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Abstract

The obtained result can easily be transformed into the form obtained under the 
canonic model of discriminant analysis. Matrix of discriminant coefficients can be 
defined as the matrix of partial regression coefficients, obtained by solving the fol-
lowing problem

ZW = K + E | path (EtE) = minimum.
As, in fact, 

K = ZR-1/2X,
It is obvious that E = 0, and that
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W = R-1/2X.
Because of this vectors wk from W are proportional to the coordinates of vec-

tors of discriminant functions in slope coordinate system formed by vectors from 
Z with cosines of angles between coordinate axes equal to elements of correlation 
matrix R. Since the discriminant analysis can also be interpreted as an special case 
of component analysis with key components transformed by a some permissible sin-
gular transformation so as to maximize spaces between the Ep subgroups’ centroides, 
i.e. canonic correlations ρk (Cooley and Lohnes, 1971; Hadžigalić, 1984; Popović, 
1992), it is customary to base the identification of discriminant functions’ content on 
structural vectors fk from the matrix  

F = ZtK = RW = R1/2X = (fk) = (Rwk),
analogusly to identification of the content of canonic variables obtained by Hotel-
ling’s method of biorthogonal canonic correlation analysis, since it can be demon-
strated by a simple calculation that F is factorial matrix of the matrix R (Zorić and 
Momirović, 1996; Momirović, 1997).
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1. Introduction

Motor abilities are usually considered to be directly responsible for performing 
tasks in sport and physical education, regardless of whether those tasks are related 
to educational, competitive or recreative activities. Measuring of motor abilities is a 
starting point in all processes of the aforementioned fields of sports’ activities simply 
because managing this process cannot be imagined without the information on trans-
formational and final condition of the system which is being managed.   

Determining the level of specific dimensions of motor space is of a recent date 
and it belongs to the field of motor skills diagnostics. Since the abilities which define 
motor space are not given directly, but as latent dimensions, the quality and quantity 
of which is determined based on the output of the system, they cannot be measured 
by a direct methodology. Thus, the motor abilities are measured indirectly, by con-
ventional movement manifestations known as motor tests.  Apart from that, latent 
dimensions of motor space are not expressed as singular properties, but are mostly 
combined in different variations, which makes measuring of these dimensions even 
harder.  

Motor tests, as the set of tasks for which model of presenting and evaluation 
of the result,s as well as their measuring characteristics have been developed in the 
course of the previous research, are used as the instruments for measuring motor 
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space. Motor tests as standardized mehods are the most valuable source of informa-
tion on the level and development of movement abilities of the examinees.

2. Methods

2.1 Test group

On the basis of the chosen statistical-mathematical model, i.e. program, goals 
and hypothesis, it was decided that the sample consisted of about 200 athletes (about 
100 judoists and about 100 karatists of both sexes) aged between 18 and 27. The ma-
jority of this sample had to meet the following criteria:

that the effective of the sample was so large that it permited so many degrees 	
of autonomy that any coefficient in the matrix assembly or any correlation 
coefficient equal to or larger than .21 could be considered different from zero 
with the conclusion deviation les than 01;

the number of the subjects in the sample had to be five times larger than 	
the number of applied variables so that, according to the recent principles, 
adequate statistical methods could be applied successfully;  

Apart from the aforementioned, the subjects had to meet the following condi-
tions:

subjects were male;	
age was defined on the basis of chronological age, so that the research 	
was performed on subjects from 18 to 27 years of age plus-minus 0.5 
years;
subjects had regular trainings in their clubs or national team of Serbia, 	
which was confirmed by the evidence of attendance and number of 
trainings per month; 
subjects did not have any somatic deformity or aberrations and were 	
physically and mentally healthy.

No other exclusion criteria were used in defining of the population from which 
the sample of subjects was taken apart from the listed ones (Popović, D. 1990).    
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2.2 Sample of the variables 

Sixteen variables which involved the following regulatory mechanisms were 
applied:

a) Structuring of movement:
- Broaching and jumping over (PROPRE)
- Shooting the target by leg with a tennis ball (GACINOT)
- Wriggling with broaching (OSSAPRO)
- Polygon backwards (POLINAT)

  				  
b) Regulation of tone and synergistic regulation

- Side standing on a low balance beam with eyes closed   (RAVZATOČ)  
- Dominant hand tapping test (TAPTDR)
- 20 m sprint start running (TIVSTAR)
- Deep forward bend on the bench   (DUPRENK)                                                

						    
c) Regulation of excitation intensity
- Stand still long jump (SUDS)
-Stand still high jump (SUS)
- Standing triple jump (TSK)
- Throwing medicine ball with both hands from the sitting back position 
(BMED)

		
d) Regulation of duration of excitation
- Under grip pull up on pull up bar (ZVPOT)
- Legs lifting in lying position (DNOL)
- Torso lifts in 30 sec lying on the back (PTLNL)
- Torso lifts in 30 sec lying on the stomach (PTLNS) 

2. 3. Methods of processing of the results

Significance of a research depends not only on the sample of subjects studied 
and the sample of variables, that is on the importance of basic information, but on 
the applied processes for transformation and condensation of that information, too. 
Some scientific problems can be solved by means of a larger number of different, and 
sometimes equally valuable methods. However, from the same basic data and from 
the same results of different methods different conclusions can be drawn. This is why 
the problem of choosing particular methods for data processing is rather complex.



International scientific magazine KINESMETRICS� 113

In order to reach satisfactory scientific solutions, the research was based on, 
primarily acceptable, adequate, unbiased and comparable procedures, which were 
appropriate to the nature of the problem posed and which enabled extraction and 
transformation of appropriate dimensions.

Taking all this into account, for the purpose of this research we chose proce-
dures which are considered to be appropriate to the nature of the problem which do 
not impose too severe restrictions on the basic information and are based on the fol-
lowing assumptions: 

that latent dimensions, which are the subject of measuring by the applied -	
measuring instruments, have multivariate normal distribution;
that the relations between manifest and latent variables can be approximated by -	
genaralized linear model of Gauss, Markov and Rao.  

Lately, many researchers have been misusing their position and publishing 
more and more quazi scientific papers primarily based on mathematical artefacts. 
Apart from that, they have been using the existing statistical products without even 
understanding the logic of most multivariate models. For this reason, this paper will 
primarily focus on statistic processing of the data, as well as the choice of useful 
algorithms and programs.

All the data in this study were processed at the Multidisciplinary Research 
Center, Faculty of Sport and Physical Education, University of Priština with the help 
of the software system for data processing developed by Popovic, D. (1980), (1993), 
and Momirović, K. and Popovic, D. (2003).

CANONIC DISCRIMINANT ANALYSIS PROJECTED IN SPACE WITH 
STANDARD MATRIX

The obtained result is easily transformable into the form obtained under the 
canonic model of discriminant analysis. 

Matrix of discriminant coefficients can be defined as the matrix of partial re-
gression coefficients, obtained by solving the following problem:

ZW = K + E | path (EtE) = minimum.
As, in fact, 

K = ZR-1/2X,
it is obvious that E = 0 and that

W = R-1/2X.

Because of this vectors wk from W are proportional to the coordinates of vec-
tors of discriminant functions in slope coordinate system formed by vectors from 
Z with cosines of angles between coordinate axes equal to elements of correlation 
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matrix R. Since the discriminant analysis can also be interpreted as an special case 
of component analysis with key components transformed by a some permissible sin-
gular transformation so as to maximize spaces between the Ep subgroups’ centroides, 
i.e. canonic correlations ρk (Cooley and Lohnes, 1971; Hadžigalić, 1984; Popović, 
1992), it is customary to base the identification of discriminant functions’ content on 
structural vectors fk from the matrix  

F = ZtK = RW = R1/2X = (fk) = (Rwk),
analogusly to identification of the content of canonic variables obtained by Hotel-
ling’s method of biorthogonal canonic correlation analysis, since it can be demon-
strated by a simple calculation that F is factorial matrix of the matrix R (Zorić and 
Momirović, 1996; Momirović, 1997).

The cross structure of discriminant analysis in this metrics will be
U = ZtLρ-1 = ZtPZWρ-1 = Wρ

As, of course, WtZtPZW = ρ2 , so it is evident that U is factorial matrix of the 
matrix ZtPZ, that is of the matrix of the intergroup covariance defined in the space 
with standard I metrics. 

As the elements fjk of the matrix F and the elements ujk of the matrix U behave as regu-
lar product-moment correlation coefficients, and as they are the function of normally 
distributed variables and thus asymptotically normally distributed themselves, their 
asymptotic variances are

σjk
2 ~ (1 - φjk

2)2n-1

j = 1,..., m; k = 1,..., s
that is

ξjk
2 ~ (1 - υjk

2)2n-1

j = 1,..., m; k = 1,..., s

and can be used for testing hypotheses type Hjk: fjk = φjk, that is Hjk: ujk = υjk 
where  φjk and  υjk are some hypothetical correlations between variables from V and 
discriminant functions in the population P because asymptotic distribution of the co-
efficients fjk is

f(fjk) ~ N(φjk, σjk
2),

and asymptotic distribution of the coefficients ujk is

f(ujk) ~ N(υjk, ξjk
2),

where N denotes  normal distribution. 
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RELIABILITY, INFORMATIVENESS AND SIGNIFICANCE OF DIS-
CRIMINANT FINCTIONS

V2 = (diag R-1)-1

Is diagonal matrix the elements of which are estimations of the unique vari-
ances of the variables from V. As Momirović and Zorić showed (1996), reliability, 
or more precisely generalizability of discriminant functions can be estimated on the 
basis of the value of diagonal elements of matrix 

α = (diag (Wt(R - V2)W))(diag (WtRW))-1,
relative informativeness based on the elements of matrix diagonal

 ι2 = (I - α)-1m-1

and the significance of these functions based on the elements of diagonal matrix
ζ = ι2ρ.

Obviously, these data can be of much greater importance than results of the 
tests of importance of canonic correlations for evaluating the actual meaning of dis-
criminant functions.  

 3. Results

 Motorics, i.e. anthropomotics, is a system of movement manifestations of man 
for communicating with the environment. This system is primarily defined as an abil-
ity to move the whole body or some of its parts in space with a certain amplitude, 
rhythm, direction, intensity, and goal.  The information that the number of manifest 
moving activities i.e. their combinations, is practically infinite, is logical, or even 
the only possible direction for identification of the structure of motor abilities as the 
system which is in the basis of those manifestations, and which is justifiably reduced 
and limited by the available number of latent dimensions relative to the movement 
manifestations.  

Planned, systematic and programmed training induces changes in anthropo-
logical status of athletes. These changes are most often manifested in the area of some 
abilities and characteristics, and especially in the domain of motor abilities and motor 
skills. Anthroplological characteristics appear, develop and change quantitatively and 
qualitatively. Quantitative changes are those which are articulated in space, or those 
which decrease the efficiency of a certain ability, characteristic or motor information. 
Qualitative changes include changes of the relations between characteristics. Both 
types of changes are inevitable. Changes in general can significantly be influenced by 
different means and in different ways. They are under the evident influence of exog-
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enous factors i.e. the influence of the environment on formation and manifestation of 
changes in motor spece is of a great significance. 

The results of discriminant analysis of motor variables show that the difference 
between the tested athletes in respect to the chosen sport is statistically significant. 
Analysis of the values presented in Table 1 shows that matching of the results be-
tween two groups of athletes of the registered indicators is considerable. Only one 
substantial discriminant function and one substantial canonic correlation (.83) were 
obtained. This indicates the existence of the relation between discriminant functions 
and it is a major indicator of quantitative structure.  The significance of the differ-
ences between groups is presented by Wilks’ lambda and the significance of canonic 
correlations was tested by Bartlett’s X2 test. 

Table 4. shows the structure of the discriminant functions of motor variables 
which demonstrates the contribution of each variable in general distance of the group 
centroids.

Coefficients of the first discriminant function clearly show that this discrimi-
nant function is best defined by the tests for the estimation of segmentary speed of 
hands, repetitive force, coordination and flexibility. The size and the precursor of 
the group centroids show that judoists have greater strength and coordination, while 
karatists demonstrate better segmentary speed of hands and flexibility, which is in 
accordance with the findings demanded by these two sports. 

Table 1 DISCRIMINANT ANALYSIS OF MOTOR VARIABLES 

F Kan. R. λ χ2 df Sig.
1 .83 ,37 217,30 15 ,00

Table 2 STRUCTURE OF CANONIC FACTOR IN H SPACE 

Variable D1
SUDS ,24
SUS ,21
TSK -,38
BMED -,29
ZVPOT ,44
DNOL ,46
PTLNL -99
PTLNG ,28
TAPTDR -,72
TIVSTAR ,41
DUPRENK 1,00
PROPRE -,18
GACINOT ,22
OSSAPRO -,15
POLINAT ,39
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Table 3 GROUP CENTROIDS

Groups D1
Judo -1.44

Karate 1.56

Teble 4 STRUCTURE OF CANONIC FACTOR IN Z SPACE

Variable D1
TAPTDR -,45
TIVSTAR ,39
PTLNL -,29
POLINAT ,23
DUPRENK ,24
PROPRE ,19
PTLNG -,16
TSK -,19
OSSAPRO ,17
DNOL -,12
BMED -,09
GACINOT ,07
SUDS -,07
SUS -,06
ZVPOT -,02

 4. Conclusion

The research was conducted with the aim to investigate specificities of motor 
dimensions in athletes who practice judo and karate and to determine the differences 
between them.

In order to determine specificities of the structure of tested anthropologic di-
mensions, 200 judoists and karatists, members of judo and karate clubs in Serbia 
(about 100 judoists and about 100 karatists), between 18 and 27 years of age, were 
tested.

Sixteen motor tests, chosen according to the structural model of Grdelja, 
Metikoš, Hošekova and Momirović (1975) and Popović (1990) and defined as mech-
anism for structuring of movement, mechanism for functional synergy and tone regu-
lation, mechanism for regulation of excitation intensity and mechanism for regulation 
of excitation duration, were used for determining motor abilities. 

All the data in this research were processed in the Centre for Multidiscipli-
nary Research of the Faculty of Sport and Physical Education, University in Priština, 
by means of the system of programs for data processing developed by Popović, D. 
(1980), (1993) and Momirović, K. and Popović, D. (2003).
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Complete algorythms and programs from this dissertation have been present-
ed, and the results of those programs analyzed.

The results of discriminant analysis of motor variables show that the differ-
ences between the tested athletes regarding the chosen sport is statistically signifi-
cant. Analysis of the values presented in Table 1. show that the matching of the results 
between the two groups of athletes of registered indicators is considerable. Only one 
substantial discriminant function and one substantial canonic correlation (.83) were 
obtained. This indicates the existence of the relationship between discriminant func-
tions and it is a major indicator of quantitative structure.  The significance of the 
differences between the groups is presented by Wilks’ lambda and the significance 
of canonic correlations was tested by Bartlett’s X2 test. Table 4. shows the structure 
of the discriminant functions of motor variables which illustrates the contribution 
of each variable in general distance of the group centroids. Coefficients of the first 
discriminant function clearly show that this discriminant function is best defined by 
the tests for the estimation of segmentary speed of hands, repetitive force, coordina-
tion and flexibility. The size and the precursor of the group centroids lead to conclu-
sion that judoists have greater strength and coordination while karatists have better 
segmentary speed of hands and flexibility, which is in accordance with the findings 
demanded by these two sports. 

5. References

Boli, E.: (1996) The structure of intellectual and musical abilities and [1.]	
personal traits of girls involved in standard and Latin American dance, 
Master thesis, University in Priština, Faculty of physical education.
Boli, E., Popović, D., A. Hošek.: (2009) Sport i crime, University in [2.]	
Priština, Center for multidisciplinary research of the Faculty of Sport and 
Physical Education, Leposavić.
Boli, E.: (2011) The structure of anthropological dimensions of male [3.]	
and female dancers and procedures processing for their evaluation and 
monitiring.(Monograph) University in Priština, Center for multidisciplinary 
research of the Faculty of Sport and Physical Education, Leposavić.
Boli, E., Popović, D., Popović, J.: (2012) Differences in the level of musical [4.]	
abilities of male and female dancers, International scientific magazine 
Kinesmetric, 1 (67-89).
Boli, E., Popović, D., Popović, J.: (2012) Differences in the level of [5.]	
cognitive abilities of male and female dancers, International scientific 
magazine Kinesmetric, 1 (107-119).
Gredelj, M., D. Metikoš, A. Hošek, K. Momirovic (1975):[6.]	



International scientific magazine KINESMETRICS� 119

A model of hierarchical structure of motor abilities. Kineziologija, 5 (1-2), 
7-81.
Guttman, L. (1945): [7.]	
A basis for analysis test-retest reliability.
Psychometrika, 10:255-282. 
Knežević, G.; Momirović, K. (1996):[8.]	
Algorythm and program for Orthoblique transformation of the principal 
components significant according to PB criteria
Technical report, Institute of criminological and sociological research, 
Belgrade
Momirović, K. (1996): [9.]	
On measures of reliability of latent dimensions determined by semiorthogonal 
transformations of the principal components in S. Bogosavljević and 
M. Kovačević, Analysis of grouping, 2. Belgrade: Federal Institute of 
Statistics. 
Momirović, D, Wolf, B.and Popović, D: (1999) The introduction to the [10.]	
theory of measurement and internal metric properties of composite 
measuring instruments (textbook), University in Priština, Faculty of 
physical education, Priština.
Momirovic, K. (1999):[11.]	
Two measures of low and high reliability of tests with regulatory and 
singular matrix of particles covariance.
Momirović, K.; Erjavec, N.; Radaković, J. (1988): [12.]	
Method, algorythm and program for reasonable validation of measurement 
instruments under confirmative and explorative model of component 
analysis. Applied Psychology, 9:157-162. 
Momirovic, K i Popović, D. (2003):[13.]	
Construction and aplication of taxonomy neural networks
Centre for Multidisciplinary Research, Faculty of Physical Education
Mulaik, S. A. (1972):[14.]	
The foundations of factor analysis.
New York: McGraw-Hill.
Technical report, Institute for Criminology and Sociological Research, 
Gracanicka 18, Belgrade
Popović, D.: (1980) Research methodology in Physical education, [15.]	
University in Niš, Scientific Youth, Niš.
Popović, D., Antić, K., Stanković, V., Petković, V. & Stanković, S.: (1989) [16.]	
The procedures for objectification of estimating the effectiveness in 
performing the judo techniques. Scientific Youth, 21(1-2), 83-89.
Popović, D., Kocić, J., Boli, E. & Stanković, V.: (1995) Conative [17.]	



120	 International scientific magazine KINESMETRICS

characteristics of female dancers. International Congress “Images of Sport 
in the World”, 75th Anniversary of the German Sport University, Abstract 
Volume, (pp. 96),  Open Forum, Cologne, Germany.
Popović, D., Petrović, J., Boli, E. & Stanković, V.: (1995) The structure of [18.]	
the personality of female dancers. 3rd International Congress on Physical 
education and Sport, Exercise & society supplement issue No. 11 (pp. 
196), Komotini, Greece.
Popović, D., Stanković, V., Kulić, R. & Grigoropulos, P.: (1996) The [19.]	
structure of personality of handball players. 4th International Congress on 
Physical education and Sport, Exercise & society supplement issue No. 15 
(pp. 164), Komotini, Greece.
Popović, D. (2005):[20.]	
GUTTMAN, Programs for analysis of metrical characteristics of composite 
mesurement instruments in Savić, Z.: Influence of situational training on 
transformation of some anthropological dimensions in selected footballers 
(doctoral thesis) Leposavić, Faculty of Physical Education.
Popović, D.: (1988) Application methods of factorial analysis for [21.]	
determining morphological types. 4rd international symposium on the 
methodology of matematical modelling, Varna, Bulgarija.
Popović, D.: (1991) Research methodology in Physical education [22.]	
(textbook), University in Niš, Scientific Youth, Niš.
Popović, D.: (1992) Methodology of research in physical education, [23.]	
Athens, Greece. 
Popović, D.: (1993)  Programs and subprograms for the analysis of [24.]	
quantitative modifications (textbook), University in Priština, Faculty of 
physical education, Center for multidisciplinary research, Priština. 
Popović, D.: (1993) D etermination of the structure of psychosomatic [25.]	
dimensions in combats and procedures processing for their evaluation 
and monitoring (monograph), University in Priština, Faculty of physical 
education, Priština. 
Kaiser, H. F. (1958): [26.]	
The varimax criterion for analytic rotation in factor analysis. 
Psychometrika, 23:187-200.
Kurolić, N., i sr. (1975): [27.]	
Structure and development of morphological dimensions in youth, 
Belgrade: Institute for Scientific Research, Faculty of Physical Education, 
University in Belgrade
Harris, C. W.; Kaiser, H. F. (1964): [28.]	
Oblique factor analytic solutions by orthogonal transformations. 
Psychometrika, 29:347-362. 



International scientific magazine KINESMETRICS� 121

Stanković, V. & Popović, D. (2009). The results of various factor procedures [29.]	
for establishing the cognitive abilities of handball playersI. I International 
scientific congress“Anthropological aspects of sport, physical education 
and recreation”, pp. 209-213, Banja Luka, BiH.  
Štalec, J.; Momirović, K. (1971): [30.]	
Total quantity of reliable variance as the basic criterion for determinantion 
of the number of significant principal components, Kineziology, 1, 1:83-
90.  

                                                                           Received on 19th March 2013 
                                                                                Accepted on 17th November 2013

 



122	 International scientific magazine KINESMETRICS



Canonic discriminant analysis projected in space 
with standard matrix as optimum method for 

determining differences between athletes

PhD Hadži Miloš Vidaković1, doc., PhD Evagelia Boli1 , full prof.,
PhD Dragan Popović1, full prof., PhD Rutie Pillz-Burstein2,full prof.,

Vladimir Savić1 & Milica Bojović1.
1Faculty of Sport and Physical Education  – University of Priština 

(relocated to Leposavić), Serbia
2The Ribstein Center for Sport Medicine Sciences and Research

Wingate Institute, Israel
e-mail:holyoganj@hotmail.com

Summary 

The research was conducted with the aim to investigate specificities of 
motor dimensions in athletes who practice judo and karate and to determine the 
differences between them.In order to determine specificities of the structure of tested 
anthropologic dimensions, 200 judoists and karatists, members of judo and karate 
clubs in Serbia (about 100 judoists and about 100 karatists), between 18 and 27 years 
of age, were tested.Sixteen motor tests, chosen according to the structural model of 
Grdelja, Metikoš, Hošekova and Momirović (1975) and Popović (1990) and defined 
as mechanism for structuring of movement, mechanism for functional synergy and 
tone regulation, mechanism for regulation of excitation intensity and mechanism for 
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regulation of excitation duration, were used for determining motor abilities.
All the data in this research were processed in the Centre for Multidisciplinary 

Research of the Faculty of Sport and Physical Education, University in Priština, 
by means of the system of programs for data processing developed by Popović, D. 
(1980), (1993) and Momirović, K. and Popović, D. (2003).Complete algorythms 
and programs from this dissertation have been presented, and the results of those 
programs analyzed.The results of discriminant analysis of motor variables show that 
the differences between the tested athletes regarding the chosen sport is statistically 
significant. Analysis of the values presented in Table 1. show that the matching of the 
results between the two groups of athletes of registered indicators is considerable. 
Only one substantial discriminant function and one substantial canonic correlation 
(.83) were obtained. This indicates the existence of the relationship between 
discriminant functions and it is a major indicator of quantitative structure.  The 
significance of the differences between the groups is presented by Wilks’ lambda and 
the significance of canonic correlations was tested by Bartlett’s X2 test. Table 4. shows 
the structure of the discriminant functions of motor variables which illustrates the 
contribution of each variable in general distance of the group centroids. Coefficients 
of the first discriminant function clearly show that this discriminant function is best 
defined by the tests for the estimation of segmentary speed of hands, repetitive force, 
coordination and flexibility. The size and the precursor of the group centroids lead to 
conclusion that judoists have greater strength and coordination while karatists have 
better segmentary speed of hands and flexibility, which is in accordance with the 
findings demanded by these two sports. 


