2. Reflects the HR of each of the participants found for AnT determined by RCP and AnT determined
by X-method. Presents averages and differences from B&A analysis.

Averages and differences from B&A

HR at AT A
Subject analysis

HR at RCP HR at X-method Aver. (RCP + X)/2 Diff. (X - RCP)
AN. 179 177 178.000 -2.000
N.J. 177 178 177.500 1.000
S.H. 177 175 176.000 -2.000
M.S. 184 185 184.500 1.000
N.P. 195 192 193.500 -3.000
R.K. 179 179 179.000 0.000
BY. 159 159 159.000 0.000
V.S. 178 175 176.500 -3.000
LJ. 184 183 183.500 -1.000
H.N. 181 184 182.500 3.000
C.M. 173 173 173.000 0.000
LY. 182 179 180.500 -3.000
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The differences in the pairs of values between
participants are bigger. In both approaches for
determining AnT, the minimum and maximum
values are similar, as can be seen from table 3, as
the coefficient of variation (Var.) present a great
homogeneity of the two samples. Dispersion (Std.
Dev.) is similar for both samples, indicating that
both approaches give similar results for HR.

Table 3. Presents descriptive statistics of variables
for all participants.

Variable Obs. Min. Max. Mean Std.dev. Var.
HR atRCP 12 159 195 179 8.334 5
HR at

X-method 159 192 178.25 8.047 5

The Shapiro-Wilk test showed a normal
distribution of the two samples at a significance
level of a = 0.05. The value of p = 0.119 for HR at
RCP and p = 0.320 for HR at X-method entitles us
to use parametric statistical methods. Thus, the
t-test for two paired samples showed a p-value
of 0.202 at a = 0.05, which means that there is no
significant difference between the averages of the
two compared methods.

To compare the results of the two methods, we
first draw a scatter plot (Figure 5). The data is on
both sides of the identity line (bisector), most of
which is below the line. Therefore, the X-method
slightly underestimates the HR achieved in AnT
compared to the HR achieved in RCP.

Pearson’s correlation coefficient presented a
very large correlation r = 0.973 between HR at AnT
determined by X-method and HR at AnT detected
by RCP. The correlation coefficient r measures the

strength of the relationship between two variables,
but not the agreement between them. The Blant-
Altman diagram describes the agreement between
two quantitative measurements. It sets limits of
agreement [27]. This method uses the differences
between the two methods and the average between
the two methods (Table 2, columns 4 and 5).

Table 4. Bland-Altman analysis

Bias -0.75
Standard error 1.913
CI Bias (95%) -1.965 + 0.465
Confidence interval: -4.499 +2.999

B&A recommends that 95% of the points in the
scatter plot (Figure 6) lie within the confidence
interval [28], which is -4,499 + 2,999 in our study
(Table 4), in order to assume that the two methods
give similar results. An important condition for
accepting this conclusion is that the distribution of
the differences between the two methods is normal.
Through the Shapiro-Wilk test we found that the
differences between the two methods are normally
distributed, which is a condition for the correct
application of B&A analysis [27].

From the scatter plot shown in Figure 6 it is clear
that the difference between the measurements of the
two compared methods, drawn versus the average of
the two measurements is in the confidence interval
of 95%. Since the average of the two methods is
0.75 lower than 0, the X-method gives lower values
compared to the determination of AnT by RCP.
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Figure 5. Scatter plot for HR measured at RCP and at AnT determined by the X-method.

107



PEDAGOGY of Physical Culture

and Sports
Bland and Altman plot

4

1o T = B cccccccccc e c—————
— 2 T
S
& 1 + . .
% 0 P — T
% .1 150 66 +76 80— 96 200
;E) 2 4 e Pedleccncaccccccncncacaccncccncanan
a _3 -+ . . .

-4 —+

-5

Average (RCP + X)/2
e Bjas ------- Cl Bias (95%) ------- Cl (95%)
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Discussion

As can be seen from the Diff curve, the difference
between the function of the cardiovascular and
respiratory systems decreases with increasing
intensity of exercise, while %Ve increases. As the
intensity of the exercise increases, the relationship
between the function of the cardiovascular and
respiratory systems changes. The dynamics of the
heart rate is well known, at exercise with increasing
to the maximum intensity, which increases linearly
and close to the maximum power for the individual,
this linearity is disturbed [29]. On the other hand,
when the workload increases to the maximum
intensity, Ve increases linearly to about 50 + 75%
of the maximum working capacity (W__ ). After this
point, Ve continues to rise steeper to about 85 *
95% of W__, where the linearity breaks again, and
Ve begins to rise even steeper. The VT2 is located
at this W [30]. In our study, the mean intensity at
which AnT was detected, expressed as %$VO2max,
was 89.73% for RCP and 88.19% for X-method.
The percentage of VO, _ in which AnT is detected,
according to other authors, is similar to that found
by us. Jones et al. indicate that AT2 is usually at 75-
90% of VO, __ [13]. Laurent Bosquet [31] report that
calculated thresholds using different “scientific”
techniques using the same data set vary between
79 and 92% of VO, . Santos & Giannella-Neto
detected RCP in 88% of VO2max [32]. Piihringer et
al. detect VT2 at 83 £ 10% of VO, [24].

The correlation coefficient between the methods
we compared isr=0.973. Ekkekakis et al. investigated
the correlation between methods for determining
RCP. The correlation coefficients are from 0.88 to
0.96 for computerized methods and from 0.85 to
0.97 for visual methods [25]. The indices Ve/VCO,
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and Ve used to determine RCP have a correlation
coefficient r = 0.88 for automatic and r = 0.94 for
visual methods [32].

From this similarity in the results it follows
that in our study there are no significant errors in
the methodology for determining RCP and that
the X-method gives comparable results with other
methods for determining AnT. The results of our
study are at the upper boundary of this range,
probably because the participants are athletes at
national and international level. In addition to the
similar %VO,__ in favor of the proposed method is
the lower STDV of 8.047 compared to 8.334 for RCP.
From a practical point of view, we can summarize
that the intersection between Diff and %Ve is easy
to detect and is located at about 88.4% of %VO,
for the group of rowers we studied.

Ventilatory threshold measurements
demonstrate significant differences between
trained and untrained subjects. These differences
are the result of variation in muscle mass activation,
movement efficiency, or both. Another characteristic
influencing the thresholds is the sex of the subjects.
Differences were found between men and women
for VO,  and ventilatory threshold, expressed
as a percentage of VO, . The type of ergometer
(manual, foot or treadmill) has a significant effect
on the ventilatory threshold. Activation of specific
muscle groups also leads to significant differences
in the ventilatory threshold [33]. Therefore, research
on different sports will give different results in the
determination of AnT. From this point of view,
research of different contingents is needed to
describe the regularities in the application of our
proposed method.



2022

Y 02

Conclusions

The presented results and the performed
statistical analysis show that the two methods give
similar results at a correlation coefficient r = 0.973
and can be applied alternatively. In addition, the
t-test for two paired samples showed a p-value
of 0202 at a = 0.05, which means that there is no
significant difference between the averages of the
two compared methods in the study of rowers in
the age group 18.3 + 1.07 years. The determination
of AnT by the X-method is more reliable, as the
intersection point between the Diff and %Ve curves
is easily detected graphically and its determination
can be facilitated by mathematical formulas.
Such automation of the method needs further
development.
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Abstract

Background
and Study Aim

Material and
Methods

Results

Conclusions

Football is a globally recognized sport and played both professionally and recreationally. As it is
a physically challenging sport, it must inform players on preventing injuries from occurring or
reoccurring. This study aimed to assess the knowledge, attitudes and practices on injury prevention
towards lateral ankle sprain (LAS) among amateur football players in Brunei.

A total of 140 respondents participated in the cross-sectional study who fit into the inclusion
criteria. An online questionnaire was adapted and shared with amateur football players in Brunei
from September 2021 to October 2021. Questions were related to (1) demographic data; (2) injury
history; (3) knowledge; (4) attitudes; and (5) practices to prevent a lateral ankle sprain.
Tendon/ligament injury was the highest amount of frequency at n= 97 (69.3%), in which the
participants have sustained it throughout their playing years. More people perceive that the cause
of injury was mainly due to lack of physical fitness 84.2%, fatigue/exhaustion 55%, uncured injuries
49.3% and contact with other players 75.7%. 84.3% agreed that the importance of injury prevention
is crucial. Participants reported that the injury prevention methods are mainly used to prevent
lateral ankle sprain were stretching 81.4%, specific warm-up training 79.3% and taping 67.9%.

Our results show that players think that injury prevention is critical, yet most of them are still
under-informed about avoiding injuries properly. Despite evidence that stretching is ineffective in
preventing injuries, many athletes stretch to prevent damage. Warm-up training and taping are two
other standard injury prevention techniques these amateur football players use. Future research

should raise exercise knowledge among Brunei’s amateur football players to prevent injuries.

Keywords:

amateur football players, athletic injuries, preventions, attitude

Introduction

Football is widely known worldwide and is
acknowledged as the world’s most famous single
sport [1]. In Brunei, football is a trendy sport among
all ages. The National Football Association Brunei
Darussalam, the governing body for football in
Brunei, helps to promote and regulate the sport and
all aspects of it. However well prepared a player can
be,footballitselfhas demanding physical capabilities
to play. The typical distance covered by a top-level
outfield player is about 10-13 km [2], surrounded
by low- and high-intensity running. Other energy-
intensive activities include short accelerations,
tackles and jumps, which are commonly associated
with a prevalence of ankle sprains [3]. The study
reported that half of the injuries were associated
with contact situations such as tackling, collision,
kicked or another contact.

The number of amateur players in this world is
higher than that of professional football players.

Participation in recreational sport has been steadily

© Mohammad Aiman Hakeem Haji Mohammad Som, Rajkumar
Krishnan Vasanthi, Ambusam Subramaniam, Ali Md. Nadzalan,
2022
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increasing as the years go by [4]. According to current
literature, amateur players have lower injuries than
professional athletes during matches, as reported
[5]. Injuries among Spanish male amateur football
players studied the differences between the risk of
injury and characteristics between Dutch amateur
and professional football players [6]. In the scientific
literature on the knowledge of injury prevention for
LAS, there are limited studies investigating amateur
football players’ knowledge to prevent the injury.
A large number of studies were targeted towards
professional football players than amateur players
[7]. However, in theory, amateur players tend to get
more injured due to the lower fitness and technique
levels than professional players. With research on
experienced players, awareness of injury prevention
strategies is still insufficient [8]. A cross-sectional
study on the knowledge of football players in Tabuk,
Saudi Arabia [9] showed that the players reported
the significant risk factors to obtain the injuries
were due to lack of stretching, lack of warm-up and
the absence of bracing. The researchers concluded
that the players have little knowledge of physical
therapy measures towards injury prevention.
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In a study [10], 90% believed it is vital to prevent
injuries, and 85% are optimistic about prevention
programmes, even though the program addresses
only intrinsic risk factors. A key finding noted
from the study [10] reviewed from the antecedent
segment was that 76.5% of the elite female football
players previously received advice on the injury
prevention programmes, and 80% reported that
their teams conducted the injury prevention
training twice a week as recommended to reduce
injuries. Even with the high percentage of players
practising injury prevention, it is still a surprise
that some elite football players did not have their
physiotherapists, physicians, sports scientists and
conditioning coaches. Despite the fact they did not
have dedicated medical support, the elite female
players are still well informed on injury prevention.
They have high motivation to implement and
practice injury prevention programmes.

High injury recurrence rate concerning ankle
sprains as up to 70% of patients reported residual
symptoms and injury recurrence [11]. A reason for
us to dive into injury prevention methods among
amateur football players as they do not have the
quality of resources for rehabilitation and recovery
as the professional players when they are injured,
as prevention has always been better than the cure.

This research aims to measure the knowledge,
attitudes, and practices (KAP) to prevent lateral
ankle sprain injury among amateur football players
in Brunei. Football players require knowledge on
injury prevention, as LAS are among the common
types of ankle injury [12] they can get while training
or competing.

Materials and Methods

Participants

In this cross-sectional survey, an online
questionnaire through Google forms was circulated
among amateur football players in Brunei.
Among 151 responses, 11 were excluded as 5 were
professional football players and 6 had underlying
chronic medical, cardiovascular and respiratory
conditions. We included one hundred forty total
responses in the study with a mean age of 23.87+3.29.
Faculty Research and Ethics Committee approved
the study with reference no: INTI-IU/FHLS-RC/
BPHTI/INY12021/015. Participants who agreed to
participate in the study filled in an informed consent
form and all data received were kept confidential.

Both genders between 18-40 years old and must
reside in Brunei who plays football for recreation
and does not be paid to participate in competitions
and training were included in the study. Participants
were excluded if they were uncooperative and with
chronic medical, cardiovascular and respiratory
conditions.
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Procedure

The survey was shared using the primary
investigator’s various social media platforms,
targeting the amateur football players in Brunei. The
data collection period was from 1st September 2021
until 30th September 2021. However, data collection
was extended for another one month until 31st
October 2021 to increase the number of responses.

The surveywas developed by [13] from their study
on “Perceptions of football players regarding injury
risk factors and prevention strategies”. The primary
investigator has obtained permission from the
authors before using the survey. The questionnaire
covers five main segments: demographic data,
history of injury, knowledge on the injury and its risk
factors, beliefs, and practices regarding preventive
measures. However, the primary investigator did
not use the whole questionnaire and only adapted
the questions related to the investigator’s research
objectives and relevance. In this case, sections other
than ankle and foot injuries were omitted.

In the first segment, we collected demographic
data such as gender, age, height and weight, followed
by questions on participation in football as the
second segment. Under the participation in football
section, players are asked how long they have
been playing, how many hours a week they play on
average, and if they participate in any sport besides
football. The third segment included questions
about their injuries in football involving their ankle
or foot, such as the year of injury, the type of injury
suffered (contusion, bruise, bone fracture, muscle
injury, joint/capsule injury, and tendon/ligament
injury), and the year of injury.

Also included the side of injury, time loss from
playing, time of occurrence of injury (whether it was
in-game, warm-up or others).

A fourth segment talked about people’s beliefs
about their injuries and how they try to prevent
them. This segment spoke about their beliefs about
the leading causes of their injuries and how vital and
effective injury prevention methods and practices
are.

We collected the Google form responses at the
end of the data collection period.

Statistical analysis

The Statistical Package of Social Sciences (SPSS)
version used 28.0.0 to analyze the statistical data
collected.

Demographic data such as gender, age, height
and weight were evaluated using descriptive
analysis. Categorical variables such as years of
playing football, plying time in a week, history and
type of ankle and foot injury suffered and time loss
from playing football due to injuries will be shown
in the form of frequencies (n), percentages (%) for
discrete data and mean and standard deviation (SD)
for continuous data, wherever applicable.
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Results

Total 140 responses included in the study. There
are 136 males and 4 females who participated in
this study. The mean age of the participants, height,
body mass and years of playing were shown in the
Table 1 below.

In the section regarding the participants’
participation in playing football, we found that
the mean number of years they have been playing
football is 12.99 years. More than half (51.4%) of the
participants play football approximately 1 hour per

Table 1. Participants’ demographic data

week.

In Table 3, among the 140 respondents, the type
of injury, history of ankle or foot injuries, side of
injuries and days not playing football due to injury
were shown in the table 2.

More people perceive that the cause of injury
was mainly due to lack of physical fitness, fatigue/
exhaustion, uncured injuries, contact with other
players and material problems (such as shoes and
flooring). In overall the knowledge, beliefs, attitude,
and injury preventions practice were shown in the
Table 4.

Demographic Characters Mean Std. Deviation
Age (in years) 23.87 3.29
Height (in meters) 1.73 0.05
Weight (in kilograms) 74.47 10.37
Years playing football (in years) 12.99 4.05

Table 2. Respondents’ playing hours in a week
Playing hrs per week Frequency (n) Percentage (%)
Approx . 1h/week 72 51.40%
Approx . 2h/week 47 33.60%
Approx . 3h/week 5 3.60%
Approx . 4h/week 7 5%
Approx . 5h/week 2 1.40%
Approx . More than 6h/week 6 4.30%

*h= hours, Approx. =Approximately

Table 3. Type, history and side of ankle injury encountered by the players and days not playing football due

to injury

Participants’ Injury Rates

Frequency (n)

Percentage (%)

Types of injury sustained

Tendon/ligament injury 97 69.3
Contusion/bruise 45 32.1
Muscle injury 27 19.3
Joint/capsule injury 17 12.1
Bone fracture 11 7.9
Reported history of ankle or foot injuries

One or more ankle or foot injury 122 87.1
Never had an ankle or foot injury 18 12.9
Side of ankle injuries

Right 60 49.2
Left 41 33.6
Both 21 17.2
Days not playing football due to injury

More than 28 days 73 59.8
7 — 27 days 40 32.8
1 - 6 days 9 7.4
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Table 4. Participants’ knowledge, beliefs and attitudes on LAS and their injury prevention practices.

Participants’ Perceptions Frequency (n) Percentage (%)
Importance on injury prevention

Very important 118 84.2
Important 22 15.7
Opinion on whether participants are well informed or not on injury prevention (n = 140)

Yes — adequately informed 56 40
No - not adequately informed 84 60
Participants’ beliefs on the causes of their LAS

Lack of physical fitness 118 84.2
Contact with other players 106 75.7
Fatigue/exhaustion 77 55.0
Material problems (shoes/flooring) 74 52.9
Uncured injuries 69 49.3
Muscular deficits (power deficits or muscular

imbalances) 33 23.6
Concentration or attention deficits 22 15.7
Coordination deficits 15 10.7
Climatic conditions 5.0
Incorrect nutrition 6 4.3
Others 1.4
Injury prevention practices

Stretching 114 81.4
Specific warm-up training 111 79.3
Taping (kinesio taping or stabilizing taping) 95 67.9
Special joint-related training 55 39.3
Wearing bandages or orthoses 51 36.4
Shin guards 18 12.9
Shoe inserts 12 8.6
Face mask 2 1.4

Discussion

This study investigated the KAP of injury
prevention towards lateral ankle sprain among
amateur football players in Brunei. The study
adopted a self-reporting questionnaire developed
by [13] that the author has permission. The self-
reported questionnaire showed that the mean age of
the players was 23.87+3.29 as the inclusion criteria
were between the 18 — 40 age group with mean years
of playing football at about 13 years. As a result,
most players who participated in the study began
playing football at the age of ten. With over ten
years of amateur playing experience, there is little
doubt that injuries are a part of the game.

Additionally, our study discovered that roughly
51.4 percent of amateur football players in Brunei
participated in approximately one hour of football
each week over the last year. This is understandable,
given Brunei, like the rest of the world, was impacted
by the global pandemic COVID-19. The pandemic
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led to restricted operation hours for these playing
grounds. It reduced the number of players on the
field, turf, or football ground. According to the health
ministry’s guidelines, these complexes limited the
capacity to only 30% as part of their de-escalation
phase. The fields then reopened slowly by levels
every four weeks, which led to 100% reopening of
the areas by August 2020 [14].

The type of injuries that the participants suffered
reflects current literature [7], in which 122 of the
total 140 respondents had one or more ankle or foot
injuries. The tendon/ligament injury has the highest
incidence in injury, followed by contusion or bruise.
Half of the injuries occur during the game, and the
remaining half comes from either during training
or others. Participants’ knowledge of the cause of
injury was also recorded, in which 84.2% believe the
grounds of their injuries were from lack of physical
fitness. As football is a physically demanding sport
(Fong et al., 2003), general fitness is needed to
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excel. A study [15] reported that age, morphology
and physical fitness are influential parameters of
football performance at elite football. Although
these data are valuable, evidence catering amateur
level is lacking. Still, the importance of better fitness
should be emphasized regardless of the playing
group, with superior physical performance being a
predictor of success in football games [16].

Subsequently, fatigue, exhaustion, and uncured
injuries lead to several internal risk factors. The high
frequency with which participants reported contact
with other players and material difficulties such as
shoes and flooring is shocking, given that external
risk factors have been identified as causes of injuries
in recent years, causing alarm in the football
community [10], [13]. About 75% of the participants
perceive that contact with other players is a cause
of their injuries. Roughly 40-50% of the amateur
football players in our study reported that their
injury was due to contact. Half of the participants
who had this contact injury were injured in a game.
The findings supported that ankle sprain was due
to contact with other players are in line with those
previously mentioned in literature [17],[18]. Contact
injuries, otherwise known as traumatic injuries, are
still high in football regardless of their playing level,
according to other previous studies reported [19]-
[21].

52.9% of our respondents believe that the cause
of injury that amateur footballers identified is the
material problems regarding shoes and flooring,
supported by a systematic review conducted on the
prevention of sports injuries. We have to accept that
shoes cannot support the ankle structure compared
to rigid orthoses or stabilizers. Additionally, they
could contribute to the twisting force when an ankle
sprain occurs. Using proper mechanically designed
shoes for football should be considered when
playing, even among amateur players, as this is a
matter of safety and practice to prevent injuries [22].

Following our findings, stretching 81.4%, specific
warm-up training 79.3% and taping 67.9% (Kinesio-
taping or stabilizing taping) dominate the injury
prevention practices that amateur football players
in Brunei actively use to prevent LAS. Stretching
has been an interest in sports research for the past
20 years, in which there are conflicting shreds of
evidence in their effects on different individuals. A
systematic review [22] revealed insufficient evidence
to endorse or discontinue routine stretching before
or after exercise to prevent injury among competitive
or recreational athletes. Further research is needed
to identify the essential role of stretching in
sports. In their systematic review, a study [23] also
mentioned no evidence of the benefits of passive
or active stretching for injury prevention in sports.
This suggests that evidence-based knowledge on
stretching are still lacking among these players.

Specific warm-up training is also one of the

injury prevention practices that participants
perform either before or during the game at 79.3%. A
systematic review [24] on the impact of this program
reduced between 30-70% in the number of injured
players. We concluded that the program can be a
fundamental tool to minimize the risk of injuries
and should be made available and give recognition,
especially to the amateur players, as their injuries
may impact their health and social participation.

Anothertypeofinjurypreventionpracticethatthe
amateur players in Brunei reported is either Kinesio
taping or stabilizing taping as an external measure
of injury prevention. Taping gives mechanical joint
support and enhances proprioception, especially
when using the ankle in sporting activities. There
has been conflicting evidence on taping in literature.
Nonetheless, it has been said that the consensus is
that taping does help prevent the re-injury of the
athletes, and it may have a placebo effect [25]. As it
may give athletes confidence in activities, research
has reported that taping does not negatively impact
performance. There is still a need for research
regarding the effects of taping in injury prevention,
as current research gives insufficient evidence on
their benefits.

In this study, the researcher has made a few
limitations. Recall bias might be present as the
participants remember their history of injuries.
There is also no accurate outcome measure to
identify the level of KAP of the amateur football
players, as the survey was only able to take in their
opinions and cannot test their knowledge correctly.
It is relatively low on matters of response rate as
only 140 participants were included from the 151
who participated. The minimum sample size we
determined before the research is 334, which may
be affected by the pandemic. Future research may
examine the relationship between playing years
and the frequency of lateral ankle sprains or general
lower limb injuries among Brunei’s amateur football
players. Injury prevention programme, in the
hopes of reducing the number of football injuries,
particularly among amateurs. As evidence-based
practices are still deficient among the participants,
sports scientists and coaches, these parties should
start implementing proper awareness, education,
and keeping up with the ever-changing sciences to
protect further the people who love the sport.

Conclusion

Our research identified that majority of the
amateur football players had sustained injuries
throughout their playing years, with tendon/
ligament injury being the highest incidence. Players
generally believe that lack of physical fitness,
fatigue or exhaustion and uncured injuries are the
leading intrinsic causes of their injuries. In contrast,
contact with other players and material problems
such as shoes and flooring are the extrinsic
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causes. All players agree that injury prevention is
essential though most of them are still inadequately
uninformed on the proper methods to prevent
injuries. Many players practise stretching to avoid
injuries, despite evidence that it is not beneficial in

preventing injuries. Specific warm-up training and
taping are other highly performed injury prevention
practices by these amateur football players. Future
studies should identify the awareness of exercise
programs among amateur football players in Brunei.
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Abstract

Background
and Study Aim

The level of functional preparedness of the population is influenced by many factors. The greatest
influence is exerted by the economic condition of the country, climatic features of the region,

food quality, environmental factor, social status of the population. Therefore, functional readiness
standards should be updated periodically. For an objective assessment of functional readiness,
all energy potential should be considered: aerobic, anaerobic lactatic and alactatic. Women of
different somatotypes have significant differences in the degree of development of indicators of
functional preparedness. The models of functional preparedness developed by us for women of
different somatotypes will clearly demonstrate significant differences in the level of preparedness
in representatives of different somatotypes. The aim of the study is to develop standards of
functional readiness for women aged 25-35 and models of functional preparedness for women of

different somatotypes.

Material and
Methods

The study involved women aged 25-35 years (n = 392). Somatotype was determined in all subjects.
The power of aerobic energy supply processes was determined by the method of bicycle ergometry

according to the PWC 170 test. The threshold of anaerobic metabolism was determined by the
test with a stepwise increasing load. The capacity of anaerobic lactatic energy supply processes of
muscular activity was determined by a bicycle ergometric 60-second test. The power of anaerobic
lactatic and alactatic energy supply processes was determined by Wingate anaerobic tests WAnT
30 and WANT 10. Standards of functional preparedness were developed according to the author’s

method based on the rule 3c.
Results

Functional preparedness standards have been developed for women aged 25-35 according to the

full range of muscular energy supply regimes. Models of functional preparedness for women 25-35
years of different somatotypes have been developed.

Conclusions

The developed standards are based on modern experimental data and consider all human energy

potential (aerobic, anaerobic lactatic and anaerobic alactatic). Standards of functional preparedness
cannot be universal for different countries and even different regions of large countries. Models of
functional preparedness of women of different somatotypes show a significant difference from the
standards set for women without somatotype. Somatotype should be considered when assessing

indicators of functional preparedness.

Keywords:

standards, aerobic, anaerobic productivity, mature age.

Introduction

The level of functional preparedness of the
population is influenced by many factors. The
greatest influence has the economic condition of
the country, climatic features of the region, food
quality, environmental factors, social status of
the population [1]. As these factors are not stable,
the functional capabilities of the population are
also changing. Therefore, functional preparedness
standards should be updated periodically. Thus, a
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study by Davidson and McNaughton [2] found that
women aged 22.6 £ 7.6 years who had no experience
of systemic physical activity VO, _ averaged 34.1
# 2.1 ml'min-!-kg™. The study by Astorino et al. [3]
found that the average value of VO, _ in women
aged 22.8 = 2.8 years is 41,1 ml-min-!-kg!.
Currently, there are standards of aerobic
performance on the basis of VO2max rel. for all age
groups of the adult population of the United States
[4]. VO, . . standards for all age groups have been
developed for the population of the USSR [5, Art.
35]. A “safe level of health” for women and men has
been defined for the population of Ukraine, which is
assessed by the VO indicator [6]. Also identified

2maxrel.
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standards of aerobic performance on the threshold
of anaerobic metabolism (TAM) for men [7]. As all of
the above standards were developed more than 20
years ago, they need to be updated.

Experts in the physiology of motor activity note
that information on functional readiness only in
terms of aerobic performanceisincomplete [8]. There
are standards of anaerobic performance focused
on professional activities. Such developments
are available for athletes in various sports [9] and
criteria for specific professions (firefighters [10],
special forces [11], police [12]). No standards for
anaerobic productivity for the population have been
identified.

We have developed standards for assessing
aerobic and anaerobic productivity for girls and
men aged 17-19 [13]. Furman et al. [14] developed
standards of functional preparedness for women and
men aged 20-22 years and for adolescents aged 11-
12 years [15]. There is a need to develop standards
of aerobic and anaerobic performance for other age
groups.

In modern theory and practice of sport, the
method of modeling has become widely used [16].
The use of modeling in health-improving physical
culture is a reserve for improving the efficiency
of classes. Women 25-35 years of age of different
somatotypes have significant differences in aerobic
and anaerobic performance [17]. Significant
differences in V,  in representatives of different
somatotypes indicate Goran Spori et al. [18];
threshold of anaerobic metabolism Zimnitskaya et
al. [19]; indicators of anaerobic lactate productivity
Ryan-Stewart et al. [20]. Therefore, we hypothesized
that the models of functional preparedness
developed by us for women of different somatotypes
will clearly demonstrate significant differences in
the level of preparedness in women of different
somatotypes. Such data can be convincing evidence
of the need to consider somatotype in the assessment
of functional preparedness.

The aim of the study. Develop standards of
functional preparedness for women aged 25-35 and
models of functional preparedness for women of
different somatotypes.

Material and Methods

Participants

The study involved females 25-35 years old (the
first period of mature age) n=392. All subjects in the
past had no experience in sports. Each subject gave
written consent to participate in the experiment.

Procedure

The power of aerobic energy supply processes of
muscular activity was investigated by the indicator
of maximum oxygen consumption (VO, ).VO,
was determined by the Karpman et al. [21] method.
For this purpose was used a bicycle ergometric test

of the PWC 170 version. The subjects performed two
loads of different power. The power of the first load
(N, )was 1 W per 1kg of body weight, the other (N,) -
2 W per 1 kg of body weight. Pedaling frequency - 60
revolutions per 1 minute. The duration of each load
was 5 minutes with 3 minutes interval. At the end of
each load, the heart rate (f, and f, ) was determined.
PWC 170 was calculated according to the algorithm
[22]. To determine the values of Vo2 max, the value
of PWC 170 abs was substituted into equation 1:

VO = 1.7-PWC 170, + 1240, 1)

2max abs.

where, VO, . displayed in ml'min’;
PWC170,  displayed in kg'min™.

The threshold of anaerobic metabolism (TAM)
was determined by the test of Conconi et al. [23] in a
modification of Furman [5, Art. 37-38]. The subjects
performed a stepwise increasing load on the
ergometer starting from a power of 60 watts, adding
10 watts at each stage. The duration of work and the
frequency of pedaling at each stage are constant -
the duration is 40s, and the frequency is 60 rpm. At
the end of each stage, heart rate was recorded. The
level of TAM corresponded to the inflection point
on the graph of heart rate growth. Results were
presented in W.

To determine the capacity of anaerobic lactatic
energy supply processes of muscular activity was
used a method developed by Shogy et al. [24].
This method involves determining the maximum
quantity of mechanical work for 1 minute (MQMK).
The subject performed a bicycle ergometric load
with 1 min duration, power of 225 W and maximum
pedaling frequency. Results were presented in
kgmin-'.

The power of anaerobic alactatic energy supply
processes of muscular activity was determined
using the Wingate anaerobic test WAnT10 [25]. This
test consists in performing a bicycle ergometric load
10sec duration with a power of 225 W and maximum
possible pedaling frequency. The number of full
pedal revolutions was counted. By mathematical
calculations, the result was expressed in kg-min-'.

The power of anaerobic lactatic energy supply
processes of muscular activity was determined using
the Wingate anaerobic test (WAnT30) [25]. The
conditions of this test are similar to the WAnT10
test. The difference is duration of the load that
lasted 30 seconds. Result was expressed in kg-min™'.

To increase the informativeness of all indicators,
absolute and relative values were studied. All tests
were performed on a Christopeit Sport AX-1 bicycle
ergometer (Christopeit, Germany).

Somatotype was determined by the Carter et al.
[26] method.

Statistical analysis
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Initially, the STATISTICA 13 program checked
the data series for compliance with the normal
distribution law. Determined: - arithmetic mean, o
- standard deviation.

Standards of functional preparedness were
developed according to the author’s method. This
technique is based on the rule 30. The main condition
was that the data series correspond to the normal
distribution law. The range of values of + 0.5¢ of the
data series of all studied women aged 25-35 years (n
=392) was taken as the average level of the trait. The
scheme according to which the rating scale is built
is shown in Table 1. Such calculations should be
made based on a large number of experimental data
of persons of the same age, sex, region of residence,
lack of experience in sports. This technique is
copyrighted.

Results

We have developed standards of functional
fitness for women aged 25-35 for the full range of
muscle energy of muscular activity (Table 2).

Having determined the somatotype, it was

found that 4 somatotypes are characteristic for
women aged 25-35: endomorphic, ectomorphic,
endomorphic-mesomorphic and balanced. Using
the author’s standards, we developed models of
functional preparedness for women of different
somatotypes, which are shown in tables 3, 4, 5, 6.

In women of endomorphic somatotype, the
indicators of aerobic productivity of the body
(VO,, ., TAM) are at a lower level than the indicators
of anaerobic productivity of the body (MQMK, WAnT
30, WANT 10) (table 3).

Opposite tendencies were found in women of
ectomorphic somatotype. Indicators of aerobic
productivity of an organism (VO, , TAM)
correspond to “above average” and “high” levels.
Indicators of anaerobic productivity (WAnT 30,
WANT10) correspond to the level “below average”
(table 4).

For women of endomorphic-mesomorphic
somatotype, the “average” level of aerobic
productivity (VO,__,TAM) and capacity of anaerobic
lactate productivity (MQMK) is characteristic. “High”
and “above average” levels are characteristic of the
performance of anaerobic lactatic and alactatic

Table 1. Scheme of formation of an assessment scale for indicators of functional preparedness

Interval % of all values of the general population  Evaluation scale
>2.00 =2 very high
1.1-2.00 ~ 13 high

0.6-1.00 ~ 17 above average
+0.50 =34 average

-0.6 - -1.00 =17 below average
-1.1- -2.00 ~13 low

<-2.00 ~2 very low

Table 2. Standards of functional preparedness for women of 25-35 years of the Podilsk region (Ukraine)

Indicators of aerobic

Indicators of anaerobic productivity

The level of productivity lactati lactati
development of alactatic alactafic actatic
the indicator vo,, . TAM WANT10 WAnT 30 MQMK
(ml-min-kg') (W-kg) (kg'min'kg?!)  (kg'-min!-kg?) (kg-min'-kg 1)
Very high >48.2 >2.8 >47.06 >44.24 >31.9
High 45.1-48.2 2.7-2.8 42.69 - 47.06 39.33 -44.24 28.2-31.9
Above average 43.5-45.0 2.5-2.6 40.50 - 42.68 36.87 — 39.32 26.4 - 28.1
Average 43.4-40.3 24-2.2 40.49 - 36.11 36.86 - 31.94 26.3 -22.6
Below average 40.2 - 38.8 2.1-2.0 36.10 — 33.92 31.93-29.48 22.5-20.7
Low 38.7-35.6 1.9-1.8 33.91 -29.54 29.47 - 24.56 20.6-16.9
Very low <35.6 <1.8 <29.54 < 24.56 <16.9

Note: TAM - threshold of anaerobic metabolism; WAnT 10 - Wingate anaerobic test for 10 seconds; WAnT30
- Wingate anaerobic test for 30 seconds; MQMK - maximum quantity of mechanical work for 1 minute.
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Table 3. Model of functional preparedness of women 25-35 years of endomorphic somatotype

Evaluation criteria
Indicators very

low below average above high very
low average & average & high

VO, (ml'min-kg?) <356 35.6-38.7 38.8 - 40.2 40.3-43.4 43.5-45.0 45.1-48.2 >48.2

2max

TAM (W-kg™) <18 1.8-19 2.0-2.1 2.2-24 2.5-2.6 2.7-28 >2.8
ﬁ/;QMK kgminke 169 169-206  207-22.5  22.6-263  264-28.1  282-319  >319
Y,ﬁf S0(kgmin' o) 56 9456-29.47 29.48-31.95 31.94-6.86 36.87-39.32 39.35-4424 >A44.24
IVX(Agl}?lO (kgmin® 9954 29.54-33.91 33.92-36.10 36.11-40.49 40.50-42.68 42.69-47.06 >47.06

Note. The model zone for women of endomorphic somatotype is within the range of the highlighted cell-

Table 4. Model of functional preparedness of women 25-35 years of ectomorphic somatotype

Evaluation criteria

Indicators very below above very

low low average average average high high

VO, (ml'min-kg?!) <35.6 35.6-38.7 38.8 - 40.2 40.3-43.4 43.5-45.0 45.1-48.2 >48.2

2max

TAM (W-kg™) <18 1.8-19 2.0-2.1 2.2-24 2.5-26 2.7-2.8 >2.8
{\4&/;1( (kgrminr <169 169-20.6  20.7-22.5  22.6-263  264-28.1  282-319  >31.9
}’.‘LA;? S0(kgmin' 54 56 24.56-29.47 29.48-31.93 31.94-36.86 36.87-39.32 39.33- 4424 >44.24
}’_‘gﬁ?lo (kgmin™ 9954 29.54-33.91 33.92-36.10 36.11-40.49 40.50-42.68 42.69-47.06 >47.06

Note. The model zone for women of ectomorphic somatotype is within the range of the highlighted cell -

Table 5. Model of functional preparedness of women 25-35 years of endomorphic-mesomorphic somatotype

Evaluation criteria

Indicators very low low below average above high very
y average 8 average g high

VO, (ml'minkg?!) <35.6 35.6 —38.7 38.8 - 40.2 40.3-43.4 43.5-45.0 45.1-48.2 >48.2

2max

TAM (W-kg) <18 1.8-1.9 2.0-2.1 2.2-24 2.5-2.6 2.7-2.8 >2.8
{\4@/;1( (gmin’ 109 169-206  207-22.5  226-263  264-28.1  282-319  >319
Yﬁf S0(kgmin™ 5456 24.56-2947 29.48-31.95 31.94-36.86 36.87-39.32 39.33-44.24 >44.24
Y_\{(Agflo (kgmin® 5954 29.54-33.91 33.92-36.10 36.11-40.49 40.50-42.68 42.69-47.06 >47.06

Note. The model zone for women of endomorphic-mesomorphic somatotype is within the range of the
highlighted cell -
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Table 6. Model of functional preparedness of women 25-35 years of balanced somatotype

Evaluation criteria

Indicators ;/ery low below average above high very
ow average average high
VO, (mlminkg’) <356 35.6-38.7 38.8-402  40.3-434  435-450  451-482  >48.2
TAM (W-kg") <18  1.8-19 2.0-2.1 2.2-2.4 2.5-2.6 2.7-2.8 >2.8
{\./Ikog/;K (gmin® 169 169-206  20.7-22.5  22.6-263  264-28.1  282-31.9  >319
Yig S0(kgmin' o) 56 9456-2947 29.48-31.93 31.94-36.86 36.87-39.32 39.33-44.24 >44.24
m‘zflo (kgmin® 5954 29.54-33.91 33.92-36.10 36.11-40.49 40.50-42.68 42.69-47.06 >47.06

Note. The model zone for women of balanced somatotype is within the range of the selected cell -

productivity of the body (WANT 30, WANT10) (table
5).

For women of balanced somatotype is
characterized by the absence of high and low levels
of functional preparedness (table 6).

Thus, it was found that women of different
somatotypes differ in the level of development of
energy supply of muscular activity.

Discussion

In the scientific literature published several
versions of standards for indicators of functional
preparedness for different countries [4,7]. But in
these publications, the authors do not disclose
what methodology they used to develop standards.
The method used by us is based on the fact that the
“average” level will correspond to about 34.0% of all
values; levels “below average” and “above average”
- about 17%; “high” and “low” level - about 13%;
“very high” and “very low” levels - about 2% (see
Table 1). In our opinion, this approach provides an
objective assessment.

Comparing our standards with those of other
authors, we found some differences. Thus Gerald F.
Fletcher et al. [4] published updated standards for
maximum oxygen consumption for the American
Heart Association. According to their data, the
norm of VO,  for women 20-29 years there is a
range of 36.0 = 6.9 ml-min-kg’!, and for women 30-
39 years - 34.0 £ 6.2 ml'min-kg'. Such data differ
significantly from the data obtained by us. In our
opinion, there are several reasons for this. The
authors combined into one category of persons aged
30-39 years, which in our opinion is impractical.
According to Solodkov and Sologub [27], at the age
of 35 involutionary processes in the body begin to
predominate. Accordingly, VO,  in women 36-39
years will be lower than in women 30-35 years. In
addition, lower VO, _ standards for women in the
United States may be associated with obesity in a
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significant percentage of the adult population.
According to Ashleigh L. May [28], the percentage
of obese people in the United States increased from
13% in 1960 to 36% in 2009. Regional differences
also have an important influence, as O. Dulo points
out in his works [29].

In addition to the VO, _ standards published in
the scientific literature, there are several regulatory
tables that are additions to training programs and
additions to the instructions for electronic GPS
devices for sports (including the Garmin Race
Predictor). Such data have significant differences.
In particular, the norm for women 25-35 years
according to some data is 33-34 ml-min-kg!, and
according to others - 38-40 ml-min-kg'. However,
these appendices do not specify the authors of
the criteria and the method by which they were
developed.

W Larry Kenney et al. [8] note that information
on functional preparedness only in terms of aerobic
performance is incomplete. We did not find any
standards of functional preparedness for the whole
spectrum of energy supplymodes of muscular activity
(aerobic, anaerobic lactatic and anaerobic alactatic).
There are studies where Ramirez-Vélez Robinson
et al. [30] determined anaerobic productivity rates
for Colombian adults. But the authors determined
by WANT 30 test other indicators, in particular PP -
peak power. Therefore, it is impossible to compare
such data with ours.

We have set standards of functional preparedness
for girls 17-19 vyears of age according to
indicatorsVO, _, TAM, MOMK, WANT 30 and WANT
10 [13]. Furman et al. [14] developed standards of
functional preparedness for women and men aged
20-22. The standards developed by us for women
aged 25-35 expand the age range.

Models of functional preparedness for women of
different somatotypes show significant differences
in the level of functional preparedness in relation
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to women without consider somatotype. Therefore,
when assessing functional preparedness should take
into account the somatotype of the subjects. For
example, if a woman of endomorphic somatotype
shows a low level of VO, , please keep in mind,
that for endomorphs this level is the norm (Table 3).
Conversely, for women of ectomorphic somatotype,
the value of VO, corresponding to a high levelis
the norm (Table 4). Such data are confirmed by other
researchers. Goran Spori et al. [18] prove the need to
take into account the somatotype when assessing
the professional abilities of sailors by aerobic and
anaerobic tests. Kornienko et al. point to the need
to take into account the somatotype by studying
the anaerobic productivity of the organism. [31].
The authors note that the difference in anaerobic
parameters within one age group in women of
different somatotypes may be greater than the
difference between men and women.

Conclusions

The author’s method of developing standards
allows to objectively assess the indicators of
functional preparedness in women 25-35 years.
The developed standards are based on modern

experimental data and take into account the entire
energy potential of man (aerobic, anaerobic lactatic
and anaerobic alactatic). Standards of functional
preparedness cannot be universal for different
countries and even different regions of large
countries.

Models of functional preparedness of women of
different somatotypes show a significant difference
from the standards set for women without consider
somatotype. Somatotype should be taken into
account when assessing indicators of functional
preparedness. The models developed by us should
be used in fitness clubs to adequately assess the
physical fitness of women aged 25-35.
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Abstract
Background
and Study Aim

Material and
Methods

Results

Conclusions

Team sports, basketball and handball, as well as their competitions, are very popular throughout
the world. The aim of this research was evaluation and comparative analysis of the results of a
vertical jump between young basketball and handball players.

A group of 37 participants took part in the research: 21 basketball players from the
basketball club OKK “Novi Pazar” (age: 15.5 £ 0.5) from Novi Pazar formed the first subgroup and
16 handball players from the handball club RK “Zelezni¢ar 1949” (age: 25.4 * 5.8; body height
= 193.5 + 7.5 cm; body weight = 94.0 = 7.4 kg; body mass index = 25.03 * 2.38 kg/m2) from Nis
formed the second subgroup. Explosive power of the vertical jumps was assessed by the following
tests: countermovement jump, countermovement jump/arm swing, squat jump. Participants had
at least 5 years of training experience and held similar acute training histories prior to study
commencement, completing 4 weeks of baseline conditioning during the general preparatory
phase. Participants were free of injury, illness and disease as determined by a team physician prior
to study participation.

The results of the independent samples t-test show that there were no significant differences (p >
0.05) between basketball and handball players in all vertical jump tests.

This article contains new information about vertical jumps of young male basketball and elite
male handball players that could be extremely useful for coaches. Also, these findings suggest that

basketball coaches may benefit from talents’ identification in young basketball players.

Keywords:

team sports, explosive power, lower limbs, jumping performance, differences

Introduction

Team sports, basketball and handball, as well as
their competitions, are very popular throughout the
world. Success in these sports depends on several
anthropological dimensions, whose relationships
are different. Thanks to the very intensive
development of technique and tactics in recent
years, both these sports games have become very
complex and demanding. Basketball and handball
are characterized by similar movement structures,
such as a constant change in the phase of attack and
defense, rapid changes in the direction of movement,
sudden stops and dribbles, as well as a large number
of jumps in attack and defense. However, there are
differences and specifics in the structure of each
sports game, such as different rules of the game,
duration of the match, number and position of
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Sasa Bubanj, Dejan Nikoli¢, Iryna Skrypchenko,
Victor Rozhechenko, Milan Zelenovi¢, 2022
doi:10.15561/26649837.2022.0207

126

players on the field, different structure of certain
types of movement in attack and defense, etc. [1].
Explosive power, often assessed as vertical jump,
is a foundational component of vital movements
[2, 3] in many collective sports [4, 5], such as
rugby, volleyball, basketball, handball and soccer
[6-10]. Basketball and handball are characterized
by explosive, unilateral actions such as jumping
[11] and has been considered as fundamental for
successful performance [12] in these sports. Since
vertical jumps are the predominant elements of the
game in both sports, their successful realization
depends on the explosive power of the lower
limbs. Vertical jumps are used when players make
certain important technical acts such as the shot in
basketball [13, 14] or the shot or block in handball,
which require not only a high jump but also the
correct direction of forces of the upper limb in order
to try blocking the opponent’s shot. In fact, a greater
jump height achieved during a jump in basketball
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produces more favourable condition for shots and
rebounds [12], while in handball the achievement of
a greater jump height provides a clear advantage in
the attack and block actions. The following factors
can also affect the characteristics of vertical jumps
in basketball and handball: the trajectory of the
ball, the skill level of the players, body contact with
surrounding players, or the type of action performed
(offensive or defensive). These factors make each
jump a relatively different task [15].

Numerous studies have shown the importance
of vertical jumps in young elite male basketball
players [15-19, 20, 21]. The explosive power in the
form of vertical jumps is a significant characteristic
of basketball players, and it is one of the most
important factors in achieving top sports results [22,
23]. During the game, basketball players spend 34%
of their time running and jumping, 56.8% walking,
9% of their time standing and changing their
form or intensity of movement on average every 2
seconds [24]. Also, in basketball, the vertical jumps
dominate because of facilitating the realization of
specific technical and tactical elements[1, 25].

Several original studies [26-30, 31] showed the
importance of jumping ability in elite male handball
players. Also, it should be emphasized that explosive
power of throwing type is particularly important
for success in handball [26]. The success of vertical
jumps is determined by the velocity at take-off [31].
As it is well known, handball and basketball studies
have used standardized jump tests from a standing
position using a 2-legged take-off (i.e., vertical
countermovement jump with and without an arm
swing, squat jump [29]. Therefore, vertical jumps are
considered as an essential motor skill in a range of
team sports, including basketball [32] and handball
[33]. However, is not known if there are differences
in vertical jumps between young basketball players
and senior handball players. Thus, it is expected that
there are differences in vertical jumps, in favor of
handball players, and the key factors that contribute
to the confirmation of this hypothesis are biological
maturity, the skill level of players and age players.

Therefore, the aim of this research was to
evaluation and comparative analysis of the results
of a vertical jump between young basketball and
handball players.

Material and Methods

Participants

A group of 37 participants took part in the
research. They were divided into two subgroups:
21 young elite male basketball players from the
basketball club OKK “Novi Pazar” (age: 15.5 + 0.5;
body height = 185.15 # 7.13 cm; body weight = 75.14
* 11.91 kg; body mass index = 21.93 * 2.90 kg/m?)
from Novi Pazar formed the first subgroup and 16
elite male handball players from the handball club

RK “Zelezni¢ar 1949” (age: 25.4 * 5.8; body height
= 193.5 = 7.5 cm; body weight = 94.0 £ 7.4 kg; body
mass index = 25.03 + 2.38 kg/m?) from Ni$ formed
the second subgroup. Participants had at least 5
years of training experience and held similar acute
training histories prior to study commencement,
completing 4 weeks of baseline conditioning during
the general preparatory phase. Participants were
free of injury, illness and disease as determined by
a team physician prior to study participation. All
participants were informed of the study aims and
gave informed written consent to participate prior
to testing. Based on the average values of body mass
index we can say that our participants are among the
elite population of young basketball and handball
players. The study was conducted according to
the Declaration of Helsinki and the protocol was
fully approved by the Ethics Committee of the
Faculty of Sport and Physical Education before
commencement.

Research Design

Priorto physical performance testing, participants
completed a standardised warm-up consisting of
moderate intensity jogging (8 min), static stretching
(5 min) and brief bouts of high-intensity running (2
min). To assess the anthropometric characteristics,
the following were: body height (BH), body mass
(BM) and body mass index (BMI) were calculated.Data
on the anthropometric measures were not subjected
to statistical analysis and were used to describe
the sample of participants. Explosive power of the
vertical jumps was assessed by the following tests:
countermovement jump (CM]), countermovement
jump/arm swing (CMJAS), squat jump (S]). All jumps
were performed on a photocell mat (Optojump,
Microgate, Bolzano, Italy) which measures flight
time between take-off and subsequent landing to
calculate jump height (cm). Validity and reliability
of the Optojump system has been confirmed in
previous research [34]. Each trial was validated by
a visual inspection to ensure that each landing was
performed without any leg flexion; furthermore,
participants were instructed to maintain their hands
on their hips during the CMJ] and squat jump and
to use the arm swing in the CMJAS. The CM] (with
and without an arm swing) was performed starting
from a standing position after which participants
were asked to jump as high as possible with a rapid,
preparatory downward eccentric action. The depth
of the CMJ was self-selected. Participants performed
the squat jump starting from a standing position,
bending the knees to 90°, stopping for 3 s, and then
jumping as high as possible to avoid any knee or
trunk countermovement. Each test was performed
three times, separated by 1 min of passive recovery,
and the best jump was recorded and used for analysis.
Participants were wearing athletic shoes during all
jumps.
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Statistical analysis

Data processing used basic descriptive
parameters: range (Range), minimum value (Min),
maximum value (Max), arithmetic mean (Mean),
Standard deviation (SD), rate asymmetry (Skewness
and Kurtosis). The t-test (independent samples test)
was used for comparison between the two groups of
participants. The magnitude of difference between
basketball and handball players was measured using
effect size (ES) and interpreted using previously
established criteria: trivial = <0.20; small = 0.2-0.59;
moderate = 0.60-1.19; large = 1.20-1.99; very large
= > 2.0 [35]. The statistical significance was set at
the level of p<0.05. All statistical analyses were
performed using SPSS 19.0 software (SPSS Inc.,
Chicago, IL).

Results

Descriptive parameters for basketball and
handball players are shown in Tables 1 and 2. By
examining the tables and comparing the results of
Standard Deviation (SD), with maximal range (Max)
and minimal (Min), the normal sensibility of chosen
tests was concluded.

With the group of young basketball players
shown in Table 1, the values of Skewness show that

there are no significant deviations of the results
from the normal distribution in any of the measures,
considering that the values do not exceed 1.00
in any of the variables. The Kurtosis values in all
variables are below 2.75, which indicates platykurtic
distribution.

The analysis of the basic statistical parameters
of the vertical jumps among handball players shown
in Table 2 indicates that Skewness show that there
are no significant deviations of the results from
the normal distribution in any of the measures,
considering that the values do not exceed 1.00
in any of the variables. The Kurtosis values in all
variables are below 2.75, which indicates platykurtic
distribution.

Table 3indicates the vertical jumps characteristics
of basketball and handball players and results of the
comparison between these two groups of players
(t-test). Levene’s Test of Equality of Error Variances
have shown that the assumption of equality of the
variance was not violated (p<0.05). There were no
significant differences (p>0.05) between basketball
and handball players in all vertical jump tests (CM],
CMJAS, and SJ). Trivial ES differences between
basketball and handball players were observed in
CMJ (ES =0.09), CMJAS (ES =0.09), and SJ (ES = 0.08).

Table 1. The basic statistical parameters of the vertical jumps in basketball players

Variables N Range Min Max Mean SD Skewness Kurtosis
CMJ 21 20.10 21.30 41.40 32.06 5.40 -.335 -.299
CMJAS 21 25.50 25.00 50.50 38.54 6.98 .025 -.110
SJ 21 20.40 20.00 40.40 30.95 5.11 -.253 -.146

Note: number of participants (N), range (Range), minimum (Min), maximum (Max), arithmetic mean
(Mean), standard deviation (SD), Skewness (Skewness), Kurtosis (Kurtosis), countermovement jump (CM]),
countermovement jump/arm swing (CMJAS), squat jump (S]).

Table 2. The basic statistical parameters of the vertical jumps in handball players

Variables N Range Min Max Mean SD Skewness Kurtosis
CMJ 16 15.80 24.90 40.70 32.10 4.32 .526 -.037
CMJAS 16 17.80 28.40 46.20 38.00 4.51 -.222 .294
SJ 16 11.90 25.00 36.90 30.54 3.97 416 -.942

Note: number of participants (N), range (Range), minimum (Min), maximum (Max), arithmetic mean
(Mean), standard deviation (SD), Skewness (Skewness), Kurtosis (Kurtosis), countermovement jump (CM]),
countermovement jump/arm swing (CMJAS), squat jump (S]).

Table 3. Means + standard deviation of all variables for basketball and handball players and the comparison
between these two groups (results of independent samples t-test).

Variables g;:las:,(::;)all gl{; 1;:‘;:“ t p ES Magnitude
CMJ 32.06 +5.40 32.10+4.32 -0.27 .979 0.09 Trivial
CMJAS 38.54+6.98 38.00 +4.51 .264 .794 0.09 Trivial
SJ 30.95+5.11 30.54 +3.97 .259 797 0.08 Trivial

Note: countermovement jump (CMJ), countermovement jump/arm swing (CMJAS), squat jump (SJ]), the value
of the differences between young basketball and handball players (t), statistical significance of differences
(p<0.05), effect size (ES), Magnitude-based inferences (Magnitude).
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Discussion

The primary purposes of this study was to
evaluation and comparative analysis of the results
of a vertical jump between young basketball and
handball players. Results of this study have shown
that there were no significant differences between
basketball and handball players in all vertical jump
tests (CM]J, CMJAS, and SJ). Trivial differences
were evident across all vertical jump tests. It was
hypothesized that there were differences in vertical
jumps between young elite male basketball and
elite male handball players. Surprisingly, our
hypothesis not accepted. These results were not
expected, and the reason for that can be an age,
genetic predisposition, the average values of BMI,
and the skill level of players. The age of participants
is one of the most important components. The
most sensitive factor of given results is age, since
the training of young basketball players mustn’t
be based on the principles that training for adults
is based on. It has to be in compliance with their

biological, chronological, psychological and
physical growth.
There are several explanations for these

results. The obtained results can be justified by
the fact that the technical and tactical basketball
trainings, as well as basketball matches, involve a
large number of vertical jumps with both legs both in
attack and defense. In basketball, the jump in attack
and defense is performed with maximum vertical
reflection, which is not the case in handball. The
exception is when the basketball players perform
a jump from the movement after the bounced ball
or when performing a shot on the basket from the
movement, then they perform with a stronger leg.
It is similar with handball players, when taking a
shot on goal from the move, they perform with a
stronger leg. In addition to the tests used in this
study, a vertical single leg countermovement jump
may have been required. This would be interesting,
because in that way we would have a clearer ratio
of vertical jumps from one and both legs in young
basketball players and handball players.

The significance of vertical jumps in basketball
is also confirmed [25] with the fact that one
basketball match consists of (46 + 12) jumps per
one player [36, 37], i.e. a basketball player performs
up to 100 different jumps in a game [38]. During
half an hour the player jumps about (16-17) times,
and when we count it, we get 35 times during the
whole match [39]. The importance of vertical jumps
for basketball is also indicated by the fact that
better placed national teams, at the 2006 World
Cup in Japan, successfully catch bounced balls
under the opponent’s basket - jump in attack [40].
In handball, vertical jumps are also crucial [26, 31,
41, 42], but this sport is also characterized by a
large number of horizontal jumps. Results of this
study have shown that throwing is one of the most

important technical skills in modern handball as
it is the major determinant of all actions taken by
the players. The of research Boji¢ et al. [1] points
to an importance of vertical and horizontal jumps
in handball such as: shooting past the block,
defence blocking, shooting while getting into the
goalkeeper’s line from different players’ positions.
Results of this study have shown that basketball
players achieved statistically better results in
vertical jump tests, whereas handball players did
better in horizontal jump tests. Similar results were
found in a study of [43] which have shown that male
basketball players achieved better results in vertical
jump tests (S] and CMJ]) as compared to male
handball players. In contrast, Pena et al. [44] have
shown that there were no significant differences
in vertical jumps between basketball and handball
players. Furthermore, volleyball players have
shown significantly better results than basketball
and handball players in CM]J and CMJAS jumps,
while in SJ test there was no difference between
the groups. It would be interesting to examine
the differences in horizontal jumps on the same
or a similar sample of participants, or to examine
the differences in vertical jumps after applying an
experimental program (for example plyometric or
resistance training) which is a recommendation to
future researchers on this or similar topic.

Comparison between our results and those made
previously are difficult to conduct, considering
the lack of existing researches in young elite male
basketball and elite male handball players. Previous
studies [1, 43, 44] had groups of the same or similar
age for the sample, which was not the case in
this study. Our findings were obtained in young
male basketball players, and senior male handball
players and it is questionable whether the present
results for the examined tests hold true for female
samples. Therefore, the comparison of our study
with the above should be viewed in the context
of relevant limitations. Therefore, this article
contains new information about vertical jumps of
young elite male basketball players and elite male
handball players that could be extremely useful for
coaches. Also, these findings suggest that basketball
coaches may benefit from talents" identification in
young basketball players. In addition, our results
could be incorporated into a database according to
which talented young basketball players could be
compared.

Despite interesting outcomes in this study, some
important limitations should be acknowledged.
Firstly, basketball players were tested in the
evening (20:00-21:30 h) and handball players in
the morning (8:00-9:30 h). It is well known that
there are morning-to-evening differences in
physical performance with and without ball in elite
male handball players [29]. Future studies should
identify if training administered in the morning
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can reduce morning-to-evening differences in
basketball players. Secondly, limitation of the study
was relatively small sample size (n=37). However,
to make the differences in vertical jumps clearer,
an effect size (ES) was calculated for each variable.
Thirdly, although our findings provide valuable
insight into young elite male basketball and elite
male handball players, the applicability of these
results remains limited to other ages, playing levels
and females. Fourthly, handball is very complex
sports activity, where successful performance
particularly depends on explosive strength (of
throwing type) and basic strength of the trunk [26,
45], while in basketball the most important is the
explosive power of vertical jumping.

Conclusions

The present study, despite its limitations,
revealed that there were no differences invertical
high jump tests between young elite male basketball

players and elite male handball players. This article
contains new information about vertical jumps
of young male basketball and elite male handball
players that could be extremely useful for coaches.
Also, these findings suggest that basketball coaches
may benefit from talents’ identification in young
basketball players. Thus, more research is needed
to examine vertical jumps among young basketball
players and handball players.

Highlights
No differences in vertical high jump tests (CM],

CMJAS, S]) between young elite male basketball
players and elite male handball players.
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Abstract

Background  The objective of the study was to perform a systematic review of the literature and meta-analysis to

and Study determine the validity of running-based sprint test in relation to 30 second Wingate anaerobic test.

Aim

Material and A search of the relevant literature was done using the key words, ‘running-based anaerobic sprint

Methods test’, ‘RAST’, ‘Validity’ ‘repeated sprint’ and ‘Wingate’. Twelve studies including 368 participants
were finalized to systematic review and meta-analysis. The mean * standard deviation of the number
of participants was 30.66 + 16.17 years.

Results The summary of effects size were calculated to established the validity of running based sprint test
(RAST) with 30 seconds Wingate test as a criterion measure. All studies indicate that effect size
of Peak Power (PP) shows higher summary effects 0.58 (95%CI — 0.37, 0.79), similar outputs were
observed for Mean Power (MP) 0.67 (95%CI — 0.45, 0.90). Therefore, the average outcomes were
significantly different from zero.

Conclusions Running-based anaerobic sprint test is a valid alternative method of 30 seconds Wingate test to
measure anaerobic power outputs of healthy individual belongs to various sports disciplines.
Although, anaerobic capacity or power output is a determinant factor in power dominating sports.
Therefore, RAST is compatible to laboratory-based Wingate 30 second anaerobic test (WAnT) in
field-based settings.

Keywords: Sprint Test, Wingate Test, anaerobic test, validity

Introduction not only for short high-intensity activities but

The term “anaerobic” has been defined as
“capable of living in the absence of air or free
oxygen” (Webster 1977); whenrelated to metabolism
“anaerobic” refers to those metabolic processes
which resynthesise adenosine triphosphate (ATP)
and yield various end-products but do not involve
the use of oxygen as a terminal substrate [1]. It is
evident that the most instant source of energy
production during muscular contraction is the
anaerobic break-down of stored high-energy organic
phosphate compounds (known as phosphagens)
primarily adenosine triphosphate (ATP) and
creatine-phosphate (CP). Repeated sprint ability
can be synonymy used for the anaerobic capacity
of an individual. The capability of sprint repeatedly
with minimal recovery time is widely accepted as
an important component of physical performance
in various team sports such as basketball, handball,
soccer, hockey etc. [2-4]. Maximal anaerobic
power (Wmax) is an important parameter in many
individual sports where explosive power is a
dominant factor. Research evident that anaerobic
power is significantly related with fat free mass
muscle mass in body composition [5]. Anaerobic
capacity/anaerobically attributable power is an

important parameter for athletic performance,
© Kuldeep Nara, Parveen Kumar, Rohit Rathee, Jitender Kumar, 2022
doi:10.15561/26649837.2022.0208

134

also for breakaway efforts and end spurts during
endurance events [6]. In Skiers the contribution
of anaerobic energy system was 26% and seemed
independent of technique [7]. A linear regression
analysis showed that there were high statistically
significant correlation found between Anaerobic
capacity and timing of 100m, 200m and 400m
timing [8], so, the anaerobic capacity could be
used as predictor of performance for these short
distance speed dominant athletic events [9]. It
was evident in literature that anaerobic power is
a determinant factors of performance in different
sports. While the assessment of anaerobic power
is also an important factor as well as training to
recognize the impact of intervention on anaerobic
power [10, 11]. Assessment before and after an given
intervention provide the effectiveness of a particular
training. Accurate measurements of physical and
physiological parameters provide an actual status
of an athletes. The present status of an individual
leads the further training needs.

The running-based anaerobic sprint test (RAST)
has been developed to test anaerobic power using
a repeated sprint protocol with variables that are
analogous to the WANnT. The RAST involves six
35-meter sprints separated by 10 seconds of recovery.
The distances and recovery time characteristic of the
RAST protocol suggest that it might be an ideal test
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to evaluate the RSA (repeated sprint ability) of field-
based team sport athletes. Previous evaluations
of the RAST have examined correlations of peak
power (PP), mean power (MP), and fatigue index
(FI) with the WANT [12]. Various similar test has
been designed with little variation in recovery time
to measure anaerobic capacity of an individual [13,
14]. The Running Anaerobic Sprint Test (RAST) was
developed in 1997 by Draper and Whyte to provide
a means of determining anaerobic power, which
was both inexpensive and simple to implement
and thus accessible to coaches for players of all
levels [15]. The power produced during each sprint
was determined by the following formula: Power =
(Body Mass x Distance2 )/ Time3 . Peak power was
defined as the power obtained during the fastest
sprint and average power (for all six sprints) was
calculated by taking the mean values of all sprints
[16]. RAST is similar to the Wingate Anaerobic 30s
cycle test (WANT) in that it provides coaches with
measurements of power and fatigue index [17].

The 30 seconds Wingate anaerobic test (WANT)
is a valid test for assessment of anaerobic power
output [18-27]. The WANT is a laboratory-based test
which require special equipment, such as computer-
based cycle ergometer with mechanically braking
system, desktops or big screens to display and much
more device for articulation to each device. While,
running based sprint test is a similar field-based test
to measure anaerobic power output of an athlete.
Therefore, the present study attempts to establish
the validity and compatibility of running-based
anaerobic sprint test in comparison to WANT test.

Material and Methods

Literature Search Strategy

The systematic review of literature was conducted
in accordance with PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-analysis)
norms and standards [28]. A systematic search of
related literature was done for assessing the studies
containingvalidity of running based anaerobic sprint
test with WANT test as criterion measure. The search
includes manuscripts published between since 2000
to 2020, as well as thesis/dissertation completed
and available between the selected time span.
Google scholar, PubMed, Research gate, Academia,
and Medline databases were searched using the
terms ‘running-based anaerobic sprint test’, ‘RAST’,
‘Validity’ ‘repeated sprint’ and ‘Wingate’. Reference
lists from selected studies were also reviewed.

Inclusion and Exclusion Criteria

Subjects of any age were included. Studies
meeting the following standards or inclusion criteria
were taken into consideration for review in the
present study: (1) Studies available in English and
Hindi Language (2) participants assigned by random
technique from different sports. (3) Studies reported

subjects’ characteristics, i.e., sample size, age,
height, weight, gender, and game of the participants.
(4) studies used Wingate test (WAnT) as criterion
measure for assessing validity. (5) Studies reported
correlation coefficient of the variables (relative
to body mass) peak power (PP), and mean power
(MP), between running-based anaerobic sprint
test (RAST) and Wingate (WAnNT) test. Studies were
excluded for the following reasons: (1) studies not
reported sample size (2) use different test than 30
second Wingate (WANT) anaerobic test as criterion
measure (3) animal subjects (4) patient’s subjects
(5) reported different sprint test.

Study Selection

A search of various e-databases with pre-defined
key words including scan of reference list revealed
716 relevant studies between 2000 to 2020, a review
of 20 years’ studies taking into consideration. Based
on title, or abstract or lack of relevant data structure
675 studies were excluded from the meta-analysis.
Forty-one full text articles were evaluated, and 12
were included for the meta-analysis (see fig.1). Each
study was deeply analyzed and coded for descriptive
variables: body composition of Subjects (age,
height, weight, gender and game of participants),
sample size, running based anaerobic sprint test
characteristics (no. of sprints, length of sprint,
and recovery time). The studies conducted RAST
and WANT through proper guideline and protocols
included in the present study for meta-analysis.

Data Collection

Anaerobic power data were extracted in the forms
of dependent variables peak power (PP), and mean
power (MP), reported in terms of mean of relative to
body mass . Sample size and Correlation coefficient
between running-based sprint test and Wingate
test were also extracted for further computation of
summary effect.

Study Characteristics

Twelve studies (see table 1) were collected
through systematic literature review (SLR) contain
368 participants. The number of participants
was 30.66%+16.89 (mean*sd). Participant’s age
was 19.45%4.52 years. The average height of
the participants was 173.84%*10.58 centimetres,
while body mass was 66.83+10.64 kilograms. The
participants were enrolled in following sports i.e.,
soccer, basketball, hockey, cycling, football, sprint
events, middle distance runners, volleyball with 3
to 5 years of playing experience reported in studies.
Nine effects involved studies of men only; two
studies [29, 30] included both men and women. Two
studies contain little variation in administration &
procedure of running-based anaerobic sprint test
including 8 sprints of 40 meters [31] and 6 sprints
of 15 meters [29] as well. Rest of studies include
6 sprints of 35 meters with 10 seconds recovery
time between each sprint. All studies included in
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Record identified via
electronic database
(n=696)

!

Additional record
identified manual search
of reference list
(n=20)

!

Record after duplicate removed
(n=716)
Record screened : Reports excluded
(n=1716) ' (n=675)

!

Full text articles
assessed for eligibility
(n=41)

Full text articles excluded (n = 29}

(n = 9) = not reported Sample Size
{n=10) = r* not reported

l (n = 7) = different criterion measure
{n = 3) = lack of proper sampling

Studies included in
quantitative synthesis
(n=12)

Fig. 1. Flow Chart of the Study Selection

meta-analysis were methodologically sound and
met the assumptions of meta-analysis procedure.
Mean values of outputs, i.e., Peak Power (PP), Mean
Power (MP) and Fatigue Index were only reported by
four studies [12, 30, 32, 33]. Eight studies were not
reported mean values of pre-defined parameters.
The studies included in meta-analysis were
conducted on the following countries i.e., United
Kingdom (1), India (2), Singapore (1), Canada (1),
Turkey (1), South America (3), Poland (1), Germany
(1) and Tunisia (1) respectively.
Meta-Analysis

summary effects were carried out using the
correlation coefficient (see table 2) as the outcomes
measure. A random effects model was fitted to the
data [39]. Random effects model was applied because
of variation in several factors (e.g., participants
characteristics across studies, variation in number
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of participants among studies, nature of sports,
length of recovery time in RAST, number of sprints).
The amount of heterogeneity was estimated using
the DerSemonian-Laired estimator [40]. In addition
to the estimate of tau2, the Q-test for heterogeneity
and 12 were used [41].

Data Synthesis and Analysis

Using Jamovi 2.2.5 with a module of MAJOR
(meta-analysis for Jamovi 1.2.1- an interface for
jamovi and the r package ‘Metafor’, an overall
summary effects of correlation coefficient,
associated 95% confidence interval were calculated
[42]. Further, Meta-Essential workbook version 1.4
developed by Henk ven Rhee, Robert Suurmond and
Tony Halk. The workbooks were licensed under the
Creative Commons Attribution-Non-Commercial-
ShareAlike 4.0 International License. The meta-
essential workbook was specially used to estimate
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Table 1. Characteristics of the Studies examining the validity of running-based anaerobic sprint test in
context of Wingate (WANT) test as a criterion measure

Study g?zlzple Sex Game Age Height Weight IS\II;)r‘i?lt;
g%?)i};;gﬁm & Chuan Teh, o M Hockey, Soccer 21.80  171.10  61.30 8x40
(Zagatto et al., 2009)[34] 11 M gﬂiﬁ?smnce 21.00  171.00  66.30 6x35
(Adamczyk, 2011)[30] 37 M/F  Sprint 1870 18270  72.30 6x35
Haj-Sassi et al., 2011)[35] 27 M Athletics 20.60 17600  68.20 NR*
(Zagatto et al., 2012)[36] 40 gg?lfé%ﬂfﬁﬁﬁ?ic 19.78 17600 7034  6x35
(Queiroga et al., 2013)[32] 10 M Cyclist 28.00 172.00 70.60 6%35
(Keir et al., 2013)[12] 8 M Soccer 20.80 17590  74.60 6x35
(Bongers et al., 2015)[29] 65 M/F Basketball 10.00 143.00 36.00 6x15
(Reddy et al., 2015)[37] 45 M Basketball 16.46  182.00  72.20 6x35
(Burgess et al., 2016)[16] 23 M Soccer 24.00 180.00 75.40 6x35
(Hazir et al., 2018)[33] 31 M Soccer 15.90 174.40 62.70 6x35
(Singh, 2019)[38] 45 M Football 1646  182.00  72.02 6x35

M = male participant, F = Female participants, NR = not reported

Table 2. Correlation of coefficient between running-based anaerobic sprint test (RAST) and Wingate test

(WAnt)
PP MP
Study ES (95% CI) ES (95% CI)
L) L9)
(Rashid Aziz & Chuan Teh, 2004) 0.63 0.74 (0.33,1.15) 0.46 0.50 (0.09,0.91)
(Zagatto et al., 2009) 0.46 0.50 (0.18,0.82) 0.53 0.59 (0.27,0.91)
(Adamczyk, 2011) 0.69 0.85 (0.51,1.18) 0.55 0.62 (0.28, 0.95)
Haj-Sassi et al., 2011) 0.51 0.56 (0.16,0.96) 0.77 1.02 (0.62, 1.42)
(Zagatto et al., 2012) 0.41 0.44 (-0.26, 1.13) 0.25 0.26 (-0.44,0.95)
(Queiroga et al., 2013) 0.10 0.10 (-0.64, 0.84) 0.54 0.60 (-0.14, 1.34)
(Keir et al., 2013) 0.21 0.21 (-0.66, 1.09) 0.38 0.40 (-0.48, 1.28)
(Bongers et al., 2015) 0.86 1.29 (1.04, 1.54) 0.91 1.53 (1.28,1.78)
(Reddy et al., 2015) 0.31 0.32 (0.02, 0.62) 0.54 0.60 (0.30,0.91)
(Burgess et al., 2016) 0.70 0.87 (0.43,1.31) 0.60 0.69 (0.25,1.13)
(Hazir et al., 2018) 0.25 0.26 (-0.11,0.63) 0.22 0.22 (-0.15,0.59)
(Singh, 2019) 0.31 0.32 (0.02, 0.62) 0.54 0.60 (0.30,0.91)

PP = Peak Power Output, MP = Mean Power Output, ES = Effect Size, CI = Confidence Interval, r = correlation

coefficient

the moderator analysis. The analysis was carried
out using the correlation coefficient (see table 2) as
the outcome measure. A random-effects model was
fitted to the data. The amount of heterogeneity (i.e.,
tau?), was estimated using the was estimated using
the restricted maximum-likelihood estimator [43].
Distribution of true outcomes was determined to
be heterogeneous is Q reached a significance level
of P<0.05 and the sampling error accounted for less
than 75% of the observed variance. An I2 statistics
was also calculated to assess heterogeneity of
effects. In case of any heterogeneity was detected

(i.e.,tau2 > 0, regardless of the results of the Q-test),
prediction interval for the true outcomes was also
provided. A fail-safe number was calculated to
determine the number of unpublished studies of
null findings necessary to negate the significant
true outcomes or to address publication bias.
Studentized residuals and Cook’s distances are used
to examine whether studies may be outliers and/
or influential in the context of the model. Studies
with a studentized residual larger than the 100 x
[1-0.05/ (2 x n)]th percentile of a standard normal
distribution are considered potential outliers (i.e.,
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using a Bonferroni correction with two-sided alpha
= 0.05 for n studies included in the meta-analysis).
Studies with a Cook’s distance larger than the
median plus six times the interquartile range of the
Cook’s distances are considered to be influential.
The rank correlation test and the regression test,
using the standard error of the observed outcomes
as predictor, are used to check for funnel plot
asymmetry [44].
Moderator Analysis

Three potential moderators were selected a priori
based on their theoretical or empirical relation
which leads to changes or variation in outputs of
running-based anaerobic sprint test: age, standing
height, and weight. Simple linear regression was
used to compute the regression coefficient() of
the slope, which is an estimate of the association
between the moderator and a study’s effect size.

Results

Peak Power Analysis

A total of k=12 studies were included in the
analysis. The observed Fisher r-to-z transformed
correlation coefficients ranged from 0.1003 to
1.2933, with the majority of estimates being
positive (100%). The estimated average Fisher
r-to-z transformed correlation coefficient based
on the random-effects model was \hat\mu} =
0.5826 (95% CI: 0.3710 to 0.7943). Therefore, the
average outcome differed significantly from zero (z
= 5.3948, p < 0.0001). According to the Q-test, the
true outcomes appear to be heterogeneous (Q(11) =
46.0854, p < 0.0001, tau? = 0.0912, I* = 70.9600%).
A 95% prediction interval for the true outcomes
is given by -0.0458 to 1.2111. Hence, although the
average outcome is estimated to be positive, in some
studies the true outcome may in fact be negative. An
examination of the studentized residuals revealed
that one study [29] had a value larger than + 2.8653
and may be a potential outlier in the context of this
model. According to the Cook’s distances, one study
[29] could be considered to be overly influential.
Neither the rank correlation nor the regression
test indicated any funnel plot (see fig. 3a, fig. 3b)
asymmetry (p = 0.9451 and p = 0.1657, respectively).

Mean Power Analysis

A total of k=12 studies were included in the
analysis. The observed Fisher r-to-z transformed
correlation coefficients ranged from 0.2237 to
1.5275, with the majority of estimates being
positive (100%). The estimated average Fisher
r-to-z transformed correlation coefficient based
on the random-effects model was \hatj\mu} =
0.6736 (95% CI: 0.4491 to 0.8981). Therefore, the
average outcome differed significantly from zero (z
= 5.8812, p < 0.0001). According to the Q-test, the
true outcomes appear to be heterogeneous (Q (11)
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=54.5253, p < 0.0001, tau? = 0.1076, 1% = 74.2488%).
A 95% prediction interval for the true outcomes
is given by -0.0073 to 1.3544. Hence, although the
average outcome is estimated to be positive, in some
studies the true outcome may in fact be negative. An
examination of the studentized residuals revealed
that one study [29] had a value larger than *+ 2.8653
and may be a potential outlier in the context of this
model. According to the Cook’s distances, one study
[29] could be considered to be overly influential.
Neither the rank correlation nor the regression test
indicated any funnel plot asymmetry (p = 0.7305
and p = 0.1747, respectively).

Moderator Analysis

Three potential moderators were recognized
i.e., age, height and weight of the respondents. A
moderator analysis was done in meta-essential
software for the selected moderators. A simple linear
weighted regression was run with the moderator as
a predictor of the effects size of the study. In Meta-
Essentials, it is not possible to run a multivariate
regression analysis, so only one moderator was
assessed at a time. The mean and standard deviation
of age distribution of respondents was 19.45+4.52
years (95% CI: 16.89 — 22.01). The beta coefficient of
age as a moderator was not statistically significant
(B = -0.33, z = -1.04, P > 0.05), indicating no
significant effects on effect size of study. The mean
and standard deviation of height of respondents was
173.84+10.59 centimeters (95% CI: 167.85 — 179.83).
The beta coefficient of height as a moderator was
not statistically significant (8 = -0.33, z = -0.97, P >
0.05), indicating no significant effects on effect size
of study. The mean and standard deviation of weight
of respondents was 66.83+10.64 kilogram (95% CI:
60.80 — 72.85). The beta coefficient of weight as a
moderator was also not statistically significant (8 =
-0.38, z = -1.14, P > 0.05), indicating no significant
effects on effect size of study. Effects were not
significantly varied when moderating by age, height
and weight of the respondents of the studies.

Discussion

The aggregated findings indicated that running
based anaerobic sprint test (RAST) is valid (summary
effects=0.58 t0 0.67) and effective means to measure
anaerobic capacity in field settings. It is a valid
alternative method of laboratory-based Wingate 30
second anaerobic test. The correlation coefficient of
the studies in relation to peak power output were
ranged from 0.10 to 0.86, and mean power output
was 0.22 to 0.91 according to selected studies in
meta-analysis. It is evident that anaerobic capacity
play an important role in short-duration activities
[45]. Its use is supported by; (a) the high correlations
observed between maximal blood lactate and
short-duration exercise performance presumably
dependent upon anaerobic capacity, and (b) the
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(Zagatto et al., 2009) - 9.87% 0.50(0.18, 0.82]
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Fig. A Peak Power
(Rashid Aziz & Chuan Teh, 2004) - 8.68% 0.50[0.09, 0.91)
(Zagatto et al., 2009) D 975% 0.58[0.27.091)
(Adamczyk, 2011) - 9.58% 0.62[0.28. 0.95)
(Haj-Sassi et al., 2011) S 8.79% 1.02[0.62, 1.42)
(Zagatto et al, 2012) ——— 564% 0.26 [-0.44, 0.95)
(Queiroga et al., 2013) —— 524% 0.60[-0.14, 1.34)
(Keir et al . 2013) —_— 427% 040][-0.48, 1.28]
(Bongers et al.. 2015) .- 10.61% 1.53[1.28, 1.78)
(Reddy et al., 2015) Lo 9.99% 0.60[0.30, 0.91]
(Burgess et al., 2016) P —— 8.33% 0.69[0.25, 1.13)
(Hazir et al., 2018) - 9.16% 0.22[-0.15, 0.59]
(Singh, 2019) e 9.99% 0.60[0.30, 0.91]
RE Model - - 100.00% 0.67 [ 0.45, 0.90]
I I I | 1
05 0 05 1 15 2
Fig. B Mean Power

Figure 2. Forest plot of coefficient of correlation corresponding summery estimate (RE Model), modal
fitting weights with 95% confidence interval and prediction interval (a) peak power PP (b) mean power, MP.
The estimated correlation coefficient is based on random effects model.

higher maximal blood lactate values observed in
sprint and power athletes (who would demonstrate
higher anaerobic capacities) compared with
endurance athletes or untrained people [46]. In some
prospective studies, [47-50] a significant relationship
(r = 0.88) was observed between anaerobic capacity
and VO2max of cross-country runners and elite long
distance runners. Anaerobic capacity is associated
with developmental coordination disorder (DCD).
The mean score of anaerobic measures (peak power
& mean power) were significantly lower in children

with DCD [51]. Anaerobic capacity is associated with
body composition parameters also. A regression
model developed by Durkalec-Michalski et.al.
showed that BM (body mass) and FFM (fat free
mass) significantly contributed to the prediction of
VO2max and AP (anaerobic power) [52]. Anaerobic
power is positively related to preponderance and
size of muscle fibers types. Average power output
is related to relative fiber size (average FT area/
average ST area); peak power, to % FT and to % FT
area; and the power decrease to relative fiber size
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Fishers's z Transformed Correlation Coefficient

5

Standard Error
1.
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Figure 3. Funnel Plot of fisher’s z transformed correlation coefficient versus study sample size (standard

error) (a) Peak Power, (b) Mean Power.

[53]. Although, heritability is a determining factor
for muscle fiber types associated with anaerobic
capacity [54], the aerobic capacity could be increased
through various trainings methods.

Although, there are several factors associated
with maximal anaerobic power during the RAST
test, for instance, motivation, surface, atmosphere,
time of the test, recovery condition of athletes etc.
Therefore, before the administration of the test
examiner needs to consider the above factors into
consideration to obtain reliable outcome.

Conclusions

This systematic review and meta-analysis

revealed that running-based anaerobic sprint
test (RAST) is a valid method to assess anaerobic
capacity of an individual belongs to various age
groups. Moderate to high degree of effects size (ES)
or summary effects were observed in context of
selected measures, i.e., peak power (PP) and mean
power (MP). Relative to 30 second Wingate anaerobic
test, RAST present an equally effective with a much
lower cost of conduct and easy to administrate in
field settings. Human performance laboratories are
very expensive and not easy to operate for everyone.
In this situation, coaches and trainers need an
assessment tool which is equally effective as a
laboratory test and easy to administrate.
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