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INTRODUCTION
Numerous studies, carried out both in our country 

and abroad, regarding the influence of physical exercise 
on the development of anthropological status (Milojević 
& Stanković, 2010, Stanković & Malacko, 2011), have 
unequivocally demonstrated that through the proper or-
ganization of work and adequate dosing of the intensity 
and extent of the load, we can influence the development 
of almost all the segments of anthropological status. This 
is extremely significant if physical education were to be 
viewed as one of the means of forming the complete 
psycho-physical personality of a child. Without know-
ing the influence of the means of physical education on 
the dimensions of personality we cannot know to which 
extent the set goals have been achieved. In addition, it is 
necessary to know the value of the means used to real-

ize the set goal (Stanković, Malacko & Doder, 2009), so 
that the ones which are the most useful and effective can 
be implemented to achieve the aim which we refer to as 
a healthy, able, and happy child (Popović, 1980, Toskić, 
2000, Stanković & Popović, 2009).

In morphological space there are numerous papers 
which deal with manifest and latent characteristics of 
people. Measurements are based on the measuring of 
the human body as a whole, or some of its parts, and 
thus in the scientific practice it is carried out following 
the guidelines of the International Biological Program 
(IBP). The way in which certain morphological mea-
suring are carried out (anthropological measurements) 
and the influence of genetic and/or exogenic factors is 
described and presented in more deal in a greater num-
ber of studies (Kurelić, et al., 1975, Popović, Stanković 
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& Ilić, 1998, Malacko & Stanković, 2009, Stanković, 
Jovašević, Đukuć-Macut & Toskić, 2009, Popović-Ilić, 
Stanković, Vitošević & Ilić 2010, Malacko & Stanković, 
2011, Stanković & Popović, 2011).

THE METHOD 
The sample of participants 

On the basis of the selected statistical-mathematical 
model and the aims of the research, it was decided that 
the sample of participants would consist of 120 school 
children aged 8, divided into two sub-samples (60 par-
ticipants made up the experimental group, who practiced 
judo as an alternative and 60 participants made up the 
control group, who carried out the curriculum of the 
physical education program prescribed by the Ministry 
of Education). 
The sample of variables 

In order to evaluate the morphological characteris-
tics of the participants, 11 anthropometric variables were 
used, selected based on the International Biological Pro-
gram (IBP), so as to cover the two-dimensional space 
defined as volume and body mass and subcutaneous 
fatty tissue. In order to evaluate the morphological char-
acteristics, the following variables were used: volume 
and body mass - body mass (ATEŽ), average thorax vol-
ume (ASOG), upper arm volume (AOND), lower arm 
volume (AOPD), upper leg volume (AONT), lower leg 
volume (AOPK); subcutaneous fatty tissue - upper arm 
skin folds (ANND), back skin folds (ANLE), skin folds 
of the armpit (ANPZ), abdominal skin folds (ANTB) 
and lower leg skin folds (ANPT).
Statistical analysis

The data were processed using a component and 
canonical discriminant analysis with the help of the 
DRSTAT statistical package, described and developed 
by Popović (1993) at the Center for Multidisciplinary 
Research at the Faculty of Sport and Physical Education 
in Leposavić.

RESULTS 
The interpretation of the isolated morphological 

latent variables, due to limited space, was carried out 
by means of transformations by diagonal matrices (the 
structure matrix), which contain parallel projections, 
that is, the latent length of the coordinates of the vectors 
in the coordinate system. The first latent variable (Lv-1) 
of the school children is defined by all the variables for 
the evaluation of subcutaneous fatty tissue and body vol-
ume. Considering the size and the sign of the projection 
of the test vector, it is considered the latent dimension 
responsible for the circular dimensionality and subcu-
taneous fatty tissue. This dimension to some extent has 
a taxonomic character and can explain the pyknic types 
based on the Kretschmer typology (Popović, Simonović, 
2008). This factor is identical to the second latent di-
mension obtained at that age in the research of Bala G. 
and defined as the morphological dimension responsible 
for body voluminosity and subcutaneous fatty tissue 
(Bala, 1981).

The second latent dimension (Lv-2) is explained 

only through one variable (ATEŽ) and represents a 
single factor of body mass. At this time the classical 
hypothesis on the differentiation of morphological fea-
tures into pure components of body voluminosty and 
subcutaneous fatty tissue has not been confirmed, but 
the obtained structure has offered a sufficient amount 
of data on the analyzed space. In addition, contrary to 
the expected hypothesis, the connection between body 
mass, voluminosity and subcutaneous fatty tissue is un-
satisfactory. The communalities (h2) indicate that dur-
ing the measuring, the greatest errors were made for the 
back skin fold variables (h2=.58). The inter-correlations 
of these two variables are zero. 

By using the main component method, with the help 
of the Guttman-Kaiser criterion for determining the sig-
nificant characteristic roots, two main components of 
children who trained judo as an alternative were also 
extracted (table 2). The first oblimin factor (Lv-1) repre-
sents a latent dimension of a wide range responsible for 
circular dimensionality and subcutaneous fatty tissue. 
The second oblimin factor (Lv-2) represents a single 
factor which is responsible for body mass.

On the basis of the presented tables, for both the 

Table 1. The matrix of diagonal oblimin
 transformations and the inter-correlation 

of the factors of the morphological
 variables of school children  

Variables Lv-1 Lv-2 h2

ATEŽ
ASOG
AOND
AOPD
AONT
AOPK
ANND
ANLE
ANPZ
ANTB
ANPT

.05
.93*
.96*
.90*
.98*
.90*
.68*
.88*
.85*
.89*
.88*

.89*
.04
-.19
-.32
-.11
-.30
.26
.23
.31
.20
.06

.81

.88

.88

.92

.86

.95

.84

.58

.87

.89

.88
Lv-1 Lv-2

Lv-1
Lv-2

1.00
.10

1.00

Legend: Lv-1 - the first latent variable, Lv-2 – the second latent 
variable, х2 - variable communalities, ATEŽ - body mass, ASOG - 
average thorax volume, AOND - upper arm volume, AOPD - lower 
arm volume, AONT - upper leg volume, AOPK - lower leg volume, 
ANND - upper arm skin fold, ANLE - back skin fold, ANPZ - armpit 
skin fold, ANTB - abdominal skin fold, ANPT - lower leg skin fold. 

control and experimental group, latent dimensions were 
obtained which indicate that the taxonomization of the 
measured children would be one those whore are more 
voluminous, which is a result of the subcutaneous fatty 
tissue with a separate second latent dimension which 
represents body mass. The obtained results deviate 
somehow from the results obtained by Bala (1981) and 
thus we can conclude that the prognosis of the morpho-
logical structure of children of this age is not especially 
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great. The factor of body voluminosity and subcutane-
ous fatty tissue during this period is primarily defined by 
subcutaneous fatty tissue. The exceptionally high vari-
able coordinates of the skin folds speak of voluminos-
ity and body mass during this period are a result of pri-
marily voluminoisty and subcutaneous fatty tissue. The 
great influence of subcutaneous fatty tissue on this factor 
was obtained in other studies, and is constant during de-
velopment between the ages of 6 and 10 when it is also 
the greatest. The obtained results support the hypothesis 
that the growth and development of children during this 
period is discontinuous but constantly on the rise. 

By gaining insight into the results of the canonical 
discriminant analysis of the groups of participants, two 
statistically significant discriminant functions were ob-
tained in the morphological space (table 3 and 4) and 
their corresponding centroids (table 5). On the basis of 
the sign of the centroids and projections of the variables 
on the discriminant function, we can conclude that the 
participants of the experimental group differ from the 
participants of the control group in the measures of cir-
cular dimensionality and body mass, and that the control 
group had greater amounts of subcutaneous fatty tissue, 
especially on the lower legs. 

DISCUSSION AND CONCLUSION
This study was aimed at determining the structure 

of morphologically latent variables of the participants 
who practiced judo as an alternative during their physi-
cal education classes (the experimental group) and the 
participants who took part in classic forms of physical 
education classes (the control group) and the differences 
between them. On the basis of the obtained results, we 
can conclude that the experimental program was such 
that it contributed to a significant increase in muscle 
mass, thorax volume, which led to the increase in the 
overall body mass with a significant decrease in subcu-
taneous fatty tissue among the participants of the experi-
mental group. Due to the inadequate extent and intensity 
of the load during physical education classes during the 
school year as well as during extracurricular activities, at 
the final measuring the participants of the control group 
gained in weight more than those of the experimental 
group, which contributed to greater amounts of subcuta-
neous fatty tissue. We should mention that the factor of 
voluminosity of the body in the case of boys of this age 
is primarily defined through subcutaneous fatty tissue. 
The great influence of subcutaneous fatty tissue on body 
voluminosity is constant during development and is the 
greatest at this age. 

Based on the aforementioned, it is clear that radi-
cal changes are needed in the physical education sys-
tem. The difference between concepts such as “physical 
education” and “sports training” indicate some possible 

A COMPARATIVE ANALYSIS OF THE ...

Table 2. The matrix of diagonal oblimin
transformations and factor inter-correlations

 of the morphological variables of judokas  

Variables Lv-1 Lv-2 h2

ATEŽ
ASOG
AOND 
AOPD 
AONT
AOPK
ANND
ANLE
ANPZ
ANTB
ANPT

   -.00
.82*
.92*
.90*
.90*
.91*
.90*
.90*
.92*
.90*
.87*

.84*
.08
.19
.25
.16
.21
-.19
-.20
-.20
-.19
-.12

.71

.69

.88

.87

.85

.87

.85

.86

.90

.85

.78
 Lv-1 Lv-2
Lv-1
Lv-2

1.00
-.01

1.00

Legend: Lv-1 - the first latent variable, Lv-2 – the second latent 
variable, х2 - variable communalities, ATEŽ - body mass, ASOG - 
average thorax volume, AOND - upper arm volume, AOPD - lower 
arm volume, AONT - upper leg volume, AOPK - lower leg volume, 
ANND - upper arm skin fold, ANLE - back skin fold, ANPZ - armpit 
skin fold, ANTB - abdominal skin fold, ANPT - lower leg skin fold.

Table 3. Canonical discriminant functions

Fcn Pct of V Rc Wilks L. X2 DF Sig

1 64.27 .48 .64 93.30 21 .00

Legend: Rc – canonical correlation, , c2 - Bartlett’s chi-square,
 df – degrees of freedom, Sig. - significance (* = < .05;  ** = < .01)

Table 4. Structure matrix 

Variables FUNC1 FUNC2
AOPD
ANPT
AOND
AONT
ASOG
ATEŽ
AOPK
ANTB
ANPZ
ANLE
ANND

 .36*
-.32*
 .24*
 .21*
 .12
 .23
 .18
-.13
-.15
-.13
 .06

 .07
-.14
-.06
-.12
 .03

-.27*
-.12
-.15
-.06
-.09
 .01

Legend: Lv-1 - the first latent variable, Lv-2 – the second latent 
variable, х2 - variable communalities, ATEŽ - body mass, ASOG - 
average thorax volume, AOND - upper arm volume, AOPD - lower 
arm volume, AONT - upper leg volume, AOPK - lower leg volume, 
ANND - upper arm skin fold, ANLE - back skin fold, ANPZ - armpit 
skin fold, ANTB - abdominal skin fold, ANPT - lower leg skin fold.

Table 5. Group centroids

 Group FUNC1 FUNC2

Control
Experimental

-.67
.83

.35
-53

Legend: FUNC1 - the first discriminant function,
FUNC2 - the second discriminant function.
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solutions. The current understanding of physical edu-
cation includes a general overview in the selection of 
means and their weaker application. On the other hand, 
sports training includes the selection and use of specific 
means of exercise and greater intensity which undoubt-
edly leads, which this study has proven, to significant 
positive transformations of morphological dimensions, 
and thus the overall anthropological system. 

There is a biologically determined law which states 
that “function develops organs”. This means that chil-
dren through movement, that is, physical activity de-
velop their organs and maintain them in the proper 
condition. This law, in addition to everything else con-
cluded in the aforementioned text, should represent the 
basic guidelines for determining the place of physical 
education in the school system. Unfortunately, physi-
cal education as it is today in our practice practically 
does not cause practically any significant transforma-
tion in any anthropological dimensions of children. This 
devastating knowledge increases in significance if it is 
known that the situation is especially unfavorable dur-
ing the preschool and younger school age (Stanković & 
Popović, 2009), and is significant precisely during that 
period when the child’s body is most sensitive to stimuli 
for development, but also the stagnation and retardation 
of most motor skills (Stanković, 2007).

The reasons why physical education is in the state 
it is in are numerous. One of them is that it is too un-
clear, since the aims of physical education are too vague 
and general. Then, neglecting the fact that anthropologi-
cal status is of a multidimensional nature, where there 
is  positive correlation between all the segments of that 
status, and thus should exclusively, respecting its mul-
tidimensionality, be taken into consideration during re-
search, but also the planning of curricular content. One 
of the reasons is the undefined desired final state, as well 
as the extensive focus on achieving motor information 
which leads to programs with heterogeneous motor ac-
tivities. If we were to add an objectively poor material 
situation to it, which is the state our entire school system 
finds itself in, which makes certain more significant in-
vestment in objects, means, props and physical educa-
tion equipment impossible, then we gain the true pic-
ture of this education which needs to be one of the more 
significant means of achieving “healthy, able and happy 
individuals”. 

During practical work with young children, if we 
really want to significantly influence their anthropo-
logical dimensions, it is necessary to choose means of 
physical exercise of a more general character and ap-
ply them with a far greater intensity than is being done 
now in formal child institutions (daycare centers, kinder-
gartens, elementary schools). In other words, the prin-
ciples and methods of sports training should be adapted 
to young children and should have an effect on general 

motor skills, that is, motor behavior, and thus other an-
thropological dimensions (Bala, 1996). These and simi-
lar hypotheses were the starting point for this research 
which was carried out with the purpose of evaluating the 
program and the results of a year-long judo training, as 
an alternative to standard physical education programs, 
which are used in elementary schools. 
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