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Abstract

The purpose of the study was to determine the impact of exercise modes on the effectiveness of teaching girls aged 15

a cartwheel.

Materials and methods. The study participants were 20 girls aged 15. The children and their parents were fully
informed 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 analysis of averages shows that statistically significant differences in the number of repetitions are
observed in performing series of training tasks 1, 2, and 4 (p < 0.05). The girls aged 15 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 first (exercises to develop
motor abilities) and the second (exercises to master starting and ending positions) series of tasks. The girls 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
fourth series of tasks (ability to assess movements in space, by time and muscular effort) (p < 0.05).

Conclusions. Discriminant analysis made it possible to determine the impact of the number of repetitions on the

effectiveness of developing the cartwheel skill in girls aged 15.

During motor skills development, both the first and the second variants of exercise modes and rest intervals can be
used. For series of tasks 1 and 2, it is advisable to use 6 sets 1 time each with a rest interval of 60 s; for series of tasks 3,
5,and 6 - 6 sets 1 time each with a rest interval of 60 s or 6 sets 2 times each with a rest interval of 60 s; for series 4 — 6

sets 2 times each with a rest interval of 60 s.
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Introduction

One of the priorities of the modern school is motor skills
development (Ivashchenko, 2020; Ivashchenko, Berezhna, &
Cieslicka, 2020; Ivashchenko, & Sirichenko, 2020). The level
of proficiency in exercises determines the variation of testing
results by 29.772%, and motor skills development is a priority
in the educational process at school (Ivashchenko, Berezhna,
& Cieslicka, 2020; Ivashchenko, & Sirichenko, 2020).

Fundamental motor skills are considered as the basis of
physical education of schoolchildren (Chan, Ha, & Ng, 2018;
Chan, Ha, Ng, & Lubans, 2019; Valentini, Pierosan, Rudisill,
& Hastie, 2017). Fundamental motor skills (FMS) are divided
into object control skills (for example, catching and throw-
ing), locomotor skills (for example, running and jumping),
and stability skills (for example, balancing) (Almeida, Luz,
Martins, & Cordovil, 2017; Basman, 2019; Barnett, Telford,
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Strugnell, Rudd, Olive, & Telford, 2019). Chan et al. (2018,
2019) point out that the level of motor competence is the ba-
sis of physical activity and sports engagement of schoolchil-
dren. Valentini, Pierosan, Rudisill, & Hastie (2017) argue that
the process of developing motor skills should be a priority of
motor activity. Nobre, Valentini, & Rusidill (2020) note that
motor skills development in schoolchildren depends on edu-
cational policies and training of physical education teachers.

The effectiveness of teaching depends on the level of
schoolchildren’s motor fitness (Ivashchenko, Iermakov, Khu-
dolii, Cretu, & Potop, 2017; Marchenko, & Dykhanova, 2019),
selection of physical exercises (Ivashchenko, & Kapkan, 2015;
Khudolii, Ivashchenko, & Chernenko, 2015; Ivashchenko,
Khudolii, Iermakov, & Harkusha, 2017), and modes of alter-
nating physical exercises and rest intervals (Khudolii, Ivash-
chenko, & Beketov, 2015; Marchenko, & Taranenko, 2020).
Therefore, it is relevant to study the impact of exercise modes
on motor skills development.
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The purpose of the study was to determine the peculiari-
ties of impact of exercise modes on the effectiveness of teach-
ing girls aged 15 a cartwheel.

Material and methods

Study participants

The study participants were 20 girls aged 15. 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, methods of mathematical experiment planning,
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 girls 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

Table 1. Group Statistics. Girls Aged 15

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 perfor-
mance of the previous exercise on three consecutive attempts.
The number of repetitions required for correct performance
on three consecutive attempts was recorded. The level of pro-
ficiency in the exercises was determined by the alternative
method: “performed” or “failed” A technically correct per-
formance 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
conducted. For each canonical discriminant function, the
study calculated the following: eigenvalue, variance percent-
age, canonical correlation, Wilks’ lambda, Chi-square. For
each step: prior probabilities, Fisher’s function coefficients,
unstandardized 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 averages shows that statistically signifi-
cant differences in the number of repetitions are observed in
performing series of training tasks 1, 2, and 4 (p < 0.05). The
girls aged 15 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 first (exercises to develop motor abilities)
and the second (exercises to master starting and ending posi-

6 repetitions, rest interval

12 repetitions, rest interval

of 60 s of 60 s Wilks
Series of tasks Ax F dfl1  df2 Sig.
L. L. Lambda
Mean Std. Deviation  Mean Std. Deviation
1 7.5 0.84 8.8 0.91 -1.3 0.625 10.787 1 18 0.004
2 6.8 0.78 8.4 0.84 -1.6 0.484 19.200 1 18 0.000
3 114 0.84 10.6 0.96 0.8 0.822 3.892 1 18 0.064
4 9.9 1.19 7.8 1.03 2.1 0.505 17.640 1 18 0.001
5 9.0 1.33 9.2 1.31 -0.2 0.994 0.114 1 18 0.740
6 7.5 0.84 7.8 1.03 -0.3 0.973 0.503 1 18 0.487
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tions) series of tasks. The girls who use the second mode (6
sets 2 times each with a rest interval of 60 s) need fewer rep-
etitions to master the movements of the fourth series of tasks
(ability to assess movements in space, by time and muscular
effort) (p < 0.05) (Table 1).

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 (F = 35.896;
p = 0.368) (Table 2).

Table 2. Box’s M Test For Testing Equal Population
Covariance Matrices (DA)

Box’s M 35.896
Approx. 1.076

F df1 21
df2 1191.671
Sig. 0.368

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
statistical significance (A1=0.099; p1=0.001). The first func-
tion has a high discriminative ability and value in interpreta-
tion of the general population (Table 4).

Table 3. Eigenvalues for Developing Discriminant Model
(Canonical Correlation). Girls Aged 15

Function Eigenvalue % Cumulative Canonical
8 of Variance % Correlation
1 9.056 100.0 100.0 .949

Table 4. Outcomes of Calculated Wilks’ Lambda of
Discriminant Function. Girls Aged 15

Test of Function(s) Wilks’ Lambda Chi-square df Sig.
1 0.099 34.623 6 0.000

The standardized canonical discriminant function coef-
ficients make it possible to determine the ratio of the contri-
bution of variables to the function result. The results of the
sixth, second, fourth, and first series of training tasks make
the largest contribution to the first canonical function. The
above indicates that in the classification of exercise modes
for girls aged 15, the results of all series of training tasks are
significant (Table 5).

Table 5. Standardized Canonical Discriminant Function
Coeflicients. Girls Aged 15

Series of tasks F“nitlon
Series 1 0.854
Series 2 0.903
Series 3 -0.879
Series 4 -0.888
Series 5 -0.426
Series 6 0.966
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The structure canonical discriminant function coefli-
cients are the coefficients of correlation between the variables
and the function. Thus, the function is most closely connect-
ed with the number of repetitions of exercises of the second
and fourth series of training tasks (r, = 0.343; r, = -0.329)
(Table 6).

Table 6. Structure Matrix. Girls Aged 15

Series of tasks Funitlon
Series 2 0.343
Series 4 0.329
Series 1 0257
Series 3 0.155
Series 6 0.056
Series 5 0.026

Table 7. Canonical Discriminant Function Coefficients
(Unstandardized coefficients)

Series of tasks Funitmn
Series 1 0.965
Series 2 1.107
Series 3 -0.969
Series 4 0794
Series 5 032
Series 6 1.021

(Constant) 3473

Table 8. Functions at Group Centroids. Girls Aged 15

i Function
Exercise Mode 1
1 - 6 repetitions, rest interval of 60 s -2.855
2 — 12 repetitions, rest interval of 60 s 2.855
Canonical Discriminant Function 1

3 -

2] -

1

0 T T T T

-5,0 -2,5 0,0 25 50

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



Medko, D., & Khudolii, O. (2021). Pattern Recognition: Effectiveness of Teaching Girls Aged 15 Acrobatic Exercises

Table 9. Classification Results**

Predicted Group
Exercise Mode Membership Total
1 22
1 - 6 repetitions, rest interval of 60 s 10 0 10
Count . .
o 2 - 12 repetitions, rest interval of 60 s 0 10 10
Original - .
o 1 - 6 repetitions, rest interval of 60 s 100.0 .0 100.0
0
2 - 12 repetitions, rest interval of 60 s 0 100.0 100.0
Count 1 - 6 repetitions, rest interval of 60 s 10 0 10
oun
. 2 - 12 repetitions, rest interval of 60 s 1 9 10
Cross-validated® . .
% 1 - 6 repetitions, rest interval of 60 s 100.0 .0 100.0
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 validation, 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.

Canonical Discriminant Function 1

2,0 = M T

1,0 — | M

0,57

0,0 T T T T
-5,0 -2,5 0,0 25 5,0

Fig. 2. Graphic representation of classification results: 12
repetitions, rest interval of 60 s

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 exer-
cise mode of 12 repetitions (M,, = 2.855), at the negative — a
centroid for the exercise mode of 6 repetitions (M, = -2.855)
(see Table 8, Fig. 1, 2). This indicates a significant difference
in the impact of exercise repetition modes on the number
of repetitions required for motor skills development in girls
aged 15 during physical education classes. The results of clas-
sification of the groups show that 100.0 % of the original
grouped cases were classified correctly (Table 9). Based on
the discriminant function coefficients and centroids, it is pos-
sible 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
interval on the effectiveness of motor skills development in

girls aged 15. It was found that statistically significant differ-
ences in the number of repetitions are observed in perform-
ing series of training tasks 1, 2, and 4 (p <0.05). The girls aged
15 who use the first mode (6 sets 1 time each with a rest inter-
val of 60 s) need fewer repetitions to master the movements of
the first (exercises to develop motor abilities) and the second
(exercises to master starting and ending positions) series of
tasks. The girls 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 fourth series of tasks (ability to assess
movements in space, by time and muscular effort) (p < 0.05).

The results presented show that during motor skills de-
velopment, both the first and the second variants of exercise
modes and rest intervals can be used. For series of tasks 1 and
2, it is advisable to use 6 sets 1 time each with a rest interval
of 60 s; for series of tasks 3, 5, and 6 — 6 sets 1 time each with
arest interval of 60 s or 6 sets 2 times each with a rest interval
of 60 s; for series 4 - 6 sets 2 times each with a rest interval
of 60 s. The obtained data supplement the information about
the influence of exercise modes on the effectiveness of motor
skills development (Ivashchenko, & Kapkan, 2015; March-
enko, & Taranenko, 2020), and also confirm the results of the
study on the priority of motor skills development in physi-
cal education of schoolchildren (Ivashchenko, Berezhna, &
Cieslicka, 2020; Ivashchenko, & Sirichenko, 2020; Valentini,
Pierosan, Rudisill, & Hastie, 2017).

Structure coefficients show that the indicators of the ef-
fectiveness of teaching girls aged 15 the cartwheel are training
tasks of series 2 (exercises to master starting and ending posi-
tions) and 4 (ability to assess movements in space, by time and
muscular effort). The obtained data complement the informa-
tion on the structure of fundamental motor skills, which in-
cludes movement coordination skills as a separate component
(Almeida, Luz, Martins, & Cordovil, 2017; Basman, 2019;
Barnett, Telford, Strugnell, Rudd, Olive, & Telford, 2019).

The findings complement the results of discriminant
analysis of the process of teaching schoolchildren (Kapkan,
Khudolii, & Bartik, 2019; Lopatiev, Ivashchenko, Khudolii,
Pjanylo, Chernenko, & Yermakova, 2017; Marchenko, Jag-
iello, Iermakov, Ivashchenko, & Khudolii, 2021) and testify
to its effectiveness.

It is advisable to use these data for planning the process
of teaching, and the values of centroids and regression equa-
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tions - for calculating the number of repetitions of motor
tasks in a physical education lesson. Table 7 shows the un-
standardized coefficients that define the total impact of the
number of repetitions on the function value. For calculation,
the following equation is used:
Y = -3.473 + 0.965X, + 1.107X, - 0.969X, — 0.794X, - 0.322X
+1.021X,

where Y is the function value, X -X, are the number of rep-
etitions of series of training tasks. The approximate function
value is the value of the centroid for the exercise mode of 6
repetitions (M, = -2.855).

Conclusions

Discriminant analysis made it possible to determine the
impact of the number of repetitions on the effectiveness of
developing the cartwheel skill in girls aged 15.

Based on the analysis of group centroids, it was found
that exercise modes significantly influence the cartwheel skill
development in girls aged 15 during physical education class-
es. The results of classification of the groups show that 100.0
% of the original grouped cases were classified correctly.

During motor skills development, both the first and the
second variants of exercise modes and rest intervals can be
used. For series of tasks 1 and 2, it is advisable to use 6 sets 1
time each with a rest interval of 60 s; for series of tasks 3, 5,
and 6 - 6 sets 1 time each with a rest interval of 60 s or 6 sets
2 times each with a rest interval of 60 s; for series 4 — 6 sets 2
times each with a rest interval of 60 s.
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PO3MNIBHAHHA OBPA3IB: EOEKTUBHICTb NMPOLECY
HABYAHHA AKPOBATUYHUX BMPAB AIBYAT 15 POKIB

HaBug Menko'4*°P, Oner Xymomiit' 5P

'XapkiBcbkmit HaljioHaIbHNI Nefarorivamit yHiBepcuret imMeni I.C. CkoBopoan

ABTOpCBHKMIT BKTAZ: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykonucy; E - 36ip komris

Pedepart. Cratps: 6 c., 9 Tabn., 2 puc., 22 [pKeperna.

Merta gocmimyKeHHA — BU3HAYNUTU BIUIVB PEXUMIB BUKO-
HAHHS BIIPaB Ha e(eKTUBHICTD IPOL[eCy HAaBYaHH: IIePeBOPO-
Ty y6iK fiB4ar 15 pokis.

Marepianu i meTogu. Y gociifyKeHHi NpUitHANN y4acTb
20 giByat 15 pokis. [litu Ta ixHi 6aTbku 6yan iHpopmoBaHi
Ipo Bci 0COOMMBOCTI JOCTIZXKEHHS 1 Ja/Iv 3TOAY Ha y4acThb B
eKcIepuMeHTi. [/ BupillleHH:A IToCTaBIeHNX 3aBIaHb Oy/Iu BU-
KOpHMCTaHi METOIM JOCHi/I)KEHHA: BUBYEHHA Ta aHa/i3 HayKo-
BO-METOJMYHO] JIiTepaTyp; Mefjaroriyie CiocTepeXXeHHs, Xpo-
HOMETpaK HaBYA/IbHMX 3aB/IaHDb; N€JJarOTiYHMII eKCIIepUMEHT,
MEeTOAM MAaTeMAaTUYHOI CTaTUCTUKY, JUCKPUMIiHAHTHUI aHaIi3.

Pesynbraru. AHanis cepefiHiX 3HaU€Hb BKa3Ye, 11J0 CTATUC-
TUYHO 3HAYYIi PO3ODKHOCTI Y KiZIBKOCTI IIOBTOPEHD CIOCTe-
piraroTbcA y BUKOHaHHI 1, 2 Ta 4 cepiil HaBYa/JIbHMX 3aBJaHb
(p < 0,05). HdiyaTa 15 poKiB, sIKi BUKOPUCTOBYIOTb IHEPILINIi
pexuM (6 migxopis mo 1 pasy 3 iHTepBanoM BifIOYMHKY 60 ¢),
BUTPAYalOTh MEHIIE IIOBTOPEHDb HA OBOJIOMIHHA PYXiB IEpIIOL
(BTIpaBM /1A POSBUTKY PYXOBMX 3iOHOCTETT) Ta ipyroi (BIIpaBu
Ha OBOJIOZJiHHS BUXI/JHVX i KiHII€BVX ITOI0XKEeHb) Cepill 3aB/jaHb.

JliBuara, AKi BUKOPUCTOBYIOTH pyTuil pesknm (6 migxopis mo 2
pasu 3 iHTepBaIoOM BiIOYMHKY 60 C), BUTPAYaloTh MEHIIIE 0~
BTOPEHb Ha OBOJIOfIiHHA PYXiB YeTBepTOi cepii 3aBfaHb (yMiHHA
OL{HIOBATV BUKOHAHHA PYXiB B IIPOCTOPI, 32 YaCOM i M’ AI30BYMMU
sycwmamn) (p < 0,05)

BucnoBku. [I1cKpyMiHaHTHNIIT aHAa/Ii3 JO3BO/INB BU3HAYN-
TY BIUIMB KiJIbKOCTi TOBTOPEHDb HA e(peKTUBHICTb POPMYBaHHA
HaBUYKY BUKOHAHHS IIepeBOPOTY YOIK fiiByaT 15 pokiB.

Y mpoueci popMyBaHHA PYyXOBMX HaBMYOK MOXKYTb BHU-
KOPMCTOBYBATyUCA fAK MEPIIMI TaK i APYIuil BapiaHT peXXuMy
BUKOHAHH:A (i3NYHUX BIIPAB Ta iHTepBasy Bifmounuky. [ 1,
2 cepii 3aBJaHb PEKOMEHIYETbCS BUKOPUCTOBYBaTH 6 MiIXO/iB
1o 1 pasy 3 inTepBanoM Bigno4nHKy 60 ¢; gia 3, 51 6 cepii 3a-
BIaHb — 6 MigxopiB 1mo 1 pasy 3 iHTepBanoOM BifIO4YMHKY 60 ¢
260 6 migxomiB 1Mo 2 pasu 3 iHTepBaIOM BiflIOYMHKY 60 ¢; 11
4 cepia — 6 miIXopiB 10 2 pasy 3 iHTEPBAIOM BifIIOYNHKY 60 C.

Knrouosi croBa: fuckpuMiHaHTHUIT aHali3, fiiByara 15 po-
KiB, akpoOaTHYHi BIIPaBY, PeXXIIM BUKOHAHH: BIIPAB, HABYaHHS.
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