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ABSTRACT The associations between motor abilities (MA), morphological characteristics (MC), and cognitive
preparedness (PP) for school in pre-school aged boys should provide a platform for improved systematic educational
work. The main goal of this research is to determine the correlation between children’s MA, MC and PP, using
univariate and multivariate statistical methods. Randomized sample of pre-school boys (N=106), aged 6-7, was
examined. Eighteen composite motor tests were utilized to measure MA; Test for School Preparedness (TSS) with
five sub-tests was used in estimating boys’ PP; additionally, 14 morphological characteristics were measured.
Findings revealed that all the canonical correlations were statistically significant: between MA and MC, between
MA and PP, as well as between MC and PP. Thus, the correlation is the lowest between MC and PP. MC could be
a less important factor for estimating the overall preparedness for school, than boys’” MA at the age of six or seven

years.

INTRODUCTION

The insight into the associations between
three sets of data in pre-school aged boys (mo-
tor abilities, morphological characteristics, and
their preparedness for school) should provide a
platform for improved systematic educational
work. Hence, the purpose of this article is to in-
vestigate these sets of data in boys in their pre-
school age.

Kinanthropology

Kinanthropology is a field related to the in-
terdisciplinary (biological, psychological, cultur-
al, and social aspects) investigation of physical
activities. Consequently, it is a scientific disci-
pline, which is focused on the research of the
variability of human characteristics and abilities
when related to physical activity, physical exer-
cise and sports, during one’s life span (MiSigoj-
Durakovic 2008). Under the influence of various
kinesiological programs, quantitative and quali-
tative changes in kinanthropological dimensions
may occur, affecting the dimensions themselves,
aswell astheir relationships (Ismail 1976; MiSigoj-
Durakovic 2008). The structure of particular di-
mension is constantly changing within the di-
mension itself and in relation to other dimensions,

during a child’s growth (Bala 2003a). These
changes are dependent on certain developmen-
tal periods (Bilic 2007) and on the children’s indi-
vidual characteristics (Bala 2003b). Sexual dimor-
phism in certain kinanthropological dimensions
is particularly noticed at the end of the second
developmental period (Bala et al. 2009; Horvat et
al. 2010). The interaction and the nature and in-
tensity of that interaction between individual
characteristics and abilities, are responsible for
the entire child’s development, which includes
physical, cognitive, emotional, and social devel-
opment (Horvat et al. 2013). Sedentary way of
living in combination with inadequate nutrition
has detrimental effects on children’s growth and
development. Hypokinesis is a continuous en-
hancement of average values in children’s body
volume and body mass (measures BMI, FFM,
body mass, measures of subcutaneous fatty tis-
sue, body parts circumferences) (Abalkhail 2002;
Datar and Sturm 2004; Horvat et al. 2009).

Morphological Characteristics

Results of several studies suggest that regu-
lar growth and development of morphological
dimensions have an influence on the develop-
ment of the child’s general motor ability, while
regular development of motor abilities has an in-
fluence on the growth and development of
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morphological characteristics (Bala et al. 2009).
Longitudinal and transverse skeleton dimension-
ality often comprises of a single dimension which
is named skeleton dimensionality or occasional-
ly longitudinal skeleton dimensionality. Howev-
er, it can be referred to as a three-dimensional
model (Malacko et al. 1981). In adolescents, a
three-dimensional morphological model includes
skeleton dimensionality, body mass and volume,
and subcutaneous adipose tissue (Viskic-Stalec
1974; Kurelicetal. 1975). A two-dimensional mod-
el of morphological dimensions, consisting only
of skeleton dimensionality and voluminosity, as
well as subcutaneous adipose tissue, is usually
found in very young children (Bala 1981).

Motor Abilities

Motor abilities can be defined as the latent
motor structure, which is responsible for an infi-
nite number of manifest motoric reactions, and
can be measured and described (Mrakovic 1992).
Thus, determining the motor abilities structure
of pre-school boys is one of the priorities. The
problem is the relatively small number of appro-
priate measure instruments that could be applied.
In previous studies (Horvat et al. 2010; Horvat
2011; Hraski et al. 2011; Horvat et al. 2013), the
latent motor abilities structure of boys was de-
fined. Therefore, this consists of four dimensions:
general factor of motor abilities, coordination,
balance, and flexibility. It can be concluded that
certain factors have appeared. Hence, a more
significant definition of the latent structure can
be expected only in the later periods of life. The
research on motor abilities of pre-school children
has a relatively long history. The first research of
throwing a ball at the moving and stationary tar-
get was conducted in the first half of the 20" cen-
tury (Hicks 1930), while jumping over an obstacle
could be used as an indicator of motor develop-
ment (Cowan and Pratt 1934). A deficit of motor
activities or their complete absence during chil-
dren’s growth cannot be recovered in later peri-
ods of the growth and maturation. Insufficient
motor experience and opportunities for the partic-
ipation in kinesiological activities can slow down
achild’s motor and intellectual development (Kelly
and Kelly 1985; Humphrey 1991).

Preparedness for School

Systematic stimulation of developmental char-
acteristics which are the base of preparedness
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for going into the elementary school is an im-
portant task for children’s educators, parents,
and teachers in kindergartens. Various authors
see the readiness of going to school as a com-
plex set of characteristics. In addition, listing sim-
ilar sets of characteristics are also important.
Furlan (1984) speaks of the physical, speech, in-
tellectual, emotional and social maturity for
school, while Tolicic (1970) from Simunec-Mu-
hek (1995) lists physical, personal, and function-
al maturity. Physical development is one criteri-
on to define school readiness; and regular phys-
ical development allows a child to cope more
easily with various physical and mental efforts
that awaits him at school (Vasta et al.1997). Men-
tal readiness as a criterion for school readiness
is a complex set which unify the dimensions of
psychomotor, cognitive, emotional and social
readiness, as well as the child’s motivation to
learn. (Psycho)motor development of pre-school
children includes gaining skills such as walking,
running, dressing/undressing, as well as the fine
movement of muscles, as the prerequisites for
the adoption of complex psychomotor skills (for
example; reading and writing) (Vasta et al. 1997).
Emotional readiness considers issues about
child’s acquisition of certain emotional stability
and control (developing a certain level of toler-
ance toward frustration), the relative stability of
their emotions, acceptance of school discipline,
and the ability to work cooperatively with oth-
ers. Social readiness refers to the interpersonal
skills which include working together with oth-
ers (especially peers and teachers), development
of socially desirable behaviors, skills and mo-
tives, and the formation of a child’s idea of itself.
Cognitive readiness (adequate speech develop-
ment, perception, thinking and memory, closely
linked with the extent and stability of attention)
is the most important aspect of the preparation
for going to school. This is because it is related
with the most important academic functions.
Therefore, it is necessary to evaluate cognitive
readiness more carefully. A speech development
isemphasized as a particularly important aspect
of school readiness (Furlan 1984; Gathercole and
Baddeley 1993; Vasta et al. 1997). Motivation for
learning is a very important determinant of the
school’s success. Mental reluctance is a major
cause of school failure. However, it is necessary
to combine the legal-administrative and psycho-
physical criteria.
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Towards the Creation of Adjusted
Educational Programs

Motor and cognitive growth in children may
be influenced by sport practice. The results of
the study conducted by Alesi et al. (2015) sup-
port the thesis that the improvement of motor
and cognitive abilities is related not only to gen-
eral physical activity but also to specific ability
related to the ball. Therefore, Football Exercise
Programs could be a natural and enjoyable tool
to enhance cognitive resources as well as pro-
moting and encouraging the participation in sport
activities from early development (Alesi et al.
2015). In the study that examined the relation-
ship between general motor skills and body com-
position for boys and girls aged 7.39 decimal
years, it was obtained that the total amount of
body fat, body weight, negatively affect general
motor skills and for the girls, while body height
has a positive effect (Lepes et al. 2014). There is
a close interrelationship between motor and cog-
nitive domains in individuals with atypical de-
velopment (Alesi et al. 2014). In the study on
developmental horse-riding program (SDHRP),
combined with fitness training influenced the
motor proficiency and physical fitness of chil-
dren with ADHD. Children with ADHD exhibit
low levels of motor proficiency and cardiovas-
cular fitness, but using the combined 12-week
SDHRP and fitness training, positive effects for
children with ADHD are revealed (Pan et al. 2014).
In avery similar program, a 12-week table tennis
exercise showed clinical relevance in motor skills
and executive functions of children with ADHD
(Pan etal. 2015). Similarly, Chen et al. (2015) ob-
tained that table tennis could be considered a ther-
apy option while treating cognitive/perceptual
problems in children with mild intellectual disabil-
ities and borderline intellectual functioning.

Therefore, in order to design proper kinesio-
logical programs for pre-school children, educa-
tors must have an insight into a possible sexual
dimorphism among pre-school children in their
motor abilities, morphological characteristics, and
cognitive preparedness for school. Obtaining the
correlations between these three sets of charac-
teristics in pre-school aged boys, should pro-
vide the prerequisites for adequate pre-school
physical education plans and programs’ designs.
Moreover, findings of this research would be a
starting point for further research about the cor-
relations between these three sets of data in pre-
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school aged girls. Therefore, these insights
would provide the information about sexual
dimorphism.

Goal and Hypothesis

The main goal of this research is to deter-
mine the correlation between three sets of data
in pre-school boys: motor abilities, morphologi-
cal characteristics, and their preparedness for
school. Our hypothesis was that there are statis-
tically significant correlations between motor
abilities and morphological characteristics, be-
tween motor abilities and preparedness for
school, as well as between morphological char-
acteristics and preparedness for school.

METHODOLOGY
Subjects

From the Croatian population of kindergar-
ten children from the urban environment (cities
of Zagreb and Varazdin), arandom sample of 106
boys was measured. At the time of the research,
the children were 6.5 years + 6 months old. For
each subject involved in the sample, a parental
written consent was obtained, by which parents
allowed their children to participate in the re-
search. Thus, this was in compliance with the
Code of Ethics prepared by the Children Council
and the counselling body of the Government of
the Republic of Croatia. In this study, only data
from boys were used.

Materials (Tests and Measures)
Motor Abilities

Motor abilities of the subject sample were
assessed with a set of eighteen composite motor
tests known in the area of physical education be-
cause they are usually used for assessing motor
and energy supply abilities of schoolchildren.
However, for the present research they had been
modified to comply with the capabilities of pre-
school children (Horvat 2010). Generally, all mea-
surement courses and measurement periods were
shortened and the number of stands was reduced.
In addition, at least one tryout was introduced
before each test performance. This was to ensure
approximately equal level of motor skill and famil-
iarization with the tasks in all the examinees.
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Subsequently, the tests assessed latent di-
mensions of coordination, flexibility, strength,
agility, accuracy, and balance in pre-school boys
of 6-7 years of age. For each of the latent dimen-
sions, there were three composite tests used
which were performed three times. The follow-
ing variables were measured:

Coordination - pushing a ball around 2 stands
with hands (MKGR); pushing a ball around 2
stands with feet (MKGN); moving backwards on
all fours (MKHN)

Flexibility - arm backward circumduction
with a stick (MFIP); straddle seated forward bend
(MFSR); forward bend on a bench (MFPK)

Strength/Power - 10 m running (MS10);
standing long jump (MSSD)); sit ups (MSPT)

Agility - side steps (MAKS); slalom around
stands (MAOO); figure of eight with a bend
(MAOS)

Accuracy - shooting at the target (MPGC);
shooting at a frame (MPGO); aiming with a stick
(MPCYS)

Balance - transversal balancing on one leg
(MRJU); transversal balancing on both legs
(MROP); longitudinal balancing on one leg
(MRJO)

Cognitive Preparedness for School

Preparedness for school was tested using the
psychological measuring instrument construct-
ed by Vlahovic-Stetic et al. (1995). “Test of pre-
paredness for school” consists of five sub-tests:
Perceptual test (TSS - P), Test knowledge of the
facts (TSS - T). Numerical test (TSS - N), Test
connecting points (TSS - T), and Test
strikethrough (TSS - C).

The first three sub-tests (Perceptive test, Test
connecting points, and Test strikethrough) are
designed to assess the specific abilities of chil-
dren, while the other two sub-tests (Test knowl-
edge of the facts and Numerical test) are designed
to determine the children’s knowledge.

The testing was conducted in the small
groups (up to seven children), and lasted about
an hour. After the first three sub-tests, breaks
were given for a period of fifteen minutes, so
that the limited concentration of children would
not have a negative effect on the measurement
results. Psychologists employed in these chil-
dren’s kindergartens performed the assessment
of each child’s preparedness for school.

Morphological Characteristics

Variables for the assessment of morphologi-
cal characteristics of children include: body
height (AVIS), body mass (AT TE), sitting height
of the body (AVSJ), arm length (ADRU), upper
arm skinfold (ANNA), abdominal skinfold
(ANTR), back skinfold (ANLE), lower leg skin-
fold (ANPK), upper arm circumference (AONO),
forearm circumference (AOPD), upper leg circum-
ference (AONK), lower leg circumference
(AOPK), hip width (ASKU), and shoulder width
(ASRA).

All measurements were performed using stan-
dard methods and instruments as described in
the instructions of the International Biological
Program (IBP - Weiner and Lourie 1968). Mea-
surements of height, width, weight, and circum-
ference were measured once. Every skinfold mea-
surement was measured three times using the
John Bull caliper.

Measurements of morphological character-
istics were carried out in the morning, immedi-
ately upon arrival of children to the kindergar-
ten. Students who were attending the elective
course Kinesiological transformations, and who
during a course of mandatory exercises were
adopting methods and techniques of measure-
ment in the field of kinesiology, have conducted
the measurements. Particular attention was giv-
en to the acquisition of knowledge regarding the
implementation of measurements just for those
variables that were used in this study. In this
way, the measurers were specially prepared for
this research.

Procedure

Three times a week in a 30-minute sessions,
children had an opportunity to familiarize them-
selves with the motion and moving patterns
they were going to perform as the future test
tasks. This was done to even as much as possi-
ble, the level of motor knowledge and skill in
the future examinees. Also, it aims to reduce its
probable impact on the results when testing
motor abilities.

Motor abilities were measured during three
consecutive days. At the beginning of each mea-
surement, day children were specially prepared.
The preparations commenced each day with 3-
minute cyclic gross movements with various
tasks. Various tasks included walking (on the
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toes, on the heels, step-shuffle step-step-shuf-
fle step), various rate running, and jumps (two-
legged and one-legged). Afterwards, a set of
general preparatory exercises (10 to 12) for the
whole body were applied. The drills were select-
ed to address those big muscle groups that were
going to be under special loading in the forth-
coming testing for that day.

The tests were scheduled across three days
with the aim of preventing, as much as possi-
ble, the negative impact of previous tests on
the performance of the subjects in the later ones.
In addition, fatigue was avoided as much as
possible, as well as loss of motivation in the
examinees. Therefore, the test assessing dynam-
ic muscular endurance or repetitive strength of
the trunk (sit-ups) was performed at the end of
the measurement of each day (three measure-
ments altogether).

Statistical Analysis

Canonical analysis provides a method of re-
lating two of such sets of variables on each side
of an equation. It weights the variables on each
side to produce two sets of composite scores.
Then, it calculates one or more canonical corre-
lations, which are equivalent to product-moment
correlations between the sets of weighted vari-
ables. The number of canonical correlations com-
puted is equal to the number of variables in the
smaller set. First canonical root correlation
(Rcanl) can be interpreted as the maximum cor-
relation that can be obtained through the best
linear combinations of both sets of variables.
Second canonical root correlation (Rcan2) is the
next best linear combination of the variables,
under the constraint that this pair of composite
scores is uncorrelated with the first pair, and so
on. Whether the first or any of the subsequent
correlations are significant, of course, depends
on the relationships within the data. In essence,
the number of significant canonical regressions
indicates the number of clusters of relationships
in the set of elements analyzed. Since the re-
searchers have posited two sets, they expect two
groupings from the canonical analysis. Canoni-
cal correlations are essentially product-moment
correlations between sets of weighted scores.
Therefore, the squared canonicals express the
variance in one set of variables explained by the
other. Each correlation represents a different and
unrelated solution of the relationship among the

observations. The analyst’s task is to interpret
these solutions by referring mainly to two sets
of values on the computer output. One set is the
standardized canonical variate coefficients, which
are akin to the beta-coefficients in an ordinary
regression equation. Consequently, these coef-
ficients can be compared to the relative effect of
each variable in one set to the composite score
constructed from the other set of the variables.
The other and perhaps more useful indicators
are the simple correlations between the canoni-
cal scores and their composite variables. These
correlations are called canonical ‘loadings’,
which is similar to variable loadings in factor
analysis. The statistical program SPSS (Statisti-
cal Package for the Social Sciences 20.0) was
used.

RESULTS

In Table 1, the researchers showed the cross-
correlations between morphological measures
and motor tests for the sample of boys in kinder-
gartens. Among 252 cross-correlations between
all the variables in those two sets, the statistical-
ly significant were 49. All significant correlations
are in fact very low.

Canonical analysis of morphological mea-
sures and motor tests is guided by the hypothe-
sis discussed in the introduction. The need for
complete data for all variables on all cases re-
duced the number of motor tests to 18. Thus, in
the set of morphological characteristics, the re-
searchers took the data of 14 anthropological
measures. Most of the findings discussed above
reappear in the canonical results in Table 2. Of all
the canonical correlations produced from the
analysis, only the first two, R2can1 = 0.784 and
R2can2 =0.692, were significant at the 0.01 level.

The first canonical solution (first pairs of ca-
nonical roots) is found between the set of mor-
phological variables (high values for AVSJ, AN-
NAX, ANTRXS, ANPKX, ASRA) and set of mo-
tor variables (high values for MKHNY, MRJOY,
MROPY, MAQOSY) (Table 2). The simple correla-
tions in the space of morphological measures
show that ASRAand ANPKX correlated 0.52 and
0.51 with the composite score, while ANLEX bare-
ly had any correlation (-0.03). On the other hand,
the simple correlations in the space of motor vari-
ables show that MKHNY and MRJQOY correlat-
ed 0.57 with the composite score, while MPGOY
barely had any correlation (0.03). The canonical



JOSKO SINDIK, VATROSLAY HORVAT AND SNJEZANA MRAKOVIC

198

(souereq) AOCHIN ‘AdOYN ‘ANCHIN ‘(Aoeindoe) ASOdIN ‘AODdIN ‘ADDdIN ‘(AfiBe) ASOVIN
‘AOOVIN ‘ASMVYIN ‘(Y1Buans) ALdSIN ‘AASSIN ‘AOTSIN ‘(ANfigixaly) AMdIN ‘AYSHIN ‘AdIHIN ‘(UOIRUIPI00D) ANHMIN ‘ANODMIN ‘AYOMIN 5181 1010\
(VdSY) uipm Jspinoys ‘(NXSY) yipim diy ‘(MdOV) douaisywinolio Bef semol ‘(MNOV)
3ouaJajwnalld Ba) Jaddn ‘(QdOV) 2oualajwinalid wiealol ‘(ONOV) 8duaajwnalid wie Jaddn ‘(MdNV) plojus Baj Jamo] ‘(ITNV) plojunis oeq ‘(4 1NV)
projunis Jeutwopge ‘(WNNY) plojuns wae saddn ‘(NdAv) yibusl wie ‘(rSAV) Apog ays jo wbiay Bumis ((311v) ssew Apog ‘(SIAY) wbiay Apoq :ABojoydion
.Avw__ma-mv [3A3] G0'0 ¥yl 1e Emo_»—_cm_m S1 uolje[auop AU@:E-NV [3A3] TO'0 9yl 1e Emo_»—_cm_m S1 uone|aai09 ., ”U:wmwn_

~c0V'0 ...VE'0 090°0- §¢T°0- LO0OO LOTO- .c0C0- .€TCO- ..¢5C°0- ..L0€0- 960°0 080°0 ¥20°0- ¥¥0°0 AOCHIN
~16¢'0 .TE€ECO0 €¥0'0- €¢0°0- 980°0 ¥EO'0- LLT'0- L60°0- SST'0- 80T 0- §/00 ..09¢0 9v0°0 8TT°0 AdOdIN
860°0 8900 6.T°0- O¥T'0- 9700 OTT0- €TTO0- .£0C'0- .¥IC0- ,L0CO- GG0°0 7900 ¢90°0- L00°0 ANCHN
[4AN] 0400 €00 ¢TT0 9¢T'0 ¥S0°0 6€00 €.0°0- Sv0°0 €90°0- €¢T0 16T°0 L0T'0 ..5¢C0 ASOdIN
ETAN] 960°0 ¥T0°0- L0T0- GTO0 Tv0'0- 8T00 TEOO- €100 ¢S0°0- ¢v0'0 €¢0°0- GG0°0- 100 AOOdIN
.66T°0 TOT°0 L0T'0- ¥vOT'0O- ¥T0°0 <¢v1'0- 1600- TTTO- .TLCO- ¥ST°0- ¥50°0 €0T°0 6¢0°0- €80°0 ADJOdIN
€.T°0- G8T'0- GE0'0- 0¢0'0 6¢T°0- G€E0°0- 6¥T°0 0400 YET0 .0¢2'0 960°0- .€¢cC0O- 990°0- .00¢0- ASOVIN
¥.0°0- ¢€0°0- 0L0°0- 6T0°0- 800°0 ¢E€0'0 6600 LEOO 980°0 .1€C°0 G80°0- ..GS€°0- 8T1°0- ..GSC°0- AOOVIN
G90°0- T80°0- L00°0 ¥80°0 S90°0 <¢L00 9ST0 €800 99T'0 ~E62°0 6.0°0- 88T0- G¢0°0- 08T 0- ASHVIN
8.0°0- 6.0°0- €90°0- 0¢0°0- .c6T°0 LEO'O €0T'0- 080°0- v¥0'O- 8¥T'0- 0c0'0- €90°0 L¢0°0- 6v0°0 ALdSIN
04T°0 TET'0 €TO0°0- 6¥0°0- 9¢0°0 8.L0°0-..YvEEO- ..562°0- ..96C¢°0- ..CSE€0- SG60°0 .G6T°0 0€0°0- .Tcc0 AQSSIN
200 €00°0- €G50°0- €00 9.00 vc0'0- 8¢T'0 ¢800 6T0°0 6€T°0 G90°0 ¥2¢0°0- 0100 900°0- AOTSN
€100 ¢10'0 960°0-.¢T¢0- T.T0- 8TT'0- L¥0OO T¥O'O- LTOO- TG0°0- T6T°0- ¥S0°0- ¢80°0- 8€T0- ANddIN
8¢T°0 9G60°'0 600°0 STO'0 9S0°0- 6T00- T¢cO0'0O TT00 ¢10°0 G¢0°0- 190°0- ..0¢0 9€0°0 8T0°0 AYSIN
G200 LG0°0- 9ST'0 /L.ZT'0 9¢T'0 8610 PETO €EETO LETO 6¢T°0 ¢LT0  ..9GC0 .€2¢2'0 L8T°0 AdIdN
.0v¢'0- .8T¢'0- 0€0°0 880°0 0ST0- 9.00 .8720 ¢8T0 ..TOEO ~99¢°0 LyT'0- ¢v00- GG0°0 060°0- ANHMIN
¥€20- ..¥5C°0- 880°0- €90°0- ...8¢'0- 0ST'0- €000 ¢c00 €90°0 G90°0 08T°0- .G¢c0- €0T°0- ..¥SC0- ANOMIN
«9€¢°0- .L¢¢0- ¥00'0 LEO'O- ..86¢°0- SCT°'0- ¢€00 STTO €TT0 €L0°0 .8¢¢’0-  98T0- 6,0°0- ...9C°0- AHOMN
VdSY  NXMSV  MdOV MNOV ddOV  ONOV  XMdNV  X3TINV SXYLNV  XVNNV nyav [SAV SINY 311V

(sAoq) s1sa1 J0l0W pue sainsesw [ealfojoydiow Usamlag SUOIIR[84400-SS04D T d|qel



CORRELATION OF PRE-SCHOOL BOYS’ CHARACTERISTICS 199

Table 2: Canonical correlations between morphological measures and motor tests — first canonical
root (boys)

Correlations Morphological Canonical Canonical Motor Correlations
with composite measures variate variate tests with compos-
scores@ coefficients’ coefficients ite scores
First Canonical Analysis: Boys
0.322 ATTE 0.479 R can1=0.784 -0.210 MKGRY -0.465
0.022 AVIS 0.411 R%can1=0.616 0.195 MKGNY -0.421
0.417 AVS) 0.098 F= 365.245
-0.198 MKHNY -0.570
0.229 ADRU -0.323 df=252 0.037 MFIPY 0.05
-0.470 ANNAX -0.355 Wilks
[=0.016 0.117 MFSRY 0.137
-0.506 ANTRXS -0.372
0.004 MFPKY -0.130
-0.371 ANLEX -0.032 p<0.01 0.376 MS10Y -0.085
-0.432 ANPKX -0.401 0.520 MSSDY 0.709
-0.147 AONO -0.312 0.126 MSPTY 0.231
0.181 AOPD 0.423 0.081 MAKSY -0.403
-0.082 AONK 0.195 -0.162 MAOOY -0.479
-0.105 AOPK -0.066 -0.042 MAOSY -0.503
0.386 ASKU -0.297 0.160 MPGCY 0.444
0.524 ASRA 0.631 -0.151 MPGOY 0.032
-0.014 MPCSY 0.297
-0.042 MRJUY 0.304
0.381 MROPY 0.519
0.310 MRJOY 0.567
Redundancy 24.491 % Redundancy 22.270 %

Legend: @The simple product-moment correlations between the variable and the composite scores computed in
the canonical analysis.

bThe standardized coefficient of the variable used in computing the canonical variate that generated the composite
scores.

Morphology: body height (AVIS), body mass (ATTE), sitting height of the body (AVSJ), arm length (ADRU),
upper arm skinfold (ANNA), abdominal skinfold (ANTR), back skinfold (ANLE), lower leg skinfold (ANPK),
upper arm circumference (AONO), forearm circumference (AOPD), upper leg circumference (AONK), lower leg
circumference (AOPK), hip width (ASKU), shoulder width (ASRA).

Motor Tests: MKGRY, MKGNY, MKHNY (coordination), MFIPY, MFSRY, MFPKY (flexibility), MS10Y, MSSDY,
MSPTY (strength), MAKSY, MAOOQOY, MAOSY (agility), MPGCY, MPGOY, MPCSY (accuracy), MRJUY, MRO-

PY, MRJOY (balance)

correlation squared reveals that 61 percent of
the variance in the performance composite can
be linked to the composite score of both mor-
phological and motor variables.

The second canonical solution (second pairs
of canonical roots) is found between the set of
morphological variables (high values for AVSJ,
AOPD, ASKU) and set of motor variables (high
values for MKGRY, MAOQY, MFSRY, and MFIPY)
(Table 3). The simple correlations in the space of
morphological measures show that AVSJ and
AOPD correlated 0.43 and -0.37 with the com-
posite score, while ANPKX barely had any cor-
relation (0.05). On the other hand, the simple cor-
relations in the space of motor variables show
that MAOOY and MKGRY correlated - 0.52 and

0.41 with the composite score, while MRJOY
barely had any correlation (0.01). The canonical
correlation squared reveals that 48 percent of
the variance in the performance composite can
be linked to the composite score of both mor-
phological and motor variables.

In Table 4, the researchers showed the cross-
correlations between morphological measures
and cognitive tests for the sample of boys in
kindergartens. Among 60 cross-correlations be-
tween all the variables in those two sets, statisti-
cally significant were only 5. All significant cor-
relations are in fact very low. However, most of
the significant correlations were found for
ANTRXS and ANPKX in the space of morpho-
logical measures, while most of the significant
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Table 3: Canonical correlations between morphological measures and motor tests—second canonical
root (boys)

Correlations Morphological Canonical Canonical Motor Correlations
with composite measures variate variate tests with compos-
scores@ coefficients’ coefficients ite scores
First Canonical Analysis: Boys
0.152 ATTE -0.877 R_can2=0.692 0.563 MKGRY 0.414
0.184 AVIS 0.648 R’can2=0.479 0.206 MKGNY 0.230
0.432 AVS) 0.894 F= 280.590 0.545 MKHNY 0.266
0.112 MFIPY 0.283
-0.141 ADRU -0.135 df=221
-0.111 ANNAX -0.874 Wilks [=0.042 0.163 MFSRY 0.390
0.199 ANTRXS 0.409 -0.096 MFPKY 0.116
0.124 ANLEX 0.133 p<0.01 -0.153 MS10Y -0.260
0.051 ANPKX -0.064 0.001 MSSDY 0.076
-0.081 AONO -0.025 -0.001 MSPTY -0.037
-0.367 AOPD -0.644 -0.175 MAKSY -0.276
0.103 AONK 0.337 -0.729 MAOOY -0.523
0.119 AOPK 0.351 -0.087 MAOSY -0.089
-0.331 ASKU -0.441 0.054 MPGCY -0.115
-0.250 ASRA 0.175 0.002 MPGOY -0.142
0.321 MPCSY 0.085
0.164 MRJUY -0.076
0.093 MROPY 0.071
-0.134 MRJOY 0.010
Redundancy 22.270 % Redundancy 24.491 %

Legend: @The simple product-moment correlations between the variable and the composite scores computed in
the canonical analysis.

bThe standardized coefficient of the variable used in computing the canonical variate that generated the composite
scores.

Morphology: body height (AVIS), body mass (ATTE), sitting height of the body (AVSJ), arm length (ADRU),
upper arm skinfold (ANNA), abdominal skinfold (ANTR), back skinfold (ANLE), lower leg skinfold (ANPK),
upper arm circumference (AONO), forearm circumference (AOPD), upper leg circumference (AONK), lower leg
circumference (AOPK), hip width (ASKU), shoulder width (ASRA).

Motor Tests: MKGRY, MKGNY, MKHNY (coordination), MFIPY, MFSRY, MFPKY (flexibility), MS10Y, MSSDY,
MSPTY (strength), MAKSY, MAOOQOY, MAOSY (agility), MPGCY, MPGOY, MPCSY (accuracy), MRJUY, MRO-

PY, MRJOY (balance)

correlations were found for TSST in the space of
cognitive tests.

Canonical analysis of morphological mea-
sures and cognitive tests is guided by the hy-
pothesis discussed in the introduction. The need
for complete data for all variables on all cases
reduced the number of cognitive tests to 5. Thus,
in the set of morphological characteristics, we
took the data of 14 anthropological measures. Of
all the canonical correlations produced from the
analysis, only the first one, R%can1 = 0.568, was
significant at the 0.05 level (Table 5).

The first canonical solution (first pairs of ca-
nonical roots) is found between the set of mor-
phological variables (high values for ANNAX,
ANPKX, AONO, AOPD, ASRA) and set of cog-
nitive variables (high values for TSST, TSSC)
(Table 5). The simple correlations in the space of

morphological measures show that ASRA and
AOPD correlated 0.96 and -0.85 with the com-
posite score, while AVIS barely had any correla-
tion (0.02). On the other hand, the simple correla-
tions in the space of cognitive variables show
that TSST and TSSC correlated —0.91 and -0.28
with the composite score, while TSSP barely had
any correlation (0.02). The canonical correlation
squared reveals that 32 percent of the variance
in the performance composite can be linked to
the composite score of both morphological and
cognitive variables.

In Table 6, the researchers have shown the
cross-correlations between motor tests and cog-
nitive tests for the sample of boys in kindergar-
tens. Among 90 cross-correlations between all
the variables in those two sets, statistically sig-
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Table 4: Cross-correlations between morphological measures and cognitive tests (boys)

TSSP TSSCC TSSN TSST TSSC
ATTE 0.052 0.126 0.089 0.030 0.050
AVIS -0.165 0.013 -0.069 -0.165 -0.064
AVSJ) 0.097 0.164 0.209" 0.065 0.029
ADRU 0.081 0.081 0.019 0.085 0.085
ANNAX -0.124 -0.066 -0.188 -0.276 -0.085
ANTRXS -0.163 -0.059 -0.203 -0.301™ -0.268™
ANLEX -0.153 -0.055 -0.122 -0.266™ -0.116
ANPKX -0.070 -0.115 -0.107 -0.201" -0.205"
AONO -0.182 -0.068 -0.183 -0.201" -0.071
AOPD -0.111 -0.010 -0.070 -0.045 0.145
AONK -0.129 -0.046 -0.161 -0.171 -0.019
AOPK -0.075 -0.030 -0.093 -0.066 0.021
ASKU 0.057 0.061 0.013 0.085 0.146
ASRA 0.070 0.066 0.030 0.097 0.068

Legend: *Correlation is significant at the 0.01 level (2-tailed). "Correlation is significant at the 0.05 level (2-
tailed).

Morphology: body height (AVIS), body mass (ATTE), sitting height of the body (AVSJ), arm length (ADRU),
upper arm skinfold (ANNA), abdominal skinfold (ANTR), back skinfold (ANLE), lower leg skinfold (ANPK),
upper arm circumference (AONO), forearm circumference (AOPD), upper leg circumference (AONK), lower leg
circumference (AOPK), hip width (ASKU), shoulder width (ASRA).

Cognitive Tests: perceptual (TSSP), knowledge of the facts (TSSCC), numerical (TSSN), connecting points (TSST),
strikethrough (TSSC).

Legend: body height (AVIS), body mass (ATTE), sitting height of the body (AVSJ), arm length (ADRU), upper arm
skinfold (ANNA), abdominal skinfold (ANTR), back skinfold (ANLE), lower leg skinfold (ANPK), upper arm
circumference (AONO), forearm circumference (AOPD), upper leg circumference (AONK), lower leg circumference

(AOPK), hip width (ASKU), shoulder width (ASRA).

nificant were 28. All significant correlations are
in fact low or very low. However, most of the
significant correlations were found for MSSDY,
MRJUY, and MRJOY in the space of motor tests,
while most of the significant correlations were
found for TSSCC, TSSN, and TSST in the space
of cognitive tests.

The researchers’ canonical analysis of motor
and cognitive tests is guided by the hypothesis
discussed in the introduction. The need for com-
plete data for all variables on all cases reduced
the number of cognitive tests to 5, while the set
of motor tests consist of 18 variables. Of all the
canonical correlations produced from the analy-
sis, only the first one, R%can1 = 0.650, was signif-
icant at the 0.01 level (Table 7).

The first canonical solution (first pairs of ca-
nonical roots) is found between the set of motor
variables (high values for MKGNY, MKHNY,
MFPKY, MAOSY, MRJUY, MROPY, MRJOY) and
set of cognitive variables (high values for TSST,
TSSN, TSSC, TSSCC) (Table 7). The simple cor-
relations in the space of motor measures show
that MKHNY and MRJUY correlated 0.59 and
0.58 with the composite score, while MFSRY bare-
ly had any correlation (0.02). On the other hand,
the simple correlations in the space of cognitive

variables show that TSSC and TSSCC correlated
0.83 and 0.71 with the composite score, while
TSSP barely had any correlation (-0.23). The ca-
nonical correlation squared reveals that 26 per-
cent of the variance in the performance compos-
ite can be linked to the composite score of both
motor and cognitive variables.

DISCUSSION

Simple generalization of the main findings in
this research is a consideration that correlations
(in spite of their statistical significance) between
morphological measures and cognitive tests are
the lowest, while the correlations between mor-
phological measures and motor tests are higher,
as well as the correlations between motor and
cognitive tests.

One of the explanations of the lowest associ-
ations between morphological and cognitive
characteristics in pre-school aged boys could
be found in sexual dimorphism in this domain.
Consequently, cognitive aspects showed high-
er correlations with motor abilities in female than
in male children in the research conducted by
Bala and Katic (2009). The results of this study
replicated the finding that cognitive functioning
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Table 6: Cross-correlations between motor tests and cognitive tests (boys)

TSSP TSSCC TSSN TSST TSSC
MKGRY -0.041 -0.130 -0.087 -0.112 -0.167
MKGNY -0.066 -0.096 -0.107 -0.142 -0.288™
MKHNY -0.012 -0.179 -0.179 -0.256™ -0.371™
MFIPY 0.084 -0.026 0.006 0.028 -0.065
MFSRY 0.010 0.058 0.073 0.074 -0.116
MFPKY 0.075 -0.162 0.071 -0.108 -0.217"
MS10Y -0.033 -0.203" -0.095 -0.094 -0.029
MSSDY 0.179 0.291™ 0.211" 0.355™ 0.270™
MSPTY 0.018 0.035 0.120 0.132 -0.018
MAKSY 0.073 -0.028 -0.084 -0.089 -0.026
MAOOY -0.029 -0.177 -0.328™ -0.114 -0.051
MAOSY -0.017 -0.178 -0.157 -0.207" -0.159
MPGCY 0.175 0.053 0.213" 0.071 0.157
MPGOY 0.004 0.156 -0.021 0.063 0.013
MPCSY -0.120 -0.046 -0.009 -0.084 -0.022
MRJUY 0.090 0.257™ 0.270™ 0.270™ 0.300™
MROPY -0.090 0.145 0.073 0.129 0.210"
MRJOY 0.106 0.236" 0.214" 0.218" 0.252™
MPGOY -0.039 -0.078 -0.112 -0.253™ -0.129
MPCSY -0.342™ -0.344™ -0.276™ -0.096 -0.024
MRJUY -0.089 -0.125 -0.208" 0.030 -0.081
MROPY -0.111 -0.213" -0.153 0.039 0.035
MRJOY -0.108 -0.219" -0.348™ 0.051 0.109

Legend: ™ Correlation is significant at the 0.01 level (2-tailed); "Correlation is significant at the 0.05 level (2-

tailed).

Cognitive Tests: perceptual (TSSP), knowledge of the facts (TSSCC), numerical (TSSN), connecting points (TSST),

strikethrough (TSSC).

Motor Tests: MKGRY, MKGNY, MKHNY (coordination), MFIPY, MFSRY, MFPKY (flexibility), MS10Y, MSSDY,
MSPTY (strength), MAKSY, MAOOY, MAOSY (agility), MPGCY, MPGOY, MPCSY (accuracy), MRJUY, MROPY,

MRJOY (balance)

is relatively independent of physical growth,
while motor abilities and morphological growth
and development are higher interrelated in male
children (Bala et al. 2009). Simply explained, boys
in the same age probably have less balanced
development and growth than girls have.
Therefore, these results are in accordance
with the theory of integral development of chil-
dren (Bala and Katic 2009). The relations between
morphological characteristics and motor abilities
suggest that in pre-school boys, voluminosity
derived mostly from subcutaneous adipose tis-
sue could be an interfering factor in the move-
ment structuring, synergy, and energy regula-
tion. However, this is same as in the study con-
ducted by Bala et al. (2009). On the contrary, reg-
ular growth of bone tissue (particularly longitu-
dinal), together with proportional pattern of body
weight and soft tissue volume, enable better func-
tioning of all aspects responsible for the child’s
motor behavior. Better functioning of nervous
system and the child’s proper motor behaviour
are both preconditions and consequences of

harmonious functioning of the mechanism of
movement regulation, as well as the mechanism
of energy regulation (Bala and Katic 2009). All
these factors are preconditions for successful
solving important motor tasks, appropriate for
the certain age group (Bala et al. 2009), and con-
sequently could be positively correlated with
cognitive functions.

There was quite a high association of mor-
phological and motor structures in the group of
boys for age group 6 to 7. This relation explained
about 62 percent of common variability for the
first pairs of canonical roots and 48 percent for
the second pairs of canonical roots. These find-
ings suggest that motor development and there-
fore motor behavior in boys was to a consider-
able extent, defined by both morphological
growth and development. In the study conduct-
ed by Bala et al. (2009), the covariance explained
for the first pairs of canonical roots was 37 per-
cent of common variability and 30 percent for
the second pairs of canonical roots (age group
6.01-6.5). The covariance explained for the first
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Table 7: Canonical correlations between motor tests and cognitive tests — first canonical root (boys)

Correlations Morphological Canonical Canonical Motor Correlations
with composite measures variate variate tests with compos-
scores@ coefficients’ coefficients ite scores
Third Canonical Analysis: Boys
0.287 TSSP -0.232 R can1=0.650 -0.012 MKGRY -0.288
0.706 TSSCC 0.481 R2can1=0.423 -0.187 MKGNY -0.376
0.477 TSSN 0.052 k= 124.492 -0.373 MKHNY -0.592
-0.091 MFIPY -0.089
0.714 TSST 0.332 df=90
0.833 TSSC 0.558 Wilks [=0.261 0.094 MFSRY -0.016
-0.187 MFPKY -0.383
p<0.01 -0.042 MS10Y -0.219
0.469 MSSDY 0.582
-0.122 MSPTY 0.081
0.544 MAKSY -0.121
-0.163 MAOOY -0.249
-0.050 MAOSY -0.380
-0.072 MPGCY 0.165
0.038 MPGOY 0.156
-0.401 MPCSY -0.054
0.368 MRJUY 0.575
0.208 MROPY 0.391
0.109 MRJOY 0.482
Redundancy 27.813 % Redundancy 8.283 %

Legend: ,The simple product-moment correlations between the variable and the composite scores computed in the
canonical analysis.

,The standardized coefficient of the variable used in computing the canonical variate that generated the composite scores.
Cognitive Tests: perceptual (TSSP), knowledge of the facts (TSSCC), numerical (TSSN), connecting points (TSST),
strikethrough (TSSC).

Motor Tests: MKGRY, MKGNY, MKHNY (coordination), MFIPY, MFSRY, MFPKY (flexibility), MS10Y, MSSDY, MSPTY
(strength), MAKSY, MAOOQY, MAOSY (agility), MPGCY, MPGOY, MPCSY (accuracy), MRJUY, MROPY, MRJOY

(balance)

pairs of canonical roots was 54 percent (age group
6.51-7.0). Hence, in our study, the explanation of
covariance is quite higher. The relation between
the morphological and motor structures was high-
er in male children in majority of age groups an-
alyzed in the study conducted by Bala et al.
(2009). These results are similar as the results
obtained in our study could be explained, in terms
of the trend and level of growth and develop-
ment of morphological structure, motor structure
and central nervous system, and also in terms of
physical activity which is more emphasized in
boys than in girls (Bala et al. 2009). Hence, the
researchers’ next step isto investigate the corre-
lation between morphological and motor struc-
tures in girls on the same age.

Previous findings show that boys are the
most often successful in the motor dimensions
under the primary influence of the movement reg-
ulatory mechanism (coordination, agility and

balance) and energy-supply regulation mecha-
nism (strength/power). On the contrary, girls aged
6-7 achieve better results in assessing flexibility,
which is primarily under the influence of the syn-
ergy and regulation mechanisms (Brodie and
Royce 1998; De Privitellio etal. 2007). In the pre-
vious research using the same data (Horvat et al.
2013), itwas revealed that only the variable strad-
dle seated forward bend statistically significant-
ly discriminated the boys from the girls, while
other flexibility tests did not show statistical sig-
nificant sex differences. Therefore, authors ex-
plained these results in terms of intrinsic motiva-
tion of children to fulfil all the measurement tasks.
On the other hand, boys manipulate better than
the girls do. Thus, they are better in motor abili-
ties that are under the influence of the excita-
tion-intensity regulation mechanism (Horvat et
al. 2013). In asimilar study performed on a wider
range of the age groups of children, the results
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showed statistically significant sex differences
in morphological characteristics and motor abil-
ities (with higher average values for boys), where-
as no such difference was recorded in cognitive
functioning (Bala and Katic 2009). Sex differenc-
es found in morphological and motor spaces
contributed to structuring adequate general fac-
tors according to space and sex (Bala and Katic
2009). Therefore, the correlations between the
morphological and cognitive structures, as well
as between motor structures and cognitive struc-
tures in the group of boys, and also in the group
of girls (age group 6 to 7), should serve as a
guidance for future studies.

Although, the present study included only
one age group of children, the results obtained
can be taken as indicators of changes in func-
tion of the respective age span, using the same
tests and measures. It could be also recommend-
ed that children could be equalized (and mea-
sured) by the higher number of time points, such
as according to half-year age groups or shorter
time intervals (for example, two months) (Bala et
al. 2009). Thus, this stems from the irregularity
of the children’s development on the inter-indi-
vidual level. On the other hand, larger samples
of participants could be examined from different
areas of Croatia or/and outside Croatia.

A shortcoming of the research is relatively
small number of participants, for the requests of
stable canonical solutions. On the other hand, it
is hard to measure and test children in pre-school
age, because of their unstable and distractible
attention and motivation. Therefore, when con-
ducting research with samples of pre-schoolers,
a researcher has to be very careful. He has to
take into account: how the tests are performed,
the order of their application, the way of pre-
senting the tasks to the children, and the dura-
tion of the measurement sessions (Horvat et al.
2013). However, any of the disturbances from
standardized procedure could lead to the mis-
leading of the results obtained.

CONCLUSION

The main finding of the study is that all the
canonical correlations were statistically signifi-
cant: between motor abilities and morphological
characteristics, between motor abilities and pre-
paredness for school, as well as between mor-
phological characteristics and preparedness for
school. However, in spite of its significance, the

canonical correlation (in spite of its statistical
significance), as well as univariate correlations
between morphological measures and cognitive
tests (preparedness for school) were the lowest.
On the other hand, the correlations between
morphological measures and motor abilities are
higher, as well as the correlations between motor
and cognitive tests. Hence, it could be carefully
hypothesized that morphological characteristics
could be a less important factor for estimating
the overall preparedness for school, than boys’
motor abilities at the age of six or seven years.

RECOMMENDATIONS

The insight in relation between three types
of data studied in this research is a point of inter-
est for kinesiologists, as well as for profession-
als in biology, medicine, and education. These
results provide a platform for kinesiologists to
design appropriate planning and control of train-
ing processes in using various motor activities
which is convenient for the development of mo-
tor behavior or in *child-adjusted’ sports activi-
ties. However, it is recommendable when apply-
ing certain kinesiological activities to focus short-
ly on the development of the abilities which are
sensitive to the environmental influence. Final-
ly, the need of developing general motor ability
and motor behavior in pre-school children isim-
perative. In the development of general motor
abilities and behavior, the interaction of their bi-
ological, mental, and social development has to
be considered.

NOTE

*This article was presented at The International
Conference on Lifelong Learning and Leadership
for All (ICLEL-15), in Olomouc on October 29-
31, 2015.
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