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INTRODUCTION
Numerous foreign and domestic scientific research-

es have confirmed that systematic practice, i.e. training 
causes a whole range of changes in anthropological sta-
tus of each subject under such a treatment.

The changes in the condition of a subject most often 
occur in the range of some abilities and features, espe-
cially in the field of motor skills. All these anthropologi-
cal characteristics can be quantitatively and qualitatively 
changed. Such quantitative changes imply the changes 
in the increase or decrease in the efficiency of some abil-
ity, property or information on motor skill, while quali-
tative changes imply the changes in the interrelation 
between the previously mentioned characteristics. As 
both types of these changes most often occur simultane-
ously, it is possible to significantly influence a certain 
type of change by the appropriate choice and distribu-
tion of training content, modality and volume. It is also 
very important to emphasize that the full effect of the in-
duced quantitative changes can be expected only under 
the influence of establishing the optimum interrelation 
between appropriate abilities, features and skills. It is a 
well-established fact in sports practice that the optimum 
organization of all the relevant aspects of personality is 
achieved by so called situational modalities of practice 
i.e. by such a practice in which the activity is practiced 
under the similar or same conditions as in the competi-
tion.

Since motor efficiency of any subject is directly in-

fluenced by the level and interrelation of anthropologi-
cal characteristics, understanding the rules of quantita-
tive changes in human body is crucial for the efficient 
programming and control of transformational training 
procedures.  

Contrary to this positive evaluation, numerous anal-
yses and studies in the past ten years conducted with the 
aim to evaluate football practice efficiency, showed that 
this activity is far behind the optimum development of 
other activities and that it generally does not have the 
results which would suit our present needs, requirements 
and  circumstances.

The consequences of this underdevelopment are 
multiple. They most often affect anthropological status 
of football players, which is confirmed by very much 
underdeveloped abilities and features, especially in the 
field of technical knowledge and tactical skills which di-
rectly influence achieving top-level football results. 

There have been very serious attempts lately, par-
ticularly in the last twenty years, to transform the chaotic 
football practice into an organized system which could 
take part in contemporary sports trends more success-
fully.

This paper attempts to provide the answer to the 
question to which extent situational practice affects 
transformation of anthropological dimensions of young 
football players and to contribute to solving of previ-
ously mentioned problems to some extent.
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METHODS
Test group

The test group consisted of 141 chosen football 
players aged 12 – 14, members of football clubs from 
Belgrade who competed in the first Belgrade league in 
the competition season 2002/2003. 

The test group was divided into the experimental 
and control group.

The experimental group consisted of 70 subjects 
from the following football clubs:

-  FC “Obilić” Belgrade, FC “Zemun” Zemun, 
FC “OFK Beograd” Belgrade.

The control group consisted of 71 subjects from the 
following football clubs:

- FC “Čukarički” Belgrade, FC “Železnik” Bel-
grade, FC “Rad” Belgrade

These test groups were chosen by a deliberate selec-
tion method due to organization of training practice in 
the above mentioned clubs.

Special requests for selection of the subjects were 
the following: 

•	The requested age of the subjects was 12 – 14 
years, ± 6 months;

•	Subjects were required to be healthy at the test-
ing time;

•	Subjects were required to have 4 – 6 years of 
sports experience, and in most cases they were selected 
from youth teams of the above mentioned clubs;

•	Subjects were to be permanent or potential  
members of their teams;

•	Subjects were to be involved into regular train-
ing process;

•	Subjects were to be included into an organized 
competition system.

Sample of the variables
Motor skills were evaluated according to the follow-

ing variables:
Mechanism for structuring of movement were eval-

uated according to:
1.  Hand tapping (MTAP)
2.  Leg tapping (MTAN)
3.  Coordination with a bat (MKO)
Mechanism for regulation of muscle tone and syner-

gistic regulation was evaluated according to:
4.  Deep forward bend on the bench (MDPK)
5.  Side standing on a low balance beam with eyes 

closed (MPSG)
6.  Splits (MSPA)
Mechanism for regulation of excitation intensity 

was evaluated according to:
7.  Standing long jump (MDM)
8.  20 m sprint start running (M20V)
9.  Throwing medicine ball from lying on the back 

position (MBME)
Mechanism for regulation of duration of excitation 

in CNS motor zones was evaluated according to: 
10. Torso lifts in 30 sec. (MD30)
11. Pull-up endurance (MVIS)

12. Chin-up endurance (MIPR)
Functional abilities were evaluated according to the 

following variables:
Aerobic abilities  (VO2/ml/kg body weight) were 

evaluated according to:
1. rate at ergo stasis (PER)       
2. Oxygen consumption expressed in litres –     table 
(VO2)
3. Body weight (TM)
4. Height (TV)
5. Workload expressed in watts (OPT)
6. Heart rate at rest (PM)
All the above variables were in function of obtain-

ing the key variable for evaluation of the maximum aer-
obic ability of the subjects. 

Cognitive abilities were evaluated according to the 
following variables:

1. For evaluation of the efficiency of parallel proces-
sor, i.e. for spotting of relations and correlates, test 
S-1 was conducted;
2. For evaluation of the efficiency of input proces-
sor, i.e. perceptive reasoning, test IT - 1 was con-
ducted;   
3. For evaluation of the efficiency of serial proces-
sor, i.e. symbolic reasoning, test AL – 4 was con-
ducted.
Conative characteristics were evaluated according 

to the following variables:
1. The regulator of activity (EPSILON)
2. The regulator of biological functions (HI)
3. The regulator of defense reactions (ALFA)
4. The regulator of attack reactions (SIGMA)
5. System for coordination of regulative functions 

(DELTA)
6. System for integration of regulative functions 

(ETA).
 
Methods of processing of the results

Canonical discriminant analysis was used for evalu-
ation of differences in the structure of motor, functional 
and cognitive abilities, as well as conative features of 
the selected active football players. Discriminant model 
is interpreted as a special type of factor analysis which 
comprises components which differentiate groups in the 
range of variables. General statistical significance of the 
differentiation between the groups of subjects was cal-
culated by F-test. Discriminant variables are acquired 
on the basis of discriminant coefficients dependable 
on the variance of each variable from the applied sys-
tem of variables and have original results. Discriminant 
strength of the applied variables is determined by Wilks’ 
lambda, while the level of significance of discriminant 
equation is determined by Bartlett test. Each taxonomy 
algorithm can be defined as the function extremization 
ƒ(Z) = S¦alfa(Z,S) = maximum, where Z is data matrix 
in a suitable metrics, S is an unknown selection matrix, 
and (alpha) is a suitably selected similarity measure. Ac-
cording to this, taxonomy algorithms differ according to 
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the chosen metrics for the operation  
Z = E* V,

where E is a set of objects and V is a set of variables, 
how similarity measure (alpha) is defined, and which f 
function is chosen for extremization of that measure. 
 It is obvious that the problem thus defined has 
no solution in a closed algebra form, and that the so-
lution has to be sought in a numerical algorithm. Hun-
dreds of such algorithms which have been sufficiently 
efficient in practice and found themselves course books 
have been proposed so far; a couple of dozens of such 
algorithms have been implemented into most frequently 
used statistical software systems or packages, such as 
SAS, GENSTAT, SPSS, Statistics, BMDP, SYSTAT and 
other software products, which are not necessarily sig-
nificantly worse. Application of these products in differ-
ent sciences or professions showed that their efficiency, 
estimated by the possibility of reproduction of matrix S 
through a discriminant procedure, greatly varies depend-
ing not only on the method and implementation, but on 
the problems defined by configuration of vector objects 
in the range of variables. 
 Solution of a general taxonomic problem is 
usually sought in the range of heuristic methods, and 
consequently in the range of neural networks as well 
simply because any method used for data analysis can 
be emulated by neural networks. Such a great number 
of these networks have been constructed so far that it 
is impossible to count them. There is a certain number 
of taxonomic neural networks among them, although it 
is not large. However, all of them are not equally avail-
able, efficient, nor stringently enough tested. Due to this, 
we have constructed one taxonomic neural network for 
the purpose of this research.  The network for its great-
est part is easily applicable in standard SPSS or SAS 
witout any previous hypotheses on the number of taxa or 
structures of selection matrix since it is implemented in 
Matrix language. Results were analyzed by taxonomic 
neural network PDINVADERP which first converts in-
put variables into standardized sigmoid shape, and then 
forms initial classification based on the position of an 
entity on the perimeter of a hyper ellipse structured by 
orthoblique transformation of the main components sig-
nificant due to objectified scree criterion and forms fi-
nal classification by iterative use of Lebart’s three layer 
perceptron. Program evaluates classification efficiency 
based on the outcomes of Fisher’s discriminate analy-
sis in the full range of transformed variables (Popović, 
1993). The operation of the network is presented in the 
program symbolic code:

preserve
set printback=off
set decimal=dot
*-----------------------------------------------------------------
*                                               PDINVADER
* EMULATION OF TAXONOMIC NEURAL NET-
WORK WITH A HIDDEN LAYER

*      FOR STANDARDIZED SIGMOIDAL INPUT 
AND BINARY OUTPUT DATA
*        WITH AUTOMATIC COMPUTATION OF INI-
TIAL CLASSIFICATION

                                                Version 2.0.1.
                                                     23.1.2005
** INVADERZ can be run with the following state-
ments:
* INCLUDE ‘INVADERZ.SAS’.
* INVADERZ VARS=input variables names.
* Algorithm is described in
* Momirović, K. (2001):
* Automatic classification by neural networks with pre-
processing of input data.
* Technical report, Institute of criminological and socio-
logical research.
* Warning 1: Algorithm accept no necessary initially 
standardized input data.
* Warning 2: Program print final classification of objects 
and save it as a
*            binary matrix in file ftax.sav, and as a nominal 
variable in 
*            file nomtax.sav.

*-----------------------------------------------------------------
define invaderz (vars=!charend(‘/’))
   set mxloops=9999
 *----------------------------------------------------------------
* Saving the original file.
*-----------------------------------------------------------------

save outfile=’tmp__fds.sav’

*-----------------------------------------------------------------
* Activation of matrix language and preliminary opera-
tions.
*-----------------------------------------------------------------
matrix
print /title ‘           *** P D I N V A D E R ***’ /space 1
print /title ‘   AUTOMATIC CLASSIFICATION BY 
NEURAL NETWORK’/space 0
print /title ‘WITH SIGMOIDAL (-1,1) TRANSFOR-
MATION OF INPUT
  Basic version of this program can be seen in Konstan-
tin and Popović, (2003). Taxonomic neural networks. 
Leposavić, Faculty of Physical Education. Modified 
and adapted program for SAS environment was created 
by Popović, (2005) in Savić  (2005). Influence of situ-
ational training on transformation of some anthropologi-
cal measures of the selected football players, Doctoral 
thesis. Leposavić, Faculty of Physical Education.

RESULTS
Results of discriminant analysis of certain segments 

of the anthropological status of the experimental and 
control group at the initial and final measurement are 
presented in tables 1,2 and 3. Detailed analysis shows 
that two significant canonic correlations were obtained 
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(.67 and .38), which explain 77.30 i.e. 16.83% of the 
proper variance of the entire system of the evaluated 
range.

The first discriminant function which is bipolar on 
positive pole is defined by the variables for evaluation of 
motor abilities hand tapping, splits, throwing medicine 
ball from the lying on the back position, coordination 
with a bat, 20 m sprint start running, leg tapping, torso 
lifts in 30 sec, side standing on a balance beam, body 
height variable, Astrand’s test, heart rate, VO2 which 
were used to evaluate the scope of functional abilities, 
serial cognitive processor, and on the negative pole body 
weight and workload in watts. 

According to the group centroids, the following may 
be concluded:                                                                                                                                                                                            

1. Young chosen football players from the ex-
perimental group at final measurement showed better 
coordination which is in function of movement structur-
ing, explosive power, flexibility and speed, good physi-

cal condition and crystallized intelligence relative to the 
control group and other measurements.  

2. Young chosen football players from the 
control group at the  initial measuring  had higher body 
weight and worse physical condition which was demon-
strated by low workload they could endure during labo-
ratory testing relative to experimental group and other 
measurements; and

3. Experimental and control group during the 
longitudinal research showed progress which can be ex-
plained by the influence of the following factors:

•	 systemic influence of the practice which was 
the same for all the subjects in control group;

•	 systemic influence of the experimental program 
which was the same for all the subjects in ex-
perimental group; 

•	 less systemic effect of the football matches 
played which varies from match to match and 
is different for the members of one team; and

•	 non-systemic effect of all other factors, above 
all hereditary and society influence.  

The second discriminant function, which is bipo-
lar as well, is characterized by the standing long jump 
test on the negative pole, and by the cognitive tests for 
evaluation of input and serial processor, torso strength 
measured by chin-up endurance test, lower limb flexibil-
ity measured by the mobility of hamstring and a cona-
tive system - regulator of attack reactions on the positive 
pole. 

According to the centroids of the second discrimi-
nant function we have come to the following conclusio
ns:                                                                                                                                         

•	 Young chosen football players from the control 
group at final measurement  demonstrated the 
best results in standing long jump test for evalu-
ation of lower limbs explosive power relative 
to the experimental groups and other measure-
ments;    

•	 Young chosen footballers from the experimen-
tal group at final measurement demonstrated 
better perceptive reasoning, better fluid intel-
ligence, torso strength, lower limbs flexibility 
and modulation of primary tone excitation.

CONCLUSIONS
The research has been conducted with the aim to de-

termine the differences in structure of motor, functional 
and cognitive abilities, as well as conative features of the 
chosen football players who play football actively.

In order to determine the differences in structure of 
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    Table 1. Canonic discriminant functions

Fcn Eigen 
V.

Pct of 
Var.

Cum. 
Pct

Can 
Corr.

Wilks 
L

χ² DF Sig

1*
2*

  .81
  .17

77.30
16.83

77.30
94.13

  .67
  .38

  .43
  .79

223.0
60.82

 48
 30

.00

.00
                   

    Table 2.  Matrix structure      
                                        

Variables FUNC1 FUNC2

MTAP
PER
MSPA
TM
MBME
TV
PM
MKO
M20V
VO2
OPT
MTAN
AL4
MD30
MPSG
MDM
S1
IT1
MIPR
MDPK
SIGMA
DELTA
HI
ETA
ALFA
MVIS
EPSILON

   .60*
   .59*
   .52*
 -.48*
  .46*
  .43*
  .43*
 -.40*
  .40*
  .38*
 -.37*
  .36*
  .26*
  .25*
  .12*
  -.27
   .16
   .30
   .15
   .23
 -.05
 -.21
 -.17
 -.17
 -.16
  .08
  .12

   .05
   .15
   .46
  -.02
   .15
   .16
   .16
   .19
   .32
   .13
   .16
   .11
   .26
   .21
 -.07
 -.51*
  .37*
  .34*
  .34*
  .30*
  .26*
 -.13
 -.08
 -.08
 -.04
  .09
  .02
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motor, functional and cognitive abilities as well as cona-
tive features of the chosen football players the research 
was conducted on 142 subjects aged 12 – 14.

For this measurement program the following in-
struments were used for evaluation of significant motor 
dimensions: movement structuring, tone regulation and 
synergic regulation, excitation intensity regulation and 
excitation duration regulation. 

For evaluation of functional abilities the following 
instruments were used: ergo stasis heart rate, oxygen 
volume in liters, workload in watts, body weight, body 
height, heart rate in rest.

For evaluation of cognitive abilities we used three 
instruments which were chosen to analyze the structure 
according to cybernetic model of Das, Kirby and Yar-
man taking care that the chosen tests measure three types 
of cognitive processes.

For evaluation of perceptive processor efficiency 
IT-1 test was chosen, for evaluation of serial processor 
efficiency AL-4 test was chosen, and for evaluation of 
parallel processor efficiency S-1 test was chosen. 

For evaluation of conative characteristics the fol-
lowing instruments were chosen:

For evaluation of the efficiency of the system for 
homeostatic regulation (EPSILON),                                                                                    

For evaluation of the efficiency of the system for 
regulation and control of biological functions (HI)  

For evaluation of the efficiency of the system for 
regulation of control of defense functions (ALFA) 

For evaluation of the efficiency of the system for 
regulation and control of attack function (SIGMA)

For evaluation of the system for coordination of 
regulative functions (DELTA) 

For evaluation of the system for integration of regu-
lative functions (ETA) 

Instrument KON6 was used for their evaluation.  
All the data presented in this paper were processed 

in the Center for multidisciplinary researches of the 
Faculty of Sports and Physical Education of the Uni-
versity in Priština  by the system of programs for data 
processing developed by Popović,  (1980), (1993) and 
Momirović,  and Popović,  (2003). 

Results of discriminant analysis of certain segments 
of the anthropological status of the experimental and the 
control group at the initial and final measurement are 
presented in Tables 1, 2 and 3. Detailed analysis shows 
that two significant canonic correlations were obtained 
(.67 and .38), which explain 77.30 i.e. 16.83% of the 
proper variance of the entire system of the evaluated 
range.The first discriminant function which is bipolar on 
positive pole is defined by the variables for evaluation of 

motor abilities hand tapping, splits, throwing medicine 
ball from the lying on the back position, coordination 
with a bat, 20 m sprint start running, leg tapping, torso 
lifts in 30 sec, side standing on a balance beam, body 
height variable, Astrand’s test, heart rate, VO2 which 
were used to evaluate the scope of functional abilities, 
serial cognitive processor, and on the negative pole body 
weight and workload in watts. 

The second discriminant function, which is bipo-
lar as well, is characterized by the standing long jump 
test on the negative pole, and by the cognitive tests for 
evaluation of input and serial processor, torso strength 
measured by chin-up endurance test, lower limb flexibil-
ity measured by the mobility of hamstring and a cona-
tive system - regulator of attack reactions on the positive 
pole.  
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