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Abstract

The purpose of the study was to determine the peculiarities of programmed teaching of a cartwheel to girls aged 15.
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, factor

analysis, nearest neighbor analysis.

Results. The analysis of similarities revealed that the program components are interrelated. Series of training tasks IV,
V and VI have the highest correlation. Series of training tasks I, IIT and IV are combined into one group and provide

conditions for teaching girls aged 15 the cartwheel.

Conclusions. The study obtained factor models of the teaching program, which explain 70.645% and 68.468% of the
variation of results. The models characterize the two-factor structure of the teaching program where training tasks
are closely connected with one another, which indicates their effective selection. It was found that the tasks of series
I, IT and III, and the tasks of series III, IV and V are most connected with one another, which confirms the combined
nature of the method of algorithmic instructions. Optimization of the number of repetitions of the entire exercise
(series of tasks VI) depends on the amount of exercises of the second and fifth series of training tasks.

Keywords: programmed teaching, method of algorithmic instructions, acrobatic exercises, girls.

Introduction

Developing technological approaches to motor sKkills
development and studying their effectiveness is one of the
relevant problems of schoolchildren’s physical education.
(Ivashchenko, 2020; Khudolii, Iermakov, & Bartik, 2020;
Marchenko, & Kovalenko, 2020). The educational process
uses linear, branching (Gaverdovskii, 2007; Ivashchenko,
V. P, 2004; Yanchenko, 2016), and combined materials of
programmed instruction (Shlemin, 1973; Khudolii, 2008;
Ivashchenko, 2016).

Programmed instruction was developed in the 1970s
and was based on the ideas of behaviorism (Skinner, 1965,
1984a,b; Fishman, Keller, & Atkinson, 1968). In physical ed-
ucation, studies in the field of programmed teaching aimed
to develop teaching programs and determine their effective-
ness (Berg, & Tikhonov, 1968; Golubev, 1969; Malinovskii,
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1972). The following rules for building programs were de-
fined: a) material is sequentially dosed in the form of ap-
propriate portions; b) transition to the next portion is made
after reaching a certain level; ¢) the program is presented
in the form of a series of “steps” having a certain focus; d)
materials of each “step” are presented in the form of “frames”
(operational, informative, control frames) (Shlemin, 1973;
Laputin, 1986).

One of the effective methods of programming is the
method of algorithmic instructions. It belongs to combined
methods of programmed instruction and has all the features
of technology (Shlemin, 1973; Khudolii, 2008; Ivashchenko,
2016).

Therefore, the study of the peculiarities of using the
method of algorithmic instructions when teaching physical
exercises is relevant.

The purpose of the study was to determine the peculiari-
ties of programmed teaching of a cartwheel to girls aged 15.
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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
features 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), Khudolii
(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
performance 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

Table 1. Program of teaching the cartwheel to girls aged 15 (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 When performing the exercise, do not bend If the student performs three times

the floor with the hands and, moving the hands for-  the knees
ward on the floor, adopt a push-up position, return to

starting position in the same way

Perform push-ups as quickly as possible (5 times in ~ Perform the exercise as quickly as
possible, maintaining a gymnastic style

3-45)

in 10 seconds, proceed to the next
exercise

If the student performs the exer-
cise 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 and perform a switch leg handstand with
assistance

Handstand with legs apart with assistance

Switch leg handstand

Correct performance on 3 con-
secutive attempts

Switch leg handstand, maintaining balance Correct performance on 3 con-
for 3-4 seconds

secutive 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 on 3 con-
secutive 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
performance

Arriving to handstand slowly with assistance
performance

Pay attention to the technique of

Pay attention to the technique of

Correct performance on 3 con-
secutive attempts

Correct performance on 3 con-
secutive attempts

The fifth series of training tasks — preliminary exercises

Arriving to handstand quickly with the wall support

Handstand with legs apart with 90-degree rotation
with assistance

Maintain balance for 3-4 seconds

Perform all exercises for this element only
with assistance

Correct performance on 3 con-
secutive attempts

Correct performance on 3 con-
secutive attempts

The sixth series of training tasks — the entire exercise

Cartwheel with assistance
performance

Cartwheel without assistance

Pay attention to the technique of

Maintain a gymnastic style

Correct performance on 3 con-
secutive attempts

Correct performance on 3 con-
secutive attempts
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Table 2. Analysis of the effectiveness of the program of teaching girls aged 15 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 n M SD

95% Confidence Interval

p MD SED of the Difference

Lower Upper

1 10 521
10 526

2.23
2.98

Total number of repetitions 0.424

0.05 0.5 1.179 -2.99327 1.99327

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 2 shows the results of a comparative analysis of
the effectiveness of the program of teaching girls aged 15
the cartwheel, using different repetition modes. The null
hypothesis about equality of learning outcomes is accepted
(p <0.05).

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

As a result of analysis, two factors that explain 70.645%
of the variation of results were identified (Table 3). The first
factor explains 41.531% of the variation of learning out-
comes. The series that are most correlated with the factor are:
Series 6 — the entire exercise (r = 0.967), Series 2 — exercises
to master starting and ending positions (r = -0.788), Series
5 - preliminary exercises (r = -0.718). The factor is bipolar
and indicates that optimization of the number of repetitions

Table 3. Results of factor analysis of the teaching program
(6 repetitions, rest interval of 60 s). Rotated Component
Matrix

Component

Series of training tasks ] 2 h?
Series I - exercises to develop 0482 0245
motor abilities
Serle.s II - exercises to n.lgster -0.788 0.624
starting and ending positions
Series IIT - actions without which
it is impossible to perform the 0.580  -0.620  0.721
target exercise
SCTIFS IV - exercises to master the 0852  0.798
ability to control movements
Series V - preliminary exercises -0.718 0.631 0.914
Series VI - the entire exercise 0.967 0.937

Table 4. Total Variance Explaineda

Rotation Sums of Squared Loadings

Component
% of Variance Cumulative %
1 41.531 41.531
2 29.114 70.645
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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)

of the entire exercise depends on the amount of exercises of
the second and fifth series of training tasks.

The second factor explains 29.114% of the variation of
learning outcomes. The series that are most correlated with
the factor are: Series 4 — exercises to master the ability to
control movements (r = 0.852), Series 5 — preliminary exer-
cises (r=0.631), Series 3 - actions without which it is impos-
sible to perform the target exercise (r = -0.620). The factor
can be interpreted as movement control.

The analysis of similarities revealed that the program
components are interrelated (Table 3). Series of training
tasks IV, V and VI have the highest correlation and provide
conditions for teaching girls aged 15 the cartwheel (Fig. 1).

Structural analysis of the program of teaching girls aged
15 the cartwheel (mode of 6 sets 2 times each with a rest in-
terval of 60 s)

As a result of analysis, two factors that explain 68.468%
of the variation of results were identified (Table 5). The first
factor explains 42.092% of the variation of learning out-
comes. The series that are most correlated with the factor
are: Series I - exercises to develop motor abilities (r = 0.858),
Series III - actions without which it is impossible to perform
the target exercise (r = 0.869), Series IV — exercises to mas-
ter the ability to control movements (r = 0.752). The factor
characterizes the use of the following methods: combination
(Series I), method of solving separate tasks (Series IIT), and
method of immediate information about the exercise perfor-
mance (Series IV).
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Table 5. Results of factor analysis of the teaching program
(12 repetitions, rest interval of 60 s). Rotated Component
Matrix

Component

Series of training tasks ] 2 h?
Se‘rl.es I - exercises to develop motor 0.858 0.796
abilities
.Serles I - e).(erc1ses. t.o master start- 0758 0.591
ing and ending positions
Series IIT - actions without which it
is impossible to perform the target 0.869 0.769
exercise
Se.rl.es IV - exercises to master the 0.752 0306 0.658
ability to control movements
Series V — preliminary exercises -0.449 0.692  0.681
Series VI - the entire exercise 0.500 0.602  0.612

Table 6. Total Variance Explained

Rotation Sums of Squared Loadings

Component
% of Variance Cumulative %
1 42.092 42.092
2 26.377 68.468

The second factor explains 26.377% of the variation of
learning outcomes. The series that are most correlated with
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Fig. 2. Results of factor analysis of the teaching program
(12 repetitions, rest interval of 60 s)

tasks I, IIT and IV are combined into one group and provide
conditions for teaching girls aged 15 the cartwheel (Fig. 2).

The analysis of implementation of the teaching program
under the conditions of two exercise modes using the near-
est neighbor analysis showed that the tasks of series 1, 2 and
3 (Table 7, Fig. 3), and the tasks of series 3, 4 and 5 are most
connected with one another (Table 8, Fig. 4).

Table 7. Analysis results

the factor are: Series II - exercises to master starting and Case Processing Summary N Percent
epding positions (r = -0.758), Series. V- pre}iminary exXer-  gumple Training 15 83.3%
cises (r = 0.692), Series VI - the entire exercise (r = 0.602). .
The factor can be interpreted as movement control. The fac- Holdout 3 16.7%
tor characterizes training tasks that are directly related to the ~ Valid 18 100.0%
cartwheel techqique. S Excluded 2
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Fig. 3. Analysis results. Nearest neighbor analysis
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Fig. 4. Analysis results. Nearest neighbor analysis

Table 8. Analysis results. Nearest neighbor analysis

Case Processing Summary N Percent
Sample Training 17 85.0%
Holdout 3 15.0%
Valid 100.0%
Excluded
Total

Discussion

As a result of the pedagogical experiment, the pecu-
liarities of using the method of algorithmic instructions
when teaching girls aged 15 the cartwheel were determined.
The study obtained factor models of the teaching program,
which explain 70.645% and 68.468% of the variation of re-
sults. The models characterize the two-factor structure of
the teaching program where training tasks are closely con-
nected with one another, which indicates their effective se-
lection. It was found that the tasks of series 1, 2 and 3, and
the tasks of series 3, 4 and 5 are most connected with one
another, which points to the combined nature of the method
of algorithmic instructions. Optimization of the number of
repetitions of the entire exercise (series of tasks VI) depends
on the amount of exercises of the second and fifth series of
training tasks.

The obtained data supplement the results of the study
on the patterns of motor skills development (Ivashchenko,
2016, 2020; Khudolii, Iermakov, & Bartik, 2020) and indi-
cate the effectiveness of using the method of algorithmic in-
structions when teaching physical exercises (Marchenko, &
Taranenko, 2020; Marchenko, Jagiello, lermakov, Ivashchen-
ko, & Khudolii, 2021; Slotte, Sdakslahti, Kukkonen-Harjula,
& Rintala, 2017). The study confirmed the combined nature
of the method of algorithmic instructions (Shlemin, 1973;
Khudolii, 2008; Ivashchenko, 2016).

354

The obtained data confirm that the method of algorith-
mic instructions is based on the teaching methods and tech-
niques that exist in physical education and at the same time
complements and extends them. In the exercises of the first
series of training tasks related to special physical fitness, the
method of combination is used; in the second series - the
method of separated training and the technique of fixing
separate positions; in the third - the method of solving sepa-
rate motor tasks; in the fourth - the method of immediate
and current information about the accuracy of the move-
ments performed; in the fifth - the method of preliminary
exercises and separation; in the sixth - the method of holistic
training (Shlemin, 1973; Khudolii, 2008).

Since the decision to proceed to the next series is made
depending on the level of motor fitness (series of training
tasks I), the programming of motor abilities development
is a necessary element of the teaching program (Khudolii,
Ivashchenko, & Titarenko, 2013; Khudolii, Iermakov, Ivash-
chenko, & Nosko, 2020; Iermakov, Ivashchenko, Khudolii, &
Chernenko, 2020).

Thus, the use of the method of algorithmic instructions
can be seen as a technological process with a guaranteed
result, which is a step towards improving the effectiveness
of school physical education (Samsudin, Setiawan, Taufik, &
Solahuddin, 2021; Khudolii, Kapkan, Harkusha, Marchenko,
& Veremeenko, 2020; Tkachenko, 2020; Tomaczkowski &
Klonowska, 2020).

The study found that factor analysis and nearest neigh-
bor analysis can be used to substantiate the teaching pro-
gram, which allows determining the relationship of each
factor with the result of teaching series of training tasks and
the structure of the program.

Conclusions

As a result of the pedagogical experiment, the pecu-
liarities of using the method of algorithmic instructions
when teaching girls aged 15 the cartwheel were determined.

TM®B, 2021, Tom 21, N2 4
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The study obtained factor models of the teaching program
which explain 70.645% and 68.468% of the variation of re-
sults. The models characterize the two-factor structure of the
teaching program where training tasks are closely connected
with one another, which indicates their effective selection. It
was found that the tasks of series 1, 2 and 3, and the tasks of
series 3, 4 and 5 are most connected with one another, which
confirms the combined nature of the method of algorithmic
instructions. Optimization of the number of repetitions of
the entire exercise (series of tasks VI) depends on the amount
of exercises of the second and fifth series of training tasks.
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®OPMYBAHHA PYXOBUX HABUYOK: OCOBJIMBOCTI MPOTPAMOBAHOIO
HABYAHHA AKPOBATUYHUX BINMPAB AIBYAT 15 POKIB

Anina IllyeBa'**“PE, Onpra IBamenko'*5PE, Bragicnas fremno*APE

'XapkiBcbkuit HallioHa/IbHUI Nefaroriynuii yHiBepcuret imeHi I. C. CkoBopopu
“Tnancpkuit yHiBepcuTeT (isMYHOrO BUXOBAHHA i CIOPTY

ABTOpPCBHKMIT BKTAJ;: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E - 36ip komTis

Pedepar. Crarts: 7 c., 8 Tab1., 4 puc., 27 pKeper.

Mera BOCHiKEHHsT — BU3HAYNTY OCOOIMBOCTI Iporpa-
MOBAHOTI'O HaBYaHH [epeBopoTy yOiK miByar 15 pokis.

Marepianu i meTopm. Y fociipkeHHi IpUITHAIN y4acTb
20 gmiBuar 15 poxis. [litu Ta ixHi 6atpku Oymn indopmoBani
PO BCi 0COOMMBOCTI FOCTfKEHHA 1 ja/ii 3TOY HAa y4acTb B
excrepuMeHTi. JIisi BUpillIeHHs IOCTaB/IeHNX 3aBaHb Oyn
BUKOPMCTAHi METOM NOCTiJKEHHA: BUBYEHHA Ta aHaJIi3 Ha-
YKOBO-METOJMYHO] JIiTepaTypy; MeJaroriyie CriocTepeXeHHs,
XPOHOMETPAX HaBYaJbHUX 3aBJIaHb; MEJaTOTiYHMIT €KCIIepH-
MEHT, METO[IY MaTeMaTUYHOI CTaTUCTUKY, GaKTOPHMUII aHAI3,
MeTOf| HaltOIVDKINX CYCifiB.

PesynpraTn. AHamis cinbHOCTEN J03BONIMB BCTAHOBUT,
1[0 KOMIIOHEHTH [IpOrpaMy B3aeMo3B s13aHi. Haitbinbury kope-
nanio MaoTh IV, V ta VI cepii HaByanbHuX 3aBpasb. I, 111 ta
IV cepii HaBYa/IbHMX 3aBfjaHb 00 €HYIOTHCS B OFHY IUIESRY i

3a0e3evyoTh YMOBHU [ HABYaHH:A IIePeBOPOTY YOIK AiBuar
15 poxkis.

BucHoBku. Y pocnimxeHHi oTpuMaHo (akTOpHi Mopeni
IIporpamMyu HaB4YaHHA AKi Ha 70,645% Ta 68,468% IOACHIOIOTDH
Bapialifo pe3ynbrariB. Mogeni xapakTepusyoTh 1BOX (PaKTop-
HY CTPYKTYpy IIpOorpaMy HaBYaHHSA y AKill KO)KHe HaBYajbHe
3aBJIaHHA M€ TICHMUII 3B’I30K MDX 00010, 1[0 CBIfYNTD IPO ix
edektuBHMI Nifgbip. BcraHoBIEHO 110 HaIOIbLI 3B 13aHI MK
coboro € sapganus I, IT ta I1I cepii i saBmanns 111, IV ta V cepii,
IO MiATBEPHXY€e KOMOIHOBAaHWII XapaKTep METORY arOpPUT-
MiYyHUX posnopsamkeHb. OnTuMisalisa KibKocTi HOBTOpeHb
Bupasu B 1iomy (VI cepist 3aBgaHp) 3aleXuTh Bif 06csry
BUKOHAHHA BIPaB APYroi i I'sAToi cepil HaBYaIbHMX 3aBJjaHb.

Knio4oBi cnoBa: mporpamMoBaHe HaBYaHHS, MeTOJ, a/Iro-
PUTMIYHMX PO3HOPS/PKEHD, aKpoOaTI4Hi BIIpaBy, AiByara.
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