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Abstract

The study purpose was to determine the possibility of using pattern recognition methods to study the
impact of physical exercises modes on teaching primary school children throwing a small ball at a vertical

target.

Materials and methods. The study participants were boys aged 7 years (n = 48). The paper relied on
analysis and generalization of data 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.

Results. The effectiveness of teaching boys aged 7 “throwing a ball at a vertical target” is positively
influenced by 6-12 sets, 3 repetitions per set, rest interval of 60-180 seconds. The focus in choosing a
teaching mode is on the number of repetitions per set.

Conclusions. A full factorial experiment method makes it possible to mathematically describe the

process in some local area of the factorial space and to verify the regression model. Regression equations
provide an opportunity to select the modes of performing for each exercise being studied. Discriminant
analysis has made it possible to determine the modes of physical exercises in the process of motor

skills development; to answer the question as to how significantly the modes of training differ by the
effectiveness of motor skills development; what motor tasks most substantially influence the differentiation
of classes; what class the object belongs to based on the values of discriminant variables. To select the most
rational mode of performing exercises in the process of motor skills development in boys aged 7, the first
and second discriminant functions can be used, with a focus on the most informative variables.

Keywords: teaching, boys aged 7, factorial experiment, discriminant analysis.

Introduction

The objective of schoolchildren’s physical
education is to teach them motor actions and develop
their motor abilities (Vaskov, 2016; Arziutov, lerma-
kov, Bartik, Nosko, & Cynarski, 2016; Khudolii, Ivash-
chenko, & Chernenko, 2015). The problem of planning
the learning process and motor abilities development
in schoolchildren is relevant for both Ukraine (Kruce-
vich, & Bezverkhnia, 2010; Ivashchenko, Khudolii, Ye-
rmakova, Pilewska, Muszkieta, & Stankiewicz, 2015;
Ivashchenko, Yermakova, Cieslicka, & Sukowska, 2015;
Khudolii, Iermakov, & Prusik, 2015) and European
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countries (Ekberg, 2016; Lang, Feldmeth, Brand, Hols-
boer-Trachsler, Piihse, & Gerber, 2017).

The effectiveness of schoolchildren’s physical educa-
tion is influenced by: the system of pedagogical control
of the learning process and motor abilities development
based on multidimensional statistics (Ivashchenko,
2016, 2017; Ivashchenko, & Cieslicka, 2017); method-
ological approaches to streamlining the programs of
teaching physical exercises (Ivashchenko, 2001; Miro-
shnychenko, 2007; Khudolii, 2008a, 2008b); taking into
account the patterns of motor function development
(Nosko, 2001; Nosko, Kryvenko, & Manievych, 2001;
Nosko, & Sumak, 2000) and the body reaction to dif-
ferent modes of alternating physical exercises with rest
intervals in the process of building motor skills and
developing motor abilities in children and adolescents
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(Khudolii, & Iermakov, 2011; Khudolii, Ivashchenko,
Iermakov, & Rumba, 2016).

The learning process is approached from the follow-
ing perspectives:

o organization: it is suggested that the process of
physical education in schools be planned by pe-
riods each having its goal (Krucevich, Trachuk,
Napadij, 2016; Ekberg, 2016); educational pro-
cess planning based on learning models and
motor abilities development (Ivashchenko,
2016);

« motivation for motor activity: learning success
positively influences a motivation for motor
activity, the higher the level of proficiency in
exercises performance, the wider the range of
motor activity (Darnis, & Lafont, 2015; Xu, &
Ke, 2014);

« connection between learning outcomes and
motor activity: experimental data show that
learning success leads to an increase in motor
activity (Al-Ravashdeh Abdel Baset, Kozina,
Bazilyuk, & Ilnickaya, 2015; Lang et al., 2017);

o integration of cognitive and motor learn-
ing (Chatzipanteli, Digelidis, Karatzoglidis, &
Dean, 2016; Altunsoz, & Goodway, 2016; Koh,
Ong, & Camiré¢, 2016);

o influence of motor preparedness on the effec-
tiveness of building motor skills (Ivashchenko,
2017; Khudolii et al., 2016),

« influence of physical activity on the effective-
ness of teaching schoolchildren motor actions
(Ivashchenko, Kapkan, 2015; Kapkan, 2015).

Studies found out that the level of schoolchildren’s
motor preparedness is influenced by the correlation be-
tween learning processes and motor abilities develop-
ment. (Ivashchenko, 2016). The development of mo-
tor abilities is effective provided that they form part
of acquired motor skills (Khudolii, Ivashchenko, &
Chernenko, 2015). It was found that the effectiveness of
learning improves when using the method of algorith-
mic instructions (Khudolii, 2008a, 2008b; Ivashchenko,
2001) and taking into account the modes of alternat-
ing exercises with rest (Khudolii, & Ivashchenko, 2013;
Ivashchenko, 2016, 2017).

One of the methods for studying the peculiarities
of motor skills development in children and adoles-
cents is modeling. Modeling is an effective method to
obtain new information on the possibility of current
and final control through testing children’s and adoles-
cents’ motor preparedness (Khudolii, & Ivashchenko,
2013, 2014; Lopatiev, Ivashchenko, Khudolii, Pjanylo,
Chernenko, & Yermakova, 2017; Vlasov, Demichkovs-
kyy, Ivashchenko, Lopatiev, Pitin, Pjanylo, & Khudolii,
2016). One of the statistical modeling methods is dis-
criminant analysis, the data of scientific literature point
to its effectiveness for the classification of children’s and
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adolescents’ functional and motor preparedness (Khu-
dolii, & Ivashchenko, 2014; Mili¢, Milavi¢, & Grgantov,
2011; Ivashchenko et al., 2015; Khudolii et al., 2015).
A full factorial experiment method makes it possible
to mathematically describe the process in some local
area of the factorial space and to verify the regression
model. Regression equations provide an opportunity to
select the modes of performing for each exercise being
studied. To select the most rational mode of performing
exercises in the process of motor skills development in
boys, the first discriminant function can be used, with
a focus on the most informative variables (Ivashchen-
ko, Khudolii, Iermakov, Chernenko, & Honcharenko,
2018).

Therefore, it is relevant to study the peculiarities of
motor skills development in primary school children.

The study purpose was to determine the possibility
of using pattern recognition methods to study the im-
pact of physical exercises modes on teaching primary
school children throwing a small ball at a vertical target.

Materials and methods

Study participants

The study participants were boys aged 7 years
(n =48).

Study organization

The paper relied on analysis and generalization of
data 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: observa-
tion, testing, experiment.

The study used full 2° type factorial experiment
plans (see Table 1). The motor modes of teaching boys
aged 7 throwing a ball at a target were studied. The pur-
pose of the FFE was to optimize the modes of teaching
and to determine the peculiarities of motor skill devel-
opment in boys aged 7 based on the analysis of regres-
sion equations.

During a pedagogical experiment, the researchers
studied the influence of the number of sets (x,), the
number of repetitions per set (x,) and rest intervals (x,)
on the level of proficiency in exercises performance of
boys aged 7.

When teaching throwing exercises, the study evalu-
ated the level of proficiency during every class by the
alternative method (“performed”, “failed”) and calcu-
lated the probability of exercise performance (p = n/m,
where n is the number of successful attempts, m is the
total number of attempts).

When teaching boys aged 7, the study used the
method of algorithmic instructions. The next exercise

131



ISSN 1993-7989 (print). ISSN 1993-7997 (online). Teopis ma memoduka ¢izu4Ho20 suxosaHHs. Tom 19, Ne 3

Table 1. Matrix for a 2° type factorial experiment in
studying the impact of different modes of repeating the
exercise on the level of their performance proficiency

Factors
Experimantal *, % X
Group number of number of rest
sets repetitions per interval
set (times) (sec)
1 6 1 60
2 12 1 60
3 6 3 60
4 12 3 60
5 6 1 180
6 12 1 180
7 6 3 180
8 12 3 180

was carried out after three successful attempts. Throw-
ing a ball at a vertical target was taught.

Statistical analysis

The study used well-known methods of analyzing
the results of a full 2* type factorial experiment (Khu-
dolii & Ivashchenko, 2014; Ivashchenko, 2016).

The study materials were processed using the IBM
SPSS 20 statistical analysis program. In the process of
discriminant analysis, the researchers created a prog-
nostic model for group membership. This model builds
a discriminant function (or, when there are more than
two groups — a set of discriminant functions) in the
form of a linear combination of predictor variables,
which ensures the best division of groups. These func-
tions are built according to a set of observations, for
which their group membership is known. These func-
tions can continue to be used for new observations
with known values of predictor variables and unknown
group membership.

For each canonical discriminant function, the study
calculated: eigenvalue, dispersion percentage, canonical
correlation, Wilks’ Lambda, Chi-square.

To determine the impact of the suggested modes of
physical exercises for boys aged 7, a discriminant analy-
sis was conducted. The study analyzed the influence of
the number of sets, the number of repetitions per set
and the rest interval on the level of proficiency in the
following movements: 1. Throwing a ball against the
floor; 2. Throwing a ball forward and up, feet shoulder
width apart; 3. Throwing a ball forward and up, left leg
forward; 4. Throwing a ball forward and up, left side
to the throwing direction; 5. Throwing a ball at a 3 m
distant target.

The study protocol was approved by the Ethical
Committee of the University. In addition, the chil-
dren and their parents or legal guardians were fully in-
formed about all the features of the study, and a signed
informed-consent document was obtained from all the
parents.

Results

The results of factorial experiment are shown in Ta-
bles 2.

The analysis of regression equations showed that
the level of proficiency in the first exercise “Throwing
a ball against the floor” in boys aged 7 is influenced
negatively by the number of repetitions per set (x,) and
positevely — by the relationship between the number
of sets and the number of repetitions per set (x x,) (see
Table 2). The result in teaching depends on the number
of repetitions per set (x,) by 72.25 % and on the rela-
tionship between the number of sets and the number of
repetitions per set (x x,) — by 16 %.

The level of proficiency in the second exercise
“Throwing a ball forward and up, feet shoulder width
apart” is influenced negatively by the number of repeti-
tions (x,) and positevely — by the relationship between

Table 2. Regression dependence of the level of proficiency in throwing a small ball at a target on
the number of sets (x1), the number of repetitions per set (x2) and rest intervals (x3) in boys aged

7

Number of Exercises

Regression Equations for Coded Variables

1. Throwing a ball against the floor

2. 'Throwing a ball forward and up, feet
shoulder width apart

3. Throwing a ball forward and up, left leg
forward

4. 'Throwing a ball forward and up, left side
to the throwing direction

Y = 0.76 - 0.085x, + 0.04x,x,
Y = 0.77 - 0.051x, + 0.046x X,

Y = 0.8 - 0.044x, + 0.049x X,

Y = 0.67 + 0.091x, + 0.056x, - 0.096x,x,
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the number of sets and the number of repetitions per set
(x,x,). The result in teaching depends on the number of
repetitions per set (x,) by 50.4 % and on the relationship
between the number of sets and the number of repeti-
tions per set (x,x,) — by 41.04 %

Thelevel of proficiency in the third exercise “Throw-
ing a ball forward and up, left leg forward” is influ-
enced negatively by the number of repetitions (x,) and
positevely — by the relationship between the number
of sets and the number of repetitions per set (x,x,). The
result in teaching depends on the number of repetitions
per set (x,) by 33.36 % and on the relationship between
the number of sets and the number of repetitions per set
(x,x,) — by 41.43 %.

There is a positive influence of the number of sets
(x,), the number of repetitions per set (x,) and a nega-
tive influence of the relationship between the number of

Table 3. Canonical discriminant function. Eigenvalues. Boys
aged 7

Function Eigenvalues % Despersion Cumulative Canonical

sets and the number of repetitions per set (x x,) on the
level of proficiency in the fourth exercise “Throwing a
ball forward and up, left side to the throwing direction”
The result in teaching depends on the number of sets
(x,) by 37.34 %, on the number of repetitions per set
(xz) — by 14.18 %, and on the relationship between the
number of sets and the number of repetitions per set
(x,x,) — by 41.54 %.

Therefore, the effectiveness of teaching boys aged 7
years “throwing a ball at a vertical target” is positively
influenced by 6-12 sets, 3 repetitions per set, rest inter-
val of 60-180 seconds. The focus in choosing a teaching
mode is on the number of repetitions per set.

To specify the impact of different modes of physical
exercises on the level of proficiency, let us perform a
discriminant analysis (see Tables 3-6).

The first canonical function explains 57.6 %, of the
results variation, which indicates its high informative
value (r=0.790) (see Table 4). The analysis of canoni-
cal functions proves a statistical significance of the first
and second canonical functions (A,=0.140; p =0.001;
A,=0.373; p,=0.022). The first and second functions

Explained % Correlation  have a high discriminative ability and meaning in the
) 1662 576 576 290 interpretation of the‘gen‘ere.ll populatlor} (Table 4).‘
The structure discriminant function coefficients,
2 630 218 794 622 which are the coefficients of correlation between the
3 503 17.4 9.8 579 variables and the function, indicate that the functions
are closely connected with the level of proficiency in
4 .064 2.2 99.1 .246
5 027 9 100.0 162 Table 6. Functions in group centroids. Boys aged 7
Modes of Function
Table 4. Canonical discriminant function. Wilks’ Lambda. Training 1 2 3 4 5
Boys aged 7
1.00 .164 -1.516  .727 215 .056
Verification o o ambda  Chi-Square  D¢8rees of 2.00 229 180 522 -451 142
of Functions Freedom
3.00 .026 -.761 -1.424  -129 -.106
from 1to 5 .140 79.548 35 .000
4.00 2.167 410 -.024 -.117 .019
from2to5 373 39.893 2402 5.00 2042 107 -199  -004 142
from3to5 609 20.108 15 168 6.00 -387 205 671 -054  -335
from 4 to 5 915 3.597 8 .892 7.00 -.834 934 -.127 .266 -.026
Table 5. Structure canonical discriminant function coefficients. Boys aged 7
Content Function
1 2 3 4 5
3. Throwing a ball forward and up, left leg forward .803* -.507 .076 -.038 -.302
2. Throwing a ball forward and up, feet shoulder width apart .351 .591* .100 -429 .578
5. Throwing a ball at a 3 m distant target 196 223 732* 518 -.328
4. Throw.nng a ball forward and up, left side to the throwing 414 511 536+ 146 _510
direction
1. Throwing a ball against the floor 293 -.114 -419 494 .694*
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Fig. 1. Canonical discriminant functions.
Graphic representation of classification results of
the level of proficiency in exercises in boys aged
7: m — centroids for data groups after modes of
exercises 1-8

vaulting preliminary exercises. The level of proficiency
in exercises depends on teaching modes, and the level
of proficiency in vaulting depends on the level of profi-
ciency in preliminary exercises (Table 3).

The graphic material given in Fig. 1 shows the
density of objects in each class and the distinct boundary
between the classes, which indicates the possibility
of choosing the mode of performing the exercise to
successfully teach throwing a small ball at a vertical
target (Table 6).

Discussion

The study assumed that a full factorial experiment
and discriminant analysis would make it possible to
determine the peculiarities of motor skills development
in boys aged 7. The obtained results show that the ma-
trix for a full 2° type factorial experiment given in Table
1 can be used to study the effectiveness of the learn-
ing process. A full factorial experiment method makes
it possible to mathematically describe the process in
some local area of the factorial space around the point
with the coordinates of the n-dimensional space and to
verify the regression model. Regression equations pro-
vide an opportunity to select the modes of performing
for each exercise being studied.

The study makes an assumption on the possibility
of using a discriminant function to evaluate the effec-
tiveness of different modes of physical exercises when
teaching a series of throwing exercises. The verification
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of canonical functions proves their statistical signifi-
cance, and the discriminant function equation provides
an opportunity to select the best option for obtaining a
positive effect when teaching a series of exercises.

The results obtained:

« specify the conceptual approaches to planning
the experiment in studying the learning process
effectiveness and developing learning models
in children (Khudolii, & Ivashchenko, 2013;
Ivashchenko, 2016; Ivashchenko, Khudolii,
Iermakov, & Harkusha, 2017);

« regression models given in Table 5 provide an
opportunity to select the best option for teaching
each exercise and supplement the conclusions
on the effectiveness of using a full factorial
experiment (FFE) in physical education and
sports research (Khudolii, & Iermakov, 2011;
Khudolii, et al., 2016; Khudolii et al., 2015);

o supplement the information on the use of a
discriminant function in the classification
of schoolchildren by motor activity (Mili¢
et al, 2011; Gert-Jan de Bruijn, & Benjamin
Gardner, 2011; Lulzim, 2013). As in the
papers by Geoffrey D. Broadhead And Gabie
E. Church (1982), Ivashchenko, Khudolii, &
Miroshnichenko, (2016), Ivashchenko, (2016),
Khudolii et al. (2015), the study observed a
high discriminative and predictive ability of the
obtained functions in evaluating childrens and
adolescents’ motor preparedness.

During the analysis, the study calculated canoni-
cal discriminant function coefficients (unstandardized)
acting as factors of the given values of variables includ-
ed in the discriminant functions. Based thereon, it is
possible to classify the modes of exercises by the level of
proficiency in physical exercises performance of boys
aged 7, which is of practical value.

In order to select the mode of performing throwing
exercises, let us plug the level of proficiency in each ex-
ercise, which ensures a positive learning effect, into the
discriminant function equation:

Y, = -23.075 + 3.260X, + 6.485X + 14.310X, +
+2.467X, + 2.129X, (function 1)

Y, = -4.257-1.650X, + 7.641X, -10.371X, + 5.859X,
+4.645X (function 2)

where Y is the function result, X, is the level of pro-
ficiency in exercise 1, X, — the level of proficiency in
exercise 2, X, — the level of proficiency in exercise 3,
X, — thelevel of proficiency in exercise 4, X, — the level
of proficiency in exercise 5.

Let us compare the obtained result (Y1 = -1.587;
Y, = 0.336) with the values of centroids for the first and
second canonical functions (Table 4). The comparison
shows that mode of training 4 (12 sets of 3 times per set,
with a 60-second rest interval) is the most favorable for
teaching throwing to boys aged 7.
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Consequently, the discriminant analysis allowed to
answer the question as to the reliability of classifica-
tion of physical exercises modes; as to how the level
of proficiency in series of learning tasks influences the
process of mastering the whole exercise; and what mode
of performing exercises can be universal for teaching
throwing exercises.

Conclusions

A full factorial experiment method makes it possi-
ble to mathematically describe the process in some local
area of the factorial space and to verify the regression
model. Regression equations provide an opportunity to
select the modes of performing for each exercise being
studied.

Discriminant analysis has made it possible to de-
termine the modes of physical exercises in the process
of motor skills development; to answer the question as
to how significantly the modes of training differ by the
effectiveness of motor skills development; what motor
tasks most substantially influence the differentiation of
classes; what class the object belongs to based on the
values of discriminant variables.

To select the most rational mode of performing ex-
ercises in the process of motor skills development in
boys aged 7, the first and second discriminant func-
tions can be used, with a focus on the most informative
variables.

The prospect for further research is to study meth-
odological approaches to pedagogical control in teach-
ing physical exercises to primary-school-age children.
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PO3MI3BHAHHA OBPA3IB: XAPAKTEPUCTUKA
PEXXUMIB HABYAHHA METAHHIO MAJZTOITO M'AYA
Y BEPTUKAJIbHY LUUJ1b XJIOMYUKIB 7 POKIB

IBamenko O.B.', Hocko M.0.%, Hocko 10.M.?, Yepunenko C.O.*

'XapkiBchKuit HalliOHATBHMTT TIEIATOTiTHMIT yniBepcurteT imeHi I. C. CkoBopoau
»3HarnioHampHnit yHiBepcnteT «HepHhiriBcbkuit koneriym» imeni Tapaca IlleBuyenxa

*JJonbacbka gepkaBHA MAlIMHOOY/iBHA aKafieMis

Pedepat. Crarra: 9 c., 1 puc., 6 Tabi., 43 mxepena

MeTta po60TH — BU3HAYUTYU MOXK/IN-
BiCTb BUKOPUCTAHHA METOAMK PO3IIi3HAaHHA 00pasis
y BUBYEHHi BIUVIMBY peXUMiB BUKOHAaHHA (i3MuHMX
BIIPaB Ha IIpOLleC HABYAaHHA METAHHIO MaJIOTO M A4a ¥
BEPTUKAJIbHY LIi/Ib IIKOMAPIB MOJIOAIINX K/IACiB.
Marepianu i Mmerogu. Y JOCTiIpKeHHI NPUIHANN
Y4acTh X/IOIMIMKY 7 poKiB (n =48). Y po6ori BuKopucTani
aHaJli3 J1 y3araJbHEHH JaHUX HAayKOBOI Ta METOLVYHOI
JiTepaTypy, 3arajlbHO-HAYKOBi METOIM T€OPETUIHOIO
PiBHSI, TaKi, SIK aHAJIOTis, aHaIi3, CMHTe3, abCTparyBaHHs,
IHIYKIIid, a TAKOXK 3ara/IbHO-HAaYKOBi METOIY eMIIipuY-
HOTO PiBHA: CTIOCTEPEKEHH S, TECTYBAHHSA, eKCIIEPUMEHT.
Pesynpratn. Ha edexTBHICTD Ipollecy HaBYaH-
Hs XJIONYUKIB 7 POKIB «KMIKY M’A4a y BEPTUKAJIbHY
1[i1b» MO3UTUBHO BIIMBAa€E 6—12 MifXO0JiB, KiIbKiCTh
IIOBTOPEHDb y MifXOAi 3 pasu, iHTepBayl BifIIOYMHKY
TpuBae 60-180 c. AKI[eHT Y BUOOPi peXXKMMy HaBYaAHHS
pOOMTBCA Ha Ki/TBKOCTi IOBTOPEHD Y MifIXOA.
BucHoBKM. MeTof TOBHOTO )aKTOPHOTO €KCIIepH-
MEHTY [03BOJIA€ OTPUMATH MaTeMaTUYHMII OIVC NIPO-
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Iecy B JesAKill ToKanbHil o6macti ¢pakTOpHOrO Ipo-
CTOpy Ta mpoBecTy Bepudikalito perpeciiiHoi Mogerti.
PiBHAHHA perpecil fal0Th MOXXIMBICTD MiKOOPY peXxu-
MiB BUKOHAHHA Il KOJKHOI BIIPaBU, IKa BUBYAETHCA.
JVCKpUMiHAaHTHUI aHaNi3 [O3BOIUB BU3HAYUTU pe-
JKIMM BUKOHaHHA QisMYHUX BIIpaB y mporeci popmy-
BAaHHA PYXOBMX HaBMYOK; ATV BiIlTOBigh Ha MMTAHHA
HACKIIBKY JJOCTOBIPHO PiSHATBbCA peXXMMU poOOTH 3a
Pesy/IbTaTUBHICTIO GOPMYBaHHS PYXOBMX HaBUYOK;
AKi pyXOBi 3aBIaHHs HaOINbII CYTTEBO BIUIMBAIOTH
Ha PO3PI3HEHHSA KJIACiB; 10 AKOTO K/IaCy HalaeXUTh
00’eKT Ha OCHOBI 3HaU€Hb JUCKPUMIHAHTHIX 3MiHHMX.
[ Bu6opy HailbiMbII paIlioHaIbHOTO PEXUMY BU-
KOHAaHHA BIIPaB y Ipoleci GopMyBaHHA PyXOBMX Ha-
BUYOK Y X/IOIYVKIiB 7 POKiB MO>Ke OyTU BUKOPUCTaHA
nepura i gpyra AuCKpuMiHaHTHI QYHKIII 3 aKI[eHTOM
Ha Hait6i/b1 iHpopMaTHBHI 3MiHHI.

KnrouoBi cmoBa: HaB4aHH:, XJIOIIi 7 POKiB, dak-
TOPHMIA €KCIIEPUMEHT, AUCKPUMIiHAHTHMIL aHaIi3.
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*ITJonbackast rocyjlapCTBeHHasl MALIVHOCTPOUTEIbHAS aKaJeMus

Pedepar. Cratps: 9 c., 1 puc., 6 Tabn., 43 ucToIHMKA.

ITen» pa6oTbl — OmpenenmnTb BO3MOX-
HOCTD VICITOJIb30BaHUA METO[VK paclio3HaBaHUA 00-
PasoB B M3Y4EHUMU BINMAHNA PEXVUMOB BbIIIOTHEHNA
busnyecKux yrnpakHeHMIT Ha Ipolecc 0OydeHus Me-
TAHUIO MAJIOTO MA4a B BEPTUKAIbHYIO 1je/Ib IIKOTbHU-
KOB MJIAJJIINX K/IACCOB.

Marepuanbl 1 MeTOAbl. B ncciegoBanuy npuHs-
M ydactue Manbuuku 7 net (n = 48). B pabote uc-
II0/Ib30BAHbl aHAIN3 U 0000IIeHNe JaHHBIX HAayYHOI
U MEeTOAMYECKOI NUTEepaTyphl, HAyYHblEe METObL T€O-
peTUYeCKOro YpOBHA, TaKMe, KaK aHajorusA, aHajus,
CMHTe3, abCTparupoBaHue, MHAYKIV, a TAaKXKe Hayd-
Hble METOJIbl SMIIMPUYECKOTO YPOBH:A: Hab/mofeHue,
TeCTMPOBAHINeE, SKCIIEPMIMEHT.

Pesynprarel. Ha adpdextnBHOCTD Ipoecca o6yye-
HISI MAJIBYMKOB 7 JIeT «MEeTaHUIO MsI4a B BEPTUKATIbHYIO
11e/1b» MOMOXKUTETbHO BAUseT 6-12 MOAX00B, KOMnye-
CTBO IIOBTOPEHMII B IIOXOME 3 pasa, MHTEepBaJl OTAbIXA
mntcst 60-180 c. AKLIeHT B BEIOOpe pexyMa 00ydeHys
Ie/aeTCs Ha KO/IMYeCTBe IIOBTOPEHMII B TOJXOE.

BoiBoabl. MeToz nomHOTO (PaKTOPHOTO 9KCIIEPH-
MeHTa II03BOJIAET IONYYUTh MaTeMaTN4yecKoe OINCa-

HIle [Ipoliecca B HEKOTOPOIl TOKaIbHOI obmactu dax-
TOPHOTO IPOCTPAHCTBA M IMPOBECTM BepUPUKAIUIO
perpeccroHHON Mofeny. YpaBHEHUs perpeccuy JaloT
BO3MOXXHOCTb IIO00pa PeXVMOB BBITIOTHEHUA JiIA
Ka)KJIOTO YIpa)KHEeHNU:A, KOTopoe m3ydaerca. Juckpu-
MVHAHTHBIJI aHa/IM3 TTO3BOJIM/I ONPENe/TNTb PEeXKIMBbI
BBIITOTTHEHVSI QU3NYECKVX YIPaKHEHWII B IIpolecce
dbopMMpOBaHNUA JBUTATETbHBIX HABBIKOB; aTh OTBET
Ha BOIIPOC HACKO/IBKO HOCTOBEPHO OTINYAITCA pe-
XKVIMBI pabOThI 110 Pe3y/IbTaTMBHOCTY (OPMIUPOBAHIIA
IIBUTaTe/TbHBIX HABBIKOB; KaKie JBUIATe/IbHbIE 3a/ladul
HaybosIee CYyIeCTBEHHO BJIVAIOT Ha pasIuumA Kiac-
COB, K KAKOMY KJIaCCy IIPUHAIJIKUT 0OBEKT Ha OCHOBE
3HA4YeHWIT JUCKPYMUHAHTHBIX ITepeMeHHBIX. [l BbI-
6opa HamboIee paloOHATBHOTO PeXXMMa BBITIOTHEHVIS
yIIpaXHeHMII B Ipoljecce GOpMMPOBAHNA JIBUTATENb-
HBIX HABBIKOB Y Ma/IbYVIKOB 7 JIe€T MOXKET ObITb UCIIONb-
30BaHa IlepBasi U BTOPas AVICKPYIMIHAHTHBIE QYHKLIN C
aKIIeHTOM Ha Hanbosee NHGOPMATUBHbIE IepEMEHHbIE.

KrmroueBble cmoBa: oOydyeHre, MalbuuKu 7 JIeT,
(baKTOPHBIN 3KCIEPUMEHT, AUCKPUMMHAHTHBIN
aHa/IM3.
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