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Abstract

The purpose of this study is to determine the age-specific features of the manifestation of differences in the strength
fitness of younger grade boys who attend a karate class at the sports and health stage.

Materials and methods. The study participants were 57 children who were tested to determine their level of strength
abilities. They were divided into four age groups: 7-year-old boys (n=14), 8-year-old boys (n=15), 9-year-old boys
(n=15), and 10-year-old boys (n=13). The children and their parents were informed about all the features of the study
and gave their consent to participate in the experiment. The children’s technical level corresponded to the student
grades of 10th or 9th Kyu (Orange Belt). The solution of the set tasks involved the use of the following research
methods: review and analysis of scientific and methodical literature, pedagogical observation, timing of educational
tasks, testing of strength abilities, pedagogical ascertaining experiment, methods of mathematical statistics.

Results. Statistically significant age-specific differences were observed between the groups of boys aged 7 and 8 in

the results of the following tests: push-ups (p=0.0001), 30 second sit-ups (p=0.001), pull-ups and chin-ups (p=0.008),
flexed-arm hang (p=0.003), left hand dynamometry (p=0.023), standing long jump (p=0.0001); between the groups of
boys aged 8 and 9 in the results of the following tests: 30 second sit-ups (p=0.046), pull-ups and chin-ups (p=0.004),
flexed-arm hang (p=0.002); between the groups of boys aged 9 and 10 in the results of the following tests: standing long

jump (p=0.014).

Conclusions. It was established that the boys have differences in various structural elements that characterize strength
indicators. And these differences are in line with the age indicators and technical level of the karatekas.
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Introduction

Childhood and early adolescence are considered to be
critical periods for the development of the best possible
physical literacy (Balyi, Way & Higgs, 2013; Lloyd, Cronin,
Faigenbaum et al., 2016). Physical literacy is defined as peo-
ple’s ability, confidence and desire to be physically active
throughout life and is considered the cornerstone of health
and fitness (Whitehead, 2001; Farrey, Isard et al., 2015; Far-
rey, Isard, Chalipet et al., 2015).

There is growing recognition that a basic set of motor
skills should be learned in childhood to ensure long-term
participation in physical activity (Volkov, 2002; Platonov,
2015; Zwolski, Quatman-Yates & Paterno, 2017). Childhood
is a sensitive period for learning and mastering basic mo-
tor skills. Motor skill mastery is positively related to health,
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fitness, and academic performance (Boutios, Fiorilli, Buon-
senso et al., 2021; Marchenko, Jagiello, Iermakov et al., 2021;
Marchenko, Ivashchenko, Jagiello et al., 2022). Of particular
concern is the lack of muscular fitness in children, which is
considered a vital component of the health, well-being and
success of young people who want to participate in sports and
health activities (Runhaar, Collard, Singh et al., 2010; Cohen,
Voss, Taylor et al., 2011; Smith, Eather, Morgan et al., 2014).

Strength abilities are one of the components that are
the foundation for learning motor actions (Khudolii, Ivash-
chenko, Iermakov, Nosko & Marchenko, 2019; Minenko &
Marchenko, 2021; Kim, Won & Shin, 2021). The acquisi-
tion of strength and motor competence is achieved not only
through growing up, but also through constant interaction
with a stimulating and supportive social and physical en-
vironment (Balushka, Khimenes, Okopnyi, Pityn, Sohor &
Tkach, 2020; Marchenko & Satdyiev, 2021; Marchenko &
Handymov, 2021).
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Training in a kyokushinkai karate class can produce
improvement in children’s physical condition (Chyu, 2010;
Pinto-Escalona, Gobbi, Valenzuela et al., 2021; Driukov &
Marchenko, 2021), their good neuromuscular coordination
and balance (Marchenko & Bezpalko, 2020; Boutios, Fior-
illi, Buonsenso et al., 2021; Marchenko & Verdysh, 2021),
harmony of their movements (Leong, Fu, Ng & Tsang, 2011;
Pons van Dijk, Lenssen, Leffers, Kingma & Lodder, 2013),
development of their motor skills (Ma & Qu, 2017; March-
enko & Satdyiev, 2021), and teaching them combat skills
(Blaszczyszyn, Szczgsna, Pawlyta, Marszatek & Karczmit,
2019; Marchenko & Kovalenko, 2020; Litvin & Marchenko,
2021). Strength development is a prerequisite for learning,
improving, stabilizing, and applying karate skills and related
performance techniques (Saienko, 2012; Graham, Li, Bray &
Cairney, 2018; Balushka, Khimenes, Okopnyi, Pityn, Sohor
& Tkach, 2020).

Whereas the conditioning profile of adult karate athletes
is widely documented in sports strength studies (Margari-
topoulos, Theodorou, Methenitis, Zaras, Donti & Tsolakis,
2015; Pal, Joginder, Kalra & Sindhu, 2020; Kabaday1, Karad-
eniz, Yilmaz et al.,, 2022), virtually nothing has been pub-
lished about young athletes at the sports and health stage,
which includes school students aged between 6 and 15.

The analysis of literary sources showed the absence of
objective data on the level and specific features of the devel-
opment of strength abilities in school students aged 7 to 10
who take kyokushinkai karate classes at the sports and health
stage. This does not allow to fully implement the selection of
means and methods for the high-quality implementation of
the educational and training process and the development of
effective programs for physical training of children. The in-
vestigation of the age-specific patterns and regularities of the
development of strength abilities is a problem of relevance as
regards the training of young karatekas.

The purpose of this study was to determine the age-specif-
ic features of the manifestation of differences in the strength
fitness of younger grade boys who attend a karate class at the
sports and health stage.

Materials and methods

Study participants

The study participants were 57 children who were test-
ed to determine their level of strength abilities. The study
sample was divided into four age groups: 7-year-old boys
(n=14), 8-year-old boys (n=15), 9-year-old boys (n=15), and
10-year-old boys (n=13). The children and their parents were
informed about all the features of the study and gave their
consent to participate in the experiment. The children’s tech-
nical level corresponded to the student grades of 10th or 9th
Kyu (Orange Belt). All the participants did regular practical
training, which comprised 3 classes per week, each about
90 minutes long. The inclusion criteria were the absence of
injuries in the last 2 months and the absence of intake of
medication that could affect the correct performance of tests.

Ethical considerations. Ethical approval of the entire
study was obtained from the Ethics Committee of H.S. Sko-
voroda Kharkiv National Pedagogical University. All the par-
ticipants were given an information sheet detailing the study

conditions. The study procedure and possible risks were ex-
plained to all the participants and their parents by mem-
bers of the research team. The participants were informed
that they could withdraw from the study at any time and for
whatever reason without explanation. Informed consent was
obtained from all the participants and their parents. All pro-
cedures were performed in accordance with the Declaration
of Helsinki.

Study organization

The solution of the set tasks involved the use of the fol-
lowing research methods: review and analysis of scientific
and methodical literature, pedagogical observation, timing
of educational tasks, testing of strength abilities, pedagogical
ascertaining experiment, methods of mathematical statistics.

Strength fitness testing was conducted and evaluated us-
ing a battery of fitness tests that comprehensively characterize
various manifestations of strength abilities. The tests were
chosen depending on the subject matter and were included in
the analysis according to the purpose of the study. The tasks
performed during the examination of the children were as-
sessed using quantitative indicators (Eurofit, 1993; Serhiien-
ko, 2010; Durié, Sember, Starc, Sorié, Kova¢ & Jurak, 2021).

Control exercises were carried out in the gym and on
the sports field of the school. Before the examination, a set
of exercises (10-15 minutes) was performed, which included
running, jumping, general physical development exercises,
and movement games. It was aimed at preparing the children
to perform the test tasks.

Statistical analysis

The study used IBM SPSS 26 software application. The
following parameters were calculated: arithmetic mean value
(X), standard deviation, which characterizes the variability
of the characteristic (S), independent samples t-test, Mann-
Whitney U-test. The hypothesis of equality of variances for
the compared groups was determined using Levene’s test.

Results

The statistical analysis data are provided in Tables 1-6.
In the age groups of 7 to 8 years, Levene’s test indicates het-
erogeneity of variances in the tests ‘Push-ups’ and ‘Flexed-
arm hang’ (p<0.05). In this case, the use of the independent
samples t-test is unjustified. The same condition is observed
in the ‘Pull-ups and chin-ups’ test in the samples of boys aged
8 to 9 years (p<0.05). This requires the use of other tests. We
chose the non-parametric Mann-Whitney U-test (Tables 2, 3,
and 5). In all other tests of the age groups of 7 to 8, 8 to 9, and
9 to 10 years, the level of significance according to Levene’s
test is greater than 0.05, therefore, the use of the independent
samples t-test is justified.

The obtained levels of significance of the empirical t-
tests demonstrate that there are statistically significant differ-
ences (p<0.05) between the groups of boys aged 7 and 8 years
according to the results of the tests ‘Pull-ups and chin-ups’
(p=0.008), ‘Standing long jump’ (p=0.001), 30 second sit-
ups’ (p=0.001), and ‘Left hand dynamometry’ (p=0.023). No
statistically significant differences are observed in the test
‘Right hand dynamometry’ (p=0.089).
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Table 1. Analysis of the specific features of the manifestation of strength abilities in boys aged 7 to 8 years

Test for independent samples

Levene’s test

t-test for equality of means

Investigated indicators

95% confidence inter-

F p t P Ax As val for the difference

Lower Upper
Push-ups, times 4.590 .041 -6.181 .000 -11.41 1.847 -15.203 -7.625
Pull-ups and chin-ups, times 1.874 .182 -2.873 .008 -1.595 .555 -2.734 -.456
Flexed-arm hang, s 9.528 .005 -3.832 .001 -7.096 1.852  -10.895 -3.297
Standing long jump, cm 0.108 745 -5.910 .000 -31.09 5260  -41.884 -20.297
30 second sit-ups, times 1.582 219 -3.569 .001 -4.624 1.296 -7.282 -1.966
Right hand dynamometry, kg 3.486 .073 -1.762 .089 -1.743 .989 -3.773 .287
Left hand dynamometry, kg 2.870 .102 -2.404 .023 -2.167 901 -4.016 -317

Equal variances are assumed

Table 2. Analysis of the specific features of the manifestation
of dynamic strength in the test ‘Push-ups’ in boys aged 7 to
8 years

Table 3. Analysis of the specific features of the manifestation
of static strength in the test ‘Flexed-arm hang’ in boys aged
7 to 8 years

Summary of the Mann-Whitney U-test for independent samples

Summary of the Mann-Whitney U-test for independent samples

Total 29

Mann-Whitney U value 210.0
Wilcoxon W value 330.0
Test statistics 210.0
Standard error 22.834
Standardized test statistics 4.598
Asymptotic significance (2-tailed test) 0.000
Exact significance (2-tailed test) 0.000

Total 29

Mann-Whitney U value 173.000
Wilcoxon W value 293.000
Test statistics 173.000
Standard error 22.854
Standardized test statistics 2.975
Asymptotic significance (2-tailed test) 0.003
Exact significance (2-tailed test) 0.002

Table 4. Analysis of the specific features of the manifestation of strength abilities in boys aged 8 to 9 years

Test for independent samples

Levene’s test

t-test for equality of means

Investigated indicators

95% confidence inter-

F p t p Ax As val for the difference

Lower Upper
Push-ups, times 0.276 0.604 -1.291 0.207 -3.0 2.325 -7.762 1.762
Pull-ups and chin-ups, times 4.626 0.040 -3.407 0.002 -2.667 0.783 -4.270 -1.063
Flexed-arm hang, s 0.048 0.828 -3.459 0.002 -8.203 2.372 -13.061 -3.345
Standing long jump, cm 2.397 0.133 -1.002 0.325 -4.667 4.656 -14.204 4.871
30 second sit-ups, times 0.063 0.804 -2.087 0.046 -2.533 1.214 -5.019 -0.047
Right hand dynamometry, kg 0.319 0.576 -1.739 0.093 -1.533 0.882 -3.340 0.273
Left hand dynamometry, kg 2.414 0.131 -1.390 0.176 -1.333 0.959 -3.299 0.632

Equal variances are assumed

Tables 2 and 3 show the null hypothesis testing analy-
sis using the independent samples Mann-Whitney U-test.
Since the asymptotic significance of the U-test is p<0.05, the
null hypothesis about the equal distribution of results in the
tests ‘Push-ups’ (p=0.001) and ‘Flexed-arm hang’ (p=0.003)
among the groups of boys aged 7 to 8 years on the basis of age
is rejected. The differences between the values of the specified
parameters in these samples are significant.

A positive dependence of the level of development of
strength abilities on age was observed in young karatekas
aged 7-8 years (Table 1). The 8-year-old boys demonstrate
a higher level of strength fitness in general compared to the
7-year-old boys. Especially as regards the manifestation of
strength endurance, dynamic and explosive strength. This

may be due to the fact that the first period of the boys’ muscu-
lar system development begins from the age of 8, and not only
the weight of the muscles increases, but also their physical
and chemical properties change, and the innervation ratios
are enriched. Muscle strength becomes greater. Age-related
strength gains occur to some extent independent of physical
loads.

The analysis of the specific features of the manifesta-
tion of strength abilities in boys aged 8 to 9 years (Table 4)
showed that there is a statistically significant difference in the
performance indicators of the tests ‘Pull-ups and chin-ups’
(p=.004), ‘Flexed-arm hang’ (p=.002), and 30 second sit-ups’
(p=.046). No differences were found in the correlation of
results between the samples in the tests ‘Push-ups’ (p=.207),
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Table 5. Analysis of the specific features of the manifestation
of dynamic strength in the test ‘Pull-ups and chin-ups’ in
boys aged 8 to 9 years

Summary of the Mann-Whitney U-test for independent samples
Total 30

Mann-Whitney U value 180.50
Wilcoxon W value 300.50
Test statistics 180.50
Standard error 23.858
Standardized test statistics 2.850
Asymptotic significance (2-tailed test) 0.004
Exact significance (2-tailed test) 0.004

‘Standing long jump’ (p=.325), ‘Right hand dynamometry’
(p=.093), and ‘Left hand dynamometry’ (p=.176).

A characteristic feature of the development of these age
groups of school students is a higher level of strength devel-
opment of the muscles of the torso compared to the muscles
of the limbs. Due to the disparity between the work of the
lower and upper parts of the body, it is advisable to recom-
mend more exercises for the development of the upper part of
the body: throwing, climbing a rope or gymnastic wall bars,
crawling, game instruments with combat sport elements, ex-
ercises involving partners’ resistance, pulling, pushing, etc.
It appears that training capacity in terms of relative strength
gains is greater in child athletes than in adolescents. There-
fore, specific means of development of strength, which are
used in combat sports, can be particularly effective.

The boys aged 10 (Table 6) demonstrate a higher level of
the manifestation of explosive muscular strength compared
to the 9-year-old boys. A statistically significant difference
between adjacent years is observed (p=.014). This can partly
be explained by the beginning of the sensitive period of de-
velopment of this ability at the age of 10-11. No statistically
significant differences were found between the samples of
9-10-year-old boys based on the results of testing of all other
types of manifestation of strength abilities (p>0.05). The age-
specific characteristics of the boys of these groups do not
affect the level of strength endurance and dynamic and static
strength.

It is possible that the means of karate have a sufficient
positive effect on the level of development of strength abili-
ties, and therefore, 9-year-old children who have some train-

ing experience are little different from 10-year-old children
in terms of strength indicators of various types. According
to Marchenko and Ishchenko (2016), significant increases
in strength indicators in elementary school-aged boys can
be observed with rational organization of strength-oriented
loads.

Discussion

It was assumed that the study of the age-specific features
of the strength fitness of boys aged 7 to 10, who attend a
kyokushinkai karate class at the sports and health stage, will
allow physical education teachers, instructors and coaches
to implement the education and training process in a quality
manner, to prepare the musculoskeletal system of children to
master the technical elements of karate, and to further pro-
mote the maximum realization of individual potential.

Opinions regularly appear in the literature that Funda-
mental Movement Skills (FMS: running, jumping, dribbling
and catching a ball, etc.) are the basis of physical compe-
tence (Barnett, Stodden, Cohen et al., 2016; Edwards, Bryant,
Keegan et al., 2017; Marchenko & Verdysh, 2021). School stu-
dents’ FMS demonstrate a strong positive relationship with
their level of physical activity (Barnett, Stodden, Cohen et
al., 2016; Pullen, Oliver, Lloyd & Knight, 2020). However, the
authors note a significant decrease in motor activity, which
requires expanding the use of new means of physical educa-
tion. Kyokushinkai karate has shown itself to be good in this
respect.

The WHO (World Health Organization) guiding Global
recommendations on physical activity state that young chil-
dren should participate in activities that support the mus-
culoskeletal tissue and improve movement control at least
3 times a week (Chaput, Willumsen, Bull et al., 2020). Our
studies complement the findings of Marchenko & Kozar
(2015), Pinto-Escalona, Gobbi, Valenzuela et al. (2021) about
the need to involve children as much as possible in mass and
sports events in out-of-class and out-of-school activities.

The obtained results match the data of Pochettia, Ponczo-
sznika, Fildrtigaa et al. (2018), Marchenko & Satdyiev (2021),
Marchenko & Handymov (2021) that regular strength train-
ing exercises can help increase motor activity, improve physi-
cal fitness and individual health only when they are part of a
general physical education or sports program.

Table 6. Analysis of the specific features of the manifestation of strength abilities in boys aged 9 to 10 years

Test for independent samples

Levene’s test

t-test for equality of means

Investigated indicators

95% confidence inter-

F p t P Ax As val for the difference

Lower Upper
Push-ups, times 1.034 0.319 -0.549 0.588 -1.569 2.860 -7.447 4.309
Pull-ups and chin-ups, times 0.485 0.492 -0.417 0.680 -0.436 1.045 -2.583 1.712
Flexed-arm hang, s 0.001 0.981 -1.051 0.303 -2.479 2.360 -7.329 2.371
Standing long jump, cm 0.063 0.804 -2.639 0.014 -8.831 3.347 -15.710 -1.952
30 second sit-ups, times 1.060 0.313 -0.239 0.813 -0.354 1.483 -3.402 2.694
Right hand dynamometry, kg 0.569 0.457 -1.846 0.076 -1.944 1.053 -4.107 0.220
Left hand dynamometry, kg 0.002 0.967 -1.266 0.217 -1.462 1.154 -3.834 0.911

Equal variances are assumed
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During the investigation of the patterns and regularities
of the development of strength abilities, new information was
obtained that the differences between 9-10-year-old boys in
most indicators are somewhat leveled. The obtained mean
values slightly exceed the average indicators proposed in the
normative tables (Serhiienko, 2010) and the results we ob-
tained in the previous studies (Khudolii & Marchenko, 2007;
Marchenko, 2008; Marchenko & Satdyiev, 2021).

Conclusions

The analysis of scientific and pedagogical literature
made it possible to investigate the structure of the motor
ability ‘strength’ and to reveal the need for the development
of strength abilities as an important component of motor fit-
ness in kyokushinkai karate at the initial stage of classes for
younger grade boys.

The importance of systematic monitoring of strength fit-
ness in children has been revealed and confirmed, as it is
one of the main characteristics of health and is considered
the basis of an active lifestyle, especially during the period of
their active development.

According to the study results, statistically significant age
differences are observed between the groups of boys aged 7 to
8,8 t0 9,and 9 to 10 in the results of the tests characterizing
different aspects of strength abilities.

Dynamic strength: push-ups - aged 7 and 8 (p=.0001); 30
second sit-ups — aged 7 and 8 (p=.001), aged 8 and 9 (p=.046);
pull-ups and chin-ups - aged 7 and 8 (p=.008), aged 8 and 9
(p=.004).

Strength endurance: flexed-arm hang - aged 7 and 8
(p=.003), aged 8 and 9 (p=.002).

Static strength: left hand dynamometry - aged 7 and 8
(p=.023).

Explosive muscular strength: standing long jump - aged
7 and 8 (p=.0001), aged 9 and 10 (p=.014).

It was established that the boys have differences in vari-
ous structural elements that characterize strength indicators.
And these differences are in line with the age indicators and
technical level of the karatekas.
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cnnosi 341bHOCTI: OUIHKA TA OCOBJINBOCTI PO3BUTKY
XnonuiB KAPATUCTIB MOJTOALWLOIO WKUIbHOIO BIKY

Bonogumup Iontapenko'45P, Ceirnana Mapuenko'**“, Onexcangp Koponp?4BPE

'XapkiBcbkuit HallioHaIbHMI Tefaroriynmii yHiBepcutet imeHi I. C. CkoBoponn
*Hanjionanpanii yHiBepcuTeT «/IbBiBCbKa IMOJTiTEXHIKa»
ABTOpCHKNMIL BRI A — nu3aiiH gocmipkeHHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowtis

Pedepar. Cratps: 7 c., 6 Tabm., 48 mxepern.

MeTa JOCTiIKEeHHA — BU3HAYUTI BiKOBI 0COO/MMBOCTI IIPOABY BiIMiHHOCTEN Y CUIOBIN IirOTOB/IEHOCTI X/IOMI[iB MOTOJIINX
KJIaCiB, AKi 3aliMaOThCA B CEKIii KapaTe Ha CIIOPTUBHO-03J0POBYOMY eTalli.

Marepianu i MeTogu. Y JOCIiKeHH] B35/IM y4acTb 57 HiTeil, AKi IPOMII/IN TeCTYBaHHA /I BUSHAUYEHH s PiBHA PO3BUTKY CU-
noBUX 3ai6HOCTei1. BoHM 6y posmnopieHi Ha yoTupy BikoBi rpymm: xromnii 7 pokis (n=14), 8 pokis (n=15), 9 pokis (n=15), 10 po-
KiB (n=13). [litnt Ta ixui 6arbku Oyan inpopMoBaHi Ipo Bci 0COOMMBOCTI JOCTIKEHHS 1 Ja/y 3TOAY Ha YYacTb B eKCIIEPUMEHTI.
TexuiuHmit piBeHb fiTeit Bifmosinas yuniBcbkuM crymnersam 10-9 Kio (momapandesnit konip noscy). [y BUpillieHHs II0CTaBIeHUX
3aBJlaHb Oy/IM BUKOPMCTaHI METOAM HOCIi/PKEHHA: BUBUYEHHA Ta aHa/li3 HayKOBO-METOMYHOI JTiTepaTypu, Iefarorivue CrocTe-
PeXeHHsI, XPOHOMEeTPa)K HaBYa/IbHUX 3aBJAaHb, TECTYBAHHs CUIOBUX 3A410HOCTeI IearoriqHmii KOHCTATYIOUYNIT eKCIIEPUMEHT,
METOfIV MaTeMaTUYHOI CTaTUCTUKIN.

Pesynbratu. CTaTicTIYHO JOCTOBIPHI BIKOBI pO36DKHOCTI CLIOCTEPIiraloThCst MXK TpymaMu X/IONIiB 7-8 PoKiB 3a pe3ybrara-
MU TeCTiB: STUHAHHSA i POSTMHAHHA PYK B yropi nexxaun (p=0,0001), migHiMaHuA B cif 3a 30¢ (p=0,001), 3SrrHaHHA i pO3TMHAHHA PYK
y Buci (p=0,008), Bric Ha 3irHyTux pykax (p=0,003), sunamomerpis iBoi pykn (p=0,023), crpubox y goxuny 3 miciy (p=0,0001);
8-9 poxis: migHimMauHA B cif 3a 30 ¢ (p=0,046), srunaHHs 1 po3rnHaHHA pyk y Buci (p=0,004), Buc Ha 3irHyTHUX pykax (p=0,002);
9-10 poxiB: cTpnOOK y goBxunHy 3 micus (p=0,014).

BucnoBku. BcTaHOB/IEHO, 10 MK XJIONLIAMM iCHYIOTD BiIMiHHOCTI 32 PiSHMMM CTPYKTYPHUMM JTAHKAMM, 1[0 XaPAKTEPU3YIOTh
MOKasHMKM cyn. I i BifMiHHOCTI BiflTIOBilaloTh BiKOBMM ITOKa3HMKAM i TEXHIYHOMY PiBHIO KapaTHCTiB.

Kirouosi coBa: x1o1ii, cuioi 3Ai6HOCTI, KIOKYIIMHKAl KapaTe, IIKOJLAPi MOTOAIINX K/IACiB.
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