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Abstract

The purpose of the study was to determine the connection between physical fitness and the results on the gymnastics
polygon in the seventh and eighth grade elementary school students. Additionally, it was necessary to determine the
differences in the observed variables in relation to the grade, separately for each gender.

Materials and methods. A total of 128 students from three elementary schools (64 male and 64 female students), 13
and 14 years old, participated in the testing. Five physical fitness tests were used (modified agility “T” test (MAT),
Illinois agility run test, 10x5 shuttle run test, standing balance test and 2-minute step in place test), and a specially
designed gymnastics polygon was used to assess the level of adoption of technical elements from artistic gymnastics.
Results. A statistically significant correlation was recorded between all observed parameters with different levels,
from moderate to strong correlations, both in relation to the grade, as well as in relation to the gender of the students.
It was also determined that in boys, there are differences in only one test (MAT) in favor of the eighth graders, while
in girls, there was a difference in three tests (MAT; 10x5 shuttle test; 2-minute step in place test) in favor of the eighth

graders.

Conclusions. So it can be concluded that there is a strong mutual connection between physical fitness and sports-
specific skills, which are presented in this paper by means of the technical elements of artistic gymnastics.
Keywords: physical development, artistic gymnastics, physical education, male and female students.

Introduction

Sports activities form the basis of the physical education
program. Physical education classes that include such
activities affect the development of morphofunctional
(Prontenko et al., 2020) and physical fitness (Ward et al.,
2017). Sports content in the physical education program, in
addition to improving physical fitness, also contributes to the
development of fundamental motor and sport-specific skills
and tactical knowledge (Milenkovi¢, 2022; Hastie, Martinez
de Ojeda & Calderon, 2011; Wallhead & O’Sullivan, 2005),
which makes physical education classes a spot where it is
possible to master and improve a large number of such
skills and knowledge in order to improve motor status of
the students (Milenkovi¢, 2021). Sports-specific skills are
trained and perfected through various sports activities in
the form of team and individual sports. One of the sports
activities is artistic gymnastics.
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In artistic gymnastics, various technical elements are
performed on different devices on which the exercisers
master their body mass. Successful performance of these
routinesrequiresahighlevel of physical fitness (Kolimechkov,
Petrov & Alexandrova, 2021). Due to its structure,
physical requirements and physiological profile, artistic
gymnastics belongs to the group of coordination-difficult
aesthetic-technical disciplines (Boraczynski, Boraczynski,
Boraczynska & Michels, 2013). Artistic gymnastics, as a basic
sport, is one of the most important contents of the physical
education program in elementary school (Pajek, Cuk, Kova¢
& Jakse, 2010). Within this activity, which can be practiced
from an early age, children are introduced to basic elements
such as jumping, hanging, rotating, crawling, rolling, etc.
Artistic gymnastics has had a central position in the physical
education program for years and manages to keep it as one
of the basic sports. It improves body management during the
development oflocomotor, non-locomotor and manipulative
skills, promotes the development of coordination, flexibility,
agility, muscle strength, endurance and bone strength, thus
improving the body’s health bulletin and a physically active
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lifestyle (Werner, Williams & Hall, 2012, 5). The aims in
the study of artistic gymnastics in the physical education
program range from the contribution that gymnastics can
make to the achievement of psychomotor competence at
younger ages, through the use of this skill to understand the
relationship between the structure and function of the body
in the middle years of schooling, to the appreciation of not
only the complex nature of movement in general, but also
the context of artistic gymnastics in its widest sense in older
school-aged children (Mauldon, 2014, 17).

Effective practice of sports content in physical education
can also be performed through polygons, which represent
a unique exercise with multiple tasks in order to perform
motor activities without a break, with faster or slower
continuous movement from one task to another (Rasidagi¢,
Mani¢ & Mahmutovi¢, 2016). Polygons are very useful in the
creative aspect of the organization of classes through very
interesting and dynamic exercises/tasks that are at the same
time very useful for the development of physical fitness and
the improvement of sports education (Milenkovi¢, 2021).
Polygons give results in the development of motor skills
(Marinkovi¢, Pavlovi¢, Korovljev, Dimitri¢ & Bogdanovski,
2016) and functional capacity (Beki¢, Ali¢, Atikovi¢ & Emi¢,
2017). They can be used at different ages, such as high school
(Milenkovi¢ & Stanojevi¢, 2013), older grades of elementary
school (Milenkovi¢, 2022), but also to improve the motor
skills of children in younger grades of elementary school
(Pavlovi¢, Marinkovi¢ & Markovi¢, 2018). Polygons are very
effective in physical education with an important physical and
mental impact on children (Popa, Contiu & Bidéu, 2019).

Given the importance of the elements of physical
development that are the subject of this paper, this research
aims to determine the connection between physical fitness
and the results on the gymnastics polygon in the seventh and
eighth grade elementary school students. It is assumed that
there is a statistically significant relationship between these
elements of motor status, both in boys and girls. Additionally,
the differences in the observed variables in relation to the
grade should be determined, separately for each gender. The
importance of this research is to identify which indicators of
children’s physical fitness have the greatest influence on the
performance of gymnastic elements in the physical education
program for elementary school students, in order to more
effectively direct work towards their further development.

Materials and methods

Participants

128 students from three elementary schools, aged 13
to 14, participated in the testing, which was conducted at
the beginning of the 2022-23 school year. The criteria for
the inclusion of students in the testing included regular
attendance of the physical education program. The sample
was further divided into the 7th grade (32 male and 32 female)
and the 8th grade (32 male and 32 female) students.

The consent for student testing was obtained from
the school authorities, the children’s parents, as well as
the children themselves. The research was organized in
accordance with the recommendations for clinical research
given by the World Health Organization within the Helsinki
Declaration (WHO, 2013) and approved by the Ethics

Committee of the Faculty of Sports, University Union -
Nikola Tesla in Belgrade (code: 172/22).

Measuring instruments

Physical Fitness

To test physical fitness, a battery of five diagnostic tests
was used (Wood, 2008), which previous research has found
to bereliable and valid for assessing physical fitness: Modified
agility «T» test - MAT (Sassi, et al., 2009); Illinois agility run
test (Hachana et al., 2014; Kutlu, Yapici & Yilmaz, 2017);
10x5 Shuttle Test (Boddington, Lambert, St Clair Gibson &
Noakes, 2001); Standing Balance Test (Geldhof et al., 2006);
2-Minute Step in Place Test (Haas, Sweeney, Pierre, Plusch
& Whiteson, 2017)

Artistic Gymnastics Polygon

To assess the level of adoption of technical elements of
artistic gymnastics, a specially designed polygon composed
of those elements of artistic gymnastics that are studied in the
older grades of elementary school (7" and 8" grades) was used.

Legend:
A Start
8 Finish
[ Mat (forward roll)
(i Horse {vault with expanded legs)
& cone

Fig. 1. Artistic Gymnastics Polygon

Description of the gymnastics polygon. Execution of
the polygon starts from point A with a forward roll on the
first mat. Afterwards a vault with expanded legs is performed
over a horse, then the first cone is circled, followed by a vault
with shrivel legs over a pommel horse. After going around
the second cone, you cross over the low balance beam and
perform another roll forward on the second mat. By going
around the third cone, you get into a position for performing
a flying forward roll on the third mat. The polygon and time
measurement ends by running past point B. Either male or
female student is obliged to fully complete the task before
moving on to the next one (e.g. if he/she falls from a low
balance beam he/she must climb to the same place from which
he/she fell and continue moving along the balance beam).
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Statistical analysis

Additionally to descriptive parameters (Mean+St.Dev),
a correlation analysis was used to determine the relationship
between physical fitness and the results at the gymnastics
polygon (Pearson product-moment correlation coefficient).
Pearson’s correlation coefficient can be interpreted as an
effect size and indicates the strength of the relationship
between the two variables. According to Cohen (1988), a
correlation coefficient of 0.10 or more is considered a weak
or small correlation, 0.30 or more represents a moderate
correlation, and 0.50 or more represents a strong or large
correlation. The T test for independent samples was also
used to determine differences in relation to the students’
grade, separately for boys and girls. Statistical significance
was established at the p < 0.05 level.

Results

The following chapter presents the research results
(Tables 1 and 2), as well as their interpretation and analysis.
Table 1 contains descriptive data of all variables of this
research, presented in both total and by the gender. The

variables are the result obtained on the gymnastics polygon
and the tests of physical fitness. (Modified agility “T” test,
Illinois Agility Run Test, 10x5 Shuttle Test, Standing Balance
Test and 2-Minute Step in Place Test).

If the difference between the grades is being analyzed,
statistically more significant differences can be found in girls,
than in boys. In the gymnastics polygon (AGP) and agility
tests (MAT, ILL and 10x5), better results are represented by
lower values. In the balance test (SBT) and endurance test
(2-min), higher values are better results.

The eighth grade boys are significantly better than the
seventh grade boys only on the MAT test (t =2.10, p = 0.040).
The eighth grade girls perform significantly better than the
seventh grade girls on the MAT test (t = 6.18, p < 0.001),
10x5 Shuttle Test (t = 2.50, p = 0.015) and 2-Minute Step in
Place Test (t = -2.24, p = 0.028).

The correlation between physical fitness and the results
on the gymnastics polygon (AGP) can be found in Table 2.
Statistical significance was recorded in all correlations for
both boys and girls in both grades.

In the seventh grade, boys in most cases recorded
strong correlations between physical fitness and the results

Table 1. Descriptives of 7" and 8" grade students (MeantSt.Dev.) and differences between the grades

7" grade 8t grade

Boys (32) Girls (32) Boys (32) Girls (32)
Height 167.31+7.62 161.78+6.31 173.34+7.19 165.47+4.16
Weight 54.53+9.78 47.56+4.6 59.59+9.24 55.13+5.62
BMI 19.42+2.7 18.15+1.09 19.75+£2.22 20.14+2
MAT 8.29+1.25 9.32+0.96 7.7£0.98* 7.81£0.99*
ILL 20.55+2.34 23.13+2.29 19.46+2.46 22.41+2.23
10x5 14.93+1.26 16.46£1.5 15.56+2.74 15.58+1.32*
SBT 20.11+£10.19 18.16+7.44 17.16£7.9 18.59+6.67
2-min 129.69+8.14 121.41+4.88 126.84+7.23 124.06+4.58%
AGP 21.65+1.77 23.20+3.02 21.31+1.80 22.48+2.23

Legend: *- significance of differences between 7" and 8™ grade students p < 0.05; BMI - body mass index; MAT - modified agility T test;
ILL - illinois agility run test; 10x5 — 10x5 shuttle test; SBT - standing balance test; 2-min - 2-minute step in place test; AGP - artistic

gymnatics polygon.

Table 2. Pearson’s correlation between physical fitness and the results on the gymnastics polygon

Artistic Gymnatics Polygon (AGP)

7 grade boys 7 grade girls 8" grade boys 8" grade girls

Pearson 0.729 0.484 0.477 0.662
MAT

Sig. (2-tailed) <0.001* 0.005* 0.006* <0.001*
1L Pearson 0.525 0.561 0.399 0.423

Sig. (2-tailed) 0.002* 0.001* 0.024* 0.016%
105 Pearson 0.445 0.363 0.357 0.388

X

Sig. (2-tailed) 0.011* 0.041* 0.045* 0.028*
SBT Pearson -0.582 -0.379 -0.607 -0.436

Sig. (2-tailed) <0.001* 0.033* <0.001* 0.013*

Pearson -0.384 -0.395 -0.414 -0.367
2-min

Sig. (2-tailed) 0.030* 0.025% 0.019* 0.039%
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on the gymnastics polygon (above .50): MAT (r = 0.729),
ILL (r = 0.525) and SBT (r = -0.582), while in girls there are
noticeably more moderate correlations (from 0.30 to 0.50):
MAT (r = 0.484), 10x5 (r = 0.363), SBT (r = -0.379) and
2-min (r = -0.395).

When analyzing the eighth grade, most of the
correlations in both boys and girls are at a moderate level,
except for the SBT test in boys (r = -0.607) and MAT in girls
(r = 0.662) where a strong correlation was recorded.

Discussion

This research was carried out with the aim of identifying
the connection between physical fitness and the results
on the gymnastics polygon in male and female students
of the seventh and eighth grade of elementary schools.
A statistically significant correlation was recorded between
all observed parameters with different levels, from moderate
to strong correlations, both in relation to the grade and in
relation to the gender of the students. Differences in physical
fitness and the results on the gymnastics polygon between
the seventh and eighth grade students were also examined,
separately for each gender. It was found that in boys there
were differences in only one test (MAT p = 0.040) in favor
of the eighth graders, while in girls there was a difference
in three tests (MAT p < 0.001; 10x5 Shuttle Test p = 0.015;
2-Minute Step in Place Test p = 0.028) in favor of the eighth
grade girls.

Artistic gymnastics is an essential part of physical
education curricula all over the world, especially in the first
years of schooling (Kova¢, Sember & Pajek, 2020), but also in
later school ages. Trajkovi¢, Madi¢, Sporis, Aleksi¢-Veljkovié
and Ziv¢i¢-Markovi¢ (2016) point to the connection
between the results in artistic gymnastics and the physical
fitness of students and they believe that participation in
gymnastics must be recommended as a positive basic
activity for school-aged children from early childhood until
adulthood, confirming that the teaching of gymnastics
within the physical education program affects the increase
in the physical fitness of students and therefore indicates
a positive connection between the observed parameters.
Annual school gymnastics training in combination with
physical education improves the level of physical fitness in
terms of speed, agility, flexibility, endurance and balance and
thus promotes the development of physical fitness of young
people (Granacher & Borde, 2017). Firmansyah, Rumini &
Priyono (2022) share the same viewpoint and indicate that
gymnastic exercises can affect the improvement of agility,
coordination, balance and speed, as well as the overall motor
development of both male and female students. Sukmawati,
Septaliza, Fikri & Kesumawati (2022) also confirm the
effectiveness of artistic gymnastics in improving physical
fitness.

Itis considered (Kirk, 2005) that due to the improvement
of physical fitness and motor skills, students should be
included in various sports activities, such as gymnastics,
which contributes to higher quality physical education
teaching, as well as greater physical activity of children
in everyday life (Raudsepp & Pill, 2006; Logan, Webster,
Getchell, Pfeiffer & Robinson, 2015; Jaakkola, Yli-Piipari,
Huotari, Watt & Liukkonen, 2016). The researches clearly
show the existence of positive transfer between different

motor and sport-specific skills (O’keeffe, Harrison & Smyth,
2007; Kokstejn & Musalek, 2019), which, on the other
hand, significantly depend on the development of physical
fitness (Hulteen, Morgan, Barnett, Stodden & Lubans, 2018;
Ivashchenko, Berezhna & Cieslicka, 2020; Shevchenko,
Khudoli & Potop, 2020).

The connection between the results in artistic
gymnastics and physical fitness is also noted in elementary
school children who practice gymnastics, because the results
in the tests covering the area of speed (4x10m shuttle run
test, 20m shuttle run test), explosive strength (standing long
jump) and aerobic endurance tests (20m multistage fitness
test) indicate a positive influence of the gymnastics program
on the physical fitness and health status of the students
(Kolimechkov, Petrov & Alexandrova, 2021). Similar results
were obtained by Kiuchukov et al. (2019) who confirm that
artistic gymnastics improves the components of physical
fitness and has a positive effect on the physical development
of children. In their research, both male and female
gymnasts had better physical fitness in most parameters
after the implementation of Alpha-Fit battery compared to
their peers who do not go in for gymnastics.

The differences that exist between the children in
the seventh and eighth grade (somewhat larger and more
significant for girls in favor of the eighth grade) can be
explained by attending a physical education program for
a year longer with many teaching contents that can affect
the better physical status and technical knowledge of the
students. In this regard, the program contributed to a
partial advantage in the physical preparedness and motor
experience of the eighth-grade students when performing
certain tests of physical fitness.

Conclusion

Within the physical education program, for the optimal
physical development of children and the youth, diversity is
needed; diversity which is reflected in the training, practice
and improvement of various fundamental motor skills
and sport-specific skills that arise from the former. On the
other hand, the practice on the development of physical
fitness that have a cause-and-effect relationship, both with
fundamental motor skills and with sports-specific skills,
also has its place in the program. All these components of
physical development mutually influence each other and
jointly contribute to the successful mastering of the elements
of sports education as one of the thematic areas to which the
contents of the physical education program are directed.

The aim of this research was to identify the connection
between physical fitness and the results on the gymnastics
polygon in the seventh and eighth grade elementary
school students. Additionally, it was necessary to examine
the differences in physical fitness and the results on the
gymnastics polygon between the seventh and eighth grade
students, separately for each gender. A significant correlation
between the variables of physical fitness and the results on
the gymnastic polygon is recorded in both boys and girls.
In that regard, a strong mutual connection between physical
fitness and sport-specific skills, which are presented in this
paper through the technical elements of artistic gymnastics,
is confirmed. The differences that exist in favor of male and
female students of the eighth grade can also be explained by
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the fact that older children were included in and treated with
the contents of the physical education program for a longer
period of time, which affected better technical training and
physical preparation.

Attention should also be drawn to the use of the polygon
as one of the organizational forms of work in physical
education, which has proven to be an effective way of
training, as confirmed by the aforementioned research. The
application of the polygon provides great opportunities for
the implementation of the content of the physical education
program, both in an organizational and creative sense. Due
to its interesting form of work, which is fun for students, the
polygon seems very refreshing in the teaching process.

It can be said that the implementation of this research
had certain limitations related to the relatively small sample
of respondents that covered three schools. The inclusion of
wider population and a larger number of respondents would
have resulted in much more accurate and reliable results.
Furthermore, in order to get a better insight, a larger number
of physical performance parameters can be included. In any
case, the research provides certain information that indicates
the tendency of physical development of students and can
serve for some new research that will include a much wider
population with a more representative sample.
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OISU4HA NIATOTOBJIEHICTDb | PE3YNILTATU HA TIMHACTUMHOMY
MOJNIITOHI YHHIB 7-8 KJIACIB MOYATKOBOI LWKOJIA

Hesn MinenkoBmy'ABCP

'VuiBepcutet YHioH - Hikoma Tecna

ABTOpPCHKMIT BKIA: A — am3aits gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip kowrtis

Pedepar. Crarrsa: 7 c., 2 Tab., 1 puc., 42 mxepena.

MerTor0 goOCTimKeHHs 010 BCTAHOB/IEHHsI 3B 513Ky MK (i3MYHOI0 MiATOTOB/IEHICTIO Ta Pe3yIbTaTaMy Ha NiIMHACTUYHOMY
HOJIroHi y4HiB 7-8 K/aciB noyarkopoi mkonu. KpiM Toro, Heo6xifiHo 6y/10 BM3HAYNTY BiIMIHHOCTI B CIIOCTepeXXyBaHMX 3MiHHIX
3aJIEKHO BiJi K/Tacy, OKpeMO JiIs1 KO>KHOI CTari.

Marepianu Ta MeTOM. 3arajloM y TeCTyBaHHI B3s/IM y4acTb 128 y4HiB TPbOX HOYATKOBMX IIKiM (64 yuHi Ta 64 yueHui) Bi-
koM 13 Ta 14 pokiB. By/io BUKOpPUCTaHO IT AT TeCTiB Ha GisuyHy migrorosneHicTsb (Mogudikosanmit T-Tect Ha ciputhicts (MAT),
ITiHOTICHKMIT TECT Ha CIIPUTHICTD, TECT «I0BHUKOBUIL 6ir 10X5», TecT «30epeskeHHs piBHOBATY CTOSYM» Ta TeCT «KPOK Ha MiCIii
IPOTATOM 2 XBUINH»), @ /I OLiHKY PiBHA 3aCBOEHHS TEXHIYHUX €/IeMEHTIB CHOPTUBHOI 'IMHACTUKM BUKOPUCTOBYBA/IN CIeLli-
AJIbHO CIIPOEKTOBAHMII T'IMHACTVYHMI ITOJTirOH.

Pesynbraru. byna sapeecTpoBaHa CTaTUCTUYHO 3HAYYIla KOPEIALA MiXK yCiMa CIIOCTePeXYBaHMMI ITapaMeTpaMy 3 Pi3HU-
MU PiBHAMM, BijJj IOMIpHOI 10 CUIbHOI KOPe/IALLii, K 3a/IeXKHO Bifi K/Iacy, TaK i 3a/1e>XHo Bif cTaTi mKonApis. TakoX BCTaHOBJIEHO,
IO Y X/IOMIiB € BifMiHHOCTI nuie B ogrHoMy TecTi (MAT) Ha KOpUCTb BOCBMUK/IACHUKIB, a Y [iiBYaT — y Tpbox Tectax (MAT; tect
«JOBHMKOBMII 6ir 10X5»; TECT «KPOK Ha MiCI{i IPOTATOM 2 XBUIVH») Ha KOPUCTb BOCBMUK/IACHUIID.

BucHoBkn. OTKe, MOXHa 3pOOUTI BUCHOBOK IIPO HasABHICTb CMIBHOTO B3a€MO3B 3Ky MK (Di3VYHOIO IirOTOBIEHICTIO
Ta creyuiYHUMM CIIOPTUBHMMY HaBUYKAMM, sKi IpeACTaB/IeH] B I[ill poOOTi y BUITIAAI TEXHIYHNX eleMeHTIB CIOPTUBHOI
IiMHAaCTHKMU.

KrouoBi coBa: ¢isnyHmit pO3BUTOK, CHOPTUBHA 'iMHACTHUKA, (isMYHe BUXOBAHHA, Y4HI Ta YYCHMUIIL.
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