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ABSTRACT

The main objective of the present stucly was to establish whether there are connectfons betweert the motor per-
formance and cognitive abilities of pre-school girls. The sample of tested children included 138 girls, aged five, The
psychofogical part of the testing was implemented with the test RAZKOL. The girls were tested with 28 tests for
measuring motor abilities, The results show that there is a positive correlation hetween the motor performance and
cognitive abilities. The motor variables that show the highest correlations with cognitive variable are those having
the characteristics of movement coordination, speed of movement and explosive strength. The results confirm the
arguments that it is reasonable to treat the anthropological dimensions as components of an integral and organized
systemn.
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NESSO TRA PRESTAZIONI MOTORIE ED ABILITA COGNITIVE DI BIMBE
IN ETA PRESCOLARF

SINTES!

Lo scopo principale del presente studio & stato quello di stabilire eveatuali nessi tra prestazioni motorie ed abilita
cognitive in bimbe i eta prescolare. i campione considerato ha compreso 138 bimbe di 5 anni di eta. La parte psi-
cologica della verifica & stata eseguita con il test RAZKOL. Al fine di valutare le abilita motorie, Je bimbe sono state
sottoposte a 28 test. | tisultati indicano che esistono correlazioni positive tra prestazioni motorie ed abilita cognitive.
Le variabili motorie che hanno evidenziato maggiori correfazioni con fe variabili cognitive sono quelfe con caratte-
ristiche di coordinazione del movimento, velocita del movimento e forza esp!osna I risultati confermano [ipotesi
che nel bambino bisogna considerare le differenti dimensioni antropologiche come parti integranti di un sistema
completo ed organizzato.

Parole chiave: capacita motorie, capacita cognitive, nesso, bimbe in eta prescolare
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INTRODUCTION

The functioning of the whole human psychosomatic
system, as well as the individual dimensions of this sys-
tem, is to a great extent connected with the refation
between these diniensions.

The question has often been posed about the nature
of the relationship between human motor performance
and cognitive abilities. A more detailed analysis of this
relationship is of particular importance with regard to
children who are in the phase of dynamic development,
since its results enable a better explanation of complex
developmental processes. A better understanding of the
{aws of the motor development requires an exploration
into motor dimensions and their relationship with other
psychosomatic dimensions.

The main objective of the present study was to estab-
lish whether there are connections between the motor
performance and cognitive abililies of pre-school girls
and, in case itis established that they do exist, to analyse
them in greater detail. The guestions connected with
sanples of a similar age group have been treated by sev-
eral researchers {e.g. Leithwood, 1971; Thomas & Chis-
som, 1972; Eggent & Schuck, 1978; Dickes, 1978; Zim-
mer, 1981; Madi¢, 1986, Clymer & Silva, 1988; Strel &
Zagar, 1993; Krombholz, 1997; Planingec, 2001}, whe
have determined a positive correlation between motor
and cognitive abilities. However, compatisons of their
studies are almost impossible, as they use different sam-
ples of tested persons, battery of tests and data process-
ing and offer different interpretations of the obtained re-
suits.

Researches established there are two groups of fac-
tors that are important for the connections between
motor and cognitive abilities. When a motor task does
not contain problem situations, the connection can be
explained by the speed of the information flow in the
nervous system (e.g. Mejoviek, 1977; Mohan & Bhatia
1489; Reed & Jensen, 1991; Vernon & Mori, 1992). On
the other hand, when a motor task does present a prob-
tem, the connection can be explained by the cognitive
activities during the solving of a motor problem (Me-
jovsek, 1977, Planindec, 2007).

in our epinion, a relatively big problem with pre-
school children is posed by the implementation of test-
ing, which causes more complications at this age than
with older subjects. Pre-schoal children make a refa-
tively great number of mistakes in the implementation of
test tasks, which is parlicularly true of more demanding
motor tasks. it can be concluded that certain problerms
connected with the implementation of test tasks by pre-
- schoot children simply cannot be avoided, which has
- -also been established by other authors {PiSot, 1997;

. Rajtmajer, 2000).

, - Researchers have found that there are significant
- 'gender-related differences with regard to motor abilities

(Thomas & French, 1985; Rajimajer, 1993; Rajunajer &
Pisot, 1999). In spite of the conclusions that there are no
greater gender-related dilferences with regard to the re-
lations between cognitive and psychomotcer abilities
{Carretta & Ree, 1996, Planindec, 2001), it is necessary
to carry out the study separately according to gendler,
particitarly when the study involves young children. For
this reason, the sample of the study presented below in-
cludes only girls.

METHODS

Tests were performed within the framework of the
research project that has been in existence for several
years as cooperation between the Faculty of Education
and the Health Clinic of Maribor (Slovenia).

Participants

The sample comprised 138 girls, coming from north-
east Slovenia. The average age of girls was exactly five.
The selection of gitls for the sample was random,

Cognitive test

The psychological part of the testing was imple-
mented with the test RAZKOL {Praper, 1981) that has
been standardized on the Slovenian population of pre-
school children. Test tasks ate the following: drawing,
matching of objects and geometric shapes, repetition of
numbers, words and sentences, logical completion of
sentenices, the fulfilment of a sequence of commands,
analogy of opposites, the recognition of the doer, the
finding of differences, definition of usage, the under-
standing of numbers, and simple calculation. The exer-
cises are adapted to different age periods and they in-
crease according to the level of difficulty. During test-
ing, different instruments were used. The test gives a
global assessment of an individual’s cognitive abilities,
using verbal and non-verbal test tasks, while the results
of the tests depend on the relation between the mental
and chronological age of the individual.

Motor tests

28 tests were used fur measuring the childrer’s mo-
tor abilities {Rajunajer & Proje, 1990}, which have also
been standardized on the Slovenian population and are
appropriaie for use on the chosen sample of tested girls.
Motor tests belong 1o the following hypothetical dimmen-
sions: whole-body coordination (rolling the ball around
the hoop, walking on rungs backwards, walking through
hoops backwards, polygon backward, crawling under
the bench, crawling with a ball, running after crawling),
hand coordination (circulating the ball around the bady,
rolling the ball around the feet, leading the ball with two
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hands in a standm;, position, building a tower from big
foam rubber cubes, building with holow cubes, building
a tower from small wooden cubes), agility (stepping
sideways, running with changing directions, running in a
/:g[ag) explosive strength (standing fong jumyp, standing
triple jump, standing high jump), repetitive strength
{stepping on a bench, sideways jumps, sideways jurnps
with hand support), speed of simple movements {hand
tlapping - two fields, foot tapping, hand tapping - 4 fields),
balance {standing on a block ongitudinally, standing on
a block crosswise, standing on a vertical block). The girfs
carried out three repetitions of each motor test.

Procedure

The measurements of motor and cognitive abilities
were always carried out in specially prepared rooms.
The entire testing of one child did not exceed two hows.
The measurements were carried out by qualified ex-
perts.

Statistics

The data was processed on PC with SPSS statistical
program. Motor variables were treated in latent and
manifest space. Factor analysis was used for establishing
the latent space of motor dirnensions. The determination
of the number of important principal components was
based on the Kaiser-Guitran criterion (A > 1}, The sim-
pler definition of the structure of motor factors was
based on the rotation of factors with the obfimin
method. The refation between motor and cognitive vari-
ables was calculated using the method of multiple re-
gression analysis. The system of predictors was repre-
sented by two groups of the motor variables: the first
group contains the manifest varrables, aad the second
group the latent factors. The criterjion was in both cases
represented by the result of the cagnitive test.

RESULTS

The resuits show that there is a positive correlation
between the motor and cognitive variables. in the first
case (Tah. 1) there is a statistically significant correlation
{p = 0.00) between the whole system of manifest motor
variables and the cognitive variable. The ceefficient of
rultiple correlation is quite high (R = 0.58). Between
the motor and cognitive variables there is 33% of com-
mon variance (R* = 0.33). The individual motor vari-
ables which have a statistically significant correlation
witli the cognitive variable on the p < 0.05 level are the
following: building with hollow cubes (§ = 0.270), foot
tapping (f = 0.229), standing triple jump {§ = 0.217),
running with changing dlre({:ons i = 0.196), running
after crawling (P = 0.184), and walking on rungs barP
wards (B = 0,171
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Tab 1: Summary of regression analysis for manifest mo-

tor variables and cognitive variable (¢ - standardized =

coefficient of partial regression; p - the level of statisti-
caf significance; R ~ cocfficient of muiliple correlation;
R’ - coefficient of determination).

Tab. 1: Pavzetek regresijske analize motori¢nib in kog-
nitivnih spremenljivk (i ~ standardiziran keeficient
delne regresife; p — raven statisticne pomembnosti; i —
koeficient veckratne korelacije; R - kocficieat deter-
minacije).

No. Mator variahle B p
1 |Building a ower fram big foam rubber cubes | .017].6324
2 {Standinz on a block jongitudinally .084}.3424
3 |Standing high jump .025}.7433
4 |Hand tapping - twa fields 039} .5790
5 (Rolling the ball around he feet -.0021.9709
& [Crawling with 2 balt -0341.6594
7 {Rupning with changing directions - 19610423
& 1Standing on a vertical block -0351.6524
9 IStandiog tripte jurop .2171.0189"
10 [Stepping on a bench 0718 4346
11 |Running after crawling -1841.0189*
12 |Buiding with hollow cubes ~.270}.0004*
13 |Sideways jumps -.0251.8036
14 |Walking on rungs backwards 17150288
15 |Stepping sideways 1218.2240
6 jleading the ball with two hands - 1011.1879
17 |Running in a zigzap -0541.4548
18 |Crawling under the beach 121924
19 |Standing on a block crosswise 061].5048
20 {Sideways jurps with hand support 049 6178
21 1Walking through hoops backwards .050].6331
22 iRailing the ball around the hoop -.003|.9027
23 |Building a tower from small wooden cubes  |-.102(.2163
24 ifoot tagping .229[.0055*
25 {Hand tapping - 4 fields dp.2nz2
26 (Circulating the ball around the body -.150].0797
27 IStanding fong jump 008|.9272
28 tPolygon backward 007(.9488

=.335, R =.578, p =.0000

*p< 05

With the method of factor analysis, 8 moter factors
were extracted. These factors are:r speed of simple
movemerits (Factor 1), balance (Factor 2, agility {(Factor
33, speed of complex movements (Factor 4), explosive
strength (Factor 5), eve-hand coordination (Factor 6),
whole-body coordination (Factor 7), hand coordination
{Factor 8). The obtained factors were used in the regres-
sion analysis. tn this case (Tab. 2), there is a statistically
significant correlation (p = 0.00) between the whole
system of motor factors and the cognitive variable. The
coefficient of multiple correlation is slightly lower (R =
0.40). There is 16% of common vartance (R = 0.16)
between the motor factors and the cognitive variable.
Among the motor variables, six factors have a statisti-
cally significant correlation with the cognitive variable
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on the p < 0.05 level: speed of simple movements (§ =
(1.239), speed of complex movements { = 0.216), ex-
plosive strength (B = 0.207), eye-hand coordination (8 =
0.180), whole-body coordination (§ = 0.129), and hand
coordination {§ = 0.167).

Tab. 2: Summary of regression analysis for motor fac-
tors and cognitive variable (§ - standardized coefficient
of partial regression; p - the level of statistical signifi-
cance; R - coefficient of multiple correlation; R — co-
efficient of determination).

Tab. 2: Povzeick regresijske analize motoricnih fakior-
jev in kognitivne spremenljivke (f - standardiziran
koeficient delne regresije; p — raven stafistiche po-
membnosti; R - koeficient veckratne korelacije; R -
koeficient determinacije).

No. {Motor factor B p
1 iSpeed of simple movements 239 ) .601e*
2 iBalance 063 | .3523
3 jAgility 17 ] 0882
4 |Speed of complex movements ~216 | .0D18*
5 iExplosive strength 207 | 0053
6 {Eye-hand coordination - 180 § 0114~
7 |Whole-body coordination -129 § .0501*
8 {Hand cocrdination - 167 1 .0208"
RY =165, R = 407, p = 0001
*p=.05

DISCUSSION

The results of both regression analyses show that the
significant and highest correlation coefficients with the
cognitive variable have the motor variables, in which
the characteristics of movement coordination, the speed
of movement and explosive strength are generally pre-
dominant. On the basis of the obtained results we can
explain the connections between motor performance
and cognitive abilities with different causes.

The connection between the coordination of move-
ment and cognitive abilities has been established in pre-
schoot children by several researchers (fLeithwood,
1971, Clymer & Sitva, 1988; Pisot, 1999, 2000;
Planinec, 2001} An important part of the variance of
coordination abilities is explained by the cognitive fac-
tors of dynamic visual processing, visuo-spatial proc-
essing, working memory, and partly processing speed
{Titre & Raouf, 1998). Coordinational complex move-
ments (Variables; running with changing directions,
building with hollow cubes, walking on rungs back-
wards, running after crawling; Factors: eye-hand coordi-
nation, whole-body coordination, hand coordination)
require cognitive activity for the recognition and forma-

- tion of an effective motor program on the basis of which
. movesient tasks is implemented. And during the imple-

.. mentation of movement the motor program has to be

adapted 1o different {intrinsic and extrinsic) feedback
information. All this requires the integration of informa-
tion and the integration of functions that are necessary
for a successful processing of information, wiich in turn
constitutes the basis of cognitive activity. The imple-
mentation of infarmationally complex movement tasks
involves problem situations that have 1o be effectively
solved, and this requires cognilive activity,

in the case where the predominant characteristic of
motor variables is the speed of simple movements (Vari-
able: foot tapping; Factor: speed of simple movements,
speed of complex movemenis), the connection between
motor and cognitive variables can be explained mainly
by the general speed of the information flow in the
nervous system, which enables a quick and effective
communication among different areas of the central and
peripheral nervous system and is very Important for the
efficacy of motor and cognitive processes. Chur assumyp-
tions are somehow confirmed by the findings of Reed &
jensen (1991} and Vernon & Mori {1992}, who estab-
lished thar there is a positive correlation between the
measure of intelligence and the measure of nerve con-
duction velocity,

The connection between the variables of explosive
strength (Variable: standing triple jump; Factor: explo-
sive strength) and cognitive variables is somewhat sur-
prising, and it can be ascribed to various factors. To the
motor dimension of explosive strength belong the fol-
lowing tests: standing long jump, standing triple jump
and vertical jump, ie. tasks with predominant leg
movement. These are obviously tasks that require,
among other things, a complex structured motor action.
In general, the children of this age probably do not have
this kind of specific experience and such movements
present a kind of problem situation to them. it should be
noted that similar results were obtained by Madié
(1986), who established that the connection of this kind
is due to the ontogenetic development, Motor programs
for {eg are formed later than those for arm, which is why
carrying out metor tasks in which leg movement is pre-
dorinant requires high level of motor control. it seemns
that at the age of 5 the cognitive activities are probably
important for complex leg movements as well. In addi-
tion to this, factor of explosive strength has a strong cor-
relation with the factors of movement coordination and
the speed of movement, which are also connected with
cognitive abilities.

A comparison between the results of both regression
analyses shows that the coefficient of the multiple cor-
relation attains a higher value when the systern of pre-
dictors is represented by manifest motor variables. This
is perfectly logical, since the factor analysis accom-
plishes a reduction of data, which obviously has an im-
portant influence on the decrease of the level of corre-
latior. On the other hand, we have established that out
of 8 molor {actors there are 6 of those that have statisti-
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cally significant correlation coefficients with the cogni-
tive variable. This can be explained by the fact that the
motor factors present abilities with a wider range of ac-
tivities, in which a greater number of different factors
play an important role, including cognitive factors.

CONCLUSIONS
The results obtained on a sample of Slovenian pre-

school girls have confirmed the asstimptions about the
existence of a positive correlation between motor per-

NEALIS BEYWLEN THE MOTOR PERFORMANCE AND COGMITIVE ABILITIES OF PRE-SCHOOL GIRLS, 89994

formance and cognitive abilities. The fact is that in‘the

course of development, changes occur in individual

human abilities as well as in the refation between them.
in the future it will thus be necessary to establish how
the relation between motor performance and cognitive
ahilfities changes. This will reguire similar and‘yses with
the same tests on samples differing according to age,
and the same wili he necessary for a sample of boys.
The above results confirm the arguments that it is rea-
sonable to treat all the anthropological dimensions as
components of an integral and organized system.

POVEZANOST MED MOTORICNO UCINKOVITOSTJO IN KOGNITIVNIMI
SPOSOBNOSTMI PREDSOLSKIM DEKLIC
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POVZETEK
Glavni namen raziskave fe bif ugotoviti, ali obstaja povezanost med motoricnimi in kognitivnimi sposobnostmi

pri deklicah v prediolskem obdobju. Vzorec je obsegal 138 deklic,

starih natancno 5 fet. Psihotoski del ineritev je

bif apravijen s testom RAZKOL. Za aceno motori¢nih sposobnosti je bilo uporabljenih osemindvajset testov. Relacije
med motoricnimi in kognitivnimi sprementjivkami so bile izracunane z metodo multiple regresijske analize. Rezul-
tati kaZejo, da obstaja pozitivna povezanost med metoricnimi in kognitivaimi sposobnostmi. Motoricne spre-
menlfivke, ki kaZejo najvisje korelacije s kognitivno spremenijivko, imajo znacilnosti koordinacije gibanja, hitrosti
gibanja in eksplozivne modi. Rezultati potrjujejo predvidevanja, da je pri ottoku treba upostevati razlicne antro-
poloike dimenzije kat sestavne dele celovitega in organiziranega sistema.

Klju¢ne besede: motoricne sposobnosti, kognitiviie sposobnosti, povezanost, prediolske deklice
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