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Abstract

The purpose of the study was to determine the peculiarities of programmed teaching of a cartwheel to boys aged 14.
Material and methods. The study participants were 20 boys aged 14. 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, factor

analysis.

Results. The analysis of similarities revealed that the program components are interrelated. Series of training tasks I, II
and IV are combined into one group and provide conditions for teaching boys aged 14 a cartwheel.

Conclusions. As a result of factor analysis, the study obtained a two-factor model of the teaching program where
training tasks are closely connected with one another, which indicates their effective selection. Factor models of the
teaching program explain 69.371% and 75.394% of the variation of results. The study found that the effectiveness of the
program depends on the modes of exercise repetition. The use of the mode of exercise repetition of 6 sets 2 times each
with a rest interval of 60 s increases the effectiveness of the proposed program (p <0.05).
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Introduction

Programmed instruction was developed in the 1970s
(Maehr, 1964; Newton & Hickey, 1965; Woodruft, Faltz, &
Wagner, 1966). The aspects of programmed and traditional
teaching were studied (Hughes, 1975). The prospects for
modern development are associated with the latest technolo-
gies (Coughlan & Coghlan, 2021; Johnson, Iversen, Kenyon,
Holth, & de Souza, 2020).

Studies by Shlemin (1973), Khudolii, Iermakov, & Bartik
(2020), Khudolii, & Iermakov (2011) focus on the problem of
programmed teaching in physical education. The researchers
found the effectiveness of using the method of algorithmic
instructions when teaching school program exercises (Ivash-
chenko, 2014, 2001; Khudolii, 2008; Khudolii, Iermakov, &
Bartik, 2020) and programming the development of strength
in schoolchildren (Khudolii, Ivashchenko, & Titarenko, 2013).

The method of algorithmic instructions gives the possibil-
ity to formulate subtasks within the holistic system of motor
skills development. Thus, Khudolii and Iermakov (2011) point
out that the level of strength development, muscle sensitivity
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and a training mode significantly influence the process of
teaching motor actions. This fact makes it possible to formulate
the following tasks of learning and training: 1) to develop mo-
tor abilities necessary for learning movements; 2) to teach the
ability to control movements; 3) to ensure a high level of perfor-
mance. Studies of the movement biomechanical structure allow
us to formulate the following learning objectives: 1) to teach
actions without which it is impossible to perform the exercise;
2) to teach preliminary exercises (Haverdovsky, 2003, 2007).

The selection of training tasks within the method of al-
gorithmic instructions is based on the data about movement
control in the process of skills development (Shlemin, 1973;
Buckolz, Renger, Salmoni, Hall, & Paunonen, 1990; Féry &
Morizot, 2000), about the need to control movements (Kara-
bourniotis, Evaggelinou, Tzetzis, & Kourtessis, 2002; Lakota,
Talovié, Jeleskovié, & Bonacin, 2008; Park & Buchanan, 2018)
and the impact of visual information on the effectiveness of
teaching (Smyth, 1978; Robertson, Germain, & Ste-Marie,
2018; Khudolii, Iermakov, & Bartik (2020).

Therefore, the study of the peculiarities of programmed
teaching of physical exercises is relevant.

The purpose of the study was to determine the peculiari-
ties of programmed teaching of a cartwheel to boys aged 14.
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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, factor 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 instruc-
tions was used (Shlemin, 1973). The program of teaching
the cartwheel included the training tasks given in Table 1.
It was developed based on the data of Shlemin (1973), Khu-
dolii (2008). The next exercise started on condition of correct
performance of the previous exercise on three consecutive
attempts. The number of repetitions required for correct per-
formance on three consecutive attempts was recorded.

Statistical analysis

The study materials were processed using the IBM SPSS
20 statistical analysis program. Factor analysis was conducted.

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

Table 1 shows the results of a comparative analysis of
the effectiveness of the program of teaching boys aged 14 the

Table 1. Program of teaching the cartwheel (Shlemin, 1973; Khudolii, 2008)

Control frame

Informative frame
(what is performed)

Operational frame

(howiit isjperformed) (proceed to training the next

exercise)

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

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 position in the same way

When performing the exercise, do not
bend the knees

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

Perform the exercise as quickly as possible,
maintaining a gymnastic style

If the student performs the
maximal number in 10 seconds,
proceed to the next exercise

If the student performs the
exercise in 3-4 seconds, proceed to
the next exercise

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

From standing position with raised arms, step forward Switch leg handstand
and perform a switch leg handstand with assistance
Handstand with legs apart with assistance Switch leg handstand, maintaining balance

for 3-4 seconds

Correct performance in a series of
3 attempts
Correct performance in a series of
3 attempts

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

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

Perform everything only with assistance

Correct performance in a series of
3 attempts

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

Arriving to handstand quickly with assistance Pay attention to the technique of
performance
Arriving to handstand slowly with assistance Pay attention to the technique of

performance

Correct performance in a series of
3 attempts
Correct performance in a series of
3 attempts

The fifth series of training tasks — preliminary exercises

Arriving to handstand quickly with the wall support ~ Maintain balance for 3-4 seconds

Handstand with legs apart with 90-degree rotation
with assistance

Perform all exercises for this element only
with assistance

Correct performance in a series of
3 attempts
Correct performance in a series of
3 attempts

The sixth series of training tasks — the entire exercise
Cartwheel with assistance Pay attention to the technique of
performance

Cartwheel without assistance Maintain a gymnastic style

Correct performance in a series of
3 attempts
Correct performance in a series of
3 attempts
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Table 1. Analysis of the effectiveness of the program of teaching boys aged 14 the cartwheel using different repetition modes

t-test for Equality of Means

mode n M SD

95% Confidence Interval of the

MD SED Difference

Lower Upper

52.3
44.4

7.13
9.54

Total number of 1 10
repetitions 2 10

2.096

0.05

7.9 3.776 -.02 15.82

1 — mode of 6 sets 1 time each with a rest interval of 60 s; 2 — mode of 6 sets 2 times each with a rest interval of 60 s)

cartwheel using different repetition modes. It was found that
the mode of 6 sets 2 times each with a rest interval of 60 s is
more effective (p <0.05).

Structural analysis of the program of teaching boys aged 14
the cartwheel (mode of 6 sets 1 time each with a rest interval
of60s)

As a result of factor analysis, two factors that explain
69.371% of the variation of results were identified. The first
factor explains 47.742% of the variation of learning out-

Table 2. Results of factor analysis of the teaching program (6
repetitions, rest interval of 60 s). Rotated Component Matrix

Series of training tasks 0 Component > h?
Series 1 .895 .355 926
Series 2 .652 172 455
Series 3 .685 -.387 .619
Series 4 776 .146 .624
Series 5 .851 727
Series 6 .395 .606 524
Total number of repetitions 941 .309 981

Table 3. Total Variance Explained

Rotation Sums of Squared Loadings

comes. The series that are most correlated with the factor
are: I — exercises to develop motor abilities (r = 0.895); IV
— teaching the ability to assess movements in space, by time
and muscular effort (r = 0.776); III — actions without which
it is impossible to perform the target exercise (r = 0.685); II -
exercises to master starting and ending positions (r = 0.652).

The second factor explains 21.630% of the variation of
learning outcomes. The series that are most correlated with
the factor are: V - preliminary exercises (r = 0.851); VI - the
entire exercise (r = 0.606).

The analysis of similarities revealed that all the program
components are interrelated (Table 2). Series of training tasks
I, I and IV are combined into one group and provide condi-
tions for teaching boys aged 14 the cartwheel (Fig. 1).

Structural analysis of the program of teaching boys aged 14
the cartwheel (mode of 6 sets 2 times each with a rest interval
of60s)

As a result of factor analysis, two factors that explain
75.394% of the variation of results were identified (Tables 4,
5). The first factor explains 46.688% of the variation of learn-
ing outcomes. The series that are most correlated with the
factor are: I - exercises to develop motor abilities (r = 0.845);
III - actions without which it is impossible to perform the
target exercise (r = 0.958); V — preliminary exercises (r =
0.754).

The second factor explains 28.705% of the variation of
learning outcomes. The series that are most correlated with
the factor are: VI - the entire exercise (r = 0.779); IV — teach-
ing the ability to assess movements in space, by time and

Table 4. Results of factor analysis of the teaching program
(12 repetitions, rest interval of 60 s). Rotated Component
Matrix

Series of training tasks N Component 3 h?
Series 1 .845 281 794
Series 2 -.264 .634 472
Series 3 .958 .147 .940
Series 4 577 .688 .807
Series 5 .754 -.188 .604
Series 6 274 779 .681
Total number of repetitions .767 .625 .980

Table 5. Total Variance Explained

Component
P % of Variance Cumulative %
47.742 47.742
2 21.630 69.371
Component Plot in Rotated Space
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Fig. 1. Results of factor analysis of the teaching program (6
repetitions, rest interval of 60 s)

Rotation Sums of Squared Loadings

Component
P % of Variance Cumulative %
46.688 46.688
2 28.705 75.394
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muscular effort (r = 0.688); II — exercises to master starting
and ending positions (r = 0.634).

The analysis of similarities revealed that all the program
components are interrelated (Table 4). Series of training tasks
I and IT are combined into one group and indicate that in the
process of teaching boys aged 14 the cartwheel, these two
series of training tasks can be studied in parallel (Fig. 2).

Component Plot in Rotated Space

'VAR00006

VARD0004
o

VAR00002 VAR00007
o e}

0,54
VAR00001
'VAR00003|
o

VAR00005
o

Component 2
°

-1,0 -0,5 0,0 05 10
Component 1

Fig. 2. Results of factor analysis of the teaching program (12
repetitions, rest interval of 60 s)

The analysis of implementation of the teaching program
under the conditions of two exercise modes using the Nearest
Neighbor Analysis showed that the tasks of series 1, 2 and 3
are most interrelated with one another (Table 6, Fig. 3).

Table 6. Nearest Neighbor Analysis

Case Processing Summary

N Percent

Sample Training 17 85.0%

Holdout 3 15.0%

Valid 20 100.0%
Excluded 0
Total 20

Discussion

As a result of the pedagogical experiment, the peculiari-
ties of programmed teaching of the cartwheel to boys aged
14 were determined. The study obtained factor models of the
teaching program which explain 69.371% and 75.394% of the
variation of results. As a result of factor analysis, the study
obtained a two-factor model of the teaching program where
training tasks are closely connected with one another, which
indicates their effective selection. It was found that the use of
the mode of exercise repetition of 6 sets 2 times each with a
rest interval of 60 s increases the effectiveness of the proposed
program (p <0.05).

The obtained data supplement the results of the study on
the patterns of motor skills development (Kapkan, Khudolii,
& Bartik, P2019; Ivashchenko, 2020; Khudolii, Iermakov, &
Bartik, 2020) and indicate that the effectiveness of the pro-
gram can vary depending on exercise repetition modes.

The data presented confirm the effectiveness of the meth-
od of algorithmic instructions for motor skills development
in children and adolescents (Shlemin, 1973; Khudolii, Ierma-
kov, & Bartik, 2020; Ivashchenko, 2020). Factor analysis re-
vealed that series of training tasks IV (the ability to assess the
performance of movements in space, by time and muscular
effort) is essential in motor skill development. This confirms
the data of researchers about the need to focus on movement
control (Buckolz, Renger, Salmoni, Hall, & Paunonen, 1990;
Féry, & Morizot, 2000; Ashford, Bennett, & Davids, 2006), on
the control of exercise performance (Karabourniotis, Evagge-
linou, Tzetzis, & Kourtessis, 2002; Lakota, Talovi¢, Jeleskovié,
& Bonacin, 2008; Park, & Buchanan, 2018), and on the ef-
fectiveness of visual information in the process of motor
skills development (Smyth, 1978; Robertson, Germain, &
Ste-Marie, 2018).

Conclusions

As a result of factor analysis, the study obtained a two-
factor model of the teaching program where training tasks
are closely connected with one another, which indicates their
effective selection. Factor models of the teaching program ex-

Predictor Space

Built Model: 3 selected predictors,K = 3
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This chart is a lower-dimensional projection of the predictor space, which contains a total of 7 predictors.

Fig. 3. Nearest Neighbor Analysis
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plain 69.371% and 75.394% of the variation of results. Series
of training tasks IV (the ability to assess the performance of
movements in space, by time and muscular effort) is essential
in motor skill development. The study found that the effec-
tiveness of the program depends on the modes of exercise
repetition. The use of the mode of exercise repetition of 6 sets
2 times each with a rest interval of 60 s increases the effective-
ness of the proposed program (p <0.05).
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ANAAKTUKA: OCOBJINBOCTI MPOTPAMOBAHOIO
HABYAHHA NEPEBOPOTY YBIK XJ1OMNuIB 14 POKIB

Anpona CynpyHn'*®<P, Onsbra IBamenko'**“®, Mupocmasa Ilucmnmpka® <P

'XapkiBcbkmit HallioHaMbHUI Nefarorivamii yHiBepcnret iMeni I.C. CkoBoponn
*Mepyanuii koneriym: buprom, Kyascbko-IToMmopcbke BoeBOCTBO

ABTopcbKumit BKIaJ;: A — nusaiis gocmimpkeHHs; B — 36ip ganux; C - crataHanis; D - migrotoska pykomcy; E — 36ip komris

Pegepar. Crarsst: 6 c., 6 TabL., 3 puc., 27 [pKepert.

Mera OCTiIKeHHS — BUSHAYMTI OCOOMMBOCTI IIPOrpamo-
BaHOT'O HAaBYaHH: [IePEBOPOTY yOiK x/1om1iB 14 pokis.

Marepian i meropm. Y [OCHifi)KeHH] IPUITHANN y4acTb
20 xnonuiB 14 poxis. ity Ta ixui 6arbku Oymu iHpopmMoOBa-
Hi Ipo BCi 0COONMMBOCTI HOCTiKEHHA i Ja/ 3TOY Ha y4acTh
B eKCIepuMeHTi. JI/is BUpillleHHs IOCTaB/IEHUX 3aBIaHb Oy/In
BMKOPMCTaHi METOAM NOCTIIPKEHHA: BUBYEHHA Ta aHali3 Ha-
YKOBO-METOAMYHOL JIiT€PAaTypy; Iearoridyie CIIOCTEPEKEHH,
XpPOHOMETpa)k HaBYa/JbHUX 3aBJlaHb; IEJaroriuHmil eKcrepu-
MEHT, METO/J MAaTeMaTUYHOI CTATUCTUKY, PaKTOPHNUIT aHAIi3.

Pesynbratu. AHazis crizbHOCTEN JO3BONMB BCTAHOBUTH,
1110 KOMITOHEHTM ITporpamu B3aemoss s13aHi. I, I ta IV cepii Ha-
BYA/IbHIX 3aBJaHb 00 €IHYIOTbCA B OJHY IUIeAAY i 3abesmeuy-
I0Th YMOBU ISl HABYAHHS I1epeBOPOTY yOik xyomniiB 14 pokis.

BucHoBku. Y pesynbpraTi (pakTOpHOTo aHamisy oTpuma-
HO JBOX (DaKTOPHY MOfie/Ib IIPOTPAaMI HABYAHHSA y AKill KOX-
He HaB4Ya/JIbHE 3aBIaHHA Ma€ TiCHUI 3B’A30K MiX co6010, 10
CBigUMUTD IpoO ix edexTuBHMIT Minbip. PakTOpHI MOfeni mpo-
rpamMy HaB4aHHA Ha 69,371% Ta 75,394% 10sACHIOITH Bapiallito
pesynbrariB. BcraHoBIeHo, 1m0 edeKTUBHICTD IpOrpamMu 3a-
JI&XUTD BiJj PEXXMMIB IIOBTOPDEHHSA BIpaB. BUKopucTanHa pe-
JKIMY IIOBTOPEHHS BIIPaB 6 IiIXOiB IO 2 pasy 3 iHTEPBaIOM
BifmounHKy 60 ¢ migBuinye eeKTUBHICTh 3aIPOIOHOBAHOI
nporpamu (p < 0,05).

Kiro4osi cnoBa: nporpaMoBaHe HaBYaHHSA, aKpOOaTM4Hi
BIIPaBU, X/IOMIIi.
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