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AHoranis

The purpose of the study was to determine the impact of exercise modes on the effectiveness of teaching boys aged 14

a cartwheel.

Materials and methods. The study participants were 20 boys aged 14. The children and their parents were fully in-
formed about all the features of the study and gave their consent to participate in the experiment. To solve the tasks set,
the following research methods were used: study and analysis of scientific and methodological literature; pedagogical
observation, timing of training tasks; pedagogical experiment, methods of mathematical statistics, discriminant

analysis.

Results. The assumption was made about a significant influence of the modes of alternating exercise repetitions and
the rest interval on the effectiveness of motor skills development in boys aged 14. The study found that the mode of 6
sets 2 times each with a rest interval of 60 s is more effective than the mode of 6 sets 1 time each with a rest interval

of 60 s when teaching the first, second, and fourth series of tasks (p < 0.05). The mode of 6 sets 1 time each with a rest
interval of 60 s is more effective when teaching the fifth and sixth series of tasks (p < 0.05).

Conclusions. Discriminant analysis made it possible to determine the impact of the number of repetitions on the ef-
fectiveness of developing the cartwheel skill in boys aged 14. Based on the analysis of group centroids, it was found that
exercise modes significantly influence the cartwheel skill development in boys aged 14 during physical education class-
es. The results of group classification show that 100 % of the original grouped observations were classified correctly.

Keywords: discriminant analysis, boys, acrobatic exercises, exercise mode, teaching.

Introduction

Physical education at school is aimed at stimulating chil-
dren’s physical development (Elezi et al., 2021; O’ Brien et
al., 2016; Molina-Garcia et al., 2020), shaping a system of
fundamental movements (Samsudin et al., 2021; O’ Brien
et al., 2021; Bolger et al., 2018), and increasing motor activ-
ity (Listyarini et al., 2021; Hardy et al., 2013; Wibowo et al,,
2021).

Physical exercises and their repetition are the main
means of physical education aimed at developing motor
abilities (Ullrich et al., 2016; Shurley et al., 2020; Dos Santos
Cunbha et al., 2015) and motor skills (Bonney et al., 2017;
Fischer et al., 2018; Magallon et al., 2016).

Motor skills development plays a leading role in school-
children’s physical education (Ivashchenko et al., 2020;
Petrov, et al. 2020; Shevchenko et al., 2020). Based on fac-
tor analysis, it was found that the level of proficiency in
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exercises affects the variation of testing results, and motor
skills development is a priority in the educational process at
school (Ivashchenko et al., 2017; Shevchenko et al., 2020).
According to the researchers, one of the factors that influ-
ence the effectiveness of motor skills development is the
mode of alternating exercises and the rest interval (Ierma-
kov et al., 2021; Ivashchenko et al., 2021; Marchenko et al.,
2020).

To determine the effectiveness of motor skills develop-
ment, regression (Marchenko et al., 2020b), factor (Petrov et
al., 2020; Shevchenko et al., 2020; Ivashchenko et al., 2020),
and discriminant (Khudolii et al., 2020; Iermakov et al., 2021;
Ivashchenko, 2021) analyses are used. Multivariate statistics
provide an opportunity to obtain new information about the
patterns of motor skills development. Therefore, it is relevant
to study the impact of different exercise modes on the ef-
fectiveness of teaching 14-year-old schoolchildren acrobatic
exercises.
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The purpose of the study was to determine the impact of
exercise modes on the effectiveness of teaching boys aged 14
a cartwheel.

Material and methods

Study participants

The study participants were 20 boys aged 14. The chil-
dren and their parents were fully informed about all the fea-
tures of the study and gave their consent to participate in the
experiment.

Organization of the study

To solve the tasks set, the following research methods
were used: study and analysis of scientific and methodologi-
cal literature; pedagogical observation, timing of training
tasks; pedagogical experiment, methods of mathematical
statistics, discriminant analysis.

The pedagogical experiment examined the influence of
6 and 12 repetitions with a 60-second rest interval during
a physical education class on the number of repetitions of
training tasks to the 100% level of proficiency. In the first
group (n = 10), the boys repeated the tasks 6 sets 1 time each
with a rest interval of 60 s, in the second group (n =10) - 6
sets 2 times each with a rest interval of 60 s.

During teaching, the method of algorithmic instructions
was used (Shlemin, 1973). The program of teaching the cart-
wheel was developed based on the data of Shlemin (1973),
Khudolii (2008) and included the following training tasks:

The first series of training tasks — exercises to develop
motor abilities

1. From normal standing position, lean forward, touch
the floor with the hands and, moving the hands forward on
the floor, adopt a push-up position, return to starting posi-
tion in the same way

2. Perform push-ups as quickly as possible (5 times in
3-45)

The second series of training tasks — exercises to master
starting and ending positions

1. From standing position with raised arms, step forward
and perform a switch leg handstand with assistance

2. Handstand with legs apart with assistance

The third series of training tasks — actions without which
it is impossible to perform the target exercise

1. Standing on hands with legs apart with assistance, shift
the body weight from one hand to the other

The fourth series of training tasks — teaching the ability to
assess movements in space, by time and muscular effort

1. Arriving to handstand quickly with assistance

2. Arriving to handstand slowly with assistance

The fifth series of training tasks — preliminary exercises

1. Arriving to handstand quickly with the wall support

2. Handstand with legs apart with 90-degree rotation
with assistance

The sixth series of training tasks — the entire exercise

1. Cartwheel with assistance.

2. Cartwheel without assistance

The next exercise started on condition of correct
performance of the previous exercise on three consecutive
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attempts. The number of repetitions required for correct per-
formance on three consecutive attempts was recorded. The
level of proficiency in the exercises was determined by the
alternative method: “performed” or “failed”. A technically
correct performance of the exercise gave the students “1”
point; a failure to perform the exercise gave them “0” entered
in the protocol.

Statistical analysis

The study materials were processed using the IBM SPSS
20 statistical analysis program. Discriminant analysis was con-
ducted. For each canonical discriminant function, the study
calculated the following: eigenvalue, variance percentage,
canonical correlation, Wilks’ lambda, Chi-square. For each
step: prior probabilities, Fisher’s function coefficients, un-
standardized function coefficients, Wilks’ lambda for each
canonical function.

The study protocol was approved by the Ethical Com-
mittee of the University. In addition, the children and their
parents or legal guardians were fully informed about all the
features of the study, and a signed informed consent docu-
ment was obtained from all the parents.

Results

The analysis of mean values shows that statistically
significant differences in the number of repetitions are
observed in all series of training tasks but the third one
(p < 0.05). The 14-year-old boys who use the second mode
(6 sets 2 times each with a rest interval of 60 s) need fewer
repetitions to master the movements of the first, second, and
fourth series of tasks (p < 0.05). The 14-year-old boys who use
the first mode (6 sets 1 time each with a rest interval of 60 s)
need fewer repetitions to master the movements of the fifth
and sixth series of tasks (p < 0.05) (Table 1).

Table 1. Group Statistics. Boys Aged 14

6 repetitions, 1_2,
Series rest interval 'PEUUONS, Wilks’
of of 60 s rest interval Ay Lambd P
tasks of 60 s ambda
M SD M SD
1 139 233 80 245 59 372 30.446 .000
2 10.5 272 6.6 284 39 646  9.855 .006
3 6.2 1.81 79 354 -1.7 908  1.825 .193
4 9.9 1.66 4.8 1.62 5.1 272 48.266 .000
5 5.8 1.14 7.7 1.25 -1.9 587 12.642  .002
6 6.0 066 94 267 -34 542 15.211 .001

To determine the impact of different modes of exercises
on the level of proficiency, discriminant analysis was con-
ducted (Tables 2-6). A necessary condition for discriminant
analysis is the homogeneity of variances and covariances of
data. The Box’s M test confirms the assumption about the
homogeneity of variances and covariances (Table 2).

The first canonical function explains 100% of the results
variation, which indicates its high informativity (r=0.949) (see
Table 3). The analysis of the canonical function shows its sta-
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Table 2. Box’s M Test for Testing Equal Population
Covariance Matrices (DA)

Box’s M 47.003

F Approx. 1.408
df1 21

df2 1191.671

Sig. .104

Table 3. Eigenvalues for Developing Discriminant Model
(Canonical Correlation). Boys Aged 14

Function Eivenvalue % of  Cumulative Canonical
8 Variance % Correlation
1 9.084 100.0 100.0 .949

Table 4. Outcomes of Calculated Wilks’ Lambda of
Discriminant Function. Boys Aged 14

Test of Function(s) Wilks’ Lambda Chi-square df  Sig.
1 .099 34.665 6 .000

tistical significance (A\1=0.099; p1=0.001). The first function
has a high discriminative ability and value in interpretation
of the general population (Table 4).

The standardized canonical discriminant function
coefficients make it possible to determine the ratio of the

Table 5. Standardized Canonical Discriminant Function
Coefficients. Boys Aged 14

Function
1
-.475
-.099
.541
-.810
185
.729

Series of tasks

AN Ul R W N~

Table 6. Structure Matrix. Boys Aged 14

Function
1
-.543
-.432
.305
278

Series of tasks

Ul O\ =

2
3

-.246
.106

Table 7. Canonical Discriminant Function Coeflicients
(Unstandardized coefficients)

Function
1
-.198
-.035
192
-.494
155
374
.826

Series of tasks

U o W N =

6
(Constant)
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contribution of variables to the function result. The results
of the fourth, sixth, and first series of training tasks make the
largest contribution to the first canonical function. The above
indicates that the exercises of the fourth, sixth, and first series
of training tasks are the most sensitive to the number of rep-
etitions in boys aged 14 (Table 5).

The structure canonical discriminant function coeffi-
cients are the coeflicients of correlation between the vari-
ables and the function. Thus, the function is most closely
connected with the number of repetitions of exercises of the
fourth, first, and sixth series of training tasks (r4 = -0.543; r1
=-0.432; r6 = 0.305) (Table 6).

The coordinates of centroids for two groups make it pos-
sible to interpret the canonical function in relation to the
role in classification. At the positive pole is a centroid for the
exercise mode of 12 repetitions, at the negative — a centroid
for the exercise mode of 6 repetitions (see Table 8, Fig. 1,
2). This indicates a significant difference in the impact of
exercise repetition modes on the number of repetitions re-
quired for motor skills development in boys aged 14 during
physical education classes. The results of group classification

Table 8. Functions at Group Centroids. Boys Aged 14

i Function

Exercise Mode 1
1 - 6 repetitions, rest interval of 60 s -2.859
2 — 12 repetitions, rest interval of 60 s 2.859

Conditional units

0,5+

0,0 T
-5.0

T T T
0.0 25 5.0
Conditional units

=25

Fig. 1. Graphic representation of classification results:
6 repetitions, rest interval of 60 s

Conditional units

-S'ﬂ -ZI s Dlﬂ 25 Slﬂ
Conditional units
Fig. 2. Graphic representation of classification results: 12

repetitions, rest interval of 60 s



ISSN 2708-7581 (Online). ISSN-L 2708-7573. Journal of Learning Theory and Methodology. 2021. Volume 2, Number 1

Table 9. Classification Results**

Predicted Group Membership

Exercise Mode 1 > Total
Original Count 1 - 6 repetitions, rest interval of 60 s 10 0 10
2 - 12 repetitions, rest interval of 60 s 0 10 10

% 1 - 6 repetitions, rest interval of 60 s 100.0 0 100.0

2 — 12 repetitions, rest interval of 60 s 0 100.0 100.0
Cross-validated® Count 1 - 6 repetitions, rest interval of 60 s 10 0 10
2 - 12 repetitions, rest interval of 60 s 1 9 10

% 1 - 6 repetitions, rest interval of 60 s 100.0 .0 100.0

2 — 12 repetitions, rest interval of 60 s 10.0 90.0 100.0

a. 100.0% of original grouped cases correctly classified. b. Cross validation is done only for those cases in the analysis. In cross valida-
tion, each case is classified by the functions derived from all cases other than that case. c. 95.0% of cross-validated grouped cases

correctly classified.

show that 100.0 % of the original grouped observations were
classified correctly (Table 9). Based on the discriminant func-
tion coefficients and centroids, it is possible to calculate the
number of repetitions for mastering the motor skill (Table 7).

Discussion

The assumption was made about a significant influence of
the modes of alternating exercise repetitions and the rest in-
terval on the effectiveness of motor skills development in boys
aged 14. The study found that the mode of 6 sets 2 times each
with a rest interval of 60 s is more effective than the mode of 6
sets 1 time each with a rest interval of 60 s when teaching the
first, second, and fourth series of tasks (p < 0.05). The mode of
6 sets 1 time each with a rest interval of 60 s is more effective
when teaching the fifth and sixth series of tasks (p < 0.05).

The results presented confirm the data of Iermakov et
al. (2021), Ivashchenko et al. (2015, 2017), Marchenko et al.
(2020) about the influence of exercise modes on the effective-
ness of motor skills development in schoolchildren.

The study confirmed the possibility of using a discriminant
function to assess the effectiveness of different modes of
physical exercises when teaching acrobatic exercises, as the
verification of canonical functions indicates their statistical
significance. It was found that 100.0% of the original grouped
observations were classified correctly. In other studies on
motor skills development, there was a 78-85% level of clas-
sification of original grouped observations (Khudolii et al.,
2020; Iermakov et al., 2021; Ivashchenko, 2020). Therefore, the
obtained data confirm the effectiveness of discriminantanalysis
for identifying the patterns of motor skills development.

Thus, the following exercise modes can be recommended
to teach boys aged 14 the cartwheel:

Series 1-4 - 6 sets 2 times each with a rest interval of 60 s;

Series 5-6 — 6 sets 1 time each with a rest interval of 60 s.

Conclusions

Discriminant analysis made it possible to determine the
impact of the number of repetitions on the effectiveness of
developing the cartwheel skill in boys aged 14.

Based on the analysis of group centroids, it was found
that exercise modes significantly influence the cartwheel
skill development in boys aged 14 during physical education

44

classes. The results of group classification show that 100 % of
the original grouped observations were classified correctly.

The study found that the mode of 6 sets 2 times each with
arest interval of 60 s is more effective than the mode of 6 sets
1 time each with a rest interval of 60 s when teaching the first,
second, and fourth series of tasks. The mode of 6 sets 1 time
each with a rest interval of 60 s is more effective when teach-
ing the fifth and sixth series of tasks.
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PO3MIBHAHHA OBPA3IB: PEXXMMU ®OOPMYBAHHA PYXOBUX
HABUYOK AKPOBATUYHUX BIMPAB XJIOMNLUIB 14 POKIB

2ABCD

Anppiit be3zy6'4*“?, Oner Xynoniit'*P, Pagocnas Mymkera

'XapkiBcbkmit HallioHaMbHNUI Nefaroriyamii yHiBepcuteT imMeni I.C. CkoBoponn
*YuiBepcurer Mukonmu KonepHrnka

ABTOpChKNMIT BKIAA: A — [U3aiiH HOCTimMKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E — 36ip xowtis

Pedepar. Crarps: 6 ., 2 Tabn., 2 puc., 23 mxepena.

Merta BOCHilPKEHHA — BU3HAUUTHU BIUIMB PEXMMIB BUKO-  HDK peXXMM 6 IifixofiB 1o 1 pasy 3 iHTepBanoM BifilmouMHKY 60 ¢
HaHHs BIPaB Ha e()eKTUBHICTb IIPOLleCYy HABYaHHA IIePeBOPO- Y IIpOljeci HABYaHH IePILO], APYTroi Ta YeTBepTOl cepil 3aBaHb
Ty ybik xIomuis 14 pokis. (p < 0,05). Pesxnm 6 mifixopiB 1mo 1 pasy 3 iHTepBaloM BiIIOYMH-

Marepianu i MmeTopgu. Y [OCTiIKeHHI IPUITHAMN ydacTb Ky 60 ¢ Mae 6inblny eeKTUBHICTD Y IpoLieci HaBYaHHA IT SITOI
20 xnonuiB 14 poxis. ity Ta ixui 6atbku Oymu indpopmoBa-  Ta mocToi cepiit 3aBgans (p < 0,05).
Hi PO BCi 0COOMMBOCTI JOCII/PKEHHS 1 gamm 3TOJy Ha y4acTh Bucnosku. [luckpuMiHaHTHUIT aHATIi3 [JO3BONMNB BU3HAYM -
B eKCIlepyMeHTi. [l BUpIlIeHHs IOCTaB/AeHNX 3aBAaHb Oy T BIUIUB KiZIbKOCTi IIOBTOpPEHb Ha e(heKTUBHICTb POPMYBaHHSA
BIMKOPMCTaHi METOIY JOC/TI/PKEHHSA: BUBYEHHS Ta aHA/i3 HAyKO-  HaBUYKM BUKOHAHHA II€PEBOPOTY y6iK xmonuis 14 pokis. Ha
BO-METO[MYHOI JIiTepaTypy; EJaroriyie COCTEPEXKEHHS, XpPO-  OCHOBI aHa/li3y LIEHTPOIMIiB IPYIl BUSHAYEHO, IO PEXVUMU BU-
HOMETpa)X HaBUa/IIbHMX 3aBJaHb; IIeJarOridHUII eKCIIEPUMEHT,  KOHAHHA BIIPaB MalOTh CYTTEBMUII BIUIMB Ha Ipoljec GOpMyBaH-
METOJY MaTeMaTUYHOI CTAaTUCTUKM, JUCKPUMIHAHTHIII aHaIi3. HSl HAaBUYKY BUKOHAHHS IepeBOPOTY YOIk xmomiis 14 pokiB

Pesynbraru. IIpnitMaeTbca NpUIYIIEHHA PO CYTTEBUII  Ha ypokax ¢isu4HOi KynbTypu. Pesymbratu knacudikanii rpymn
BIUIMB PEXMMIB YePryBaHHA IIOBTOPEHb BIPAB Ta IHTEPBAaly  IOKa3ylTb, 10 100 % BUXigHMX SIPYNOBAHMX CIOCTEPEKEHD
BiIMOYMHKY Ha e(heKTUBHICTh POPMYBaHHA PyXOBMX HaBUUOK  K/IACU(IKOBAHO BipHO.
y xyonuiB 14 pokis. BcTaHOBIEHO 1[0 peXxyM 6 MiAXOAiB 1o 2 KnroyoBi cnmoBa: [ucKpyMiHaHTHUI aHasIi3, XJIOMI, aKpo-
pasu 3 iHTepBaIoM BifTIounHKy 60 ¢ Mae 6i1bIy epeKTUBHICTb  GAaTHYHI BIIPaBM, PEKUM BUKOHAHHS BIIPaB, HABYaHH.
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