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Abstract

Purpose. To determine the impact of exercise modes on the effectiveness of teaching boys aged 15 the press headstand
and handstand.

Materials and methods. The study participants were 20 boys 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 assumption was made about a significant influence of the modes of alternating exercise repetitions and
the rest interval on the effectiveness of teaching boys aged 15 the press headstand and handstand. The study found that
statistically significant differences in the number of repetitions are observed in performing all training tasks. The boys
aged 15 who use the second mode (6 sets 2 times each with a rest interval of 60 s) need fewer repetitions to master
series of motor tasks 1, 3, 4, 5, and 6. The boys 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 second series of training tasks (exercises to master starting and ending
positions).

Conclusions. The analysis of standardized, structure coeflicients, and group centroids revealed that exercise modes
significantly influence the process of teaching boys aged 15 the press headstand and handstand during physical
education classes. The results of classification of the groups show that 100 % of the original grouped cases were
classified correctly. 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 with a rest interval of 60 s when teaching series of motor tasks 1, 3, 4, 5, and 6.
Keywords: discriminant analysis, boys aged 15, acrobatic exercises, exercise mode, teaching.

Introduction Jagiello, 2021). In the process of developing the skills of funda-
mental movements, it is also important to test the level of their

. The .imPortfance of increasin.g motor activity of school- development (Valentini, Zanella, & Webster, 2017; Wagner,
children is highlighted by the findings of researchers (Prystyn- Kipling Webster, & Ulrich, 2017; Webster, & Ulrich, 2017).
skyi, Babych, Zaytsev, Boychuk, & Taymasov, 2020; Samsudin, ’ ! ’ X ’

Setiawan, Taufik, & Solahuddin, 2021; Krutsevich, March-
enko, Trachuk, Panhelova, Napadij, & Dovgal, 2021). It was
found that the increase in motor activity is associated with the

One of the factors that influence the effectiveness of
teaching is the mode of alternating repetitions and rest in-
tervals (Marchenko & Kovalenko, 2020; Marchenko, &
i Taranenko, 2020; Marchenko, Jagiello, Iermakov, Ivashchen-
level of development of fundamental movements (Ré, Logan, -

Catt Henri Tudela. & Stodden. 2018: P Issartel ko, & Khudolii, 2021). Ivashchenko and Karpunets (2001),
artuzzo, ienrique, uceia, odden, » TECES, ISSATLEL - yashchenko and Kapkan (2015), Browne, Flynn, O’Neill,

Behan, OConnpr, & Belton, 2020; Newell, 2020), the prior Howatson, Bell, and Haskell-Ramsay (2017) point out a more
ity of motor skills development (Ivashchenko, Berezhna, & L . . .
L o .. significant impact of exercise modes on the effectiveness of
Cieslicka, 2020; Ivashchenko & Sirichenko, 2020; Khudolii, . R .
performing complex coordination exercises. Thus, the study

Golovnin, & Bartik, 2020), as well as the development of . : .
teachine technolosies (Khudolii. 1 Kov. & Bartik. 2020: of the effectiveness of motor skills development is relevant.
eaching technologies (Khudolii, Iermakov, arts ’ The purpose of the study was to determine the impact of

Kapkan, Khudolii, & Bartik, 2019; Shueva, Ivashchenko, & exercise modes on the effectiveness of teaching boys aged 15
©  Siedykh, K., Ivashchenko, O., Bartik, P, & Veremeenko, V,,2022.  the press headstand and handstand.
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Materials and methods

Study participants

The study participants were 20 boys 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, 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 press
headstand and handstand was developed based on the data of
Shlemin (1973), Khudolii (2008) (Table 1).

Table 1. Program of teaching boys aged 15 the press headstand and handstand (Shlemin, 1973; Khudolii, 2008)

Informative frame
(what is performed)

Operational frame
(how it is performed)

Control frame
(transition to training the next exercise)

First series of training tasks — exercises to develop motor abilities

From standing position, with the back
against stall bars, proceed to arch hang

A push-up position. Bend arms and knees
(5 times in 5-6 seconds)

Performed with maximum amplitude

Performed by jumping off both feet, hold Repeat 3-5 times
the position for 3-4 seconds

If the student performs the exercise for
5-6 seconds, proceed to the next exercise

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

From squat, lean forward, put the head
down on mat on the marking and evenly
shift the body weight to the head and arms

The same, lifting the legs off the floor and
keeping them bent, straighten the back

Hold the position for 3-4 seconds

Perform the exercise with assistance

Repeat 3 times

Repeat 3 times

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

Lifting the legs off the floor and keeping
them bent, straighten the back

Arriving to headstand and handstand
should be done without any effort, by

Repeat 3 times

simply straightening the legs

Lifting the legs off the floor and keeping
them bent, straighten the back

the legs

Push off with the feet and, helping with ~ Repeat 3 times
hands, arrive to headstand. Straighten

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

In kneeling position, bending and
straightening of the arms (5 times)

possible

Bending and straightening of the arms in
stoop standing position (5 times)

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

exercise

Bend the arms simultaneously with
straightening the legs as quickly as

Plant the hands on the floor a step’s
length away from the toes

If the student performs the exercise for
5-6 seconds, proceed to the next exercise

If the student performs the exercise for
5-6 seconds, proceed to the next exercise

Do not bend knees when performing the Perform the exercise for 6 seconds

Fifth series of training tasks — preliminary exercises

From squat, lean forward, put the head
down on mat and evenly shift the body
weight to the head and arms for 3-4 seconds

with bent legs

From squat, lean forward, put the head
down on mat on the marking and evenly
shift the body weight to the head and arms
A headstand with the back and legs against
the stall bars, without assistance

Straightening the back, hold balance

Straighten the legs, hold balance without
bending the legs for 3-4 seconds

Focus on the exercise technique

If the student performs the exercise 3 times,
proceed to the next exercise

Correct performance of the series on
3 attempts

Correct performance of the series on
3 attempts

Sixth series of training tasks — the entire exercise

A headstand with the back and legs against
the stall bars, with assistance

A headstand with the back and legs against
the stall bars, without assistance

A headstand without assistance

Hold the position for 5-6 seconds

Hold the position for 5-6 seconds

Correct performance of the series on
3 attempts
Correct performance of the series on
3 attempts

Hold the position for 5-6 seconds
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Table 2. Group Statistics. Boys Aged 15

6 repetitions, rest interval of 12 repetitions, rest interval

Series of tasks 60's of 60 s fre L F dfl  df2  Sig.
Mean Std. Deviation Mean Std. Deviation Lambda
1 8.2 1.61 4.7 1.33 3.5 .393 27.771 1 18 .000
2 8.6 1.64 6.6 1.57 2 .701 7.692 1 18 .013
3 11.2 1.47 14.2 2.09 -3 .568 13.682 1 18 .002
4 16.0 1.49 12.3 1.25 3.7 333 36.132 1 18 .000
5 8.9 1.52 6.7 1.33 2.2 .605 11.773 1 18 .003
6 7.9 1.28 6.4 1.34 1.5 736 6.470 1 18 .020

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 coeflicients, 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 all training tasks. The boys aged 15 who use the
second mode (6 sets 2 times each with a rest interval of 60 s)
need fewer repetitions to master series of training tasks 1, 3,
4,5, and 6. The boys 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 second series of training tasks (exercises to
master starting and ending positions) (Table 2).

To determine the impact of different modes of exercises
on the level of proficiency, discriminant analysis was con-
ducted (Tables 3-10). 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 3).

The first canonical function explains 100% of the results
variation, which indicates its high informativity (r=0.935)
(see Table 4). The analysis of the canonical function shows its
statistical significance (A, = 0.125; p = 0.001). The first func-
tion has a high discriminative ability and value in interpreta-
tion of the general population (Table 5).

Table 3. Box’s M Test For Testing Equal Population
Covariance Matrices (DA)

Box’s M 33.236
Approx. .996
df1 21

: df2 1191.671
Sig. 465

Table 4. Eigenvalues for Developing Discriminant Model
(Canonical Correlation). Boys Aged 15

Function Eigenvalue % of Cumulative Canonical
8 Variance % Correlation
1 6.988° 100.0 100.0 935

Table 5. Outcomes of Calculated Wilks’ Lambda of
Discriminant Function. Boys Aged 15

Test of Function(s) Wilks’ Lambda Chi-square df
1 125 31.169 6

Sig.
.000

The standardized canonical discriminant function coef-
ficients make it possible to determine the ratio of the con-
tribution of variables to the function result. The results of
the first (exercises to develop motor abilities) and the fourth
(teaching the ability to assess movements in space, by time
and muscular effort) series of training tasks make the largest
contribution to the first canonical function. The above indi-
cates that in the classification of exercise modes for boys aged
15, the exercises of the first and fourth series of training tasks
are a priority (Table 6).

The structure canonical discriminant function coeffi-
cients are the coefficients 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 and first series of training tasks (r, = 0.536; r, = 0.470)
(Table 7).

Table 6. Standardized Canonical Discriminant Function
Coefficients. Boys Aged 15

Series of tasks F“mlitIOIl
Series 1 695
Series 2 _541
Series 3 536
Series 4 858
Series 5 472
Series 6 116
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Table 7. Structure Matrix. Boys Aged 15 Canonical Discriminant Function 1
Function . —
Series of tasks ¢ Mean = 2,51
1 SD = 0.661
Series 4 .536 N=10
Series 1 470 3 -
Series 3 -.330
Series 5 .306
Series 2 .247 o -
Series 6 227
Table 8. Canonical Discriminant Function Coefficients N | |
(Unstandardized coefficients)
Function
Series of tasks ;
Series 1 468 e e o0 2 >0
Series 2 -.336 Fig. 1. Graphic representation of classification results:
Series 3 -296 6 repetitions, rest interval of 60 s
Series 4 .623
Series 5 329 Canonical Discriminant Function 1
Series 6 .088 5 - Mean = 2,51
(Constant) -8.725 SD = 1.250

N=10

Table 9. Functions at Group Centroids. Boys Aged 15

i Function
Exercise Mode - | 2] m
1 - 6 repetitions, rest interval of 60 s 2.508
2 — 12 repetitions, rest interval of 60 s -2.508

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 6 repetitions (M, = 2.508), at the negative - a
centroid for the exercise mode of 12 repetitions (M , = -2.508)
(see Table 9, Fig. 1, 2). This indicates a significant difference in
the impact of exercise repetition modes on the number of rep-
etitions required for motor skills development in boys aged 15
during physical education classes. The results of classification
of the groups show that 100.0 % of the original grouped cases  the number of repetitions for mastering the motor skill (Ta-
were classified correctly (Table 10). Based on the discriminant  ble 8). The value of the centroid for the exercise mode of 12
function coefficients and centroids, it is possible to calculate  repetitions is approximate for calculation (M,, = -2.508).

o 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

Table 10. Classification Results*®

Predicted Group Membership

Exercise Mode ; 5 Total
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 — p
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
(]
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. 100.0% of cross-validated grouped cases correctly classified.
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Discussion

The assumption was made about a significant influence
of the modes of alternating exercise repetitions and the rest
interval on the effectiveness of teaching boys aged 15 the
press headstand and handstand. The study found that sta-
tistically significant differences in the number of repetitions
are observed in performing all training tasks. The boys aged
15 who use the second mode (6 sets 2 times each with a rest
interval of 60 s) need fewer repetitions to master series of
motor tasks 1, 3, 4, 5, and 6. The boys 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 second series of training tasks
(exercises to master starting and ending positions) (Table 2).

The obtained data complement the knowledge about
the regularities of motor skills development in children and
adolescents (Ré, Logan, Cattuzzo, Henrique, Tudela, & Stod-
den, 2018; Peers, Issartel, Behan, O’Connor, & Belton, 2020;
Newell, 2020).

The analysis of standardized and structure discriminant
function coeflicients shows that in the process of teaching the
press headstand and handstand, previous strength training
(first series of tasks) and the ability to control movements
(fourth series) are a priority. This confirms the information
on the impact of exercise modes with a complex coordination
structure (Browne et al., 2017).

The results of the analysis of the teaching process con-
firm the effectiveness of the discriminant function for de-
termining the regularities of motor skills development and
complement the knowledge about its use in physical educa-
tion and sports (Broadhead & Church, 1982; Baudry, Sforza,
Leroy, Lovecchio, Gautier, & Thouvarecq, 2009; Kermarrec,
& Michot, 2007).

To plan the modes of exercises on the basis of discri-
minant function coefficients and centroids, it is possible to
calculate the number of repetitions for mastering the mo-
tor skill. The calculation is performed using the following
equation:

Y = -8.725 + 0.468X, - 0.336X,, - 0.296X, + 0.623X, + 0.329X. +
+0.088X,, where Y is the function result, X -X_ are the num-
ber of repetitions of series of training tasks 1-6.

The value of the centroid for the exercise mode of 12 rep-

etitions is approximate for calculation (M, , = -2.508).

Conclusions

The analysis of standardized, structure coefficients, and
group centroids revealed that exercise modes significantly
influence the process of teaching boys aged 15 the press head-
stand and handstand during physical education classes. The
results of classification of the groups show that 100 % of the
original grouped cases were classified correctly.

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 with a rest interval of 60 s when teaching series of mo-
tor tasks 1, 3,4, 5, and 6.
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PO3NMI3HAHHA OBPA3IB: EODEKTUBHICTb NMPOLECY HABYAHHA
CTINKN CUJIOI0 HA TONOBI | PYKAX XJIOMNUIB 15 POKIB

Kupuno Cegux'45<P, Onpra IBamenko'**“P, ITapon Baptik***”, Bikropis Bepemeenko'**P

'XapkiBcbkuil HanioHanbHMI Tefaroriunmit yiBepcutet iMeHi [.C. CkoBoponu

*YuiBepcuret Mares bens

ABTOpCHKNMI BKIAJ: A — Iu3aiiH gocmipkeHHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip komtis

Pedepar. Cratps: 7 c., 9 Tabm., 2 puc., 26 mKeper.

MeTa BOCTiIP)KEHHA — BU3HAYUTH BIUIMB PEXUMIB BUKO-
HaHH: BIIPaB Ha e()eKTUBHICTb MPOIleCy HaBYaHHS CTilIKM CH-
JIOIO Ha rOJIOBi i pyKax X/IonuiB 15 poKiB.

Marepiamm i meTogu. Y HOCHiIPKeHHI IPUITHAIY y4acTb
20 xnonuis 15 pokis. it Ta ixHi 6ateku Oymu indopmosa-
Hi PO BCi 0COOMMBOCTI HOCTI/PKEHHS 1 Aan 3TOAY Ha y4acTb
B eKcIepyuMeHTi. JI/i BUPpIllIeHHs TOCTaB/IeHNX 3aB/jaHb Oy/n
BUKOPMCTaHi METOAM NOCTiJPKEHHA: BUBYEHHSA Ta aHaJIi3 HAyKO-
BO-METOJMYHOI /IiTepaTypy; Iefaroriyie CrIoCTepe>KeHH, XPO-
HOMeTpa)k HaBYa/IbHMX 3aB/IaHb; N€JaroriyHuil eKCIepyuMeHT,
MeTOAY MaTeMaTU4HOI CTAaTUCTUKM, AUCKPUMIHAHTHMUII aHaTi3.

Pesynpratu. [IpniiMa€Tbcss NpUIymIeHHA IPO CYTTEBUIL
BIUIMB PEXMMiB YepryBaHH:A IIOBTOPEHb BIpaB Ta iHTepBaly
BiJIIOYMHKY Ha e()eKTUBHICTb HABYAHHS CTilIKM CMJIOK Ha ro-
70Bi i pykax xjyronuis 15 pokiB. BcTaHoB/€HO, 1110 CTaTUCTUYHO
3HAYyIIi pO36DKHOCTI Y KIIBKOCTI IOBTOPEHD CIIOCTePIiraloThest
Y BUKOHAHHI BCiX HaBYa/IbHUX 3aBJaHb. Xjomui 15 pokis, sAKi
BUKOPUCTOBYIOTB IPYTuUit pexxyM (6 miixozis 1mo 2 pasu 3 iHTep-
BaJIOM BifIIOYMHKY 60 ), BUTPAYalOTh MEHIIE IIOBTOPEHb Ha
oBonofinuA 1, 3, 4, 5 Ta 6 cepii pyXxoBuX 3aBfaHb. Xyonui 15 po-
KiB, SIKi BUKOPUCTOBYIOTb IepIuuii pe>xuM (6 minxozis mo 1 pasy
3 IHTepBa/IOM BifIIIOYMHKY 60 C) BUTPAaYalOTh MEHIIe IOBTOPEHb
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Ha OBOJIOZIiHHA fIpyroi cepil HABYA/JIPHMX 3aBJaHb (BIpPaBM Ha  I0Tb, 10 100 % BUXIZHMX 3rPYNOBAaHUX CIOCTEPEXEHb K/IACH-
OBOJIOiHHS BUXIJHMX i KiHIIEBUX IIO/TOKEHD ). ¢ixoBaHO BipHO. BCTaHOBIIEHO 1110 peXXVM 6 MiXOfiB 10 2 pasn
Bucnosku. Ha ocHOBI aHa/1i3y HOPMOBaHUX, CTPYKTYPHUX 3 iHTepBa/IoM Bifillo4nHKY 60 ¢ Mae 6inpiry eeKTUBHICTD HiK
KoedilLieHTIB Ta LeHTPOINiB IPYIl BU3HAYEHO, 1[0 PEXKMMM BM-  PeXUM 6 IiIXofis mo 1 pasy 3 iHTepBamoM Bignounnky 60 c y
KOHAHHA BIIPAaB MalOTb CYyTTEBUI BIIMB Ha IIPOLIEC HABYAHHA  IpoLeci HaBYaHHA 1, 3, 4, 5 Ta 6 cepil pyX0OBUX 3aB/IaHb.
CTiJIK}M CHJIOI0 Ha TOJOBI i pyKax X/lonuisB 15 pokiB Ha ypokax KnrouoBi cnoBa: juckpyMiHaHTHUI aHati3, xomnui 15 po-
¢bisuuHol KynpTypu. Pesynbratu kaacudikauii rpyn mokasy- — KiB, akpoOaTH4HI BIIpaBY, PeKUM BUKOHAHHSA BIIPAB, HABYaHHL.
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