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Abstract

The purpose of the study was to determine the age-specific features of fundamental movement skills formation in

elementary school students.

Materials and methods. The study participants were boys aged 7 to 10 (24 boys aged 7; 28 boys aged 8; 35 boys aged
9; 36 boys aged 10). The children and their parents or legal guardians were fully informed about all the special aspects
of the study and all the parents or legal guardians gave their consent thereto. The study protocol was approved by the
Ethics Committee of the University.

The features of teaching 7-10-year-old boys to throw a ball at a vertical target were investigated. The proficiency level
in throwing exercises in class was assessed using an alternative method (“performed”, “failed”), the probability of the
exercise performance was calculated (p = n/m, where n is the number of successful attempts, m is the total number
of attempts). A method of algorithmic instructions was used in teaching boys aged 7 to 10. The study materials were
processed by IBM SPSS 20 statistical analysis software. A discriminant analysis was conducted.

Results. It was established that the first canonical function explains 64.5% of the variation in results, while the second

one does 34.4%, which indicates their high informativity (r, = 0.762; r,= 0.652). The materials of the canonical
function analysis show the statistical significance of the first and second canonical functions (A, = 0.236; p, = 0.001;
\,=0.5633; p,= 0.001). The first and second functions have a high discriminative ability and value in interpretation

with respect to the general population.

Conclusions. The discriminant analysis made it possible to determine the age-specific features of throwing skills
formation in boys aged 7 to 10; answer the questions to which extent the differences in the effectiveness of skills
formation in boys aged 7 to 10 are significant; which motor tasks are the most specific to boys aged 7, 8, 9, 10; which
class an object belongs to based on the values of discriminant variables.

It was established that the level of proficiency in exercise 4 “Throwing a ball forward-upward standing with the left
side to the throwing direction” has the greatest effect on the process of throwing movement skills formation in boys
aged 7 to 10. For boys aged 8 to 10, such an exercise is “Throwing a ball forward-upward standing feet apart’, and for
boys aged 9 to 10, such an exercise is “Throwing a ball at a target 3 m away”.
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Introduction

The problem of studying the patterns and regularities
of the formation of motor skills in schoolchildren is of rel-
evance in view of the need to optimize their motor activity
and improve their health (Barnett et al., 2013; Chan et al,,
2016; Lubans et al., 2010).
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A number of studies are devoted to the development
of the definition of “Fundamental Movement Skills” and its
introduction into the practice of physical education (Barnett
et al., 2009, 2016; Cools et al., 2011). Barnett et al. (2016)
defined the concept of FMS, discussed the context of what
skills can be considered fundamental, how the development
of these skills is related to the context of health development
and pedagogical approaches in teaching FMS. According to
the authors, FMS are defined as basic learned movement pat-
terns that are artificially created and are the basis for more
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complex physical and sports exercises. They can be divided
into three individual categories: locomotion (moving the
body, such as running), object control (manipulative skills,
such as catching a ball), and stability skills, such as balanc-
ing. Motor coordination is a major component of FMS.

The studies by Mathisen (2016), Nurulfa et al. (2021),
Fernandez-Valero et al. (2021) show the importance of de-
veloping manual dexterity, body balance and ball exercise
performance skills in children. The importance of FMS for-
mation in children and adolescents is supported by the find-
ings of the studies by Akbar et al. (2021), Basman (2019),
Iermakov et al. (2021).

The features of manipulative skills formation in children
and adolescents were studied by Sulistiyono et al. (2021),
Samsudin et al. (2021), Dudley et al. (2011). Gaming ac-
tivities were established to have a positive effect on the ef-
fectiveness of manipulative skills formation (Marchenko &
Handymov, 2021; Marchenko & Satdyiev, 2021). Throwing
a small ball at a vertical target was considered as one of the
elements of fundamental movement skills (Iermakov et al.,
2021; Ivashchenko et al., 2018, 2019). The results of the study
of the effectiveness of the formation of motor skills with
complex motor coordination indicate the need to take into
account the exercise performance modes (Ivanov et al., 2021;
Kalistratova & Khudolii, 2021; Bezzub et al., 2021) and the
content component (Suprun et al., 2021; Shueva et al., 2021).

In order to obtain unbiased results about the patterns
and regularities of the learning process, it is important to
plan the experiment (Ivashchenko et al., 2018; Pambudi et
al., 2021; Septaliza et al., 2022) and use multivariate statistics
(Medko & Khudolii, 2021; Marchenko et al., 2021, 2022).

The effectiveness of factorial experiment plans (Ivashchenko
et al., 2018; Marchenko & Taranenko, 2020) and discrimi-
nant analysis in studying the patterns and regularities of
the learning process of children and adolescents was estab-
lished (Medko & Khudolii, 2021; Marchenko et al., 2021,
2022). Therefore, the use of factorial experiment plans and
discriminant analysis will make it possible to obtain new
information about the age-specific features of fundamental
movement skills formation in elementary school students.

The purpose of the study was to determine the age-spe-
cific features of fundamental movement skills formation in
elementary school students.

Materials and Methods

Study Participants

The study participants were boys aged 7 to 10 (24 boys
aged 7; 28 boys aged 8; 35 boys aged 9; 36 boys aged 10).
The children and their parents or legal guardians were fully
informed about all the special aspects of the study and all
the parents or legal guardians gave their consent thereto.
The study protocol was approved by the Ethics Committee
of the University.

Study Organization

The study used analysis and generalization of data from
scientific and methodological literature, general scientif-
ic methods of theoretical level, such as analogy, analysis,
synthesis, abstraction, induction as well as general scien-

Table 1. The age-specific features of FMS formation in boys aged 7 to 10. Group Statistic

Ages 7 to 10 Mean  Std. Deviation Va,hd N (hStWI,se)
Unweighted Weighted

1. Throwing a ball against the floor 0.8875 0.03378 24 24

2. Throwing a ball forward-upward standing feet apart 0.7958 0.08065 24 24

5 3 Throwing a ball forward-upward standing with the left foot forward ~ 0.8333 0.07614 24 24
4. E}r()oxglg Czlii 1Zaclzig(;rward upward standing with the left side to the 0.8875 0.11910 4 24

5. Throwing a ball at a target 3 m away 0.7188 0.08184 24 24

1. Throwing a ball against the floor 0.8893 0.03150 28 28

2. 'Throwing a ball forward-upward standing feet apart 0.7518 0.08331 28 28

g > Throwing a ball forward-upward standing with the left foot forward ~ 0.8714 0.05345 28 28
4. ;lillnrroovw::il;gg ;izetcl:i(f)onrward—upward standing with the left side to the 0.8714 0.04600 )8 )8

5. Throwing a ball at a target 3 m away 0.7446 0.09939 28 28

1. Throwing a ball against the floor 0.8071 0.08238 35 35

2. 'Throwing a ball forward-upward standing feet apart 0.6871 0.11071 35 35

g 3 Throwing a ball forward-upward standing with the left foot forward ~ 0.7229 0.11526 35 35
4. ;lillnrroovw::il;gg ;i 1Zacltligorfward—upward standing with the left side to the 0.6686 0.13289 35 35

5. Throwing a ball at a target 3 m away 0.7514 0.12455 35 35

1. Throwing a ball against the floor 0.8806 0.04014 36 36

2. Throwing a ball forward-upward standing feet apart 0.8583 0.05000 36 36

10 3> Throwing a ball forward-upward standing with the left foot forward ~ 0.6972 0.17194 36 36
4. E}r(;)xﬁlgg ;i II‘Jeacltlif)c;fward—upward standing with the left side to the 0.7375 0.11108 36 36

5. Throwing a ball at a target 3 m away 0.7542 0.11236 36 36
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Table 2. Tests of Equality of Group Mean. Boys aged 7 to 10

Content Wilks’ Lambda F df1 df2 Sig.
1. Throwing a ball against the floor 0.688 17.965 3 119 0.000
2. 'Throwing a ball forward-upward standing feet apart 0.607 25.711 3 119 0.000
3. Throwing a ball forward-upward standing with the left foot 0.722 15.258 3 119 0.000
forward
4. Throwing a ball forward-upward standing with the left side to the 0.584 28.308 3 119 0.000
throwing direction
5. Throwing a ball at a target 3 m away 0.985 0.598 3 119 0.618

tific methods of empirical level: observation, testing, and
experiment.

When teaching throwing exercises in class, the profi-
ciency level was assessed using an alternative method (“per-
formed”, “failed”), the probability of the exercise perfor-
mance was calculated (p = n/m, where n is the number of
successful attempts, m is the total number of attempts).

A method of algorithmic instructions was used in teach-
ing boys aged 7 to 10. The participants proceeded to the next
exercise after three successful attempts. Throwing a ball at
a vertical target was mastered. The following exercises were
mastered: 1. Throwing a ball against the floor; 2. Throwing
a ball forward-upward standing feet apart; 3. Throwing a
ball forward-upward standing with the left foot forward; 4.
Throwing a ball forward-upward standing with the left side to
the throwing direction; 5. Throwing a ball at a target 3 m away.

Statistical Analysis

The study materials were processed by IBM SPSS 20 sta-
tistical analysis software. A discriminant analysis was carried
out to determine the age-specific features of fundamental
movement skills formation in boys aged 7 to 10. The level of
proficiency in the aforementioned exercises was analyzed.

Results

Tables 1, 2 provide the group statistics of the level of pro-
ficiency in motor tasks for boys aged 7 to 10 which show that
statistically significant differences in the level of proficiency
are observed in exercises 1 to 4. The differences in the level
of proficiency in exercise 5 “Throwing a ball at a target 3 m
away” are statistically non-significant.

Table 3. Eigenvalues. Boys aged 7 to 10

it Frmee % of  Cumulative Canonic.:al
Variance % Correlation

1 1.381 64.5 64.5 0.762

2 0.738 344 98.9 0.652

3 0.023 1.1 100.0 0.150

Table 4. Wilks’ Lambda. Boys aged 7 to 10

Test of Function(s) L‘;V;jll;;a Chi-square df Sig.
1 through 3 0.236 169.524 15 0.000
2 through 3 0.563 67.572 8 0.000
3 0.978 2.659 3 0.447

Based on the discriminant analysis results, it was es-
tablished that the first canonical function explains 64.5%
of the variation in results, while the second one does
34.4%, which indicates their high informativity (r, = 0.762;
r,= 0.652) (see Table 3). The materials of the canonical func-
tion analysis show the statistical significance of the first and
second canonical functions (A, = 0.236; p, = 0.001; A, = 0.563;
p.= 0.001). The first and second functions have a high dis-
criminative ability and value in interpretation with respect
to the general population (see Table 4).

Table 5. Standardized Canonical Discriminant Function
Coeflicients. Boys aged 7 to 10

Function
Content
1 2 B)
Throwing a ball against the floor 0.568 -0.012 0.603
2. Throwing a ball forward-upward 0.358 -0.829 -0.163
standing feet apart
3. Throwing a ball forward-upward 0.118 0541 0.374
standing with the left foot forward
4. Throwing a ball forward-upward 0.698 0.268 -0.537
standing with the left side to the
throwing direction
5. Throwing a ball at a target 3 m away -0.426  0.057  0.590

Table 6. Structure Matrix. Boys aged 7 to 10

Function
Content
1 2 3
4. Throwing a ball forward-upward 0.664* 0.371 -0.313
standing with the left side to the
throwing direction
2. Throwing a ball forward-upward 0.428 -0.732* 0.101
standing feet apart
3. Throwing a ball forward-upward 0.345  0.545% 0.266
standing with the left foot forward
1. Throwing a ball against the floor 0.555 -0.150 0.690*

wu

-0.057

Throwing a ball at a target 3 m away -0.062 0.565*

Table 7. Functions at Group Centroids. Boys aged 7 to 10

Function
Ages 7 to 10
1 2 3
7 1.223 0.311 -0.252
8 0.887 0.892 0.193
9 -1.734 0.379 -0.037
10 0.181 -1.270 0.054
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Table 8. Classification Results. Boys aged 7 to 10

Ages Predicted Group Membership
Total
7 to 10 7 8 9 10
7 11 9 0 4 24
8 6 21 0 1 28
Count
9 0 3 28 4 35
10 3 0 1 32 36
Original
7 45.8 37.5 .0 16.7 100.0
o 8 21.4 75.0 .0 3.6 100.0
(]
9 0.0 8.6 80.0 11.4 100.0
10 8.3 0.0 2.8 88.9 100.0
7 11 9 0 4 24
8 6 21 0 1 28
Count
9 0 3 27 5 35
10 4 0 1 31 36
Cross-validatedb
7 45.8 37.5 .0 16.7 100.0
% 8 21.4 75.0 .0 3.6 100.0
0
9 0.0 8.6 77.1 14.3 100.0
10 11.1 0.0 2.8 86.1 100.0

a. 74.8% 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. 73.2% of cross-validated grouped cases cor-

rectly classified.

The standardized coefficients of the canonical dis-
criminant functions show that the largest contribution to
the overall result is made by exercise 4 “Throwing a ball
forward-upward standing with the left side to the throwing
direction” (0.698) and exercise 1 “Throwing a ball against the
floor” (0.568) (see Table 5).

The structure coefficients of the discriminant functions
show that the functions are considerably related to the level
of proficiency in exercise 4 “Throwing a ball forward-upward
standing with the left side to the throwing direction” (r=0.664;
the first function), exercise 2 “Throwing a ball forward-up-
ward standing feet apart” (r = -0.732; the second function),
exercise 5 “Throwing a ball at a target 3 m away” (r = 0.565;
the third function). The analysis of the coeflicients shows that
the level of proficiency in exercise 4 “Throwing a ball forward-
upward standing with the left side to the throwing direction”
has the greatest effect on the process of throwing movement
skills formation in boys aged 7 to 10. For boys aged 8 to 10,
such an exercise is “Throwing a ball forward-upward stand-
ing feet apart’, and for boys aged 9 to 10, such an exercise is
“Throwing a ball at a target 3 m away” (see Table 6).

Based on the results of classification of the age-specific
features of throwing movement skills formation in boys aged
7 to 10, it was found that objects were correctly classified in
74.8% of cases (see Table 8). The group means (Functions at
Group Centroids) for boys aged 7 to 10 show that the results
of boys aged 7 are at the positive pole (1.223), while the
results of boys aged 9 are at the negative pole (-1.734) (see
Table 7). The graphic material provided in Figure 1 shows
the density of the objects, a distinct boundary between the
classes, and features in throwing movement skills formation
in boys aged 7 to 10.

Canonical Discriminant Functions
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Fig. 1. Canonical discriminant functions. A graphical display of
the results of classification of the age-specific features of throwing
movement skills formation in boys aged 7 to 10: = — centroids for

groups aged 7, 8, 9, and 10.

Discussion

The study assumed that discriminant analysis would
make it possible to determine the age-specific features of
throwing movement skills formation in boys aged 7 to 10. The
results obtained allow to accept the assumption that it is pos-
sible to use the discriminant function to assess the age-specif-
ic features of throwing exercise skills formation in boys aged 7
to 10 and supplement the data on the use of the discriminant
function in classifying students by their motor activity (Mili¢
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etal, 2011; Gert-Jan de Bruijn, & Benjamin Gardner, 2011;
Lulzim, 2013). Also, as in the studies by Medko and Khudolii
(2021), Marchenko et al. (2021, 2022), we observed a high
discriminative and prognostic ability of the obtained func-
tions in the assessment of children’s motor fitness.

The verification of the canonical functions shows their
statistical significance, and the structure coeflicients indicate
the exercises that have an accentuated effect on throwing
movement skills formation in boys aged 7 to 10. The dis-
criminant analysis resulted in obtaining new data showing
that the level of proficiency in exercise 4 “Throwing a ball
forward-upward standing with the left side to the throwing
direction” has the greatest effect on the process of throwing
movement skills formation in boys aged 7 to 10. For boys
aged 8 to 10, such an exercise is “Throwing a ball forward-
upward standing feet apart”, and for boys aged 9 to 10, such
an exercise is “Throwing a ball at a target 3 m away”. This
confirms the conclusions of Barnett et al. (2009, 2016), Cools
etal. (2011) on the importance of pointing out object control
skills (throwing movement skills) as well as of pedagogical
approaches in teaching FMS.

The data obtained supplement the results of the studies
by Mathisen (2016), Nurulfa et al. (2021), Fernandez-Valero
et al. (2021) on the importance of ball exercise performance
skills development in children, confirm the data of Akbar
et al. (2021), Basman (2019), Iermakov et al. (2021) on the
importance of FMS formation in children and adolescents as
well as the data of Suprun et al. (2021), Shueva et al. (2021),
Djordjevic etal. (2021) on the content component of learning.

The use of programmed learning in the process of
throwing movement skills formation had a positive effect on
both the effectiveness of mastering the movements by and
increasing the motor activity of boys aged 7 to 10. The fore-
going confirms the data on the need to combine the process
of FMS formation with increasing the motor activity of chil-
dren (Hulteen et al., 2018; Kalaja et al., 2010; Lai et al. 2014).

Conclusions

Discriminant analysis made it possible to determine the
age-specific features of throwing movement skills formation
in boys aged 7 to 10; answer the questions to which extent
the differences in the effectiveness of skills formation in boys
aged 7 to 10 are significant; which motor tasks are the most
specific to boys aged 7, 8, 9, 10; which class an object belongs
to based on the values of discriminant variables.

It was established that the level of proficiency in exercise
4 “Throwing a ball forward-upward standing with the left side
to the throwing direction” has the greatest effect on the pro-
cess of throwing movement skills formation in boys aged 7 to
10. For boys aged 8 to 10, such an exercise is “Throwing a ball
forward-upward standing feet apart’, and for boys aged 9 to
10, such an exercise is “Throwing a ball at a target 3 m away”.
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PO3MNMI3HAHHA OBPA3IB: BIKOBI OCOBJINBOCTI ®OPMYBAHHA
OCHOBHUX PYXOBUX HABUYOK Y LLKOJNIAPIB MOJ1IOALINX KJTIACIB

Ipuna IOnax'45P, Onpra IBamenko'*#?, Mukoma Hocko**5¢?, ¥0nisza Hocko?ABCP

'XapkiBcbkuil HallioHa/IbHUI Nefaroriunamii yHiBepcuret imeHi I. C. CkoBopopu
*Hanionanpanit yHiBepcuteT «UepHiriBcbkmit koneriym» imeni Tapaca IlleByenka

ABTOpCBHKMIT BKIAM: A — FU3aiiH ZOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepar. Crarrs: 7 c., 8 Tabn., 1 puc., 37 mxeper.

MeTa po60TH — BU3HAYNTH BIKOBi 0COO/MMBOCTI POpMyBaHHS OCHOBHUX PYXOBMX HABMYOK Y IIKO/LAPiB MOTIOAIINX K/IACiB.

Marepianu i MeTogu. Y BoCIi)KeHHI IPUITHAN Y4acTh XJIOMYNKY 7-10 pokiB (7 pokiB — 24 4or.; 8 pokiB — 28 4oi.; 9 pokiB —
35 4or.; 10 pokiB - 36 yo.). [lity Ta ixni 6aTbKy a00 3aKOHHI oniKyHu 6y1u oBHicTIO iHpopMOBaHi Ipo Bci 0co6MMBOCTI KOCTI-
IPKEeHH:, 3T0y 6Y/I0 OTpUMaHO Bif ycix 6arbKiB. [IpoTokon gocnifkeHHs 6YB 3aTBep/pKeHnit ETHYHIM KOMITeTOM yHiBepCUTeTY.

JocnimkyBanucst 0cOOMMBOCTI HABYAHHs METAHHIO M’s4a Y BEePTUKA/IbHY LIi/Ib XJIOM4YMKiB 7-10 pokiB. PiBeHb HaB4eHOCTI
KI/IKOBUX BIIPAB Y 3aHATTI OLI{HIOBABCS a/IbTEPHATYBHUM METOZIOM («BMKOHAB», «He BIKOHAB»), PO3PaXxOByBaacs BiporifHiCTb
BUKOHAHHA BIIpaBy (p = n/m, e n — KiZbKIiCTb YCHIIIHO BUKOHAHMX CIIPO0, M — 3arajbHa KiIbKIiCTb cpo6). Y HaBUaHHI X/I0II-
4MKiB 7-10 POKiB BUKOPUCTOBYBaBCH METOJ, aITOPUTMIYHIX PO3NOPAKeHb. MaTepiann JOCIKeHHS OllpalibOBaHi B IIporpami
cTarucTuyHoro aHanisy — IBM SPSS 20. bys npoBefieHnit AucKpyMiHaHTHII aHAi3.

Pesynbraru. BcraHOB/IEHO, 1110 TIepIa KaHOHIYHA (QYHKIIis TOSCHIOE Bapiallilo pesynbratis Ha 64,5%, a gpyra — Ha 34,4%, 110
CBiTYMTB PO iX BUCOKY iHpOpMaTUBHICTD (1, = 0,762; 1, = 0,652). MaTepianu aHami3y KaHOHIYHUX (YHKIIil BKa3yIOTh Ha CTUTHC-
TUYHY 3HAYYIiCTD IepuIoi i Apyroi kaHoHiyHOI pyHKLil (A, = 0,236; p, = 0,001; A, = 0,5633; p, = 0,001). Ilepiua i gpyra dyHkIisa
MaloTh BUCOKY IMCKPMMiHAHTHY 3/IaTHIiCTb i 3HaYeHHA B iHTepHpeTallii BiffHOCHO reHepasbHOI CYKyITHOCT.

BucHoBku. JJUCKpUMiHaHTHMIT @aHaIi3 JO3BO/IMB BU3HAUUTH BiKOBi 0c0OMMBOCTI pOpMyBaHHSA KMIKOBUX HABUYOK Y XJIOII-
4uKiB 7-10 poOKiB; laTH BifNIOBilb HAa IMUTAHHA HACKUIBKY JJOCTOBIPHO PI3HUTHCA Pe3yNIbTaTUBHICTD GOPMYBAHHS HaBUYOK Y
XJIOMYMKiB 7-10 pOKiB; AKi PyXOBi 3aB/IaHHA € HalOi/1pII XapaKTePHi /1A XIOMYMKiB 7, 8, 9, 10 pOKiB; 10 AKOTO K/Iacy HaleXNTh
00’€KT Ha OCHOBI 3HaYeHb IUCKPUMIiHAHTHMX 3MiHHMX.

BcraHoBiieHo, 1110 piBeHb HaBUeHOCTI Bpasi 4 «Kuaky M's4a Bliepe-yropy 3 BUXIiJIHOTO [OJIOKEeHHs CTiiiKa JIiBYM OOKOM y
6ik MeTaHH:» Ma€ HalOUIbIINIT BIUIMB Ha Ipolec popMyBaHHA HaBIMYOK KMAKOBMX PYXiB y X/IOMYMKiB 7-10 pokis. Iy xmomyn-
KiB 8-10 pokiB Tako BIpaBoio € «Knpku M’si4a BIiepe-yropy 3 BUXIiJHOTO MOJIO>KEHHsI CTiliKa HOTY Hapi3sHO», a /IS X/IOIYMKIB
9-10 pokiB — «Kupgku M’s14a y 1jisib 3 Bigcrani 3 M».

Knro4oBi cmoBa: 0CHOBHi pyX0Bi HaBUYKM, XJIOTYMKY, JMCKPYMIHAHTHUI aHATIi3.
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