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Abstract

The purpose of the study was to determine the peculiarities of programmed teaching of the cartwheel to girls aged 14.
Materials and methods. The study participants were 20 girls 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, nearest neighbor analysis.

Results. The analysis of the effectiveness of the program of teaching girls aged 14 the cartwheel, using different
repetition modes (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) showed that the girls of the first group need fewer repetitions to master the cartwheel than the girls

of the second group (p < 0.05). Thus, repetition modes have statistically significantly different effects on the cartwheel
motor skill development in girls aged 14. The analysis of similarities revealed that the program components are

interrelated.

Conclusions. Factor analysis showed that teaching programs organized by the method of algorithmic instructions

are combined in nature. The analysis of similarities revealed that the program components are interrelated. Series of
training tasks 2, 3, and 5 are most correlated with one another and provide conditions for teaching girls aged 14 the
cartwheel. Optimization of the number of repetitions of the exercise depends on the speed of mastering the exercises of

the third and fourth series of training tasks.
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Introduction

The ideas of behaviorism became the methodological
basis of programmed instruction (Skinner, 1965, 1984a,b;
Fishman, Keller, & Atkinson, 1968). Skinner (1965) points
out that a special branch of psychology, the so-called ex-
perimental analysis of behavior, has produced a technology
of teaching characterized by the introduction of teaching
machines and programmed instruction. The basis of pro-
gramming is the “response - stimulus” scheme. According to
Skinner (1984), operant conditioning can replace, as well as
complement, the natural selection of behavior.

Physical education uses the traditional scheme of a
teaching program, which includes: informative frame (what
is performed) — operational frame (how it is performed) —
control frame (transition to training the next exercise) (Sh-
lemin, 1973; Gaverdovskii, 2007; Khudolii, 2008). In physi-
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cal education of schoolchildren, the method of algorithmic
instructions is used to develop teaching programs (Shueva,
Ivashchenko, & Jagiello, 2021; Marchenko, & Taranenko,
2020; Minenko, & Marchenko, 2021).

The results of a number of studies highlight the impor-
tance of a focused approach to the process of teaching school-
children (Ivashchenko, Abdulkhalikova, & Cieélicka, 2017;
Ivashchenko, Berezhna, & Cieslicka, 2020; Ivashchenko &
Sirichenko, 2020). Studies also consider the models of teach-
ing the basic volleyball movements to primary schoolchil-
dren (Samsudin, Setiawan, Taufik, & Solahuddin, 2021); the
patterns of developing motor competences in children and
adolescents (Chan, Ha, Ng, & Lubans, 2019; Delia, Tortella,
Sannicandro, & D’isanto, 2020; dos Santos, Nevill, Burana-
rugsa, Pereira, Gomes, Reyes, Barnett, & Maia, 2018).

Thus, it is relevant to determine the peculiarities of pro-
grammed teaching of schoolchildren.

The purpose of the study was to determine the peculiari-
ties of programmed teaching of the cartwheel to girls aged 14.
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Materials and methods

Study participants

The study participants were 20 girls 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, nearest neighbor 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 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 and nearest
neighbor analysis were used.

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 the effectiveness of the program of teach-
ing girls aged 14 the cartwheel, using different repetition
modes (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) showed that the girls of the first group need fewer rep-

Table 1. Program of teaching the cartwheel to girls aged 14 (Shlemin, 1973, Khudolii, 2008)

Informative frame
(what is performed)

Operational frame
(how it is performed)

Control frame (transition 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

. . If the student performs three times
When performing the exercise, do not bend | P
the knees in 10 seconds, proceed to the next

exercise

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

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

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

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

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

. Correct performance on 3

Switch leg handstand P
consecutive attempts

Switch leg handstand, maintaining balance Correct performance on 3

Handstand with legs apart with assistance .
for 3-4 seconds consecutive 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

Correct performance on 3

Perform everything only with assistance .
consecutive attempts

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

Pay attention to the technique of
performance

- . . . Correct performance on 3
Arriving to handstand quickly with assistance P

consecutive attempts
Pay attention to the technique of

performance

Correct performance on 3

Arriving to handstand slowly with assistance .
consecutive attempts

The fifth series of training tasks — preliminary exercises

Correct performance on 3

Maintain balance for 3-4 seconds .
consecutive attempts

Arriving to handstand quickly with the wall support

Handstand with legs apart with 90-degree rotation
with assistance

Perform all exercises for this element only
with assistance

Correct performance on 3
consecutive attempts

The sixth series of training tasks - the entire exercise

Pay attention to the technique of
performance

Correct performance on 3

Cartwheel with assistance .
consecutive attempts

Correct performance on 3

Cartwheel without assistance .
consecutive attempts

Maintain a gymnastic style
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Table 2. Analysis of the effectiveness of the program of teaching girls aged 14 the cartwheel, using different repetition modes
(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)

t-test for Equality of Means

Indicator modes n M SD 95% Confidence Interval
t P MD SED of the Difference
Lower Upper
1 10 37.9 3.03
Total number of 8996  0.000 124 1.378 115295 -9.504
repetitions 2 10 50.3 3.12

etitions to master the cartwheel than the girls of the second
group (p < 0.05). Thus, repetition modes have statistically
significantly different effects on the cartwheel motor skill
development in girls aged 14 (Table 2).

Structural analysis of the program of teaching
girls aged 14 the cartwheel (mode of 6 sets
1 time each with a rest interval of 60 s)

The Bartlett’s test indicates the possibility of using factor
analysis. The value of KMO characterizes the satisfactory ad-
equacy of the use of factor analysis with this sample (Table 3).

Table 3. Evaluation of the Feasibility of Applying Factor
Analysis

KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling 0.286
Adequacy (KMO) )

Approx. Chi-Square 24.634
Bartlett’s Test
- Df 15
of Sphericity
Sig. 0.055

As a result of the analysis, two factors that explain
68.035% of the variation of results were identified (Table 4).
The first factor explains 36.184% of the variation of learning
outcomes.

Table 4. Results of Factor Analysis of the Teaching Program
(6 repetitions, rest interval of 60 s). Rotated Component
Matrix. Girls Aged 14

Component
1 2

Series of training tasks h?

Se.rl.eﬁ I - exercises to develop motor 209 797 57
abilities

Series H.— exercises to master starting 195 91 887
and ending positions

.Serles I.H — actions without which it is . 839 466 922
impossible to perform the target exercise
Series IV - exercises to master the

1 .685  -.137 488
movement control ability

-.570 624 714
-.704 499

Series V - preliminary exercises
Series VI — the entire exercise

Table 5. Total Variance Explained. Girls Aged 14

Rotation Sums of Squared Loadings

Component
P % of Variance Cumulative %
36.184 36.184
2 31.851 68.035

The series that are most correlated with the factor are:

o Series 3 - actions without which it is impossible to
perform the target exercise (r = 0.839),

o Series 6 - the entire exercise (r = -0.704),

o  Series 4 - exercises to master the movement control
ability (r = 0.685).

The factor is bipolar and indicates that optimization of the
number of repetitions of the exercise depends on the speed of
mastering the exercises of the third and fourth series of train-
ing tasks. The factor is interpreted as movement control.

The second factor explains 31.851% of the variation of
learning outcomes.

The series that are most correlated with the factor are:

o Series 2 — exercises to master starting and ending

positions (r = 0.921),
o Series 1 - exercises to develop motor abilities
(r=0.727),

o Series 5 — preliminary exercises (r = 0.624).

The factor can be interpreted as basic movements.

The analysis of similarities revealed that the program
components are interrelated (Table 4). Series of training tasks
2, 3, and 5 are most correlated with one another and provide
conditions for teaching girls aged 14 the cartwheel (Fig. 1).

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)

Structural analysis of the program of teaching
girls aged 14 the cartwheel (mode of 6 sets
2 times each with a rest interval of 60 s)

The Bartlett’s test indicates the possibility of using factor
analysis. The value of KMO characterizes the satisfactory ad-
equacy of the use of factor analysis with this sample (Table 6).
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Table 6. Evaluation of the Feasibility of Applying Factor
Analysis. Girls Aged 14

KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling 0.5
Adequacy (KMO) ’

, Approx. Chi-Square 13.306
Bartlett’s Test of
.. Df 15
Sphericity i
Sig. .579

Table 7. Results of Factor Analysis of the Teaching Program
(12 repetitions, rest interval of 60 s). Rotated Component
Matrix. Girls Aged 14

Component
1 2

Series of training tasks h?

Se?lf?? I - exercises to develop motor 541 437 484
abilities
Series II — exercises to master starting

and ending positions 8135 -148 683

Series III - actions without which it

is impossible to perform the target 270 -.859 811
exercise

Series IV - exercises to master the

movement control ability 805 649
Series V - preliminary exercises 597 .366
Series VI — the entire exercise .960 926

Table 8. Total Variance Explained. Girls Aged 14

Rotation Sums of Squared Loadings

Component
P % of Variance Cumulative %
42.092 42.092
2 23.241 65.333

As a result of the analysis, two factors that explain
65.333% of the variation of results were identified (Table 7).

The first factor explains 42.092% of the variation of
learning outcomes.

The series that are most correlated with the factor are:

o Series 2 — exercises to master starting and ending

positions (r = 0.813),
o Series 4 — exercises to master the movement control
ability (r = 0.805),

o Series 5 - preliminary exercises (r = 0.597).

The factor characterizes the use of the following meth-
ods: method of separate teaching (series 2), method of imme-
diate information about the exercise performance (series 4),
and method of preliminary exercises (series 5). It points to
the combined nature of the teaching program.

The second factor explains 23.241% of the variation of
learning outcomes.

The series that are most correlated with the factor are:

o Series 6 — the entire exercise (r = 0.960),

o Series 3 - actions without which it is impossible to

perform the target exercise (r = -0.859).

The factor can be interpreted as basic movements. The
factor characterizes training tasks that are directly related to
the cartwheel technique.

The analysis of similarities revealed that the program
components are interrelated (Table 2). The training tasks of

series 2, 4, and 5 are combined into one group and provide
conditions for teaching girls aged 14 the cartwheel (Fig. 2).
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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 nearest
neighbor analysis showed that the tasks of series 1, 2, and 3
are most connected with one another (Table 9, Fig. 3).

Table 9. Analysis Results. Nearest Neighbor Analysis. Girls
Aged 14

Case Processing Summary N Percent
Sampl Training 17 89.5%
ample
P Holdout 2 10.5%
Valid 19 100.0%
Excluded 1
Total 20
Predictor Space
Built Model: 3 selected predictors, K = 3
Focal
@No
®ves
Type
@ Training

A Holdout

2 cepin
400 500 600 7,00 800

This chart is a lower-dimensional projection of the predictor space, which contains a total of 6 predictors.

Fig. 3. Analysis Results. Nearest Neighbor Analysis. Girls Aged 14

Discussion

Thus, the assumption is made about the impact of dif-
ferent exercise modes on the effectiveness of teaching series
of tasks. The study found that factor analysis and nearest
neighbor analysis make it possible to substantiate the teach-
ing program and identify the relationship between series of
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training tasks. Factor analysis points to the combined nature
of the teaching program.

The obtained data supplement the information about
the effectiveness of the method of algorithmic instructions
for developing programs of teaching physical exercises to
children and adolescents (Shueva, Ivashchenko, & Jagiello,
2021; Marchenko, & Taranenko, 2020; Minenko, & March-
enko, 2021).

The study found that the tasks to master the movements
without which it is impossible to perform the entire exercise
(series 3) and the movement control ability (series 4) are of
particular importance in the process of teaching. The data
complement the findings of Shueva, Ivashchenko, and Jag-
iello (2021) and also confirm the combined nature of the
method of algorithmic instructions (Shlemin, 1973; Khu-
dolii, 2008; Ivashchenko, 2016).

Similarly to the research by Ivashchenko and Kapkan
(2015), Shueva, Ivashchenko, & Jagiello (2021), the study found
that factor analysis and nearest neighbor analysis can be used
to substantiate the teaching program, which makes it possible
to identify the program structure and the relationship between
each factor and the result of teaching series of training tasks.

Thus, programmed teaching such as algorithmic in-
structions can be considered as a technological process with
a given result, which includes methods and techniques of
teaching that exist in physical education and aims to develop
the motor function of schoolchildren.

Conclusions

Factor analysis showed that teaching programs organized
by the method of algorithmic instructions are combined in
nature. The analysis of similarities revealed that the program
components are interrelated. Series of training tasks 2, 3, and
5 are most correlated with one another and provide condi-
tions for teaching girls aged 14 the cartwheel. Optimization
of the number of repetitions of the exercise depends on the
speed of mastering the exercises of the third and fourth series
of training tasks.
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ANAAKTUKA: OCOBJINBOCTI MPOrPAMOBAHOIO
HABYAHHA NEPEBOPOTY YBIK AIBYAT 14 POKIB

Muxaitno XapbKoBiieHKo'AB¢P

'XapkiBcbka 3aranbHoOCBiTHA mKoma I-111 crynenis Ne 164 XapkiBcbkoi Micbkoi papn XapkiBcbkoi o6macti

ABTOpPCHKMIT BKIAJ: A — Au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D — migroroska pykormucy; E — 36ip komtis

Pedepar. Crarpst: 6 c., 9 Tab., 3 puc., 21 mxeperno.

Mera JOCTiKeHHS — BUSHAYUTI 0COOIMBOCTI IIpOrpamo-
BaHOT'O HaBYaHH:A NIePeBOPOTY yOiK miByar 14 pokis.

Marepiamu i meTogu. Y HOCTiIKeHHI IPUITHAIM yYacTb
20 piBuaT 14 pokis. [liTn Ta ixui 6aTbku 6ymu iHpopmoBaHi
Ipo BCi 0COOMMBOCTI JOCTIIKEHHS 1 jamu 3TOJly Ha y4acTb B
excriepuMeHTi. [/ BUpIilIeHHS IIOCTAaBJICHUX 3aBIaHb OyIn
BMKOPMCTaHi METO[M JOC/IIPKEHHA: BUBYEHHSA Ta aHaJIi3 Ha-
YKOBO-METOAMYHOI JIiTepaTypy; IeAaroriydHe CroCTepeXeHH,
XpOHOMeTpa)k HaBYa/JIbHUX 3aBJjaHb; MearOTi4YHNII eKCIepu-
MEHT, METOAM MAaTeMAaTUYHOI CTaTUCTUKY, (paKTOPHUIT aHaI3,
MeTOJI HalOMDKIUX CyCifiB.

Pesynprarn. AHamiz edeKTMBHOCTI porpaMu HaBYaHH:A
nepeBOpoTy ybiK AiBuaT 14 pokiB Ipy pi3HMX peXMMax IO-
BTOpeHb (1 — pexyM 6 migxoxis mo 1 pasy 3 iHTepBanoOM Bif-
MoYNHKY 60 ¢; 2 — pexxum 6 MigXoxniB 1o 2 pasu 3 iHTEpBaIOM
Bifmo4nHKy 60 ) MoKasas, o fliBUaTa IEpIIoi TPyNu BUTpa-
Yal0Th MEHIIIE IOBTOPEHDb Ha OBO/IOMIHHS IIEPeBOPOTY YOiK HiXK

piBuara ipyroi rpymu (p < 0,05). OT>xe pesxuMu IOBTOPEHb CTa-
TYCTUYHO JOCTOBIPHO MAlOTh pi3HMII BIVIMB Ha (GOPMYBaHHA
PYXOBOi HABMYKY I1epeBOPOTY yOiK y fiByaT 14 pokis. AHasmis
CIIiZIBHOCTEI T03BOIMB BCTAHOBUTM, 1[0 KOMIIOHEHTH IIPOrpa-
M B3a€MO3B sI3aHi.

BucuoBku. Ha ocHOBi ¢akTopHOro aHajisy BCTaHOBIIe-
HO, 1[0 TIPOTPaMM HaBYaHHA YHNOPAJKOBAHI 32 METO[OM a/Iro-
PUTMIYHUX PO3MOPSAKEHb MalOThb KOMOIHOBaHMUIT XapaKTep.
AHanis cHiTbHOCTeN JO3BONUB BCTAaHOBUTH, 110 KOMIOHEHTU
Iporpamm B3aeMos3s’s3aHi. Hait6inbury xopensuio MaoTh 2, 3
Ta 5 cepil HaBYa/lbHUX 3aB/IaHb i 3a0€31eYYI0Th YMOBM /LA Ha-
BYaHHA IepeBopoTy ybik AiBuar 14 pokis. OnTumizanis Kinb-
KOCTi IIOBTOPEHb BIIPABU 3a/IEXUTh BiJj INBU/IKOCTi 3aCBOEHHS
BIIPaB TPETHOI i 4€TBEPTOI Cepil HABYA/IbHUX 3aB/IaHb.

Knro4osi cnoBa: nporpaMoBaHe HaBYaHHsA, METOJ a/lro-
PUMIYHMX PO3IOPAMKEHb, aKpOOATUYHI BIpaBy, AiByaTa 14
POKiB.
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