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Abstract

The study objective is to determine the possibility of identifying the state of strength abilities development
in boys aged 12-14, using the methodology of multidimensional statistics.

Materials and methods. The study involved boys: 12 (n =35), 13 (n = 36), 14 (n = 36) years old. The study
used the following methods: analysis and collation of scientific and methodological literature, general
scientific methods of theoretical level, such as analogy, analysis, synthesis, abstraction, induction, as well
as general scientific methods of empirical level: observation, testing, experiment. The testing program in-
cluded well-known tests.

Results. In identifying the state of motor abilities development in boys aged 12-14, the most important
results were obtained in tests: 10 “Squats Test (two legs), quantity of times” (0.519), 9 “Trunk Lift Test,
quantity of times” (0.497), 21 “Flamingo Balance Test - single leg balance test” (-0.496), 1 “Pull-Up / Chin
Up Test (low crossbar), quantity of times” (0.428), 19 “Hand Tapping Test, sec.” (-0.427), 20 “Seated For-
ward Bend, cm” (-0.412), 5 “The subject lies in prone position, arms bent at the elbow 90 degrees - hold
position in seconds” (0.408). These tests characterize the comprehensive development of motor abilities in
boys aged 12-14.

In identifying the state of motor abilities development in boys aged 13-14, the most important results

were obtained in tests: 8 “Decline Reverse Crunch on Bench, quantity of times” (-0.989), 11 “Single Leg
Squat (SLS) Test - right leg, quantity of times” (0.965), 1 “Pull-Up / Chin Up Test (low crossbar), quantity
of times” (0.676), Ne13 “Single Leg Squat (Pistol) - right leg” (0.682), 17 “Eurofit Sit Up Test (for 30 sec.),
quantity of times” (0.454). These tests characterize the development level of relative and static leg strength,
strength endurance of abdominal muscles, and dynamic strength of shoulder muscles.

Conclusions. A discriminant analysis made it possible to determine informative indicators for
comprehensive control of motor abilities development in boys aged 12-14; to answer the question as to
how significantly the states of motor abilities development in boys aged 12, 13 and 14 differ; what motor
tests most substantially influence the differentiation of classes; what class the object belongs to based on the
values of discriminant variables.

To identify the level of motor abilities development in boys aged 12-14 years, it is necessary to focus on the
indicators of relative strength and strength endurance; in boys aged 13 and 14 years — on the indicators of
strength endurance of abdominal muscles and endurance of leg muscles.

Keywords: motor abilities, discriminant analysis, pattern recognition, boys aged 12-14.

Introduction el of physical activity and its impact on the quality of

life of adult population showed that the highest levels

Physical activity and its impact on popu-
lation health is one of the problems actively studied
in the field of physical education. Studies of the lev-
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of physical activity positively affect the quality of life
(Badicu, & Balint, 2016; Badicu, 2018). Physical educa-
tion of schoolchildren aims at optimizing the child’s
physical development (Balsevich, 2000; Novak, Podnar,
Emeljanovas, Marttinen, 2015), improving the process
of motor skills development and teaching physical ex-
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ercises (Ivashchenko, 2016; Emeljanovas, Mieziene,
& Putriute, 2015), health promotion and protection
(Krutsevych, & Bezverkhnia, 2010). Strength abilities
are part of the basic ones, their level of development in-
fluences the effectiveness of teaching physical exercises
and motor preparedness of schoolchildren (Ilyin, 2003;
Ivashchenko, 2016).
Numerous studies reached the following
conclusions:
« on the regularities of development of strength,
speed, coordination, endurance, and flexibility
in children (Liakh, 2000; Khudolii, 2008;
Serhiienko, Chekmarova, & Khadzhynov,
2012);

« on the influence of the level of motor
abilities development on building motor
skills in schoolchildren (Ivashchenko, 2016;
Ivashchenko, Prykhodko, & Cieslicka, 2018);

« on the effectiveness of using tools and methods
of training in motor abilities development
(Liu, Chen, Ho, Fule, Chung, Shiang, 2013;
Khudolii, Iermakov, & Prusik, 2015; Cieslicka,
Ivashchenko, 2016).

In previously published papers, it was found
that the system of schoolchildren’s physical educa-
tion has a hierarchical structure where the develop-
ment of motor abilities is subordinated to the pro-
cess of building motor skills: strength development
— development of movement coordination, speed,
endurance, and flexibility — building motor skills
(Khudolii, Ivashchenko, 2014; Ivashchenko, 2017;
Ivashchenko, Khudolii, Iermakov, Lochbaum, Cies-
licka, Zukow, Nosko, & Yermakova, 2016; Khudolii,
Iermakov, & Prusik, 2015).

Multidimensional methods of mathematical sta-
tistics such as factor and discriminant analyses are ef-
fective for studying the structure of schoolchildren’s
motor preparedness (Ivashchenko, 2016; Lopatiev,
Ivashchenko, Khudolii, Pjanylo, Chernenko, & Yerma-
kova, 2017; Vlasov, Demichkovskij, Ivashchenko, Lo-
patiev, Pitin, Pjanylo, & Khudolii, 2016). There are two
vectors in the methodological approach to the use of
multidimensional methods of mathematical statistics.
The first vector is an assessment of the current state, the
second is an assessment of the state dynamics. Factor
analysis, which determines informative indicators, is
used to evaluate the current state. To evaluate the state
dynamics in the series of lessons and in an age range,
discriminant analysis is used, it allows to determine in-
formative indicators for comprehensive control and to
determine what class of preparedness the pupil belongs
to based on discriminant functions (Ivashchenko, 2017;
Ivashchenko, Kapkan, Khudolii, Yermakova, 2017). In
available literature, however, there are not enough data
on the peculiarities of evaluating motor abilities devel-
opment in middle school students.
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Thus, it is relevant to study the peculiarities of mo-
tor abilities development based on identification of
their state of development in middle school boys.

The study objective is to determine the possibility
of identifying the state of motor abilities development
in boys aged 12-14, using the methodology of multidi-
mensional statistics.

Materials and methods

Study participants

The study involved boys: 12 (n = 35), 13 (n = 36), 14
(n = 36) years old.

The study protocol was approved by the Ethical
Committee of H. S. Skovoroda Kharkiv National Peda-
gogical 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
document was obtained from all the parents.

Study organization

The study used the following methods: analysis and
collation of scientific and methodological literature,
general scientific methods of theoretical level, such as
analogy, analysis, synthesis, abstraction, induction, as
well as general scientific methods of empirical level:
observation, testing, experiment.

Testing procedure

The testing program included well-known tests (Li-
akh, 2000; Serhiienko, 2001; Ivashchenko, 2016). To
evaluate motor preparedness, the study recorded the
results of motor tests:

o Test 1. Pull-Up / Chin Up Test (low crossbar),

quantity of times;

o Test 2. Bent Arm Hang Test (two hands), sec.;

o Test 3. Pull-Up/ Chin Up Test (Rope Climbing),

quantity of times;

o Test4. Cadence Push-Up Test, quantity of times;

o Test 5. The subject lies in prone position, arms

bent at the elbow 90 degrees — hold position
in seconds;

o Test6. Pull Up Bar — Straight Leg Hanging Leg

Raises, quantity of times;

« Test 7. Hanging Leg Raises, sec.;

o Test 8. Decline Reverse Crunch on Bench,

quantity of times;

o Test9. Trunk Lift Test, quantity of times;

o Test10. Squats Test (two legs), quantity of times;

o Test 11. Single Leg Squat (SLS) Test — right leg,

quantity of times;

o Test 12. Single Leg Squat (SLS) Test — left leg,

quantity of times;
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o Test 13. Single Leg Squat (Pistol) — right leg;

o Test 14. Single Leg Squat (Pistol) — left leg;

o Test 15. Handgrip Strength Test, kg;

o Test 16. Standing Long Jump Test (Broad Jump),
cm;

o Test 17. Eurofit Sit Up Test (for 30 sec.), quantity
of times;

o Test 18. 4x9 m Shuttle Run Test, sec.;

o Test 19. Hand Tapping Test, sec.;

o Test 20. Seated Forward Bend, cm;

o Test 21. Flamingo Balance Test — single leg
balance test.

Statistical analysis

In discriminant analysis, the study formed a prog-
nostic model for group membership. This model builds
a discriminant function (or if the quantity of groups is
more than two - a set of discriminant functions) in the
form of a linear combination of predictor variables, en-
suring the best division of groups. These functions are
built according to a set of observations, for which their
group membership is known. Further, these functions
can be used for new observations with known values of
predictor variables and unknown group membership.

For every variable, the study calculated the follow-
ing: mean values, standard deviations, single-factor
dispersion analysis (Box’s M test, in-group correlation
matrix, in-group covariance matrix, covariance matri-
ces for separate groups, general covariance matrix). For
every canonical discriminant function, the study calcu-
lated: eigenvalue, dispersion percentage, canonical cor-
relation, Wilks’ Lambda, Chi-square. For every step,
we calculated: prior probabilities, Fisher function coef-
ficients, unstandardized function coefficients, Wilks’
Lambda for every canonical function.

Results

The tables show the results of discriminant analysis,
which allow to identify the state of strength abilities
development in boys aged 12-14.

The first canonical function explains 78.9% of the
results variation, the second — 21.1%, which indicates
their informative value (see Table 1). The coeflicients of
canonical correlation (r = 0.884; r = 0.699) indicate the
prognostic value of the first and second functions.

Table 2 shows the analysis of canonical functions.
The first line contains the value A= 0.112 (p, = 0.001)

Table 1. Summary of Canonical Discriminant Functions.
Eigenvalues. Boys Aged 12-14

Function Eigenvalue % of Cumulative Canoni?al
Variance % Correlation

1 3.585a 78.9 78.9 .884

2 .956a 21.1 100.0 .699
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Table 2. Canonical Discriminant Functions. Wilks’ Lambda.
Boys Aged 12-14

Test of N . .
Function(s) Wilks’ Lambda  Chi-Square df  Sig.
1 through 2 112 206.209 42 .000
2 511 63.074 20 .000

Table 3. Standardized Canonical Discriminant Function
Coefficients. Boys Aged 12-14

Function
No Test
1 2
1. Pull-gp / Qh1n Up Test (low crossbar), 08 676
quantity of times
2. Bent Arm Hang Test (two hands), sec. -.198 .104
3. Pull—L.Ip / Cbm Up Test (Rope Climbing), 174 -474
quantity of times
Cadence Push-Up Test, quantity of times ~ -.244  .174

5. The subject lies in prone position, arms

bent at the elbow 90 degrees - hold position ~ .408  -.171
in seconds

6. Pu%l Up Bar - Stra%ght Leg Hanging Leg 304 246
Raises, quantity of times

7.  Hanging Leg Raises, sec. .195 317

8. Declu?e Re.verse Crunch on Bench, 134 -989
quantity of times

9. Trunk Lift Test, quantity of times 497 180

10.  Squats Test (two legs), quantity of times 519 -141

11. Slngle' Leg Squat (SLS) Test - right leg, 088 965
quantity of times

12. S1ng1e. Leg .Squat (SLS) Test - left leg, 344 115
quantity of times

13.  Single Leg Squat (Pistol) - right leg -169  -.670

14.  Single Leg Squat (Pistol) - left leg -257  -.289

15. Handgrip Strength Test, kg -168 230

16. Standing Long Jump Test (Broad Jump), 207 934
cm

17. Eurf)ﬁt Sit Up Test (for 30 sec.), quantity 265 454
of times

18.  4x9 m Shuttle Run Test, sec. -.193 .045

19. Hand Tapping Test, sec. -427 188

20. Seated Forward Bend, cm -412 064

21  Flamingo Balance Test - single leg balance 496 -164

test

for the entire set of canonical functions, the second line
contains the data after the exclusion of the first function
(A,=0.511; p,= 0.001). The first and second functions
have a high discriminative ability and meaning in the
interpretation with regard to the general totality.

Table 3 shows the standardized canonical discrimi-
nant function coefficients, which allow to determine the
ratio of the contribution of variables to the result of the
function. Variables 10, 9, 21, 1, 19, 20, 5 make the great-
est contribution to the first canonical function: the larg-
er the values of these variables, the greater the value of
the function. Variables 8, 11, 1, 13, 17 contribute most
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Table 4. Structure Matrix. Boys Aged 12-14

No Test Function
1 2
2 Bent Arm Hang Test (two hands), sec. .530* .025
6 Pu'll Up Bar-' Stralght Leg Hanging Leg 466 093
Raises, quantity of times
19  Hand Tapping Test, sec. -362% 221
9  Trunk Lift Test, quantity of times 345% -191
5  The subject lies in prone position, arms
bent at the elbow 90 degrees - hold .325% -.138
position in seconds
10 Squats Test (two legs), quantity of times 325% -224
3 Pull—gp / Ch_ln Up Test (Rope Climbing), 266+ 222
quantity of times
1 Pull-FJp / C.hm Up Test (low crossbar), 266 054
quantity of times
5  The subject lies in prone position, arms
bent at the elbow 90 degrees - hold .264*  .061
position in seconds
18  4Xx9 m Shuttle Run Test, sec. -.212% .015
12 Smgle. Leg Squat (SLS) Test - left leg, 198* 014
quantity of times
16 Sgndmg Long Jump Test (Broad Jump), 191%  -072
20  Seated Forward Bend, cm -.184* .026
4 Cadence Push-Up Test, quantity of times ~ .183*  -.142
11 Slngle. Leg Squat (SLS) Test - right leg, 182 094
quantity of times
15  Handgrip Strength Test, kg A57% -.017
13 Single Leg Squat (Pistol) - right leg 149* 0 -125
8 Dec111.1e Reyerse Crunch on Bench, 364 412
quantity of times
14 Single Leg Squat (Pistol) - left leg 201 -.2207"
17 Eurf)ﬁt Sit Up Test (for 30 sec.), quantity 081 203+
of times
21 Flamingo Balance Test - single leg 153 -196*

balance test

*  Largest absolute correlation between each variable and any

discriminant function.

to the second canonical function: the larger the values
of these variables, the larger the value of the function.

In identifying the state of motor abilities develop-
ment in boys aged 12-14, the most important results
were obtained in tests: 10 “Squats Test (two legs), quan-
tity of times” (0.519), 9 “Trunk Lift Test, quantity of
times” (0.497), 21 “Flamingo Balance Test - single leg
balance test” (-0.496), 1 “Pull-Up / Chin Up Test (low
crossbar), quantity of times” (0.428), 19 “Hand Tap-
ping Test, sec” (-0.427), 20 “Seated Forward Bend, cm”
(-0.412), 5 “The subject lies in prone position, arms
bent at the elbow 90 degrees - hold position in seconds”
(0.408). These tests characterize the comprehensive de-
velopment of motor abilities in boys aged 12-14.

In identifying the state of motor abilities develop-
ment in boys aged 13-14, the most important results
were obtained in tests: 8 “Decline Reverse Crunch on
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Bench, quantity of times” (-0.989), 11 “Single Leg Squat
(SLS) Test - right leg, quantity of times” (0.965), 1 “Pull-
Up / Chin Up Test (low crossbar), quantity of times”
(0.676), 13 “Single Leg Squat (Pistol) - rightleg” (0.682),
17 “Eurofit Sit Up Test (for 30 sec.), quantity of times”
(0.454). These tests characterize the development level
of relative and static leg strength, strength endurance of
abdominal muscles, and dynamic strength of shoulder
muscles.

Table 4 shows the structure coefficients of the first
and second canonical discriminant function, which are
the coefficients of correlation between the variables and
the function. Thus, the first canonical discriminant func-
tion is most closely connected with the results of tests
2,6,19,9, 5, 10: hence, a significant difference between
the boys aged 12, 13, 14 is observed in the development
level of relative strength and strength endurance.

The structure coefficients of the second canonical
discriminant function indicate that the function is most
closely connected with variables 8, 14: hence, a signifi-
cant difference between the boys aged 13 and 14 is ob-
served in the development level of strength endurance
of abdominal muscles and endurance of leg muscles.

Table 5 shows the results of classification of groups,
88.8% of the original grouped observations were classi-
fied correctly. Therefore, a canonical discriminant func-
tion can be used to identify the state of strength abilities
development in boys aged 12-14.

Table 5. Classification Resultsa. Boys Aged 12-14

A Predicted Group
Scale 8¢ Membership Total
(years)
12 13 14
12 33 2 0 35
Count 13 4 30 2 36
. 14 0 4 32 36
Original
12 94.3 5.7 .0 100.0
% 13 11.1 83.3 5.6 100.0
14 .0 11.1 88.9 100.0

% 88.8% of original grouped cases correctly classified.

Discussion

The above-mentioned results show that discrimi-
nant analysis allows to identify the state of motor abili-
ties development in boys aged 12-14 by the results of
testing and supplement data on the use of discriminant
function in classifying schoolchildren by motor activity
(Gert-Jan de Bruijn, & Benjamin Gardner, 2011; Lul-
zim, 2013). As in the papers by Broadhead and Church
(1982), Ivashchenko, Kapkan, Khudolii, and Yermakova
(2017), Ivashchenko, Khudolii, Iermakov, Veremeenko,
and Lopatiev (2018), we observed a high discriminative
and predictive ability of these functions in evaluating
motor preparedness of boys aged 12-14.

TM®B, 2019, Tom 19, Ne 3
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Table 6. Canonical Discriminant Function Coefficients
(Unstandardized Coefficients). Boys Aged 12-14

Function
No Test
1 2
1. Pull—gp / thn Up Test (low crossbar), 206 325
quantity of times
Bent Arm Hang Test (two hands), sec. -.115 .061
Pull-Up / Chin Up Test (Rope Climbing),
. . -.061 -.165
quantity of times
Cadence Push-Up Test, quantity of times  -.064  .046

5. The subject lies in prone position, arms

bent at the elbow 90 degrees - hold .165 -.069
position in seconds
6. Pull Up Bar - Straight Leg Hanging Leg
. . . 271 219
Raises, quantity of times
7. Hanging Leg Raises, sec. 218 355
8. Dechr.1e Reyerse Crunch on Bench, 058 -426
quantity of times
9. Trunk Lift Test, quantity of times 168 .061
10.  Squats Test (two legs), quantity of times 145 -.039
11. Smgle‘ Leg Squat (SLS) Test - right leg, 087 951
quantity of times
12. Slngle. Leg Squat (SLS) Test - left leg, 383 128
quantity of times
13.  Single Leg Squat (Pistol) - right leg -.147  -.582
14.  Single Leg Squat (Pistol) - left leg -246  -276
15.  Handgrip Strength Test, kg -100 137
16.  Standing Long Jump Test (Broad Jump), 1338 -1.380
cm
17. Eurf)ﬁt Sit Up Test (for 30 sec.), quantity 069 118
of times
18. 4x9 m Shuttle Run Test, sec. -334 077
19.  Hand Tapping Test, sec. -.449 .198
20. Seated Forward Bend, cm -.305 047
21 Flamingo Balance Test - single leg balance 2301 -.100
test
(Constant) 1.283 -3.616

Table 7. Functions at Group Centroids. Boys Aged 12-14

Function
Group
1 2
12 -2.233 -.763
13 -.170 1.351
14 2.341 -.609

The study confirmed that multidimensional meth-
ods of mathematical statistics such as factor and discri-
minant analyses (Ivashchenko, 2014; Lopatiev, Ivash-
chenko, Khudolii, Pjanylo, Chernenko, & Yermakova,
2017; Ivashchenko, Khudolii, Iermakov, Chernenko,
& Honcharenko, 2018) are effective for studying the
structure of motor preparedness of boys aged 12-14.
The study added that he use of discriminant function in
the analysis of standardized and structure coeflicients
allows to determine the structure of strength abilities

TM®B, 2019, Tom 19, N 3
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Fig. 1. Canonical discriminant functions. Graphic
representation of classification results in boys aged
12-14: = — centroids for data groups 6(12), 7(13),
8(14).

development and their interrelation with endurance in
boys aged 12-14 (Ivashchenko, 2017; Ivashchenko, Ka-
pkan, Khudolii, Yermakova, 2017; Ivashchenko, Khu-
dolii, Iermakov, & Harkusha, 2017).

The obtained data made it possible to reveal the pe-
culiarities of motor abilities development in boys aged
12-14. While to identify the state of motor abilities de-
velopment in girls aged 12-14 years, the most important
results are obtained in tests characterizing the devel-
opment level of strength of shoulder and leg muscles;
in girls aged 13-14 - the results of tests characterizing
the development level of relative and static leg strength
(Ivashchenko, Khudolii, Iermakov, Veremeenko, &
Lopatiev, 2018), to identify the state of motor abilities
development in boys aged 12-14, the most important
results are those obtained in tests that characterize the
comprehensive development of motor abilities; in boys
aged 13-14 - the results of tests that characterize the
development level of relative and static leg strength,
strength endurance of abdominal muscles, and dynam-
ic strength of shoulder muscles.

For practical application of the results of discriminant
analysis, canonical discriminant function coefficients are
used (see Table 6). The probability of a case belonging to
the predicted group is calculated by substituting the val-
ues of variables that correspond to the case into the dis-
criminant function. By comparing the obtained results
with the value of centroids, it is possible to determine the
group the result belongs to (Table 7, Figure 1).

The above data supplement the results of study of
the peculiarities of schoolchildren’s motor prepared-
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ness (Ivashchenko, Khudolii, Iermakov, Lochbaum,
CieSlicka, Zukow, Nosko, & Yermakova, 2017; Ivash-
chenko, Shepelenko, 2014; Peric, 2016).

Conclusions

A discriminant analysis made it possible to deter-
mine informative indicators for comprehensive control
of motor abilities development in boys aged 12-14; to
answer the question as to how significantly the states of
motor abilities development in boys aged 12, 13 and 14
differ; what motor tests most substantially influence the
differentiation of classes; what class the object belongs
to based on the values of discriminant variables.

To identify the level of motor abilities development
in boys aged 12-14, it is necessary to focus on the in-
dicators of relative strength and strength endurance;
in boys aged 13 and 14 - on the indicators of strength
endurance of abdominal muscles and endurance of leg
muscles.
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PYXOBI 3AIBHOCTI: PO3MI3HAHHA PIBHA
PO3BUTKY Y XJ10MNUIB 12-14 POKIB

Xypmomniit O.M.', IBamenko O.B.%, Epmakos C.C.?, Bepemeenko B.10.%, lonarseB A.O.’
24X apKiBCcbKMit HallioHaIbHUI Negaroriunmi yHiBepcutet iMeHi I.C. CkoBopoan
*[mancpKmit yHiBepcuTeT Qi3NIHOr0 BUXOBAHHA i CIOPTY

>JIbBiBCHKMIL lep>kaBHMIL YHIBepcuTeT QisnyHOI KynbTypu iMeHi IBana bobepcpkoro

Pedepat. Crarrsa: 7 c., 7 Tabn., 1 puc., 31 mxeperno.

MeTta moCTiIKeHHA — BU3HAYNTY MOYK-
JIMBICTb PO3IIi3HAHHA CTaHY PO3BUTKY PYXOBMX 371i0-
HOCTeN y X/IoMuiB 12-14 poKiB Ha OCHOBiI METOHO/IOTII
6araTOBUMIpHUX CTaTUCTHUK.

Marepianmu i merogm. Y pocmijpkeHHi Opanu
y4acTb xmonui: 12 (n = 35), 13 (n = 36), 14 (n = 36) po-
KiB. Y JOCTi/KeHHi BUKOPUCTOBYBAINCh TaKi METOMIM:
aHaJli3 HAyKOBO-MEeTOAMYHOI JIiTepaTypH, 3araJTbHOHa-
YKOBi METOAY T€OPETUYHOIO piBHA, TaKi AK aHaJIOrisd,
aHaJIi3, cuHTe3, abCTPaKIis, iHYKIIis, a TAKOX 3arab-
HOHAYKOBi METO/IM €MITIpMYHOTO PiBHA: CIIOCTEPEXKEH-
Hs, TECTYBAHHS, eKCcIlepuMeHT. IIporpaMa TecTyBaHHA
BKJTIOYasia BiloMi TeCTH.

Pesynpratu. Y posmisHaHHI CTaHy pPO3BUTKY PY-
XOBMX 37i0HOCTeIT y X/10m1iB 12-14 pokiB HaitOinMbIINI
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BKJ/IaJ] MAIOTh pe3ynbTaTy B TecTax: Ne 10 «Ilpuciganna
Ha IBOX HoTax, pas» (0,519), Ne 9 «IligHiMaHHA Tymry6a
i3 monoykeHHs JieXkaun Ha 4epesi, pas» (0,497), Ne 21
«Tect Ha piBHOBary «daaMiHro», KilbkicTb cpo6»
(-0,496), Nel «3rvHaHHA i pO3IMHAHHA PYK Y BUCI Ha
HU3BKiil nepeknaguHi, pasm» (0,428), Ne 19 «Tect nHa
9acTOTy pyXiB pyku, ¢» (-0,427), Ne 20 «I3 momoxxeH-
HA CUAAYYM Haxul Tyny6a Bmepep, cm» (-0,412), Ne 5
«YTpUMaHHA B YIIOpi JIeXKauM Ha 3irHyTUX pyKax, C»
(0,408). HasBaHni TecTu XapaKTepu3ylTb KOMIUIEKC-
HUII PO3BUTOK PYXOBMX 37iOHOCTeil y xymoniis 12-14
POKiB.

Y posmi3sHaHHi CTaHy PO3BUTKY PyXOBUX 3Ji0HO-
cTeit y xnonniB 13-14 pokiB HaiOinbpIINII BKIaJ Ma-
I0Tb pe3ynbTaTi B TecTax: Ne§ «IlifHiMaHHA HIr Ha /1aBi
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nig kyToM, pas» (-0,989), Nell «ITpucigaHHs Ha mpa-
Biil HO3i, pa3» (0,965), Nel «3ruHaHHs i pO3rMHAHHS
PYK y BUCi Ha HU3BKIil IepeKIafuHi, pasm» (0,676),
Nel3 «YTpuMaHHA NIO3M «IIiCTO/NET» Ha IpaBill HO3i, C»
(0,682), Ne17 «Ilimitom Tyny6a i3 MOMO>KEHHS JIeXadn
3a 30 ¢, pa3» (0,454). HasBaHi TecTn xapakrepusy-
IOTb piBeHb PO3BUTKY BiJHOCHOI i CTaTMYHOI CU/IN Hil,
CMJIOBOI BUTPUBAJIOCTI M's13iB YepeBa Ta JMHAMIiYHOI
CYIM M SI3iB I/IEYOBOTO IOACY.

BucHoBku. [IMCKpUMiHaHTHUI aHaJIi3 JO3BOINUB
BU3HAUUTY iHPOPMATUBHI MOKa3HUKY /I HACKPi3HO-
r0 KOHTPOJII0 PO3BUTKY PYXOBUX 3[i0HOCTelT y XJION-
uis 12-14 pokiB; gaTu BifilIOBilb Ha NMUTaHHA HACKiNb-

KU JOCTOBIipHO Pi3HUTHCA CTaH PO3BUTKY PYXOBUX
3pibHocTet y xymonuis 12, 13 i 14 pokiB; sKki pyxosi
TECTV HallOi/IbLI CYyTTEBO BIUIMBAIOTH Ha PO3Pi3HEHHS
KJIaciB; IO SKOTO KJIacy Ha/leXWUTb 00’€KT Ha OCHOBI
3Ha4YeHb NVCKPMMiHAHTHUX 3MiHHHUX.

[lna posmisHaHHSA piBHA PO3BUTKY PYXOBUX 37i0-
HoCTell y x/moniiB 12-14 pokiB HeoOXifHO OpieHTY-
BaTMCA Ha IOKa3HMKaX BiTHOCHOI CM/IM Ta CHJIOBOI
BUTPUBAJIOCTI; Y X70NuiB 13 i 14 pokiB - cuioBoi Bu-
TPUBAIOCTI M’ A3iB OPIOIIHOrO IIpeca Ta BUTPUBAIOCTI
M’A3iB HIT.

Knro4oBi croBa: mycKpuMiHaHTHMII aHami3, po3-
nisHaHHA 06pasis, xymomnii 12-14 pokis.

ABUTATEJIbHbIE CMOCOBHOCTWU: PACMMO3HABAHUE
YPOBHA PA3BUTUA Y PEBAT 12-14 NNET

Xynoneit O.H.!, IBamenko O.B.%, Epmakos C.C.°, Bepemeenko B.10.% JlonarbeB A.A.°
124X apbKOBCKMIT HALIMOHA/IBbHBI TTefarorndeckuit yausepcuteT umenn [.C. CkoBopopbl
*ImaHcKuii yHuBepcuTeT GU3NIeCKOro BOCIUTAHNA I CIIOPTa

>JIbBOBCKMII TOCY/JapCTBEHHDBI YHUBEPCUTET PU3NIECKOI

Ky/IbTyphl MMeHn VIBana bobepckoro

Pedepar. Crartst: 7 c., 7 tab., 1 puc., 31 MCTOYHUK

ITenb MccnemoBaHMA — OIPEIeNTNThb
BO3MO>KHOCTb PAacllO3HABaHMsI COCTOSIHUS Pa3BUTH
IBUTATeIbHBIX CIIOCOOHOCTeIT y pebAT 12-14 et Ha
OCHOBE METOJ[O/IOTMVI MHOTOMEPHBIX CTaTUCTHK.

Marepuanbl u MeTOfbl. B viccrienoBaHMM IpUHU-
Masm yyactue pebsara: 12 (n = 35), 13 (n = 36), 14 (n =
36) neT. B uccnenoBaHmy UCIIONb30BAICH CIIEAYIOLIVE
METOABI: aHAIN3 HAYYHO-METOAUYECKOIl IUTepary-
Ppbl, 00lLIeHayYHbIe METOMbI TEOPETUIECKOTO YPOBHH,
TakKye KaK aHajIoTMs, aHauu3, CMHTe3, abCTpaKuus,
VHAIYKIVA, @ TakoKe OOLIeHayYHble MEeTORBI SMINPHU-
YeCKOro ypOBHsA: HaOmofieH1e, TeCTUPOBaHNMe, IKC-
nepuMeHT. [IporpaMma TecTUpOBaHMS BKIIOYAIA U3-
BECTHbIE TECTBHI.

Pesynbrarel. B pacnmosHaHuMM COCTOSIHMA pas-
BUTHA JIBUTATETbHBIX CIOCOOHOCTEN y pebar 12-14
JIeT HaMOObLINIT BK/Ia IMEIOT Pe3y/IbTaThl B TECTAX:
Ne 10 «IIpucemanus Ha ABYX Horax, pas» (0,519), Ne 9
«[TompeM TymOBMIIIA M3 HOMOXKEHMSI JIeXKa Ha >KMBOTE,
pas» (0,497), Ne 21 «Tect Ha paBHOBecue «pIaMmH-
ro», KOJIMYECTBO MONbITOK» (-0,496), Nel «Crubanme u
pasrubaHue pyK B BMiCe Ha HU3KOII IIepeK/IafifHe, pas»
(0,428), Ne 19 «Tect Ha 4aCTOTY [BUKEHMIT PYKU, C»
(- 0,427), Ne 20 «C 110/10)KeHNA CHUASI HAKIOH TY/TOBMIIIA
Brepen, cm» (-0,412), Ne 5 «YnepyxaHue B yrope jexa
Ha COTHYTBIX pyKax, C» (0,408). HasBaHHBIe TECTHI Xa-
PaKTEepPU3YIOT KOMIIJIEKCHOE Pa3BUTHE JBUTATETbHBIX
criocob6HOCTel y pebAar 12-14 nert.

B pacnosHaHUM COCTOSIHUSA PasBUTHS JBUTATENIb-
HBIX CIIOCOOHOCTeNT y pebsaT 13-14 yeT HanOOMbIINIt
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BKJ/IaJ] IMEIOT pPe3ynbTaThl B TecTax: Ne§ «IlombeM HoOr
Ha CKaMbe IIOf yrioM, pas» (-0,989), Nell «ITpuce-
IaHUs Ha IpaBoil Hore, pa3» (0,965), Nel «Crubanne
U pasrubaHye pyK B BYUCe Ha HU3KOI NepeKIajyuHe,
pas» (0,676), Nel3 «YpepskaHue O3Bl «IIMCTONET» Ha
IIPABOIl HOTE, C» (0,682), Ne17 «ITombem TY/IOBUIIA U3
nornoxxeHus nexxa 3a 30 ¢, pas» (0,454). HasBanHble Te-
CThI XapaKTEPU3YIOT YPOBEHb Pa3BUTUA OTHOCUTETIDb-
HOJ U CTaTUYeCKOI CUJIbI HOT, CMJIOBOJ BBIHOC/IIBOCTHU
MBIIIIL] JK/IBOTA ¥ IMHAMMYECKOV CUJIbI MBIIIILL TIjIeve-
BOTO Mosca.

BeiBoapl. [IMCKpUMMMHAHTHBIN aHaAN3 IIO3BO-
W OnpenenuTh MHGOPMATUBHBIE ITOKA3aTeNnN [
CKBO3HOI'O KOHTPOJISI PasBUTUSA [ABUTATEIbHBIX CIIO-
coOHocTell y pebar 12-14 yeT, AaTh OTBET Ha BOIIPOC
HaCKOJIbKO JOCTOBEPHO OTIMYAETCA COCTOSIHIE Pa3BU-
THA OBUTATEIbHBIX CIIOCOOHOCTEN y pe6}1T 12,13 14
JIeT, KaKJie JBUraTe/IbHble TeCThI Hanuboee CylecTBeH-
HO BIIMAIOT Ha Pa3InM4us K/IacCOB, K KAKOMY K/IacCy
OPUHANIEXUT 00BEKT HAa OCHOBE 3HAYEHUIl JUCKPU-
MMHaHTHBIX I€pEeMEHHBIX.

Il pactiosHaBaHMA YPOBHs Pa3BUTNA [JBUTATE Ib-
HBIX CIIOCOOHOCTeN ¥ pebaT 12-14 neT HeoOXOAMMO
OPMEHTMPOBATbCA Ha ITOKa3aTeaAX OTHOCUTEIbHON
CUJIBI ¥ CUTIOBOVI BBIHOCIIMBOCTIL; Y pe65{T 13 n 14 net
— CUJIOBOJ BBIHOCTIMBOCTY MBIIIL] GPIOIIHOTO TIpecca
Y BBIHOC/IIBOCTY MBIIIILI HOT.

KinroueBble cnoBa: JUCKPUMMHAHTHBIN aHaNN3,
pacmo3HaBaHue 06pasos, pebsita 12-14 ner.
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