Physical education and sport through the centuries www.fiep-serbia.net
2021, 8(1), 49-67
ISSN 2335-0598

Original research article DOI: 10.5937/spes21010491

CANONICAL RELATIONS BETWEEN
ANTHROPOMETRIC AND MOTOR DIMENSIONS
AMONG 12-YEAR-OLD STUDENTS

Miroljub Ivanovi¢! and UgljeSa Ivanovi¢?
1Serbian Academy of Innovation Sciences, Serbia

2Telecom Serbia, a. d. Beograd, Serbia

UDK 796.012.1:572.087-057.874

SUMMARY

The aim of this empirical research was to examine the correlations between the
groups of variables of anthropometric characteristics (16) and motor skills (21)
among 154 students (AM = 11,53 SD = 1,12). The method of canonical correlation
analysis was used to assess the correlation between the pairs of linear functions of
predictor and criterion variables. The obtained canonical coefficients and canonical
weights revealed that, with significance level (p < 0,0,5 or p < 0,01), there is a high
level of correlation between linear combinations of the examined morphological
characteristics and motor skills, where the explained mutual variance was 80% for
the first and 33% for the second canonical function. The extracted relevant
canonical pairs were interpreted hypothetically as “integrated morphological factor
and the factor of static and repetitive strength and coordination”, and the second
one was interpreted as “morphological factor and the factor of explosive strength”.
The set of the first canonical morphological factor and the factor of static and
repetitive strength, and coordination, is the maximum weight on the variables body
mass, body height, forearm circumference, horizontal reverse plank, knee push-ups,
and stick mobility, while the biggest contribution to the structure of the second
canonical morphological factor and the factor of static and repetitive strength have
variables 20m sprint with standing start, standing long jump, hand tapping and foot

tapping.
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The obtained results of the analyzed bicomponent canonical model reveal more
defined and predictable structure of the correlation between anthropometric
characteristics and motor manifestations, and therefore give guidelines for
planning, developing and controlling the training processes during physical
education classes.

Key words: students, morphological variables, motor manifestations, canonical
factors

INTRODUCTION

From the aspect of biological anthropology, anthropometric dimensions of
students, as well as their motor manifestations, are relevant for examining the
anthropological status of students (Ivanovi¢, 20081).

Morphological characteristics represent constitution as an organized and
relatively constant set of characteristics which is formed from endogenetic and
exogenetic factors, and is therefore responsible for the dynamic of growth and
development of a body. They are defined as four-dimensional latent dimensions:
longitudinal dimensionality of the skeleton - bone growth in length, transversal
dimensionality - bone growth in width, circular dimensionality of a body - body
mass and volume, and subcutaneous fat which includes total body fat.
Morphological types are defined based on these latent dimensions, and regular
measuring of anthropomorphic characteristics enables students to harmoniously
develop motor skills and focus on the sport of their choosing (Ivanovi¢, 2004)2.
Motor skills include indicators of the development level of elementary movement
dimensions which generate effective realization of movement (Ivanovic¢ i Ivanovig,
2016)3. The necessity of identifying the laws of relations between motoric and
morphological status enables the defining of the morphological characteristics
variance which is responsible for the variability of motoric manifest reactions of
preadolescents.

This study mentions representative researches that deal with the relationship
between morphological and motoric make-up of preadolescent boys. Based on
predictor (anthropometric) and criterion (motoric) variables, canonical statistical
model was applied here and it generates morpho-motoric structure based on

1 Muposby6 UBanoBuh, TakcoHOMCKa aHa/IM3a GMOMOTOPUYKHUX BapHujabsu. 360pHuk padosa, CpeMcka
MuTpoBuLa: Buina mkoJsia 3a o6pasoBame BacnuTaya , ctp. 58-69, 2008.

2 Muposby6 MiBaHoBuh, Yoseuje meso u pusuuke cnoco6Hocmu (Bameso: I'paduty, 2004b).

3 Muposby6 UBaHoBuh u Yribemwa WUBaHoBuh, [umHacmuka 3a 30paso deme 00 poherba 0o 3. 200uHe,
HedoHowyad u deyy ca mewkohamay pasgojy (BaweBo: BasbeBo-puHT, 2016).
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previously defined linear combinations of variables by domains and ranked
according to the size of canonical weight (Tabachnick & Fidell, 2013)4. With the
aim of realizing harmonious development of motor potential in preadolescence, it
is necessary to identify the dominant anthropological components (primarily
anthropometric) which can be influenced as they are not explored enough
(Ivanovi¢ & Ivanovi¢, 2015)5. The predecessors of the studies dealing with the
problems of relations between morphological and motor variables were the
studies conducted in former Yugoslavia (Gredelj et al., 19756; Pejcic¢ iet al., 20047)
which showed that during certain motor activities one type of constitution
directly inhibits the realization of kinetic program, and on the other hand that
same constitution can be seen as optimal during some other motor activity. The
researches on the structure of the relations between anthropometric
characteristics and motor skills of students indicate that there is relevant
influence of biological development, namely anthropometric characteristics, on
the prepubescents’ performance on motor skills test, as it is stated in the study
(Mati¢, 2006)8.

The authors Pej¢i¢ and Malacko (1992)° extracted two canonical factors by
applying 18 morphological and 18 motoric factors on the sample of boys no older
than 11 years of age. The first canonical dimension shows high dimensionality of
the skeleton, high body mass and volume, good coordination, repetitive strength
and flexibility, and the second canonical dimension shows that students with less
subcutaneous fat achieve better results in speed and explosive strength. The
research by Jozi¢a and Hrzenjaka (2006)10 shows that the first isolated pair of
canonical factors, main motoric factors, accounts for 85% of mutual variance, and

4 Barbara Tabachnick & Linda Fidell (Using multivariate statistics, Boston: Pearson. 2013).

5 Miroljub Ivanovi¢ i dr., ,Latente strktur der anthropometrischen variablen bei volleyballspielerinnen
im alter von 12-14 jahren*, @usuuka kyamypa, 69(1), (2015): 14-24.

6 Marijan Gredelj, i dr.,, ,Model hijerarhijske strukture motoric¢kih sposobnosti. 1. rezultati dobijeni
primjenom jednog neoklasi¢nog postupka za procjenu latentnih dimenzija“, Kineziologija, 5(1-2),
(1975): 7-82.

7 Aleksandra Pejci¢, i dr., ,Kanonicke relacije morfoloskih karakteristika i motori¢kih sposobnosti u
jedanaestogodisSnjih djecaka”, (Zbornik radova, 11I. Kongres pedagoga fizicke kulture Jugoslavije. Novi
Sad: Fakultet fizicke kulture, str. 119, 1987).

8 Radeno Mati¢, ,Uticaj antropometrijskih karakteristika na izvodenje motorickih testova kod decaka i
devojc¢ica mladeg Skolskog uzrasta”, Antroploski status i fizicka aktivnost dece i omladine, Novi Sad:
Fakultet sporta i fizickog vaspitanja, 2006: 149-154.

9 Anexcanzpa Pejci¢ i Julijan Malacko, ,Kanonicke relacije morfoloskih karakteristika i motorickih
sposobnosti u jedanaestogodisnjih djecaka” (Zbornik radova, Ill. Kongres pedagoga fizicke kulture
Jugoslavije, Novi Sad: Fakultet fizicke kulture, str. 119,1987).

10 Marijan Jozi¢ i Miroslav HrZenjak, Relacije izmedu morfoloSkih karakteristika i motorickih
sposobnosti ucenika petog do sedmog razreda osnovne Skole (Zbornik radova 15. ljetne Skole

kineziologa Republike Hrvatske - Kvaliteta rada u podrudjima edukacije, sporta i sportske rekreacije,
Rovinj: Hrvatski kinezioloski savez, str. 144-150, 2006).
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is maximally determined by standing long jump, cyclical movement in various
tempo lasting up to six minutes, and pull-up hold, while the first canonical factor
within anthropometric variables is maximally characterized by the variables body
height and abdominal skinfold (longitudinal factors and subcutaneous fat factors).
The second bipolar canonical factor (coordination factor), with 74% of variability
within specific motor variables, shows that the smaller amount of subcutaneous
fat and smaller volume generate better results on motor ability tasks. The study
conducted by Jerkovi¢ (2011)11,based on the set of 11 motor variables and 14
morphological variables, obtained three relevant canonical dimensions for boys
age 13 to 14. The first canonical pair explained the link between longitudinal
dimensionality of the skeleton and explosive strength such as sprint and throwing,
and the second one explained the contribution of the meso-endomorph variables
on the frequency of arm movement and the variables of various types of strength,
while the third canonical pair shows negative contribution of the variable skinfold
on the tests of explosive strength that include jumping and coordination. Earlier
research (Ivanovié, 2008)12 determined the high probability of statistically
significant correlation between the somatic development and motor skills task -
biomechanical structure of movement in preadolescence which is very relevant
for achieving athletic success. The findings of the study by Dordevi¢ et al., (2014)13
that used female participants and tested 16 anthropometric and 9 motor variables
confirmed the extraction of canonical factors of anthropometric characteristics
and motor skills. They show that body volume and subcutaneous fat make the
completion of motor skills tasks that require lifting and moving body mass harder,
while the higher values of the parameters of longitudinal dimensions contribute
better performance of explosive strength of arms and legs, but make coordinated
movement difficult.

The findings of the aforementioned researches showed that there is a
difference in morphological structure of boys, and the different influence of
certain morphological characteristics on their motor skills. Starting from
theoretical postulates and previous findings, the aim of this transversal research
was to determine the correlation, and its probability, between the manifested
morphological characteristics and motor skills, then analyze the variance of the
structural morpho-motoric model and the correlation between its latent
dimensions in fifth grade elementary school students. Based on earlier research

111 Zlatko Jerkovi¢, ,Relacije morfoloskih karakteristika i motoric¢kih sposobnosti ucenika sedmog i
osmog razreda osnovne $kole“ (magistarski rad, Kinezioloski fakultet, Split, 2011).

12 Miroljub Ivanovi¢, ,Kanonicke relacije latentnih morfolo$ko-motorickih varijabli ucenica 5. razreda
osnovne $kole“ (medunarodna naucna konferencija, Beograd, Univerzitet u Beogradu, Fakultet sporta i
fizickog vaspitanja str. 137-144, 2008).

13 Marija Pordevi¢ i dr., ,The correlation between anthropometric characteristics and motor abilities in
seven year old girls“, Facta Universitatis, Series: Physical Education,12(3), 2014: 251- 260.
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and theoretical prediction, it is expected there to be statistically significant linear
correlation between the manifested morphological characteristics and motor
skills, as well as between the pairs of linear functions on a sample of 12-year-old
male preadolescents.

METHOD

Participants

The pertinent sample included 154 fifth graders from thee elementary schools
from Valjevo: “Vladika Nikolaj Velimirovi¢”, “Desanka Maksimovi¢” and “Milovan
GliSi¢”. The average age of students was 11.53 (SD = 1.12). The sample included
participants who voluntarily agreed to participate in the research, with parents’
approval. Additional condition was that the students are not exempt from physical
education and are healthy on the day of testing. Before the process began, the
importance and the advantages of the research were presented to both children

and their parents.

Measuring instruments for assessing anthropometric characteristics

The sample of morphological variables in this empirical research contains 13
anthropometric measurements. Their assessment is determined in accordance
with the protocol established by Misigoj-Durakovi¢ (2008)14, which includes
standard manifest anthropometric variables which assess four-component
hierarchical model of fundamental latent morphological dimensions: longitudinal
dimensionality of the skeleton — body height (AVIS), leg length - the height of
anterior superior iliac spine (ADZN) and arm length (ADZR); transversal
dimensionality of the skeleton - knee diameter (ADKL), elbow diameter (ADLK)
and wrist diameter (ADRZ); body volume and mass - body height (AVIS), forearm
circumference (AOPP), lower leg circumference (AOPT) and chest circumference
in the normal position (AOGK); subcutaneous fat - upper arm skinfold (AKNN),
back skinfold - subscapular skinfold (AKNL) and abdominal skinfold (AKNT).

Measuring instruments for assessing motor skills

The group of motor skills variables includes 21 standard composite motor
skills test which assesses standard latent motor dimensions (Gredelj et al,

14 Marijeta MiSigoj-Durakovi¢, Kinantropologija. Zagreb: SveuciliSte u Zagrebu, Kinezioloski fakultet,
2008.
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1975)15: coordination - the polygon backwards (MRPOL), stick mobility (MKOSP)
and side steps (MAKUS); balance - single leg stand on the balance bench with eyes
open (MBU10), single leg stand on the balance bench with eyes closed (MBU1Z),
both legs stand on the balance bench with eyes closed (MBU2Z); flexibility -
twisting (MFISK), wide legged sitting forward bend (MFPRR), sidestep (MFBRS),
movement frequency - hand tapping (MBTAP), foot tapping (MBTAN, and foot
tapping against the wall (MBTAZ); explosive strength - standing long jump
(MESDM), throwing a medicine ball from a prone position (MEBML), 20m sprint
with standing start (ME20V); static strength - pull-up hold (MSVIS), horizontal
reverse plank (MSHIL), squat hold (MSIZP), and repetitive strength - sit-ups
(MRDTS), knee push-ups (MRSNK) and squats (MRPLC).

Statistical analysis

In this cross-sectional study, descriptive and analytical statistics were used for
data processing. The correlation between the manifested variables was assessed
using the Pearson correlation method, with the starting degree of statistical
significance being p < .05, while the correlation analysis was used for analyzing
the correlations between predictor and criterion variables (Jendoubi & Strimmer,
2018)1e,

RESULTS

Tables 1 and 2 show the descriptive statistics parameters of morphological
and motor variables.

Table 1. Descriptive statistics and the data on the skewness and kurtosis index of
morphological variables

Variables Min Max AM SD Sk Ku
AVIS (cm) 129.84 174.90 155.08 6.45 12 .18
ADZN 72.96 102.95 90.17 473 26 37
(cm)

ADZR 56.92 79.14 67.33 3.86 17 .25
(cm)

ADKL () 8.05 11.06 8.94 1.08 40 .36

15 Marijan Gredelj i dr., ,Model hijerarhijske strukture motorickih sposobnosti. 1. rezultati dobijeni
primjenom jednog neoklasi¢nog postupka za procjenu latentnih dimenzija“, Kineziologija, 5(1-2), 1975:
7-82.

16 Takoua Jendoubi i Korbinian Strimmer, “A whitening approach to probabilistic canonical correlation
analysis for omics data integration”, BMC Bioinformatics, 20(1), 2018: 15- 26.

54 |




Physical education and sport through the centuries

2021, 8(1), 49-67
ISSN 2335-0598

www.fiep-serbia.net

ADLK 497 6.99 5.97 .55 .30 .28
(cm)

ADRZ 3.96 5.69 4.98 .28 .09 .34
(cm)

AMAS (0,1 27.96 81.88 46.93 10.12 43 .38
kg)

AOPL 15.87 27.06 20.95 1.86 .14 .20
(cm)

AOPT 23.95 41.97 31.86 292 .30 42
(cm)

AOGK 60.08 99.03 76.12 7.13 .14 22
(cm)

AKNN (0,2 5.78 32.99 14.96 6.85 .29 .33
mm)

AKNL (0,2 3.89 33.59 11.94 6.90 47 .34
mm)

AKNT (0,2 4.89 50.98 20.08 10.13 .26 43
mm)

Legend. AM = arithmetic mean; SD = standard deviation; Sk = standardized skewness; Ku =
standardized kurtosis. The value of standard error SE with Sk is .15, and with Ku is .23.

Table 2. Descriptive statistics and the data on the skewness and kurtosis index

of motor variables

Variables Min Max AM SD Sk Ku
MRPOL 9.38 34.82 17.92 4.87 .14 12
(0,159)

MKOSP 2.48 7.30 4,58 1.13 32 27
(0,159)

MAKUS 8.36 15.78 11.39 1.44 43 .35
(0,159)

MBU10 1.19 16.28 3.89 2.94 .28 .35
(s)

MBU1Z 98 4.40 2.03 .57 .16 .37
(s)

MBU2Z .79 3.40 1.66 .52 .25 46
(s)

MFISK 46.28 78.70 66.86 7.22 43 .35
(cm)

MFPRR 52.01 27.29 52.00 8.10 11 17
(cm)

MFBRS 98.28 171.94 130.16 10.10 .36 .25
(cm)
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MBTAPR 23.29 38.71 28.59 3.06 .18 42
(freq)

MBTAN 12.29 22.28 16.88 1.85 27 .16
(freq)

MBTAZ 11.98 25.96 19.41 2.58 42 34
(freq)

MESDM 89.95 192.43 144.04 12.66 .26 22
(cm)

MEBML 227.06 822.07 523.24 18.92 472 .35
(cm)

ME20V 3.36 5.20 4.08 .28 .16 .18
(0,15)

MSVIS 2.96 73.94 18.88 12.65 33 .38
(0,15)

MSHIL .98 71.57 23.16 17.01 32 40
(0,159)

MSIZP 9.96 119.03 89.00 36.72 a7 15
(0,159)

MRDTS 11.96 62.94 37.96 7.95 41 24
(freq)

MRSNK 3.97 62.96 24.04 12.08 25 32
(freq)

MRPLC 15 47.94 29.95 6.12 23 42
(freq)

Legend. AM = arithmetic mean; SD = standard deviation; Sk = standardized skewness; Ku =
standardized kurtosis. The value of standard error SE with Skis .13, and with Ku is .25.

The obtained values of skewness and kurtosis coefficients of the variables for
the assessment of morphological characteristics and motor skills show normal
Gaussian distribution of data when compared to arithmetic mean, which enables
further parametric steps in data processing (Tabachnick & Fidell 2013)17.

Table 3 shows the results of statistical method of cross-correlation which uses
cross-correlation coefficient to measure the degree of linear correlation between
the pairs of variables of morphological characteristics (predictors) and variables

of motor skills (criterion variables).

17 Barbara Tabachnick i Linda Fidell, Using multivariate statistics (Boston: Pearson/Allyn & Bacon,

2013).
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Table 3. Cross-correlation between the examined morphological and motor
variables

Variab AVI ADZ ADZ ADK ADL ADR ATM AOP AOP AOG AKN AKN AKN

les S N R L K Z A L T K N L T
MRPOL | 0.4 0.40 0.33 0.38 0.31 0.05 0.60 0.44 | 0.56 | 0.52 0.58 0.62 0.69
5

MKOSP 0.18 | 0.15 0.17 0.30 0.19 0.13 0.39 040 | 038 | 0.54 0.50 0.54 0.50
MAKUS | 0.10 | 0.07 0.05 0.01 0.09 0.02 0.20 0.18 0.24 | 0.16 0.32 0.40 0.37

MBU10 -34 | -29 -.30 -13 -18 -.08 -.30 -32 -29 -33 -.30 -29 -.30
MBU1Z -.30 -21 -.18 -.20 -26 -.06 -.30 -11 -.20 -.24 -.20 -17 -15
NBU2Z -.18 -20 -19 -.09 -11 -.05 -.20 -.08 -17 -14 -10 -.08 -.09

MFISK 0.20 | 0.18 0.20 0.19 0.17 0.30 0.32 0.19 0.18 0.30 0.03 0.16 0.06

MFPRR | 0.18 | 0.10 0.21 0.18 0.09 0.30 0.30 0.25 | 0.27 | 0.30 0.08 0.14 0.06

MFBRS 0.3 0.29 0.27 0.19 0.08 0.30 0.17 0.13 0.05 0.03 -.03 -.06 -22
1

MBTAR | -.03 -.06 -01 0.06 -.07 -01 -20 -.04 -16 -.05 -.20 -23 -17

MBTAN | -.08 -11 -.08 -12 -.09 -.03 -21 -.06 -.18 -.03 -20 -21 -.20

MBTAZ -12 -.10 -.09 -20 -.08 0.08 -16 -.03 -12 -.05 -.18 -21 -13

MESDM | - -0,07 | -0,06 | -0,20 | -0,09 | 0,01 -0,32 | - - -0,34 | -0,48 | - -
0,08 0,30 | 0,40 0,53 0,50

MEBML | 0.5 0.40 0.38 0.41 0.39 0.38 0.35 0.51 | 0.44 | 0.49 0.18 0.13 0.30
0

ME20V 0.10 | 0.09 0.11 0.18 0.16 0.05 0.36 0.29 0.29 0.40 0.49 0.58 0.55

MSVIS -42 -41 -40 -.50 -43 -17 -.60 -49 -.60 -.59 -.60 -.50 -.60

MSHIL -.03 -.05 -.02 -10 0.05 0.09 -.08 -01 -.09 -11 -.09 -.07 -15
MSIZP -.30 -.33 -21 -.30 -.30 -31 -40 -.28 -29 -40 -39 -.38 -40
SIZP

RSNK -.28 -27 -.29 -.30 -19 0.09 -40 -.29 -19 -30 -.29 -29 -30
RPLC -49 -49 -46 -.38 -37 -.28 -.52 -40 -39 -.38 -39 -.50 -40

Annotation: correlations in bold have the significance of p < .05

Reviewing the matrix of cross-correlation, one can see the statistically
significant linear correlation between most pairs of variables on the level of
statistical significance of p < .05. The obtained correlations are of low and
moderate intensity, positive or negative direction, and range from .24 to .69.

The relationship between the two sets of variables (morphological and motor
variables), on this sample of students, was determined by using the multivariate
canonical correlation analysis. The value over .30 was taken in the interpretation
of the significance of the correlation between variables and canonical factors
(Table 4).
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Table 4. Statistical significance, percentage of explained variance and the
structure of canonical factors

Rc 91 .69
2

Rc .80 33

XQ 601.27 396.15

p 01 .05

Morphologi Motor

cal CAN! CAN?2 variables CAN! CAN?2

variables

AVIS .87 36 MKPOL 61 72

ADZN 83 34 MKOSP .69 68

ADZR 81 32 MAKUS 61 .70

ADKL 78 25 MBU10 -42 -10

ADLK 70 41 MBU1Z -31 01

ADRZ 62 23 MBU2Z -23 .07

ATMA 90 17 MFISK 30 -.09

AOPL 85 .05 MFPRR 19 .20

AOPT 80 .10 MFBRS 32 51

AOGK 79 01 MBTAR .06 68

AKNN .69 56 MBTAN -.08 .69

AKNL 63 53 MBTAZ -10 58

AKNT .68 51 MESDM -27 74
MEBML .60 74
ME20V 64 74
MSVIS -56 33
MSHIL 74 35
MSIZP -38 28
MRDTS -21 44
MRSNK 74 35
MRPLC 74 .02

Rd 60,09 27,13

2 2
Legend. Rc - canonical correlation coefficient; Rc - coefficient of determination; y -

Bartlett's chi square test; p - statistical significance level of canonical function; Rd -
redundancy coefficient

Using the multivariate model between the system of predictor morphological
variables and criterion variables, two pairs of statistically relevant orthogonal
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canonical factors have been extracted. The canonical correlation coefficient,
meaning the correlation within the first orthogonal pair of canonical factors, is the
highest and is .91, which indicates that there is a high level of interaction between
linear combinations, which further suggest that there is reliability of the level of
prediction for the two analyzed groups of variables. Coefficient of determination
or squared structure coefficients points to the maximum proportion of mutual
variability (91%) which manifest variables share with this pair of canonical
function. The remaining 19% for explaining total variance of motor skills can be
attributed to other characteristics and skills of the participant (cognitive, conative,
functional, etc.) which have not been part of this research, as well as to the test
conditions. The results of the Bartlett's test for the first pair of canonical factors
revealed the statistical significance of canonical correlations on the level of 1%.

With the lower value of canonical correlation coefficient and 33% of the
explained mutual variance, the second isolated independent canonical factor, the
level of error in conclusions being 5%, indicates that there is moderate level of
linear correlation of this dimension between the two sets of variables.

Having the insight into the matrix of the structure of canonical factors, it can be
seen that the biggest influence on the formation of the equation for the unipolar
canonical factor, within morphological domain, have standardized canonical
coefficients of the following independent variables: body mass (r = .90), body
height (r = .87) and forearm circumference (r = .85). On the other hand, the
structure of the first canonical dimension in the motoric domain is maximally
loaded with criterion projections of the variables horizontal reverse plank (r =
.76), knee push-ups (r = .74) and stick mobility (r = .69). Based on the individual
contribution, these are the relatively most important variables which determine
the results on the canonical function, which indicates that this canonical
dimension (CAN1) of boys where mesomorph type of constitution is dominant is
extracted using maximum information between the two analyzed parts, so it is
interpreted (on the hypothetical level) as an integrated morphological factor and
the factor of static and repetitive strength and coordination.

The matrix of the structure of canonical factors of the second canonical
function within the morphological domain is predominantly determined by the
saturation of the predictor variables subcutaneous fat and elbow diameter, or to
say body height, leg length and arm length. On the other hand, the second
canonical factor within the domain of the dependent motor variables is mostly
defined by the positive saturation of independent variables 20 m sprint with
standing start (r = .74), standing long jump (r = .70), hand tapping (r = .68) and
foot tapping (r = .66). Based on the individual contribution, these are the
relatively most important variables in forming the results on the canonical
function which indicates that this canonical factor (CAN2) of boys with endomorph
type of constitution, with 1/3 of the mutual variability, can theoretically be
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interpreted as integrated morphological factor and the factor of explosive strength
and flexibility.

The calculated indicators of redundancy estimate, which are the proportions of
variability of one canonicals group of variables that can be explained based on the
other group of variables, shows that the applied system of variables of
morphological characteristics estimates 60,09% of the variability of the set of the
motor skills variables, while the system of the motor skills variables that was used
has lower level prediction of the system of anthropometric variables (27,13%).

To conclude, based on the calculated canonical correlation coefficient and the
coefficient of determination it is possible to accept the hypothesis proposed in this
research - “that there is statistically significant linear correlation between
morphological characteristics and motor skills on the sample of 12-year-old
preadolescent”.

DISCUSSION

With the aim of examining the linear correlation between the groups of
variables of morphological characteristics (predictors) and variables of motor
skills (criterion) among preadolescent students, canonical correlation analysis
was used (Jendoubi & Strimmer, 2018)18.

The relations set of the first pair of linear canonical functions, with the high
percentage of the explained variance, revealed that preadolescents who have
higher values of canonical weight in anthropometric measurements of body mass,
body height and forearm circumference achieve better results on motor skills
tests for horizontal reverse plank, knee push-ups and stick mobility. The obtained
results show that the extracted physiological-functional and biochemical structure
is the dominant generator of canonical coefficients within the structure of
canonical dimension of morpho-motoric factor. So, the students who have
relatively longer bones and body mass will probably be more successful in
conducting the composite motor manifestations of static and repetitive strength
and coordination. In conclusion, such isolated canonical pair of linear functions
between the groups of manifested variables of morphological characteristics and
motor skills, with mutual variability of 91%, is defined as an integrated
morphological factor and the factor of static and repetitive strength and
coordination. The canonical correlation of the second pair of linear canonical
functions indicates that the participants who have higher values of subcutaneous
fat, elbow diameter and longitudinal dimensionality of the skeleton, achieve better

18 Takoua Jendoubi u Korbinian Strimmer, ,A whitening approach to probabilistic canonical
correlation analysis for omics data integration”, BMC Bioinformatics, 20(1), (2018): 15- 26.
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results on motor skills tests of 20m sprint with standing start, standing long jump,
hand tapping and foot tapping. Therefore, this isolated second canonical factor,
with endomorph type of constitution, and with statistically significant mutual
variability, is interpreted as integrated morphological factor and the factor of
explosive strength and flexibility.

The results obtained in this research are similar to the ones found in the
empirical studies of other authors (Bajri¢ et al., 201119 Brankovi¢, 201129; Delas,
200521; Pordevi¢ et al., 201422; Ivanovi¢ & Ivanovi¢, 201723; Jerkovi¢, 201124; Jozi¢,
200225; Malacko & Popovi¢, 200526; Malacko & Rado, 200727; Pejcic et al., 198725;
Pejci¢ & Malacko, 199229, Markutovié, 20183%; Mati¢, 200631; Vlahovi¢ & Babin,
201832).

19 Osmo Bajric¢ i dr., ,Kanoni¢ka povezanost morfoloskih karakteristika i motorickih sposobnosti kod
ucenika“, Sportske nauke i zdravlje, 1(2), (2011): 129-134.

20 NataSa Brankovi¢, , The canonical relations between morphological characteristics and tests used to
evaluate explosivestrength among elementary school children, Research in Kinesiology, 39(1), (2011):
79-83.

21 Suncica Delas, ,Relacije izmedu nekih morfoloskih karakteristika, motorickih sposobnosti i stupnja
usvojenosti motorickih struktura iz sportske gimnastike u 6. razredu osnovne Sko le“ (magistarska
teza, Zagreb, Kinezioloski fakultet SveuciliSta u Zagrebu, 2005.

22 Marija Pordevic¢ i dr., ,The correlation between anthropometric characteristics and motor abilities in
seven year old girls“, Facta Universitatis, Series: Physical Education,12(3), 2014: 251- 260.

23 Miroljub Ivanovi¢ i UgljeSa Ivanovi¢, ,Relacije antropometrijskih parametara i motorickih umeéa
ucenica u predadolescentnom periodu”, Glasnik Antropoloskog drustva Srbije, 52, (2017): 17-28.

24 Zlatko Jerkovi¢, ,Relacije morfoloskih karakteristika i motorickih sposobnosti ucenika sedmog i
osmog razreda osnovne $kole“ (magistarski rad, Kinezioloski fakultet, Split, 2011).

25 Marijan Jozi¢, ,Relacije izmedu morfoloskih karakteristika i motorickih sposobnosti u¢enika 5. i 6.
razreda”. (Zbornik radova 11. Ljetne skole kineziologa Republike Hrvatske, Rovinj: SveuciliSte u Splitu,
144-149, 2002).

26 Julijan Malacko i Dragan Popovi¢, ,Relacije izmedu sistema morfoloskih i motori¢kofunkcionalnih
varijabli i njihov uticaj na aerobni kapacitet kod dece 5. razreda osnovne $kole”, Homosporticus 8(2),
(2005): 6-10.

27 Julijan Malacko i Izet Rado, ,Relacija izmedu fleksibilnost, morfoloskih karakteristika i motorickih
sposobnosti kod decaka uzrasta od 11-12 godina” (Zbornik nau¢nih i stru¢nih radova: Nove
tehnologije u sportu, Sarajevo: Fakultet sporta i tjelesnog odgoja Univerziteta u Sarajevu, 279-283,
2007).

28 Aleksandra Pejci¢ i dr., ,Kanonicke relacije morfoloskih karakteristika i motorickih sposobnosti u
jedanaestogodisnjih djecaka” (Zbornik radova IlI. Kongres pedagoga fizicke kulture Jugoslavije. Novi
Sad, Fakultet fizicke kulture, 119, 1987).

29 Aleksandra Pej¢i¢ i Julijan Malacko, ,Kanonicke relacije izmedu morfoloskih karakteristika i
motorickih sposobnosti kod djecaka od jedanaest godina“, Fizicka kultura, 23(2), (1992): 39-45.

30

31 Radenko Mati¢, ,Relacije motorickih sposobnosti, morfoloskih i socioekonomskih karakteristika dece
mladeg Skolskog uzrasta“ (magistarska teza, Novi Sad: Fakultet sporta i fizickog vaspitanja, 2008).

32 Lidija Vlahovi¢ i Bojan Babin, Analiza povezanosti morfoloskih karakteristika i motorickih znanja
kod jedanaestogodi$njih u¢enika. Skolski vjesnik, 67(2), (2018): 227-238.
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Based on the findings of this research, one can see which anthropometric
characteristics give the most information for realization of motor manifestations.
In addition, the obtained results give insight into the current state of morpho-
motoric structure of students and into the transformational values of certain
kinesiological operators, i.e. curriculum, and all that enables the rational and
successful realization of physical exercises and physical education classes. Besides
that, the results obtained in this cross-sectional study give insight into the make-
up of the relations of morphological characteristics and motor skills, with
particular emphasis on defining the direction and the size of the contribution of
certain anthropometric characteristics to certain motor skills tasks. That is why
these empirical findings are, as the basis of understanding model specifications of
certain motoric structures, directly applicable to the area of physical education in
schools, and are therefore relevant factor in diagnosing anthropological skills,
optimal planning, and realizing, controlling and distributing curriculum, as well as
for individual orientation and selection of preadolescents for maximum
competitive range in some athletic activities.

The greatest advantage of this study is that all the morpho-motoric indicators
are measured directly, with relatively small statistical error. However, the main
shortcoming of this study is its relatively small sample and limited geographical
location, and therefore generalization of results is a relatively big problem.

Theoretical significance of this research can be seen through entire overview
and systematization of the relevant literature, as well as through the contribution
to development of the general theory of anthropological status and correlations
between morpho-motoric potentials among preadolescents. The extracted
canonical linear functions identified the mechanisms of relevant sub-segments of
anthropological status (morphological and motoric) which are responsible for the
more efficient realization of the curriculum. Besides, the obtained findings
postulate high level of reliability, which was found using the model of canonical
correlation analysis. At the same time, they reveal the current state of
morphological characteristics and motor skills of students who are in the stages of
early adolescence. Practical application of these findings can be seen in the
formation of optimal anthropological model of students age 11 to 12, or more
precisely it gives the answer to how efficient a student can be based on his or hers
anthropometric and motoric potential. In addition, the obtained findings enable
the comparison with the results from the researches conducted in the republic of
Serbia and some results from the region and Europe.

Future research of longitudinal and experimental type should include the
broader sample of participants of various ages and from various cities in Serbia,
construct the new battery of composite measuring instruments of the model for
the selection of morphological and motor variables, and then check the findings of
the studies that used other mathematical and statistical models of data processing
such as the use of multiple regression analysis.
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CONCLUSION

In this transversal study the relations between predictors (anthropometric
characteristics) and criterion (motor skills) of fifth grade elementary school
students from Valjevo were analyzed. The correlation analysis, with the error
probability of 5%, revealed the statistically significant interactions of low and
moderate intensity between the examined morphological (16) and motor
variables (21).

By applying the canonical correlation analysis of the variables in two
multidimensional systems of manifested morphological markings and motoric
variables, with 91% of the explained variance, bicomponent structure with two
pairs of statistically significant canonical factors with relatively high linear
connections was extracted. The construct of the relations of the first pair of linear
function showed the 12-year-old students who have bigger body mass, body
height and forearm circumference achieve better results on motor skills tests for
horizontal reverse plank, knee push-ups and stick mobility. The latent basis of this
heterogeneous condensated structure is hypothetically interpreted as integrated
morphological factor and the factor of static and repetitive strength and
coordination. The canonical correlation of the second pair of linear function show
that the boys who have higher values of subcutaneous fat, elbow diameter and
longitudinal dimensionality of the skeleton, achieve significantly better results on
motor skills tests of 20m sprint with standing start, standing long jump, hand
tapping and foot tapping. The isolated structure of the second canonical pair is
theoretically defined as integrated morphological factor and the factor of
explosive strength and flexibility.

The obtained results revealed the relevance of identifying the influence of
anthropometric characteristics on motor manifestations of preadolescents. These
results are the starting point of the more efficient analysis of the relations
between the examined variables, which will enable the higher level of
understanding morpho-motoric functions among preadolescents. Due to the lack
of other researches on this subject and similar researches conducted on
preadolescent population in the republic of Serbia, this study is a contribution to
predicting the correlation in the morpho-motoric domain, which implies the need
for bigger focus on it during physical education of students who are in the stages
of puberty.
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KAHOHHWYKE PEJIALHUJE USBMEBY AHTPOIIOMETPHUJCKHUX
U MOTOPUYKHUX IUMEH3HUJA KO/ 12-TOAUITIBUX
YYEHHUKA

CAXETAK

[In/b 0BOT eMIIMPHjCKOT UCTPAXKMBaka 61O je UICHUTHBakbe KopeJsanyja usmMehy
CKyInoBa BapHjab/iM aHTPONOMETPHjCKUX KapaKTepuCTHKA (16) M MOTOPHUYKHUX
cnoco6HoctH (21) ox 154 yuenuka (AS = 11,53 SD = 1,12). loBe3aHocT mapoBa
JIMHeapHUX  QYHKLHMja NPEeJUKTOPCKUX M  KPUTEPHjyMCKUX  Bapujabsu
NpoliebUBaHa je MeTOJOM KaHOHMYKe KopesaluoHe aHanuse. /[lo6ujeHu
KaHOHWYKH KoepHULMjeHTH M KaHOHMYKa onTepeherma NOKasalu Cy, Ha HUBOY
3HavajHoctH (p < 0,05 wim p < 0,01), BUCOK HMBO MOBE3aHOCTH JIMHEAPHUX
KOMOMHALHja UICHUTHBAHUX MOPQOJIOLIKHX 00esiexja U MOTOPUYKHX CIOCOGHOCTH,
y3 KOJIMYMHY objallbeHe 3ajelHMYKe BapujaHce o 80% u 33% 3a npBy, 04HOCHO
JpYTy KaHOHWYKY OQyHKLHMjy. EKcTpaxoBaHM pesieBaHTHH KaHOHHWYKH IapoOBU
XUMOTETUYKHU HUHTepHpeTUpaHu cy kKao ,MHTerprucanu Mopdosiomku ¢akTop U
¢dakKTop cTaTUYKe U peNeTUTUBHE CHare U KopJuHauuje“, a jpyru ,Mopdosomku
daxTop u dpakTop ekcno3uBHe cHare". CKJION MPBOT KAHOHUYKOT Mopdosiouikor
daxTopa u dpakTopa CTaTUYKe U peleTUTUBHE CHare, U KOpJMHALMje MaKCUMaJHO
onTepehyjy Bapujabyie Mepe TejecHe Mace, BUCHHe TeJsa, 00MMa IOJJIAKTHIE,
XOPU3OHTAJIHOT M3ApKaja Ha JiehuMa, cKjeKkoBa Ha KOJEHHMMa M OKPETHOCT C
naJuIoM, IOK HajBehn AOMPHUHOC CTPYKTYPH APYror KAHOHHYKOT MOPQOJIOMIKOT
dakTopa u dakTopa eKcma03MBHe CHare U QJEKCUOGUIHOCTH [lajy BapujabJie
CcIpUHT Ha 20 M U3 BHUCOKOT CTAapTa, CKOK y/ia/b U3 MeCTa, TAllMHT PYKOM U TallUHT
HoroM. HaheHu pe3ysTaTy aHa/IM3MpaHOT KAHOHUYKOT JJBOKOMIIOHEHTHOT Mo/jieJia
ynyhyjy y mnornyHuje JeduHHCambe W IPeAMKLHjy CTPYKType KopeJsaluja
AHTPOIIOMETPHUjCKUX KapaKTepUCTHKA M MOTOPHYKHUX MaHubecTaluja, Te Aajy
CMepHHUIe ¥ IJIaHHUpalky, NporpaMupamy U KOHTPOJIM TPeHaXKHUX olepaTopa y
IKOJICKOM GU3UYKOM BaCHUTAMLY.

KibydHe peun: yueHuIH, MopdosioLiKe Bapyjabiie, MOTOpHUUKe MaHUeCTaIHje,
KaHOHUYKHU paKTOpHU
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KAHOHHWYECKHWE OTHOIUEHHUA MEXKAY
AHTPOIIOMETPUYECKUMU U IBUTATE/IbHBIMH
U3MEPEHUAMMU Y 12-IETHUX IKOJIbHUKOB

AHHOTAIUA

Llesb JaHHOTO 3MIIMPUYECKOTO UCCIEJOBAaHUS — U3yUeHHE KOPPENALUHA MEXY
rpynnaMyd  HepeMeHHbIX aHTPONOMETPUYECKHUX  XapaKTepucTHk (16) wu
JBUTaTeJIbHbIX HaBbIKOB (21) y 154 ctyzenTtoB (AM = 11,53 SD = 1,12). [lna
OLIEHKH KOppeJsilUM MeXJy NapaMHu JHUHeWHbIX (QYyHKIUNA NpeJUKTOPHBIX H
KpUTEpHAJbHbIX  IIepeMeHHbIX  WCIIOJb30BaJCd  MeTOJ,  KaHOHHUYECKOro
KOppeJsILMOHHOTro aHaju3a. [losyyeHHble KaHOHHWYecKHe Ko3QPUUUEHTHl U
KaHOHHYeCKHe Beca I0Ka3a/H, 4YTO NP ypoBHe 3Ha4yuMocTH (p < 0,0,5 mau p <
0,01) HabuofaeTcs BBICOKMM ypOBeHb KOppesilUM MeX[Jy JIMHEHHBIMU
KOMOWHALUAMU uccelyeMbIxX MOpPQOJOTUYECKUX  XapaKTepPUCTHUK u
JIBUTaTeJIbHbIMU HaBbIKaMH, IJile 06bsiCHEHHAsl B3aMMHas JAMCIIepCUsl COCTaBUJIa
80% pna nepBod U 33% [JJ11 BTOPOM KaHOHMYECKOH YHKUMU. U3BjedyeHHble
COOTBETCTBYIOLIHE KaHOHHUYEeCKHe napbl ObLIN TUIOTETUYECKU
WHTEPIPETUPOBAHbl CJEJYIOIIMM 00pa3oM: IepBas KaK ‘MHTErpupOBaHHBIN
MopdoJiornyeckuii pakTop U GaKTOp CTATHYECKOH M IOBTOPSIOILIENHCH CHJIbI U
KOOpAWHALMK’, a BTOpas Oblla WHTEPIpPeTHpPOBaHAa KaK “Mop¢oJsorudyeckun
dakTop u dakTop B3pbIBHON cujbl’. COBOKYNHOCTb NEPBOr0 KaHOHHUYECKOTO
Mopdosioruyeckoro ¢pakropa U GpakTopa CTaTUYECKON U MOBTOPSAIOILENCSA CUJIBI, a
TaK)Xe KOOpJMHAIMY, IBJISETCS MaKCUMasJbHbIM BECOM IO NMepeMEeHHBIM — Macca
TeJIa, POCT TeJsa, OKPYXKHOCTb IpeJI/ieyubsi, TOPU30HTalbHas o6paTHas MJIaHKa,
OT)KMMaHHe OT KO0JIEHA U MO BHXHOCTb NAJIKY, B TO BpeMs KaK Hau60oJIbLIINH BKIA/,
B CTPYKTYypy BTOPOro KaHOHHWYeCcKoro Mopdosiorndyeckoro ¢akropa U ¢dakrTopa
CTaTUYeCKOW M TOBTOPSIOIIEHCA CHJIbl HMMeWT NepeMeHHble — 20-MeTpOBBIN
CTIIPUHT CO CTAPTOM M3 MO3UIUM CTOS, MPBDKOK B JJIMHY CTOS, CTH6AaHUE PYKU U
crubanue Horu. [losyyeHHble pe3ysbTaThl aHAIU3UPYEMOH JABYXKOMIIOHEHTHOM
KaHOHUYECKOH MoJe/IM pPacKpbIBalOT 0GoJjiee ONpeje/eHHYI0 W Mpe/cKasyeMylo
CTPYKTYPY KOpPpEeJALUU MeXAy aHTPONOMETPUYECKHUMM XapaKTepPUCTUKAMHU MU
JIBUTaTeJIbHbIMU NPOSIBJIEHUSIMY, CJIeJ[0BAaTeJbHO, NpeJ/IaraloTcsl peKoMeHJaluu
[0 IJJAHWPOBAHMIO, pa3paboTKe M KOHTPOJIIO TPEHUPOBOYHBIX IIPOIECCOB Ha
3aHATUAX QU3NYECKOH KYJbTYPOH.

KiwoueBsble cioBa: CTYAEHTHI, MOp(bOJIOFI/I‘-IeCKI/Ie InepeMeHHbIe, AIBUTraTEeJIbHbIE
IMIposABJI€HHUA, KIHOHUYECKHEe ¢aKTOpr.
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