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Quality Assurance Indicators
Evaluation of Teaching Process at Sarajevo Faculty 
of Sport and Physical Education Based on Testing 
Academic Curriculum Results
1Faculty of Sport and Physical Education University of Sarajevo, Bosnia and Herzegovina
2WUS Austria, Graz, Austria

Original scientific paper

Abstract
“Testing Curriculum at the Sarajevo Faculty of Sport and Physical Educa-
tion” is a Tempus project lead by WUS Austria and University of Sarajevo 
– Faculty of Sport and Physical Education aiming at comparative analysis 
of curriculum at the two faculties in Bosnia and Herzegovina and Slovenia 
and research of the final user group needs for the academic education 
and science research. 
Based on the analysis of results this scientific paper tells that different 
educational processes at the Faculty are coming, which should be di-
rected towards major capacity in the area of organization and manage-
ment, and no longer exclusively to the processes of physical education 
(teacher) and training technologies (trainer). Based on this research data, 
students have a very limited direction in terms of preparation for their 
future work and in their perception they see their employers exclusively 
as schools (teaching) and to a lower extent clubs (training). This gene-
rally shows in case of all interviewees that there is no good information 
about possible employers in future outside the schools and clubs. The 
reason for this situation might be lack of information and interestedness 
of students in changes occurring in the society, which is present during 
enrollment, studies and later.  

Key words: curriculum, physical education, quality assurance

Sažetak
“Testiranje curriculum-a na Sarajevskom fakultetu sporta i tjelesnog od-
goja” je platforma za pisanje nau nog rada koji sadrži istraživanja krajnjih 
korisnika visokog edukacijskog procesa i nau nih istraživanja.
Ovaj nau ni rad, po osnovu analize rezultata, govori da dolazi vrijeme 
druga ijih edukacijskih procesa na Fakultetu koji bi na osnovu datih re-
zultata trebali biti usmjereni u ve em kapacitetu u podru je organizacije i 
upravljanja, a ne više isklju ivo u procese tjelesnog odgoja (nastavnik)  i 
trenažnih tehnologija (trener).
Na osnovu dobijenih rezultata vidimo da se percepcija profesora tjelesnog 
odgoja i trenera u mnogome mijenja i da u sferu obrazovnih procesa sve 
zna ajnije ulazi oblast menadžmenta, organizacije i upravljanja procesima.
Saznanja u radu podcrtavaju da studenti imaju vrlo ograni eno usmjerenje 
u smislu pripreme za rad u budu nosti i u svojoj percepciji sagledavaju 
poslodavca isklju ivo kao škole (nastava) i u nešto manjoj mjeri klubove 
(trening). Ovo ukazuje kod svih ispitanika generalno, kako kroz studij ne 
postoje kvalitetne informacije o tome ko su u budu nosti i kakvi su poten-
cijalni poslodavci van kategorije škole i van kategorije kluba. Razlog ovakve 
slike može biti slaba informiranost i zainteresovanost studenata pri upisu, u 
toku studiranja a i kasnije, za promjene koje se dešavaju u društvu.

Klju ne rije i: curriculum, tjelesni odgoj, osiguranje kvaliteta 

Introduction 

The transition of university institutions towards liberal democracy 
and market oriented economy is just one of the challenges that the 
universities in Bosnia and Herzegovina are facing. It is necessary to 
develop a sustainable, depoliticized system within the educational 
reforms (Reichert & Tauch, 2005). This includes the improvement 
of the quality of lectures and studies at universities through the im-
provement of study programs by establishing an accountable and 
sustainable educational system in Bosnia and Herzegovina.

In compliance with the requests and implementation of the Bo-
logna process, and the need for a faster approximation with 
European mainstream (Reichert & Tauch, 2003), (Group of au-
thors, 2005), the Faculty of Sport and Physical Education of the 
University of Sarajevo and WUS Austria started the initiative for 
the launching of the project ‘’Testing Curriculum at the Sarajevo 
Faculty of Sport and Physical Education’’. The project has been 
developed in close cooperation with the Faculty of Sport, the Uni-
versity of Ljubljana and Ministry of Civil Affairs of Bosnia and 
Herzegovina.    

Testing curricula and introduction of new forms of teaching at the 
Faculty of Sport in Sarajevo based on needs and requirements of 

the environment. The testing will be conducted as an internal pro-
cess in cooperation with students and as an external process in 
cooperation with sports organizations in Bosnia and Herzegovina 
and Slovenia.  

The Tempus project will improve the reform processes at the 
Faculty of Sport and Physical Education, which will be fully com-
pliant with the Bologna declaration. By putting this project and 
work method in the context of general educational reforms, this 
intervention will ensure exchange of information, discussion and 
consultations with relevant working groups and bodies in the 
higher education reform and strengthen the cooperation with the 
environment, other faculties of sport in Bosnia and Herzegovina 
and EU countries.     

Goal: 

Testing the curriculum.
Adoption of a new curriculum and ECTS in undergraduate/post-
graduate studies at the Faculty of Sport and Physical Education in 
Sarajevo, in compliance with the Bologna process.  
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Methods 

The survey consisted of four parts. The first part was related 
to an assessment of representation indicators of some general 
characteristics and the importance of knowing and possessing 
practical skills related to these characteristics (Dizdar, 2006). 
The second part was related to the assessment of the quality 
of preparation at the faculty for future jobs. The third part was 
related to the assessment of the importance of individual areas of 
application of sport and physical education. These three survey 
parts were given to all interviewees. The fourth part was given 
only to students, and it related to the quality of faculty work.  

Sample of the examines 
In this paper processed are 170 interviewees with complete re-
sults in the first three parts of the survey, with 125 of them being 
students, 15 employers and 30 alumni from the entities. 

Sample of the variables
During the first part of processing, we used the questions from 
the questionnaires for all three groups. There were 89 such ques-
tions. In the second part we used questions given only to stu-
dents. There were 36 such questions, and the overall number of 
received questionnaires amounted to 111.       

The results show that the general indicators show an expressed 
tendency of equally directed difference among indicators describ-
ing the representation at the Faculty and importance of individual 
characteristics in practice. The importance of these characteris-
tics is always considerably more pronounced than the represen-
tation. All interviewees show such attitudes. And the biggest dif-
ferences are present in case of the alumni. The indicators with the 
largest differences in representation and importance are the fol-
lowing ones: PRMV 03 – the importance of the ability to apply 
knowledge in practice, PLAV 04 – the importance of planning 
skills, STJV 10 – the importance of foreign language skills, 
ISTV 12 – the importance of skills necessary for research ac-
tivities, MJEV 13 – the use of measuring methods and tech-
niques, KREV 19 - creativity and ODLV 24 – decision making.

These indicators show that the interviewees believe that the rep-
resentation of all analyzed characteristics (and especially the 
mentioned ones) is not in compliance with the importance of 
these characteristics in the immediate professional practice.      

In terms of absolute values, the following indicators were as-
sessed as by far the lowest ones:  
ISTZ  12 Research activities skills  
KRIZ  17 Criticism and self-criticism  
PLAZ  04 Planning and time organization skills  
STJZ  10 Foreign language skills  
MJEZ 13 Use of measurement methods and techniques  
IKOZ  32 Ability to work in international environment  
ODLZ 24 Decision making
INIZ  22 Initiative and proactive attitude  
RAZZ 31 Appreciation of differences (different cultures)  
TEHZ 16 Use of technologies in sport and physical education   
ANAZ 01 Ability of analytical thinking  
KULZ 33 Understanding the culture and customs of other   
      countries    

As it may be seen, all these indicators belong to the subgroup of 
representation, which means that all interviewees believe that 
the presence or development of these characteristics at the Fac-
ulty is ignored or insufficiently incorporated. It is evident that in 

the general context these indicators represent a group of infor-
mation related to a specific working method in sport that may 
be best described as moderate. We may say that the interview-
ees expect better information during the study, which will enable 
them to plan, monitor and manage, which would be a signal in 
managerial sense or process moderator.   As it may be seen, the 
only indicator in this group that shows that it is about sport and 
physical education is TEHZ 16, and even this one is characterized 
by technology (Malacko & Radjo, 2008). All other indicators that 
were mentioned may fully regularly describe any other profession 
(movie, literature, poetry, music, painting, etc.).  
This group of indicators clearly shows that it may be time for 
completely different education at the Faculty, which, according to 
these results, should be intensively directed towards the field of 
organization (Bartoluci, 1997), and not exclusively towards con-
ducting trainings (trainer) or physical education classes (teacher). 
The overall desirable education is obviously considered as accept-
able by the interviewees if the study programs include significant 
knowledge that will enable them to be competitive in the market 
in terms of all activities that such a market may offer. It seems 
that the notion of a physical education teacher or trainer is being 
considerably changed, because the perception of all interviewees 
(students, employers and alumni) is going into this direction. 

Data analyzes methods
In this research provided are next analyzes methods: Regression 
of all 8 areas in case of the remaining 81 indicators and clique 
analysis. Next step was the latent dimensionality of the indicators 
based on the interactions of indicators it was possible to locate 6 
important indicators of latent dimensionality (extraction by means 
of screen technique). The latent indicators were very easily rec-
ognizable and identifiable as well as taxonomy of student indica-
tors about the quality of study.

Results and Discussion   

During the initial steps of preparation and data analysis, the values 
of the last 8 indicator areas (TZK, training, APA) were redirected 
in such a way that bigger results also show bigger importance of 
individual areas (the most important = 8, the least important = 1).
The indicators of the complete second group (assessment of 
preparations for future work) show that the interviewees gener-
ally show low values, especially in terms of the following indica-
tors: OSOC 62 sports sociology, OTUR 63 sport and tourism, and 
OAPA 64 adaptive activity. This means that the mentioned areas 
are considered less important, and they therefore do not deserve 
a particular attention in planning and definition of the profile of 
future experts graduating from the Faculty of Sport and Physical 
Education.  

Out of the other indicators from this group, the following indica-
tors have generally low values:  
PPRE  49 I had presentations of employers related to
      motivation      
ISKU  53 A large percentage of students has work experience    
POSL  48 Before the beginning of studies I knew the
      employers    
POTE 39 Employment potential based on my professional      
     qualifications  
ZAVR 52 I had the opportunity to work on projects as a
      co-author  
There were mostly no presentations of employers, there are few 
student with work experience, and prior to their entry they mostly 
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did not know the employers, the employment potential based on 
professional qualifications is low and there were no possibilities 
for cooperation on projects. This, however, means that all inter-
viewees in general believe that there is no sufficiently good infor-
mation on potential employers, who they are, how they are and 
what they offer (Milanovi , Juki , & Šimek, 2003). The reasons 
for this may be the employers themselves, or lack of information 
and interest of potential students during enrollment and later on.         

It is also not impossible that students decide to become teachers 
and trainers at enrollment without additional information, and there-
fore also ambitions related to sport and physical education, and they 
therefore see employers only as schools (lectures) or clubs (training). 
   
Table 1. Faculty Work Quality Indicators (just students)   

Complete answers of students by categories 1 – 7 (frequency) 
(7 = complete agreement, XA = ‘average values)

XX Content of survey questions  1 2 3 4 5 6 7 XA

55 Costs of practical experience are high   6 3 5 13 17 21 46 5.51

56 I have regular consultations with mentors 29 7 23 23 11 7 11 3.41

57 Availability of mentors is excellent  18 14 19 27 14 11 8 3.63

58 I am satisfied with the frequency of contacts / quality of contacts with the mentor  22 14 21 16 23 8 7 3.50

59 I had the necessary support of the mentor (selection of the topic, planning of   
     research)  

18 17 20 14 25 7 10 3.65

60 At the Faculty there is the possibility of open discussion with employees  12 13 14 28 16 16 12 4.07

61 The lectures at the Faculty start on time  10 4 15 19 16 22 25 4.74

62 The lectures at the Faculty are conducted as planned    3 10 9 18 25 27 19 4.88

63 Professors at the Faculty encourage students to study     10 7 8 23 24 19 20 4.63

64 Professors at the Faculty provide support to students  6 10 13 27 22 21 12 4.44

65 It is possible to study with other students at the Faculty  14 8 8 19 20 19 23 4.55

66 The costs of teaching materials are high  4 0 6 12 17 25 47 5.71

67 It is possible to evaluate what is expected from a subject 6 3 6 15 33 24 24 5.11

68 It is known what to expect from the mentor   11 9 7 33 26 8 17 4.32

69 The most efficient way of work is in small groups  3 8 8 13 16 16 47 5.41

70 The most efficient form of work is a discussion  3 1 9 14 25 25 34 5.41

71 The most efficient form of work is resolution of problems  5 5 3 13 22 31 32 5.37

72 The most efficient form of work are video presentations     4 7 8 15 21 21 35 5.21

73 The most efficient form of work is the classical form of lectures  13 6 14 24 22 15 17 4.34

74 The most efficient form of work are group discussions  9 4 8 21 21 26 22 4.86

75 The brochures sent to future students include the possibility of employment   17 6 17 29 16 14 12 4.00

76 During the first year, advantages and disadvantages of the (future) job are
    discussed

13 9 16 25 17 12 19 4.23

77 During the first 6 weeks, advantages and disadvantages of the job are discussed   16 9 16 27 11 19 13 4.05

78 During the first year of the study, the importance of the best possible CV is
     emphasized  

11 12 13 35 18 7 15 4.06

79 Students may talk to sport professors in successful positions  10 8 14 26 15 22 16 4.42

80 Students get help to identify potential employers/companies  18 14 12 29 15 12 11 3.80

81 Jobs can be found both in the study discipline, but also outside  6 7 12 30 21 15 20 4.60

82 Students get help with filling of applications  17 16 18 21 17 12 10 3.73

83 Students are informed about the whole application process  12 17 14 33 19 11 5 3.75

84 Students get help when making their CVs   19 11 18 30 15 8 10 3.68

85 Students get advice on presentation (clothes) during the interview  20 12 16 22 23 9 9 3.71

86 Students are informed about the interview procedure   21 10 12 34 19 6 9 3.67

87 I was informed about what employers look for and appreciate in case
    of sport teachers   

14 11 17 24 21 14 10 3.98

88 I was informed about potential employment possibilities (main employers)  12 10 16 27 14 21 11 4.15

89 I know which skills, knowledge and attitudes employers consider to be important 
     over the coming 4 years      

5 10 16 32 20 14 14 4.35

90 Job-related skills are explicitly pointed out    5 13 18 33 21 10 11 4.14
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It is obvious that the highest average values belong to indicators 
related to lectures, and the lowest to advisory services provided 
to students in terms of applications, interviews and contact with 
employees.  

It is obvious that these results include a certain number of indica-
tors that are considerably ‘’moved’’ towards the zone of higher 
values:  

- 55 costs of practical experience are high  
- 66 costs related to lecture materials are high  
- 69 the most efficient form of work is work in small groups    
- 70 the most efficient form of work is a discussion  
- 71 the most efficient form of work is resolution of problems    
- 72 the most efficient form of work are video presentations    

It is more than clear how these indicators belong to lectures 
themselves that is being conducted. This shows that students see 
lectures as a gathering, but also that the solutions for high-quality 
lectures should be looked for in various types of implementation.   

In case of a certain number of indicators it is obvious that the 
distribution is oriented towards uniformity:  

- 58 “I am satisfied with the frequency / quality of contact  
  with the mentor”
- 65 At the Faculty it is possible to study with other students      
- 82 Students get help when filling the applications  
- 85 Students get advice on presentation (clothes) during the    
  interview  

These indicators point to assistance and cooperation with other 
persons at the faculty, but not professors, but rather mentors, 
technical staff and colleagues students. Based on this we may 
conclude that students probably do not have adequate informa-
tion on situations described in these indicators, and therefore 
there are different attitudes on this.     

In case of most other indicators, there is a tendency of ‘’normal’’ 
distribution, which would mean that students have different ap-
proaches to phenomena and situations described by these indi-
cators, and probably due to a series of reasons and conditions.  

Relations between indicators  

-Latent dimensionality of indicators  

The overall group of 170 interviewees based on 89 indicators 
by means of the classical factor procedure (including screen 
technique of dimensionality reduction) was reduced to 6 relevant 
and important latent dimensions. These dimensions describe the 
phenomena that cause the attitude described in the survey based 
initial results. The relevant values amounted to: 19.59, 11.34, 
4.46, 2.57, 2.39 and 2.16. Every latent phenomenon had an eas-
ily recognizable character, and after the transformation in the or-
thoblique position, they were identified as:   

1. Representation of skills indicators    

2. Importance of skills indicators    

3. Quality of studies in terms of preparation for the job  

4. Information on employers   

5. General knowledge

6. Integration in the social community  

Such dimensionality describes the 6 most important latent in-
dicators that exist in the data related to 170 interviewees. The 
overall group of representation indicators is in the first dimension, 
and the overall group of importance indicators in the second. The 
quality of the study is described in the third group, employer in-
formation in the fourth, general knowledge in the fifth and social 
field integration in the sixth dimension.  

The associations of latent indicators also show some phenome-
na, and of course the representation of perceived characteristics 
is directly and closely related to the integration in the social com-
munity, and the importance of these characteristics and general 
knowledge (table 2).

Table 2. Latent indicators phenomena

Representation of perceived characteristics and integration 
in the social community (0.72)

Importance of these characteristics and general knowledge                                                           
(0.61)

Representation and importance of these characteristics                                                    
(0.25)

Importance of these characteristics and integration in the 
social community                                    (0.23)

Quality of studies and information on employers           (0.20)

The areas are integrated in an interesting way: physical culture, 
tourism and APA are poorly projected to the dimension of the 
quality of studies in terms of preparations for the job (TZK and 
APA negative). Training, management, psychology and medicine 
are projected to the dimension of general knowledge, whereby 
management is even projected negatively.     

 Regression of all 8 areas in case of the 
remaining 81 indicators      
These analyses were done with the aim to try explaining the im-
pact of primary indicators to variations of the selection of signifi-
cance of individual areas offered in the questionnaire (TZ culture, 
training, sport management, sport psychology, sport medicine, 
sport sociology, sport tourism, and APA). Since everyone is in-
terested in these problems, these analyses were made for a group 
of all 170 interviewees.   

We see that not all regressions are important, but just two, name-
ly those related to sport medicine and APA. The regressions in 
case of sport management and sport tourism are fully irrelevant 
(p around 0.80), whereas the others partly are to a certain extent 
near possible relevance (p around 0.20).

These facts already speak for themselves. It is therefore neces-
sary to ask the question how it is possible to explain the impor-
tance of the regression of sport medicine and APA, when it was 
already noticed that these two areas gave quite a poor result in the 
classification among other areas, where TZ culture and training 
were preferred, and in case of which it is not possible to explain 
the differences even with the indicator of 81!? It seems that the 
interviewees were unconsciously motivated to show why these 
areas are not important for them.              

The interviewees expect to acquire additional knowledge in sport 
medicine, use of computers and  overview of possible careers 
are important. But, at the same time they do not see any need 
for searching for literature and acquiring new information, nor in 
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the work on projects with employers, they consider oral com-
munication not that important (2008 Malacko, J.; I. Radjo), they 
do not think that they are sufficiently prepared for the continuation 
of their studies and they do not see the consideration of ethical 
principles in sports in the field of sports medicine.          

All this together means that they are in a way eliminated from 
this field and that they do not have a positive opinion on this, 
so that basically the prediction is generally negative. The inter-
viewees assume that the evaluation of the APA area requires 
criticism and self-criticism, interdisciplinary work and use of 
knowledge in practice and overview of career possibilities. They 
also believe that no interpersonal skills, practical abilities, in-
formation from various sources and project design are neces-
sary. It seems that in the APA area, the interviewees do not see 
the body, but rather themselves, which, if it is true, does not 
represent particularly good indicators. In both cases we have 
to admit that in relation to sport medicine and APA area the 
interviewees do not show particular interest, and part of such 
considerations should certainly be related to their insufficient 
specialist knowledge on the one hand, and non-existence of 
information on these areas that would explain the possible im-
portance and problems.      

It seems that the Faculty of Sport, when it comes to their at-
titude, that also include the area of interest and long-term pro-
gram guidelines, should not educate experts in these two fields, 
because it is obvious that serious education requires completely 
different programs, and maybe even profiles. The true question, 
of course, should be asked in terms of the potential employers 
from these two areas, who will certainly devote more attention 
to graduates from the medical education sector to the detriment 
of graduates from the Faculty of Sport, which is also one of the 
reasons for the described situation. 
          
It was not possible to explain other areas based on the se-
lected prediction indicators, although the same determinants 
are quite pronounced and vary between 0.43 and 0.53, and 
multiple correlations between 0.66 and 0.73. However, even in 
this case, the residual of an unexplainable part is still very high 
and does not allow a generalization in terms of importance. 
It should be mentioned that such a situation appears always 
when there are strong nivellization generators of information 
within the group of primary information, whose source is in 
the non-neutral social sphere and is related to the indicators 
of status, salary, social recognition, purchasing power, etc., 
when these generators simply win over all other sources of 
information. However, this also means that the answers were 
obtained under an extraordinary impact of nivellization, so that 
answers for successful learning, employment, work, recogni-
tion, salary, career, etc. Cannot be found in local segments of 
the institution itself (Faculty), but have to be looked for in the 
wider social environment, because these strong sources of 
information simply marginalize professional and other type of 
information important for the understanding of predictions of 
specific areas as in this case.     

Clique analysis

For the purposes of this project, we conducted a clique analysis 
(impact analysis) with the goal of establishing the key origina-
tors of all activities generated by the entities themselves based on 
selected indicators. The clique number was isolated based on the 
screen function of specific activity values.   

The results showed the following:

There are two cliques, and they are both defined by indica-
tors or representation or importance.  

There are no indicators of the quality of preparations during 
the studies for the job or individual areas.  

All values are positive and the first clique is representa-
tion, and the second is the importance of indicators.

Cliques were recognized as:
1. the representation of analyzed characteristics (skills or 

knowledge),
2. the importance of these characteristics (skills or knowl-

edge).

This means that the key information are of internal type (con-
sidering the research), defined based on the first questionnaire, 
whereas other indicators had no impact on the establishment of 
the clique. It seems that here you see a basic divergence in the 
values that were impossible to discover otherwise. Namely, there 
is an obvious lack of adjustment between the attitudes about the 
importance and the opinion on the presence of certain charac-
teristics of the institution, so that this information is continuously 
presented.

Clique 1 predominantly includes employers and students, and clique 2 
predominantly includes alumni and employers, whereas the students 
and alumni are outside the clique.

It is evident that the cliques are poorly saturated in the field 
of indicators, which means that their constitution is not too 
strong, but nevertheless harmonized, because all important 
projections in the first case amount to 0.20, and in the second 
case to 0.10. The clique correlations show us that there is a 
weak negative link among them, which means that these two 
characteristics of establishment of reactions are nevertheless 
distant, and do not match with reactions at higher levels. At first 
this seems to be somewhat surprising, because if we imagine 
the first clique as a group of persons who wish a much bet-
ter representation of certain skills and knowledge in the faculty 
programs, and the other one as a group of persons who em-
phasize a greater importance of some skills and knowledge, 
then we obviously have not a small problem resulting from the 
eternal thinking about theory and practice. Or, at least, the in-
terviewees do not see ways how to reconcile these differences 
at this moment.     

Clique 1 Clique 2

Out of a total of 170 entities, 
109 of them belong to the first 
clique, and 29 of them belong 
to the second clique. 32 do 
not belong to any clique.

Out of 125 students 81 belong 
to the first clique, 17 belong 
to the second clique and 27 
of them do not belong to any 
clique.

Clique 1 Clique 1

Out of 15 employers, 11 of 
them belong to the first clique, 
3 of them belong to the sec-
ond clique, and 1 belongs to 
no clique.

Out of 30 alumni, 17 of them 
belong to the first clique, 9  
belong to the second, and 4 
belong to no clique.
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The attitudes of students about the 
Faculty   

-The latent dimensionality of the indicators  

Latent information that could be distinguished were obtained from 
the indicators that were given in the questionnaire only for stu-
dents. There were 36 such indicators, and the overall number of 
interviewed persons amounted to 111. After the normalization of 
data, the associations of indicators and other multivariate analy-
ses were calculated.  
Based on the interactions of indicators it was possible to locate 6 
important indicators of latent dimensionality (extraction by means 
of screen technique). The latent indicators were very easily rec-
ognizable and identifiable.      

Most of the indicators of the projections are sufficiently pro-
nounced in order to determine their primary latent contents. A 
certain number of indicators were projected in a multiple way, 
which means that there is no single latent content, which is prob-
ably caused by the complexity of the content of the indicator it-
self. The latent indicators were identified as:  

1. Counseling service during job application  

2. Teaching process and forms of work

3. Consultations with supervisors   

4. Professors and the quality of their relations with students  

5. Information about the study at the beginning of education

6. Assessment of future job opportunities  

As you may see based on these 6 dimensions, the essence of the 
educational process at the Faculty is almost fully completed. The 
students realistically expect the institution to provide them with in-
formation about the study at the beginning of education, (OBQ5), 
to have good consultations with the supervisors (OBQ3), to orga-
nize the teaching process or conditions in a good way (OBQ2), to 
have the teaching staff working well with them (OBQ4), to ensure 
an assessment of future job opportunities (OBQ6), and finally to 
get the assistance from the Faculty through advisory services 
when applying for a job (OBQ1).
It seems that the students have quite good attitudes about what 
they want, how they see the whole institution. But to what extent 
this was preserved and how it really functions, this is something 
completely different, but it is impossible to negate that they know 
what they need.  
In this respect we might say that the institution generally forms 
good attitudes. Two latent indicators of the widest scope were 
identified at the following level ( table 3.):

   
Table 3. Two latent indicators of the widest scope

 F1 F2

1. Advisory role when applying for a job 0.86 -0.13

2. Teaching process and forms of work  -0.22 0.94

3. Consultations with the supervisors  0.67 0.11

4. Teachers and the quality of their relations 
    with the students   0.16 0.69

5. Information about the study at the
    beginning of education   0.64 0.31

6. Assessment of future jobs  0.70 -0.10

It is visible that the first one represents a complete group of 
consultative activities, and the second group of teaching pro-
cesses, which confirms clear attitudes of the students. Future 
efforts should therefore meet these two key bases. The relation 
of these two dimensions was +0.40, which is also positive as 
a system of values, because these prerequisites are realistically 
not separable.   

But it is interesting that students do not see the institution exclu-
sively as the center of teaching processes, so that this is certainly 
a basis for the development of future plans, programs, and activi-
ties in general.  

Taxonomy of student indicators about the 
quality of study  
Since the registered structure of the attitudes towards the institu-
tion, and since it is obvious (based on data on individual indica-
tors) that some parameters are not satisfactory, another analy-
sis was necessary in order to detect divergences within global 
attitudes (Radjo & Wolf, 2001). Without this, just based on the 
indicators and latent dimensionality, it would be impossible to 
discover which part of the overall values was not satisfactory 
and what needs to be changed or supporter to a larger extent. 
Such an analysis was made in the field of distinct taxons based 
on the Uditax model that defines the clusters of entities based on 
extreme distances of representative individuals by adding other 
entities based on minimum cluster distances. These taxons group 
the entities in exclusive distinct groups and then projections are 
calculated based on initial variables, or, in this case, the survey 
indicators.          

Three distinct taxons were obtained (the criterion for the ex-
traction was the screen technique). It is evident that the taxons 
are unequally represented given the number of entities defining 
them. The first includes only 7 entities (around 6%), and the 
second 34 (around 30%), and the third most of them, as many 
as 71 (around 63%). The third reason that gathers the largest 
number of interviewees was very clearly defined by all negative 
projections, which were not particularly pronounced, because 
all maximum values of the indicators vary between -0.30 and 
-0.45. We therefore may conclude that this is an moderately 
negative taxon constitution. These interviewees have under 
average values in literally all indicators, but without extreme re-
sults. It may be said that the majority of attitudes of students 
from this group are directed towards a grade that might amount 
to 3.0 on a scale from 1 to 7, which means that these interview-
ees believe that the overall work at the Faculty is just under the 
average as compared to possible expectations. This piece of 
information is very important exactly because of a large number 
of entities in this taxon, because it includes around 2/3 of all 
interviewees.     

The second taxon includes a somewhat less than 1/3 of all inter-
viewees and it is defined by literally all positive values of indica-
tors, but they are much more pronounced than in case of the indi-
cators of the third taxon, so that most of the indicators are above 
+0.50, with upper values even up to +0.93. we therefore may 
say that this is an extremely positive constitution of the taxon. 
It may be said that the major attitudes of the students from this 
group are directed towards a grade that might be around or above 
5 on a scale from 1 to 7, which means that these interviewees 
believe that the work of the Faculty has a quality above the aver-
age in all segments described in the indicators.  
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Finally, the first taxon that gathers the smallest number of inter-
viewees has a particular structure, with pronounced extremely 
negative, and sometimes also positive values, so that the inter-
viewees belonging to this taxon basically act pronouncedly nega-
tively as compared to the offered indicators. These interviewees 
believe that the lectures should be improved and here they give 
their pronouncedly positive grades that would amount to approxi-
mately 5.5 on a scale from 1 to 7. However, they see the pos-
sibility of learning with other students with the same intensity, 
even more, but in a negative way, and they believe that the costs 
of lectures are very low, and believe that students do not know 
the job application procedure, so that the value of these answers 
are around and below 2 on a scale between 1 and 7. There is 
a series of negative values varying between -0.40 and -1.00, 
which corresponds to values of 2.5 – 3.0 on a scale between 1 
and 7, which is a clear under average value. It is mostly about a 
pronounced dissatisfaction with the institution, with several aver-
agely expressed values of indicators.   

Conclusion

A research was conducted for the Tempus project ‘’Testing Cur-
riculum of the Faculty of Sport and Physical Education in Sara-
jevo’’, which included 170 interviewees and 3 subsamples. 125 
students, 15 employers and 30 alumni (graduate students of the 
Faculty of Sport and Physical Education or holders of MA in sport 
and physical education). 

The measuring instrument (survey) was structured into four 
parts:   
The first part related to an assessment of the indicators of repre-
sentation of general characteristics and importance of knowledge 
and skills for the practical application of these characteristics. 
The second part included an analysis of the quality of preparation 
at the Faculty for future jobs.
The third part included an analysis of the importance of individual 
areas of application of sport and physical education.
These three parts were tested on all interviewees. 
The fourth part of the assessment was conducted only on stu-
dents, and it is related only to the quality of work at the Faculty.  

After the application of mathematical and statistical procedures 
and processing of the obtained results, the following conclusions 
were reached:  

Representation and Knowledge and Skill Importance Indicators    

• There are tendencies of equally directed differences among 
the same indicators that determine the representation at the 
Faculty and importance of analyzed individual characteristics 
in practice. The intensity of the importance of these charac-
teristics is always significantly more pronounced than the rep-
resentation that is present in the attitudes of all interviewees, 
particularly significant differences were present in case of the 
alumni. The indicators with the greatest level of differences in 
representation and importance are the following ones:   

- the importance of the ability to apply knowledge in
  practice        
- the importance of the planning skill  
- the importance of foreign language skill  
- the importance of skills necessary for research activities        
- the use of measuring methods and techniques  
- creativity
- decision making  

These indicators reflect the opinions of the interviewees who be-
lieve that the representation of all analyzed characteristics, espe-
cially the ones that were mentioned, is not in compliance with the 
importance of these characteristics in immediate practice.        
• In the conclusion based on the obtained results, we particu-

larly emphasize by far the weakest evaluation in relation to the 
following indicators:   

- The skills necessary for research activities    
- Criticism and self-criticism   
- Ability to plan and organize time  
- Foreign language skills  
- Use of measuring methods and techniques  
- The ability to work in an international context     
- Decision making  
- Initiative and entrepreneurial spirit   
- Appreciation of differences (different cultures)
- Use of technology in sport and physical education    
- Ability of analytical thinking  
- Understanding of cultures and customs of other people 
  and countries.  

All the mentioned indicators belong to the subarea of representa-
tion, which leads us to the conclusion that all interviewees be-
lieve that in the previous curriculum of the Faculty the presence or 
development of these characteristics at the Faculty neglected or 
insufficiently present in the program curricula. The interviewees 
expect better information during the study that will enable them 
and show them the tools for process planning, monitoring and 
management.
Based on the mentioned indicators that belong to the subarea 
of representation, only one indicator in this group speaks about 
sport and physical education (use of technologies in sport and 
physical education), all other indicators may truthfully describe 
any other profession (literature, film, painting).           

The first general conclusion based on the analysis of results tells 
us that different educational processes at the Faculty are coming, 
which should be directed towards major capacity in the area of 
organization and management, and no longer exclusively to the 
processes of physical education (teacher) and training technolo-
gies (trainer).              
Based on the obtained results the fact is that the perception of 
professors of physical education and trainers is significantly 
changing and that process management, organization and man-
agement are increasingly penetrating the sphere of educational 
processes.  

Evaluation Indicators for Preparation for Future Jobs  

The interviewees generally show low values as compared to the 
following indicators: sport sociology, sport and tourism, adaptive 
physical activity.   

Physical education and sport are at the top of the scale, followed 
by management, sport psychology and sport medicine, and 
these are areas that need to be considered when creating future 
educational curricula.  

The second general conclusion is that students have a very lim-
ited direction in terms of preparation for their future work and in 
their perception they see their employers exclusively as schools 
(teaching) and to a lower extent clubs (training). This generally 
shows in case of all interviewees that there is no good informa-
tion about possible employers in future outside the schools and 
clubs. The reason for this situation might be lack of information 
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and interestedness of students in changes occurring in the soci-
ety, which is present during enrollment, studies and later.  
After determining the factors for the overall group of 170 inter-
viewees, based on 89 indicators, we conducted a factor analysis 
and got 6 latent dimensions that show that the association of 
latent indicators shows that the representation of the analyzed 
characteristics is directly and closely related with the integration 
into the social community and the importance of these character-
istics with general knowledge.      
In the clique analysis, the cliques were recognized as the repre-
sentation of the analyzed characteristics (skills or knowledge), 
and the importance of these characteristics (skills and knowl-
edge). A general conclusion would be that key information of 
internal type (considering the research) were modeled based on 
the first questionnaire, whereas the other indicators for the estab-
lishment of cliques had no impact. There is an obvious disagree-
ment between the attitudes and importance and opinions on the 
representation of certain characteristics at the institution, so that 
this information is continuously emphasized.        

Latent information that was obtained from the indicators in the 
questionnaire was offered only to students, and 6 important latent 
dimensions were obtained. Based on these we can fully see the 
essence of the educational process at the Faculty.  
Students realistically expect the institution to give them informa-
tion on:  

- The study at the beginning  
- To have good consultations with the mentors (teachers)     
- To have a well organized teaching process (conditions)   
- To have teachers work well with them,     
- To get the assessment of future working places,    
- And finally to be helped by the Faculty in terms of advisory 
  services when searching and applying for future jobs.  

Based on these indicators, the Faculty should re-examine to what 
extent it meets the expectations of the students. 
Based on the results, the students do not see the Faculty only 
as the center of teaching processes, but as an institution with a 
wider field of activity, which is a good indicator for future plans 
and programs and general activities of the Faculty. 
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Introduction

The increasing pace of advancement in football requires modern 
approaches, concepts, forms, contents and procedures in work 
with young football players. In order to achieve the desired ef-
fects in the process of training and competition of the young, it 
is necessary to start with timely and well-founded guidance and 
selection according to a desirable condition that had been mod-
eled in advance (a complexity model, specification equation) in 
football, and secondly, according to meaningful diagnosing, plan-
ning, programming and effects controlling of the implemented 
training process (Radosav, 1984;  Molnar, 2003; Švraka, 2003; 
Joksimovi , 2005).
 
So far numerous practical experiences and scientific research-
es (Kureli , Momirovi , Stojanovi , Radojevi , & Viski -Štalec, 
1975; Gredelj, Metikoš, Hošek, & Momirovi , 1975; Malacko, & 
Popovi , 2001) have shown that a well-programmed training pro-
cess can efficiently and successfully transform the status of both 
children and young people.
 Only with a well-founded and meaningful training process can 
personality structure be developed and guided towards a desired 

goal, under condition of retrieving reliable feedback information 
on the condition and changes in primary anthropological char-
acteristics resulting from adequately applied training devices, 
methods and loads. 
For these reasons, it is of utmost importance that we are familiar 
with the morphological status and development of basic motor 
abilities that sports results chiefly depend on and which, further-
more, need constant development, control and correction in or-
der to achieve the best effects in the shortest time (Doder, 2002; 
Malacko, & Ra o, 2004; Malacko, & Doder, 2008). 
According to a modern classification of sports activities, the way 
the football is played today belongs to the group of polistructural 
activities of complex nature. From a biomechanical standpoint, 
the game of football is defined by complex motor structure com-
prised of different cyclic and acyclic movements. Quick and sud-
den situational changes are quite common in the game, which 
requires quick and sudden reactions from the players in order 
to achieve a desired effect. In these complex circumstances the 
players are required to exhibit maximum concentration, oversight 
and time/spatial orientation, situational reasoning and other an-

Slavko Molnar1, Dragan Doder2, Stevo Popovi 1, Radoslava Doder3 and Smaji  Miroslav1

Diagnostic Validity of the Tests 
for Assessing and Monitoring Football-Playing
Abilities in Boys 
1 University of  Novi Sad, Faculty of Sport and Physical Education, Serbia
2 Department for Sports of Vojvodina Province, Novi Sad, Serbia
3 University of Novi Sad, Medical Faculty, Serbia

Original scientific paper

Sažetak
Na uzorku 105 de aka, uzrasta od 10 godina, bio je primenjen sistem 
od ukupno 22 varijable (12 morfoloških  i 10 specifi no motori kih ), sa 
ciljem da se utvrdi dijagnosti ka (faktorska) valjanost baterije testova za 
procenu i pra enje de aka za fudbal. Primenom faktorske analize (direktan 
oblimin, Kaiser l³1.00), u morfološkom i specifi no motori kom prostoru 
izolovane su po dve latentne varijable. Prvu morfološku latentnu varijablu 
definišu varijable za procenu voluminoznosti tela i potkožnog masnog tki-
va, a drugu za procenu longitudinalnosti i transverzalnosti skeleta. Prva 
latentna varijabla u specifi no motori kom prostoru se može interpretirati 
kao varijabla procene preciznosti u poga anju cilja i baratanja loptom, a 
druga kao varijabla za procenu brzine vo enja lopte, snage udarca po 
lopti i brzine krivolinijskog tr anja. Dijagnosti ka valjanost baterije testova 
za procenu i pra enje morfoloških karakteristika, i specifi no motori kih 
sposobnosti de aka za fudbal utvr ena je faktorskim postupkom pomo u 
matrice paralelnih projekcija (A - matrice), a nju sa injavaju 5 morfoloških 
(telesna masa, telesna visina, obim potkolenice, kožni nabor natlolenice i 
kožni nabor potkolenice) i 5 specifi no motori kih varijabli (ga anje cilja 
iz vo enja – nogom, vo enje lopte po polukrugu, vo enje lopte prome-
nom pravca kretanja, udarac po lopti glavom u dalj i udarci kotrljaju ih 
lopti u zid – nogom .

Klju ne re i: fudbal, de aci, morfološke karakteristike, specifi ne mo-
tori ke sposobnosti, dijagnosti ka valjanost 
 

Abstract
The system of 22 variables in total (12 morphological and 10 specific 
morphological ones) was applied to the sample that included 105 boys, 
aged 10, with the aim of determining diagnostic (factor) validity of the 
battery of tests for assessing and monitoring football-playing abilities in 
boys. Applying the factor analysis (direct oblimin, Kaiser l³1.00), in mor-
phological and specific motor space two latent variables for each of them 
were isolated. The first morphological latent variable is defined using the 
variables for the assessment of body voluminosity and subcutaneous adi-
pose tissue, while the other is defined by variables for the assessment of 
skeleton longitudinality and transversality. The first latent variable in speci-
fic motor space can be interpreted as a variable for assessing precision in 
hitting the target and a ball handling, while the other can be interpreted as 
a variable for the assessment of the speed of guiding the ball, the ball kick 
strength and the speed of curvilinear motion/running. Diagnostic validity 
of the battery of the tests for assessing and monitoring morphological 
characteristics and specific motor football-playing abilities in boys was 
determined applying the factor procedure by means of parallel projection 
matrix (matrix A), which is consisted of 5 morphological variables (body 
mass, body height, shinbone circumference, thigh skinfold, calf skinfold) 
and 5 specific motor variables (propelling the ball towards a goal through 
dribbling (running with the ball close to one’s feet) - with a foot, guiding 
the ball around the semicircle, guiding the ball in random directions, he-
ading a ball over a long distance, striking a rolling ball (without settling it 
first) against the wall – with a foot). 

Key words: football, boys, morphological characteristics, specific mo-
tor abilities, diagnostic validity. 
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thropological features and motor abilities. Physiological load im-
posed on football players during a practice and competition is 
particularly big, due to high intensity that must be kept constant 
for a longer period of time, i.e. as long as the game lasts. Football 
requires high aerobic and anaerobic abilities, which increases the 
complexity of modern training technology. A modern way of play-
ing obliges the player to perfectly master the technique elements. 
The overall aim of the game is to ensure victory over the oppo-
nent by scoring most goals. Apart from this basic aim, during the 
game a number of smaller attack/defense problems are solved, 
which all have the function of achieving the basic aim. Football as 
a collective game offers certain possibilities for the development 
of positive moral/voluntary traits and emotions, but they need to 
be systematically formed through a pedagogical process, espe-
cially in the case of young players. 

The aim of this research is to determine diagnostic (factor) valid-
ity of the battery of the tests used for assessing and monitoring 
morphological characteristics and more specifically motor abili-
ties football-playing abilities in boys in order to be able to create 
most rational procedures for optimal modeling, diagnosing, plan-
ning, programming and controlling a training process during the 
continual selection and training process. 

Methods

Participants
The total of 105 boys, aged 10, was recruited from the school 
of football in Novi Sad (Serbia) and subject to the 22-variables 
system, 12 morphologic and 10 specific motor variables.  

Instruments
For the assessment of morphologic characteristic the following 
measures were applied: longitudinal skeleton dimensionality 
– 1. body height (BODHEI), 2. – leg length (LEGLEN), - 3. foot 
length (FOOLEN), transversal skeleton dimensionality – 4. pelvic 
width (PELWID), 5. knee diameter (KNEDIA), 6. ankle diameter 
(ANKDIA) – 7. body mass (BODMAS), 8. femur circumference 
(FEMCIR) 9. shinbone circumference (SHICIR) and hypodermic 
adipose tissue – 10. abdominal skinfold (ABDSKI), 11. thigh 
skinfold (THISKI) and 12. calf skinfold (CALSKI).
For the assessment of specific motor abilities the following tests 
were applied: for assessing the accuracy of hitting the target - 1. 
propelling the ball towards a target in a vertical position– with a 
foot (PVTFOO) – 2. propelling the ball towards a goal through 
dribbling (running with the ball close to one’s feet) - with a foot 
(PGDFOO), for ball-handling assessment – 3. striking a rolling 
ball (without settling it first) against the wall – with your foot 
(KIRBAW) 4. kicking the ball after it bounces off the ground 
and striking it against the wall – with your foot (STWBOG), for 
assessing the speed of guiding the ball 5. guiding the ball around 
the semicircle (GUBASE), 6. guiding the ball in random directions 
(GUBRDI), for assessing a ball kick force 7. kicking the ball over 
a long distance (KIBLDI), 8. heading a ball over a long distance 
(HEBLDI), for assessing curvilinear motion – 9. running around 
the semicircle (RUNSEC), and 10. running in random directions 
(RUNRDI).

Procedure 
For every applied variable the following central and dispersion 
parameters were calculated: arithmetic mean (M), standard 
deviation (S), standard error of arithmetic mean  (Se), minimum 

value (min) and maximum value (max). The normality of variables 
distribution was tested using the skewness (Sk) and the kurtosis 
(Ku). 
The analysis of the relation between the applied manifest variables 
for all two types of space (morphological and specific motor skills 
space) was conducted using intercorrelation matrix of manifest 
variables. 

Determining the structure of morphological characteristics 
and specific motor abilities was performed by means of factor 
analysis (direct oblimin), whereas the criterion 1.00 (Kaiser 

>1.00) was applied for the extraction of characteristic roots. 
Communalities were calculated (h2) for all the applied variables in 
order to obtain their basic information values. 

The latent variable structure was calculated using a composition 
matrix (matrix A) which contains parallel projections (coordinates) 
of the variables onto the factors, structure matrix (matrix F) 
which contains orthogonal projections of the variables onto the 
factors, i.e. correlation of variables and factors, as well as factor 
intercorrelation matrix (matrix M). The data were processed by 
means of a statistical software package SPSS 10.0 for Windows.  

Results 

The tables 1, 2 and show the results of the central and disper-
sive statistical parameters of morphological and specific motor 
variables, as well as their discrimination. In case of the skewness 
(Sk) analysis, variables with normal (symmetric) distribution 
were given in bold, which means the result ranges from 0-1.00. 
Analyzing the Table 1, we see that in almost all of the applied mor-
phological variables: (BODHEI), (LEGLEN), (FOOLEN), (PELWID), 
(KNEDIA), (ANKDIA), (BODMAS), (FEMCIR), (SHICIR), (THISKI), 
(CALSKI) distributions are normal because they do not exceed 
the value of 1.00, while the negative distribution is found only in 
the case of (ABDSKI) variable, its asymmetry being expressed in 
the positive direction, which means that a number of the examin-
ees demonstrated considerably lower values. 

Table 1. Central and dispersion parameters of morphologic variables

Legend: M - arithmetic mean, S - standard deviation, Se - standard 
mistake of arithmetic mean, min, max - minimal and maximal result,   
Sk - skewness, Ku – kurtosis.

Variables M S Se min max Sk Ku

BODHEI 137.22 6.26 .61 116.90 150.40 -.09 .31

LEGLEN 78.12 4.63 .45 66.80 88.30 -.06 -.52

FOOLEN 20.57 1.20 .11 16.00 23.50 -.17 1.59

PELWID 21.81 1.71 .16 16.90 25.90 .10 .40

KNEDIA 6.16 .45 .04 4.80 8.20 .49 2.90

ANKDIA 8.42 .55 .05 6.60 9.90 -.01 .98

BODMAS 31.76 4.98 .48 18.50 46.00 .54 .47

FEMCIR 38.71 4.33 .42 25.70 53.50 .40 1.39

SHICIR 28.14 2.22 .21 21.00 35.00 .21 .87

ABDSKI 6.37 3.82 .37 3.00 25.00 2.63 8.37

THISKI 11.93 4.04 .39 4.00 23.00 .61 .40

CALSKI 11.47 3.65 .35 5.60 23.00 .60 .08
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Analyzing the Table 2, only the (PGDFOO) variable has abnormal 
distribution, while in case of all other variables distributions are 
within normal range

Table 2. Central and dispersion parameters of specific motor  variables

Variables M S Se min max Sk Ku

PVTFOO 2.99 1.67 .16 0.00 7.00 .27 -.31

PGDFOO 6.15 2.26 .22 3.00 15.00 1.12 2.23

KIRBAW 12.50 2.84 .27 6.00 24.00 .73 2.05

STWBOG 24.01 3.46 .33 14.00 33.00 -.17 .13

GUBASE 20.42 2.16 .21 16.50 25.79 .54 -.29

GUBRDI 13.48 1.98 .19 9.65 20.00 .47 .47

KIBLDI 4.91 1.12 .11 2.30 7.80 -.07 -.16

HEBLDI 16.65 4.46 .43 6.50 29.50 .43 .19

RUNSEC 9.52 .88 .08 7.97 12.53 .96 1.71

RUNRDI 13.98 1.01 .09 9.87 16.82 -.33 2.19

Based on the matrix, the variables intercorrelations in the area of 
morphological characteristics (Table 3) of young football play-
ers have rather homogenous structure which mainly includes 
statistically significant correlation coefficients. A high positive 
correlation is noted within the segment of longitudinal skeleton 
dimensionality which ranges between .69 and .87. Variables for 
assessing the longitudinal skeleton dimensionality are more re-
lated to the variables of transversal skeleton dimensionality and 
body voluminosity.

Table 3. Correlation of morphological variables

Analyzing the intercorrelation matrix of specific motor variables 
(Table4) the relationship was found to be the strongest between 
the variables: for assessing the speed of guiding the ball, guiding 
the ball around the semicircle (GUBASE), and guiding the ball in 
random directions (GUBRDI), on the one hand and, on the other, 
the variables for assessing curvilinear motion - running around 
the semicircle (RUNSEC), and running in random directions 
(RUNRDI). The variable ‘propelling the ball towards a goal through 
dribbling - with a foot’ (PGDFOO) has its strongest relationship 
with the variable ‘kicking the ball over a long distance (KIBLDI)’

Legend: M - arithmetic mean, S - standard deviation, Se - standard 
mistake of arithmetic mean, min, max - minimal and maximal result, Sk 
- skewness, Ku – kurtosis.

Variables 1 2 3 4 5 6 7 8 9

PVTFOO
PGDFOO .32
KIRBAW .21 .21
STWBOG .36 .33 .37
GUBASE -.35 -.24 -.32 -.44
GUBRDI -.40 -.34 -.42 -.46 .67
KIBLDI .24 .05 .23 .28 -.46 -.45
HEBLDI .18 .29 .30 .38 -.47 -.46 .49
RUNSEC -.35 -.11 -.31 -.23 .52 .54 -.32 -.15
RUNRDI -.18 -.20 -.25 -.32 .52 .43 -.34 -.40 .36

Variables 1 2 3 4 5 6 7 8 9 10 11
BODHEI
LEGLEN .87
FOOLEN .82 .69
PELWID .63 .47 .60
KNEDIA .56 .55 .54 .29
ANKDIA .72 .66 .65 .65 .66
BODMAS .76 .63 .66 .86 .51 .81
FEMCIR .62 .53 .52 .70 .60 .74 .85
SHICIR .63 .53 .60 .79 .46 .80 .92 .82
ABDSKI .35 .17 .18 .69 .16 .41 .69 .63 .62
THISKI .50 .36 .38 .67 .26 .54 .73 .69 .68 .70
CALSKI .46 .32 .33 .67 .22 .56 .73 .66 .69 .67 .88

 p.05 = .138   p.01 = .181
Table 4. Correlation of specific motor variables

p.05 = .138   p.01 = .181
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Factorizing the intercorrelation matrix (Table5) of the variables 
and applying the Kaiser Criterion (1.00) in morphological space 
two characteristic roots were obtained that account for 78.8% of 
common variance (CUM %), whereas an individual contribution 
to the explanation in case of the first latent variable totals 63.9%, 
and in case of the other 15.0%. 

Table 5. The structure of morphological latent variables

% Cum %
1. 7.67 63.9 63.9
2. 1.79 15.0 78.8

As far as specific motor space is concerned, (Table 6) just as it 
was the case with morphological space, two characteristic roots 
were obtained here as well, accounting for 52.8 % of the com-
mon variance (CUM %), whereas an individual contribution to the 
explanation in case of the first latent variable totals 41.6 %, and in 
case of the other 11.2 %.

Table 6. The structure of specific motor  latent variables

% Cum %

1. 4.16 41.6 41.6

2. 1.12 11.2 52.8

The interpretation of the structure of morphological and specific 
motor latent variables was carried out by means of composition 
matrix (matrix A), which contains parallel projections , that is vec-
tor coordinates length in a coordinate system. 
The first latent variable (Lv-1) in morphological space (Table7) 
can be interpreted as body voluminosity and subcutaneous adi-
pose tissue, whereas the other one (Lv-2) could be interpreted 
as skeleton longitudinality and transversality. Communality values 
of individual morphological variables (h2) have high values and 
range between .60 and .94, which means that the explained parts 
of the variable vectors are satisfactory, in other words manifest 
variables were measured with no significant errors. Based on 
the intercorrelation matrix it is evident that there is a statistically 
significant correlation between isolated morphological latent vari-
ables at the level of .47 (R Lv-1 Lv-2). 

Table 7. The structure of morphological variables

RF1F2= .47
Legend: Lv-1 = first latent variable, Lv-2 = second latent 

variable, h2 = communalitaties of variables

The first latent variable (Lv-1) in specific motor space (Table 8) 
can be interpreted as a variable for assessing the accuracy of 
hitting the target and ball handling, whereas the other one (Lv-
2) could be interpreted as a variable for assessing the speed 
of guiding the ball, the ball kick force and curvilinear motion 
(curvilinear running mode). Communality values of individual 
morphological variables (h2) have low values and range between 
.32 and .70. Based on the intercorrelation matrix it is evident that 
there is a statistically significant correlation between isolated 
morphological latent variables at the level of .40 (R Lv-1 Lv-2).

Table 8. The structure of specific motor variables

Variables Lv-1 Lv-2 h2

PVTFOO .37 .65 .44

PGDFOO .17 .82 .70

KIRBAW .47 .47 .32

STWBOG .50 .68 .52

GUBASE -.87 -.42 .69

GUBRDI -.79 -.56 .69

KIBLDI .73 .11 .57

HEBLDI .64 .39 .43

RUNSEC -.66   -.26 .43

RUNRDI -.68   -.26 .47
RF1F2= .40

Legend: Lv-1 = first latent variable, Lv-2 = second latent 
variable, h2 = communalitaties of variables

Discussion 

Football, as an organized competitive sport, requires organized 
highly training technology that includes optimal methods, means 
and loads within the scope of macro-, mezo- and micro-cycles. 
Considering everything that has been said so far, it is perfectly 
clear that football as the top sport requires exquisite abilities in 
players, high training technology adjusted to each player in par-
ticular. Thus, particular emphasis is placed on an individual ap-
proach throughout practice, irrespective of the fact that this is a 
collective sport. All this, naturally, requires that a special attention 
is paid to a timely selection of “gifted” boys, systematic and pro-
fessional work with the categories of young players and a special 
education and professional training system for the football staff.
The conducted research showed that in case of morphological 
variables only the measures of subcutaneous adipose tissue de-
viate considerably from the normal distribution, with the positive 
measures of distribution asymmetry indicating that young football 
players have a small amount of abdominal adipose tissue, which 
is of great importance for that age and that sport. 
The conducted research showed that in case of specific motor 
variables only the variable – ‘propelling the ball towards a goal 
through dribbling - with a foot’ deviates considerably from the 
normal distribution.
Based on the matrix, the variables intercorrelations in the area 
of morphological characteristics of young football players have 
rather homogenous structure which mainly includes statistically 
significant correlation coefficients. A high positive correlation is 

Variables Lv-1 Lv-2 h2

BODHEI .53 .90 .84

LEGLEN .37 .88 .78

FOOLEN .41 .87 .76

PELWID .85 .59 .77

KNEDIA .29 .77 .60

ANKDIA .66 .84 .79

BODMAS .88 .76 .94

FEMCIR .81 .68 .78

SHICIR .85 .69 .83

ABDSKI .86 .22 .78

THISKI 89 .41 .80

CALSKI 89 .37 .80
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noted within the segment of longitudinal skeleton dimensionality 
which ranges between .69 and .87. Variables for assessing the 
longitudinal skeleton dimensionality are more related to the vari-
ables of transversal skeleton dimensionality and body voluminos-
ity. These results are consistent with the researches conducted 
by Doder (1998) and Doder (2000).
Finally, it is worth pointing out that the examined young football 
players at that age, are on the one hand, characterized based on 
their body constitution where the age and development factors 
predominate (Doder D, Savi , & Doder R., 2007). Individual val-
ues of subcutaneous adipose tissue are not elevated and, on the 
other hand, there is a statistically significant correlation between 
morphological and basic motor latent variables. 
Analyzing the intercorrelation matrix of specific motor variables 
the relationship was found to be the strongest between the vari-
ables: for assessing the speed of guiding the ball, guiding the ball 
around the semicircle (GUBASE), and guiding the ball in random 
directions (GUBRDI), on the one hand and, on the other, the vari-
ables for assessing curvilinear motion - running around the semi-
circle (RUNSEC), and running in random directions (RUNRDI). 
The variable ‘propelling the ball towards a goal through dribbling 
- with a foot’ (PGDFOO) has its strongest relationship with the 
variable ‘kicking the ball over a long distance (KIBLDI)’. 
Diagnostic validity of the battery of tests designed for assessing 
and monitoring morphological characteristics, basic and specific 
motor, football-playing abilities in boys was determined through 
the factor procedure using the parallel projection matrix (ma-
trix A), which is comprised of 5 morphological variables: body 
mass, body height, shinbone circumference, thigh skinfold and 
calf skinfold; and 5 specific motor variables: propelling the ball 
towards a goal through dribbling (running with the ball close to 
one’s feet) - with a foot (PGDFOO), guiding the ball around the 
semicircle, guiding the ball in random directions heading a ball 
over a long distance, striking a rolling ball (without settling it first) 
against the wall – with one’s foot. 
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Sažetak
Istraživanje ima za cilj da utvrdi efekte tronedeljnog trenažnog tretmana na 
motori ke i funkcionalne sposobnosti vrhunskih džudistkinja.
Uzorak ispitanika je inilo 13 djevojaka (19,1 ± 5.1 godina, 167,5 ± 14.4 
cm, 64,3 ± 7,3 kg), reprezentativki Bosne i Hercegovine u džudou. Sport-
ski staž ispitanica iznosio je 8 ± 2,4 godina. Testirale su se motori ke i 
funkcionalne sposobnosti.
Kod varijabli funkcionalnih sposobnosti uo ava se razlika statisti ki zna aj-
na kod Sr ane frekvence u 1. minutu oporavka gde je na nivou procjene od  
p<0,001. Kod parametara Sr ana frekvenca na anaerobnom pragu i Re-
lativna maksimalna potrošnja kiseonika uo ene razlike su tako e statisti ki 
zna ajne ali na nivou od p<0,05. Kod varijabli za procjenu opšte motorike 
primjetna je visoka i statisti ki zna ajna razlika. Ta je razlika najizraženija 
kod varijabli za procjenu brzine jednostavnih pokreta i gipkosti zadnje lože 
buta, gde je rezultat znatno lošiji na finalnom mijerenju (p<0,001). Kod 
varijabli Eksplozivna snaga nogu i Gipkost ramenog pojasa razlika je na 
nivou zaklju ivanja p<0,01. Dok je kod varijable Izdržljivost u skoku ta 
zna ajnost na nivou zaklju ivanja p<0,05.Kod varijabli za procjenu sna-
ge donjih ekstremiteta prisutne su statisti ki zna ajne razlike kod varijabli 
Maksimalni obrtni momenat ekstenzora koljena lijeve noge (p<0,01) i 
Maksimalni obrtni momenat fleksora koljena lijeve noge (p<0,05).
Džudistkinje su nakon primenjenog trenažnog tretmana poboljšale vrijedno-
sti relativne maksimalne potrošnje kiseonika i sr anu frekvencu u tre em 
minutu oporavka. Tretman je pozitivno djelovao na eksplozivnu snagu nogu 
i izdržljivost u skoku. Tako e je nakon priprema ostvaren optimalan balans, 
kako izme u lijeve i desne noge, tako i izme u fleksora i ekstenzora koljena.

Klju ne rije i: VO2max, izokinetika, anaerobna alaktatna snaga

Abstract
Aim of the research is to determine the effects of the three-week-long tra-
ining period at the motor and functional abilities of the top female judokas. 
Sample consisted of 13 female judokas (age: 19.1 ± 5.1, height: 167,5 ± 
14.4 cm, weight:64,3 ± 7,3 kg), members of the Bosnia and Herzegovina 
national team. Judokas training experience was 8 ± 2,4 years. Motor and 
functional abilities were tested. Functional abilities show statistically signi-
ficant difference in variables Heart frequency in the first minute of recovery 
at the level p<0,001. In parameters of Anaerobic threshold heart frequ-
ency and Relative maximal oxygen uptake we noticed also statistically si-
gnificant differences at level p<0,05. Variables for the assessment of the 
general motor abilities show high and statistically significant difference. 
The difference is most pronounced in the variables for the assessment of 
simple movements and flexibilities of the hamstring muscle, where the re-
sult was significantly lower at the final measurement (p<0,001). Variables 
of Explosive strength of lower extremities and Shoulder flexibility show 
difference at level p<0,01. While variable plyometric endurance has the 
significance of p<0,05. Variables for the assessment of Lower extremiti-
es strength show statistically significant differences in Maximum angular 
momentum of the left leg knee extensor (p<0,01) and Maximum angular 
momentum of the left leg knee flexor (p<0,05). After applied training pro-
gram female judokas improved values of relative maximum oxygen uptake 
and heart frequency in third minute of the recovery. Program improved 
lower extremities explosive strength and plyometric endurance. Basic pre-
paration period program also produced optimal balance between left and 
right leg and also between knee flexors and extensors.

Key words: VO2max, isokinetics, anaerobic alactic power

Introduction

Nowadays top level sport results are achieved by the especially 
talented athletes, with continuity of hard work, quality coach, and 
any available material, organizational and science support (Gam-
beta, 1989). Motor abilities are the aspects of motor activities 
appearing in movements described by equal parameter system, 
measured by identical group of measures, and in which physi-
ological, biological and  physiological processes (mechanisms) 
appear (Zaciorski, 1975). Basic task of the methods of physi-
cal exercising or so called conditioning in athletes training is the 
development and maintenance of the motor abilities defined as: 
speed, endurance, strength, flexibility, coordination, balance, pre-
cision. Previous research in motor abilities confirmed that this 
segment can’t be explained by one or few latent dimensions, 
rather it is the complex structure of quantitative (strength, speed, 
endurance) and qualitative (coordination, flexibility, balance, pre-
cision) characteristics (Juki , 2003) or it is hierarchically orga-
nized system of abilities. Functional abilities represent efficiency 
of human body energy processes, and relates to efficiency of 

aerobic and anaerobic functional mechanisms. Each sport can 
be described by domination of energy mechanisms. Very often in 
the context of physical training, endurance and functional abilities 
are mentioned.  Such connection is logical considering that the 
energetic capacities are the prerequisite for endurance manifesta-
tion.  Functional endurance training characterizes the stimulation 
and efficiency increase of aerobic and anaerobic energy mecha-
nisms, primarily through the improvement of cardio respiratory 
system function and metabolic (anaerobic and aerobic) muscle 
cell functions.  
Good realization of basic preparation build basis for the maximal 
physical preparation of female judokas and ensure high sport re-
sults. First mezocycle comprehended three microcycles which 
lasted 21 day in total and divided in two phases.  In the first two 
microcycles prevailed the basic preparation, while in third micro-
cycle emphasis was at the specific preparation. 
Aim of the research is to determine the effects of the three-week-
long training period at the motor and functional abilities of the top 
female judokas.
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Methods

Sample of the examinees
Sample consisted of 13 female judokas (age: 19.1 ± 5.1, height: 
167,5 ± 14.4 cm, weight:64,3 ± 7,3 kg), members of the Bos-
nia and Herzegovina national team. Judokas training experience 
was 8 ± 2,4 years.

Sample of the variables  
Functional abilities

• Heart frequency in third minute of the recovery (bpm)
• Heart frequency at anaerobic threshold (bpm)
• Maximal heart frequency (bpm)
• Heart frequency in first minute of the recovery (bpm)
• Relative maximal oxygen uptake-VO2kg (ml/min/Kg)

Basic motor abilities
• Shoulder flexibility (cm)
• Simple movement speed (s)
• Lower extremities explosive strength (cm)
• Plyometric endurance (cm)
• Sit and reach (cm)

Maximum angular momentum of the knee extensors and 
flexors 

• Maximum angular momentum of the left knee flexors 
• Maximum angular momentum of the left knee extensors 
• Maximum angular momentum of the right knee flexors 
• Maximum angular momentum of the right knee extensors 

Procedure 

Before the testing each examinee received details instruction 
on protocol of testing. Maximal oxygen uptake (VO2max) was 
determined by the continually progressive treadmill test.  Treadmill 
test (Cosmed T 150) started with three minute walk at speed 
of 3 km/h, and than each minute speed increased for 1 km/h 
up until the examinee voluntarily gave up. Treadmill inclination 
was constantly at 1.5º. Exhaled air was collected and analyzed 
using COSMED Quark b2 (Italy) breath–by-breath gas system 
of the exchange. Heart beats where measured by short range 
radio telemetric system (Polar, Finland). These cardio respiratory 
values where calculated automatically through the software and 
printed each 30 seconds. Critical moment for the assessment of 
the maximal oxygen uptake (VO2max) was the moment when the 
VO2 reached the maximum. The top values where calculated as 
arithmetic mean of the two consequent 30-seconds top value..
Anaerobic threshold (Tvent) was determined non - invasively 
from the gas exchange parameters. Systematic exchange of the 
respiratory equivalent for the VO2  (VE/VEO2) without the increase 

in respiratory equivalent for the CO2 (VE/VECO2) was used as a 
anaerobic threshold marker.
Reaction speed was measured by a reaction-meter of the French 
manufacturer EAP consisting of stimulator with display and 
switch handle grip. Contact mat (Ergo-Jump, Bosco System, 
Italy) was used to measure the explosive strength of the lower 
extremities and plyometric endurance. Explosive strength of the 
lower extremities was determined by the squat jump (SJ) mean 
value. Anaerobic alactate  strength was determined by the 15 
seconds vertical jumps.
For isokinetic testing we used, Easytech prima DOC“ isokinetic 
dynamometer. Before each test the apparatus was calibrated. The 
motion range of tested extremity was 90 degrees. The same person 
gave the instruction and conducted the testing. The dynamometer 
seat was set for each examinee so that the knee would be in the 
projection of the joint line.  The immobilization of the examinees 
was done by use of belts, in order to perform the certain group 
of muscles motion (thigh extensor of flexor). Testing started with 
worm-up, with a rest period of 2 minutes before the execution of the 
maximal contractions. Testing of the maximal muscle contraction 
was performed at angular velocities of 60º/sec. Four consequent 
contractions were performed. Apparatus noted following vales: peak 
torque, peak torque as body mass percentage, maximum work, and 
total work as a body mass percentage. Same procedure was applied 
at the right and left leg (Madsen at al.,1996, Gleeson at al., 1996).

Conditioning program 
First part of the preparation consisted of 14 training days. Basic 
task was the increase of the motor and functional abilities level. 
It consisted of 18 training units in total. Weight room trainings 
(9) where intended for the development of the repetitive and 
explosive strength.  Exercises used where bench press, snatch 
and clean, half squat and  lounge. Method was circular training. 
Other trainings where aerobic (6) and anaerobic (3). In the next 
7 day area we tried to increase  was the specific working ability 
through the specific judo motor ability.

Data processing 
Data were processed by the use of the statistical program 
package - Statistical Package for Social Science (SPSS). 
Differences between two measurements were calculated by the 
use of Paired-Samples T Test.

Results 
Pairs of the variables analyzed by the t-test, show differences 
between initial and final measures in functional abilities of female 
judokas (Table 1).

Table 1.  Effects of the three-week-long training period at the cardio 
vascular and respiratory system of the top female judokas members of 
the Bosnia and Herzegovina national team.(N=13)

Variable Measure AS R t P

Relative maximal oxygen uptake-VO2kg (ml/min/Kg) Initial 49,95 0,911 -2,422 0,032
Final 51,41

Heart frequency at anaerobic threshold (bpm) Initial 183,23 0,898 2,379 0,035Final 181,69

Maximal heart frequency (bpm) Initial 192,92 0,893 1,795 0,098Final 191,62

Heart frequency in first minute of the recovery (bpm)
Initial 152,31

0,111 -4,633 0,001
Final 166,46

Heart frequency in third minute of the recovery (bpm)
Initial 121,00

0,704 1,063 0,309
Final 118,62
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In variables of the functional abilities the greatest difference is 
noticeable in Heart frequency in 1. minute of the recovery  where 
the difference is statistically significant at the level of p<0,001. 
Parameters Heart frequency at anaerobic threshold and Relative 
maximal oxygen uptake-VO2kg show differences statistically 
significant at  p<0,05.

Variables for the assessment of the general motor abilities show 
high and statistically significant difference. The difference is 
most pronounced in the variables for the assessment of simple 
movements and flexibilities of the hamstring muscle, where 
the result was significantly lower at the final measurement 
(p<0,001). Variables of Explosive strength of lower extremities 
and Shoulder flexibility show difference at level p<0,01. While 
variable plyometric endurance has the significance of p<0,05. 

Pairs of the variables analyzed by the t-test, show differences 
between initial and final measures in isokinetic parameters 
functional abilities of female judokas (Table 3).

Table 3. Effects of the three-week-long training period at the maximum 
angular momentum of the knee extensors and flexors of the top female 
judokas members of the Bosnia and Herzegovina national team.(N=13)

Variable Measure AS R t P

Simple movement speed (s) Initial ,2762 0,829 -5,592 0,000
Final ,3254

Lower extremities explosive strength (cm)
Initial 29,331

0,945 -3,541 0,004
Final 30,331

Plyometric endurance (cm)
Initial 23,669

0,785 -2,615 0,023
Final 24,592

Sit and reach (cm)
Initial 39,92

0,973 5,776 0,000
Final 37,77

Shoulder flexibility (cm)
Initial 69,00

0,980 3,271 0,007
Final 67,15

Pairs of the variables analyzed by the t-test, show differences 
between initial and final measures in motorfunctional abilities of 
female judokas (Table 2).

Table 2. Effects of the three-week-long training period at the basic 
motor abilities of the top female judokas members of the Bosnia and 
Herzegovina national team.(N=13)

Variable pairs Measure AS R t P

Maximum angular momentum of the right knee extensors
Initial 180,08

0,487 1,469 0,16
Final 170,15

Maximum angular momentum of the left knee extensors
Initial 187,69

0,682 2,960 0,01
Final 170,77

Maximum angular momentum of the right knee flexors
Initial 76,08

0,105 1,395 0,18
Final 67,46

Maximum angular momentum of the left knee flexors
Initial 74,38

0,413 2,167 0,05
Final 66,23

Variables for the assessment of Lower extremities strength 
show statistically significant differences in Maximum angular 
momentum of the left leg knee extensor (p<0,01) and Maximum 
angular momentum of the left leg knee flexor (p<0,05).

Discussion

After applied training program female judokas improved values 
of relative maximum oxygen uptake and heart frequency in third 
minute of the recovery. The significance of the aerobic capacity 
for the high level result achievement in judo research showed 
as contradictory. While some authors (Borkowsky et al., 2001; 
Franchini et al., 2005) did not found significant differences 
between elite and non-elite judokas, other researches (Muramatsu 
et al., 1994; Gariod et al., 1995) found that the aerobic capacity 
has the positive influence at exercises with stops in high level 
intensity. This is acceptable because Muramatsu et al. (1994) 
found high correlation between aerobic capacity and total work 
in 10 seconds supra-maximal  effort with 55 seconds intervals 

at 80% of VO2max, as well as total work of 10 seconds of supra-
maximal efforts with 20 seconds intervals at 80% of VO2max. 
Research showed that judokas with higher VO2max show faster 
CP-a re-synthesis (Gariod et al., 1995) in relation to competitors 
with lover level of VO2max. This can be significant for the tasks 
with time outs, as in judo where the athlete must perform 
multiple high-intensity tasks with less time to recover. It has been 
established (Muramatsu et al., 1994; Castarlenas et al.,1997) 
that the judo competitors with higher level of the  VO2max will be in 
advantage in match with maximal duration (5 minutes), because 
the total supra – maximal load will have lover relative intensity 
in comparison with the competitor with lower level of VO2max. 
Judokas in recovery will be aided by higher aerobic capacity , 
besides the faster lactate removal and pH value recovery. 
In variables of the general motor ability assessment there is a 
high and statistically significant positive difference in the area 
of explosive strength of the lower extremities and plyometric 
endurance. The performance of the squat jump depends mostly 
of the muscle contractibility, it can be presumed that the ability 
to apply maximal strength in eccentric-concentric cycle(SSC) 
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in judo is more important than sheer maximal strength applied 
through concentric movement. Judo match lasts 5 minutes, 
and with time outs up to 9 minutes. It represents high-intensity 
effort of the anaerobic type and by the most of the researches 
dealing with match structure (Sikorski et al., 1987; Castarlenas 
and Planas, 1997; Svischev, 2001; Kahabrishvili  et al., 2003) it 
consists of 12 to 15 active fight segments (10-30 seconds) with 
rest between them (10-15 seconds). Activity of this nature sets 
high requests at both aerobic (lactate and alactate) performance 
abilities. Therefore the short-term anaerobic capacity is of grate 
importance in judo. Sit and reach test showed worst results in 
final measurement so it is recommended to improve program 
with flexibility exercises as an important part of the good judokas 
preparation. 
After applied treatment changes occurred at the thigh muscle 
strength in judokas. Isokinetics diagnostics showed the results 
based at we can conclude that at the initial measurement judokas 
had imbalance between antagonistic muscle groups of the thigh, 
related to the bilateral difference. Difference at the level of 10% 
does not disturb the sport performance and has no risk of sport 
injuries (Ostering, 1983; Dvir, 1995). Results achieved by female 
judokas confirm results of earlier investigations conducted at 
the similar sample (Heitkamp et al., 2002) where authors sug-
gested applying the balance board training in order to repair the 
mentioned irregularities. This way of the neuromuscular training 
would unable quick improvement in our female judokas consid-
ering the need for fine dynamical sterotype remodeling. Applied 
training treatment at female judokas also produced optimal bal-
ance between left and right leg and also between knee flexors 
and extensors.

Conclusion

Author of this paper considers that the adequate aerobic 
endurance is necessary for the quick recovery between time 
outs in match and matches. High aerobic capacity insures 
faster recovery during and after training. Also it is known that 
fast recovery enables reduction of rest and continue with higher 
intensity, especially in sports requiring multiple repetition of the 
sport specific knowledge (technique, abilities) 
The reason why there were no grater improvement after this 
preparation period, are the results of additional strength training 
which female judokas had during last years. It is necessary to 
include additional trainings in order to improve flexibility of the 
lower back and hamstring muscle. 
Judokas that do not fit the ideal profile can succeed through the 
improved and superior technique and tactic knowledge.
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Sažetak
Ovaj nau ni rad sadrži istraživanje utjecaja deformiteta posture na kretne 
sposobnosti, konkretno, hodanje. Istraživanje je provedeno na uzorku od 
stodvadeset ispitanika, starosti izme u šestnaest i sedamnaest godina, 
muškog spola. Glavni cilj istraživanja bio je kvanifikacija transverzalnih i 
vertikalnih amplituda, za karakteristi ne dijelove tijela, u toku hodanja po 
pokretnom sagu, kao i determinacija utjecaja statusa posture na date am-
plitude.  Nivo odstupanja upore en je sa ocjenom stanja posture dobive-
noj prema SAS metodi. Nakon unijetih podataka i provedenih statisti kih 
metoda za analizu rezultata na nivou statisti ke zna ajnosti od p 0,05 u 
zaklju ku se sa sigurnoš u može potvrditi pretpostavka da postoji sta-
tisti ki signifikantan, negativan, utjecaj deformiteta posture na veli ine 
transverzalnih i vertikalnih amplituda, za karakteristi ne dijelove tijela, u 
toku hodanja po pokretnom sagu.

Klju ne rije i: postura, hodanje, tjelesni deformiteti

Abstract
This scientific paper includes research of postural deformities influence 
at walking abilities. Research was provided at the sample of hundred and 
twenty male students, age between sixteen and seventeen years. Main 
aim of research is quantity finding of transversal and vertical amplitudes, 
for characteristic body parts, during the walking on running treadmill as 
well as determination of posture status influence at same phenomena.  
The level of departure was compared with assessment of body defor-
mities according to the SAS method. After the all data input and stati-
stical analysis of the results (descriptive statistics, canonic correlation 
analysis), at the statistical significant level p 0,05 , the conclusion can 
confirm the fact of existing postural deformities influence at transversal 
end vertical amplitudes, for characteristic body parts, measured during 
the walking on treadmill.

Key words: posture, walking, body deformities

Introduction 

Most frequent manner of controlling the space (movement) char-
acteristic for human being is walking. Evolution of walking is 
long-term and it still lasts. It is a primary symbol of human move-
ment and usual measure of universal health condition of persons 
of all age groups (Kova , D. 1987; Kova ,S. 2002; 2005).
 
The empiric rule to expect a person with greater or several body 
deformities to have greater transversal and divergent departures 
when walking (Kosinac, 1994) or with evident departures in 
movement segments when walking is not sufficiently supported 
by experiments. This paper will present research results and anal-
ysis of cyclic type movement structure, and relations between 
different levels of body deformities with transversal departures 
when walking.

Primary goal of this research is to determine influence of posture 
status at measured departures from the model in case of moment 
of reflection and “carrying of limbs” when walking – of examinees 
for segments of feet, lower leg and amplitudes of hips and torso 
movements in aforementioned movement structure. The level of 
departure will be compared with assessment of posture deformi-
ties according to the SAS method.

Primary subject of this research is determining influence of pre-
diction given to posture deformities and criteria valorized in the 
scope of departure from the model in given movement structures.

Methods 

Sample of the examines 
The sample of examinees presents the group of students of “Sa-
rajevo Gymnasium” from second and third grades – male part of 
population. The sample includes 120 examinees of heterogenic 
composition according to their morphological strains.

Data analyzes method
Data analyzes, statistical, methods used in this research are 
as follows: cross-correlation matrix of two studied spaces and 
canonical correlation analysis. 

Procedure
Procedures for assessment and valorization of posture status 
“SAS” method or “Spine Analyzing System”, a software 
package is based on digitalized video recording from which we 
extracted interesting and significant parts for our research. Those 
parts present images of segments that we observe in given 
analysis. Moreover, segments present body parts of observant 
(examinees). In addition to spinal cord, other body parts are 
also observed – assessed under this method. Those parts are 
observed in the same manner as of spinal cord, frontally from the 
front and behind as well as sagittaly.
The method itself was created at the Institute for Sports Science 
K.F. of University in Graz (Austria). It was invented by O. Fleiss 
PhD, and Hans Peter PhD, from Biomechanics Department.
In the course of recording, examinees were instructed by cam-
eraman or assistant speaking loudly about what positions and 
movements they should take or make. One of prerequisites for 
the beginning of recording is examinees’ preparation including 
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them being dressed in bathing suit with bare feet, with reference 
points on their back according to the following procedure. Ref-
erence points are the type of circular stickers of 5mm diameter 
made of reflecting or white material (self-adhesive paper). We 
put these stickers on their back on each vertebrae of spinal 
cord from the sacral up to the beginning of the upper third of 
the cervical part. In addition, we stick them on most inserted 
spots of ilium bones observed from behind, and on the upper 
beginning of anal fold. We connect digitalized segments of the 
recording into several images that we process according the 
order of assessment. It is possible to draw real lines on images 
for which the program provides deviations and angles in relation 
to vertical or horizontal line. The lines we mark on the image 
from both sides of frontal images immediately show departures 
in the symmetry of given segments. The status of feet rist and 
feet inclination for the variable OSTOP, where the area of foot-
hold can be precisely determined, is obtained with the proce-
dure of taking footprints on the paper. Assessment is performed 
on given “image” using the Mayer’s line and simple formula 
for calculating the amount of possible deformity (Hadžikaduni  
& Balta, 2000). The curves we obtained with the position of 
reference point and their departures from vertical or horizontal 
line in deformed segments can serve us for exact measurement 
taking account of the ratio of the image size and actual size 
of observed segment. Such metrical characteristics with exact 
departures can relatively compare and assess body deformities 
of group of examinees. The grades we provide for individual 
segments are negative and they range from 0 to 3. The sum of 
negative points (grades) provides the final aggregate amount 
based on which we calculate final grade of the body position 
according to the “SAS” method (Fleiss & Holzer, 1998). Grades 
are ranging from 1 to 5, and in comparison to grades by seg-
ments, they are positive. Therefore, examinees without iden-
tified deformities have grade 5, whereas those with negative 
graded segments have grades from 4 to 1.

Sample of the “SAS” variables 
Variables recorded in the “SAS” program include the following 
segments (body parts with observation directions): OGLFR – as-
sessment of head position from the frontal point of view, OGL-
SAG – assessment of head position from the sagittal point of 
view, ORAFR – assessment of shoulders position from the frontal 
point of view, ORASAG - assessment of shoulders position from 
the sagittal point of view, OKSFR – assessment of spinal cord 
position from the frontal point of view, OKSSAG – assessment 
of spinal cord position from the sagittal point of view, OSTSAG – 
assessment of stomach position from the sagittal point of view, 
OSIMTR – assessment of torso symmetry from the frontal point 
of view, OGRFR – assessment of chest position from the frontal 
point of view, OGRSAG – assessment of chest position from the 
sagittal point of view, ONOGFR – assessment of legs position 
from the frontal point of view, OSTOP – assessment of feet posi-
tion. 

Procedures for biomechanical           
analysis of walking 
Biomechanical analysis of walking is implemented gradu-
ally with smaller groups of examinees in conditions identical 
to those for the “SAS” analysis, or recording of material for 
processing in “SAS” software. Examinees were dressed in the 
same manner as for aforementioned analysis, and for the pur-
pose of more exact identification of departures in movements, 
reference points were set in the form of round, white stickers of 
5mm diameter. Reference points were put on characteristic po-
sitions on the torso and on lower limbs as well. White, circular 

stickers presenting reference points on the recording, and for 
the purpose of easier and more precise determining of position, 
are placed on the following positions on the torso: spinal cord 
– from the seventh cervical vertebrae until the fourth lumbar 
vertebrae on each posteriously protruding point of the verte-
brae, ilium bone – illiace posterior superior on two posteriously 
most protruding points – left and right. Position of reference 
points on limbs: projection of the centre of the knee’s ankle 
from behind (one reference point per one knee), centre of the 
heel’s size frontally from behind (per one reference point) and 
two additional reference points on the heel from the back side 
positioned on ultimate visible points from the camera position 
(per two reference points). Recording is done in frontal plane, 
from behind, on a treadmill positioned horizontally. Position is 
marked on used treadmill in which segment the examinee is 
moving. Examinees walk for 4 minutes with the speed of 75 
steps/minute. All records are processed in the SAS programme, 
where it is possible to make exact measures of distance on 
the frame net that is positioned above required recording. All 
extracted recordings are made in proportion in accordance with 
the camera distance from the object and position of the camera 
“zoom”. The zooming option on the digital camera blend cannot 
be used for the recording credibility in regular measure for SAS 
and biomechanical analysis of deformities, and other movement 
structures with their departures. The “frame net” is positioned 
over extracted characteristic images where departures given in 
measure in order to present the size in centimeters are present-
ed (Miki  & Bjekovi , 2004). 

Sample of the biomechanical analysis of 
walking variables
Departures are given in directions – left and right for variables:
BAOTD – biomechanical analysis of torso departures right, 
BAOTL – biomechanical analysis of torso departures left. For 
variables in directions upwards – right and left side:
BASIPSD – biomechanical analysis of posterior superior iliac 
spine, right, BASIPSL – biomechanical analysis of posterior 
superior iliac spine left. For variables with data on feet divergentions 
medially right and left: BADSUD – biomechanical analysis of feet 
divergentions inside right, BADSUL - biomechanical analysis 
of feet divergentions inside left. For variables with data on feet 
divergentions laterally right and left: BADSVD - biomechanical 
analysis of feet divergentions outside right, BADSVL - 
biomechanical analysis of feet divergentions outside left.

Results and Discussion
Relations between examined spaces are shown in cross-correlation 
matrix (Table 1). Relations, which can determinate the influence,  
with relatively low but significantly indicated values of coefficient 
in these two spaces make the following indications: Variables 
OKSFR and OKSSAG, providing data on spinal cord deformities 
with variables BAOTD and BAOTL – torso deviation to one side 
while walking, have cross-correlation coefficients with values 
0.30 and 0.31. Such relationship of aforementioned variables can 
be interpreted with given significance as mutual dependence of 
assessed spinal cord deformities and indicated swinging of torso 
when walking, valorized in biomechanical walking analysis. Such 
interpretation confirms the relationship – statistically significant 
influence of spinal cord deformities on amounts of transversal 
torso departures, right and left, when walking. Variables ONOGFR 
describing the status of leg deformities in frontal plane and variable 
BAOTD offering data on torso deviations have cross-correlation 
coefficient of 0.37. Such value indicates that leg deformities 
correlate with amounts expressed in the segment of transversal 
torso movements during walking.
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Table1. Cross-correlations of variables of posture deformities given by 
SAS method and variables of walking analyses. 

With the use of canonical analysis, two characteristic roots are 
obtained, indicated in Table 2 on the significance level of 95% 
or p 0.05 of coefficient value. First and second canonical factor 
are obtained with high factors of canonical correlation from 0.62 
or from 0.51. The amount of joint variance (determination coef-
ficient) in the first case amounts of 0.39 and in the second case 
0.26. Obtained results from this Table show the existence of influ-
ence and connection between posture deformities phenomenon 

with departures in movement segments in case of biomechani-
cally analyzed movement structures. 
On grounds of two characteristic roots, the assumption of this 
research on statistically significant influence as well as relation 
between posture deformities of examinees with departures in 
movement segments in case of biomechanically analyzed move-
ment structures when walking is hereby confirmed. 

Variables    BAOTD    BAOTL  BASIPSD  BASIPSL   BADSUD   BADSUL   BADSVD   BADSVL

OGLFR ,23 ,24 ,15 ,28 ,23 ,17 ,12 ,14

OGLSAG ,16 ,12 ,18 ,06 ,01 ,03 ,17 ,13

ORAFR ,07 ,00 ,03 ,03 -,07 -,06 ,25 ,22

ORASAG ,12 ,18 ,13 ,08 ,02 ,02 ,08 ,05

OGRFR ,09 ,12 ,15 ,26 ,16 ,21 ,14 ,18

OGRSAG ,22 ,23 ,29 ,40 ,09 ,16 ,13 ,23

OKSFR ,28 ,31 ,13 ,00 ,12 ,17 ,13 ,18

OKSSAG ,30 ,22 ,10 ,15 ,12 ,15 ,16 ,22

OSTSAG ,15 ,21 ,19 ,30 ,02 ,06 ,29 ,25

OSIMTR ,11 ,16 ,13 ,20 -,02 -,02 ,31 ,30

ONOGFR ,37 ,28 -,00 ,03 ,18 ,24 ,01 ,04

OSTOP ,19 ,10 ,10 ,08 ,07 ,14 ,04 ,08

Canonicl   R Canonicl R-sqr. Chi-sqr. df p Lambda Prime

0 ,624747 ,390308 155,2263 96 ,000128 ,245425

1 ,512640 ,262800 100,5507 77 ,037323 ,402540

2 ,426180 ,181629 66,8597 60 ,253545 ,546039

3 ,383682 ,147212 44,7111 45 ,484152 ,667227

4 ,332332 ,110445 27,1146 32 ,712302 ,782406

5 ,240549 ,057864 14,1824 21 ,861591 ,879548

6 ,213757 ,045692 7,5960 12 ,815832 ,933568

7 ,147423 ,021734 2,4280 5 ,787289 ,978266

Table 2. Canonical correlation analysis of influence and relations 
between body deformities variables and walking analysis variables.

Table 3 indicates canonical factors explaining mutual cross-
variability between given variables. By analyzing the structure of 
canonical factors from the part of walking analyses variables, it is 
recognizable that this space is defined, in the first place, by vari-
ables indicating torso deviations to the right and left (BAOTD and 
BAOTL) with coefficients of 0.585 and 0.581. Such interpretation 
confirms the assumption on the influence of deformities on trans-
versal torso movements when walking. In addition, space is also 
defined by variables indicating the status of examinees in terms 
of departures during vertical movement of ilium bones (BASIPSD 
and BASIPSL) with coefficients of 0.559 for the left side and 
0.431 for the right side. The right group of variables also indi-
cates medium-large values for variables describing the amount of 
feet divergentions in case of moment of reflection, towards inside 
(medially), therefore, variables BADSUD and BADSUL with values 
0.376 and 0.511. These medium-large coefficients confirm the 
assumption with position that feet and leg deformities influence 
the size of divergent feet departures when walking. 

Table 3. Structure of canonical function in the space of walking analysis 
variables (right group)

Variables Root   1 Root   2

BAOTD ,585391 -,128205

BAOTL ,581176 ,197502

BASIPSD ,431423 ,442785

BASIPSL ,559008 ,602341

BADSUD ,376685 -,124669

BADSUL ,511545 -,125054

BADSVD ,107378 ,516132

BADSVL ,346647 ,453126
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Table 4 indicates the structure of canonical factors that were 
analyzed in the space of “SAS” variables which evaluate pos-
ture deformities of examinees. The space of “SAS” variables is 
primarily defined by variables – chest appearance indicators – 
sagittal viewpoint (OGRSAG) and spinal cord position – sagittal 
viewpoint (OKSSAG) with values 0.728 and 0.542. Such high and 
medium-high coefficients confirm the assumption on statistically 
significant influence of spinal cord deformities on total spatial 
departures of movement segments when walking. The structure 
of canonical function is also defined with two variables describ-
ing the same body segment of examinees but observed in frontal 
plane. Those are the following segments: spinal cord – frontally 
and head frontally. In addition to aforementioned variables, medi-
um-high values also have ONOGFR and OSTOP with 0.506 and 
0.377. These medium-sized coefficients confirm the assumption 
with position that feet and leg deformities also affect the amount 
of divergent feet departures when walking. 

Table 4. The structure of canonical function in the space of “SAS” 
variables. (left group of variables).

Variables Root   1 Root   2

OGLFR ,431096 ,189957

OGLSAG ,073874 ,136959

ORAFR -,001309 ,114464

ORASAG ,051215 ,250630

OGRFR ,457736 ,319560

OGRSAG ,728494 ,328002

OKSFR ,409729 -,063673

OKSSAG ,542182 -,142351

OSTSAG ,213728 ,654206

OSIMTR ,175310 ,504327

ONOGFR ,506811 -,473171

OSTOP ,377298 -,200889

Conclusion 

Knowledge on direction, size of influence and relations of posture 
deformities on qualitative and quantitative analysis of walking, are 
mater of direct theoretical and practical significance for the area 
of anthropological and kinesiological sciences. Data on valoriza-
tion of recorded material are primarily valuable segment in such 
type of research. These results are of direct interest for the area of 
kinesiology and especially for some of its applied disciplines such 
as biomechanical analyses and kinesiotherapy.
According to obtained results that are significant on the level 
p 0.05, it can be established that there is statistically significant 
influence and relation between posture deformities and transver-
sal / vertical departures, or divergent departures from the model 
of walking on a treadmill.
In the end, it is also important to emphasize that the sample of 
examinees with recorded body deformities and visible departures 
in qualitative analysis of cyclic movement in age category when 

their deformities are still reversible (Kosinac & Srzi , 2006). A 
good-programmed and aimed planning of body activities pro-
vides another assumption that it is possible to “correct” or allevi-
ate the greatest part of aforementioned deformities and depar-
tures (Kosinac,  1994; (Medved, 1987).
During the examinees’ recordings, conversations and explana-
tions, and with the use of available literature, it can be concluded 
that population of tested and recorded sample pays more atten-
tion to physical appearance rather than functionality, rationality 
of movement structures with indicated divergentions as well as 
motoric qualities. 
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Sažetak
Svrha ove studije je da se na osnovu testiranja balansa na Biodex Balan-
ce Systemu utvrde indeksi unilateralnog dinami kog balansa na osnovu 
kojih e se formirati profil tjelesno aktivnih žena,,tj studentica FASTO. U 
istraživanju je u estvovalo 45 studentica I, II i III godine FASTO-a, po 15 
sa svake godine studija. Uzorak varijabli ine generalni indeks stabilnosti 
(GBI), lateralni balans indeks (LDI) i frontalni balans indeks (API). Rezultati 
dobijeni testiranjem pokazuju da se indeks izme u prve i druge godine 
razlikuje za 15%, izme u druge i tre e za 13% , dok razlika izme u prve  i 
tre e iznosi samo 2%. Kod lateralnog balans indeksa (LDI) utv ene su još 
manje razlike izme u prve i druge godine za 8%, druge i tre e godine za 
3%,  prve  i tre e godine za 6%. Gotovo jednake rezultate s nešto izraženi-
jim razlikama dobili smo upore ivanjem indeksa kod frontalnog  balansa 
(API), ta nije, prva i druga godina za 18%, druga i tre e za 19%, dok je 
razlika izme u prve  tre e studijske godine samo 1%. Dobijeni rezultati 
ukazuju na to da ne postoje statisti ki zna ajne razlike u indeksima ravno-
teže, te da prakti na nastava nema dovoljno uticaja na razvoj unilateralnog 
dinami kog balansa.

Klju ne rije i: Unilateralna ravnoteža, profil, studentice

Abstract
The purpose of this study is to define indexes of unilateral dynamic bal-
ance on a basis of testing balance on Biodex Balance System, which 
will serve as a basis for a profile of physically active women – female 
students of FASTO.
The research involved 45 freshmen, sophomore and junior female stu-
dents at FASTO, 15 students from each year. A sample of variables includ-
ed a general stability index (GBI), lateral balance index (LDI) and  frontal 
balance index (API). Results obtained from testing indicate that the index 
between the first and the second year varies for 15%, 13% between the 
second and the third year while the difference between the first and the 
third year of study is only 2%. There was  even less difference with lateral  
balance index (LDI):  the difference was 8% between the first and the 
second year, 3% between the second and the third year and 6% between 
the first and the third year. Comparing index of frontal balance (API) we 
obtained almost identical results, with slightly stressed differences. The 
difference between the first and the second year was 18%, 19% between 
the second and the third year and the difference between the first and the 
third year of study was only 1%. The obtained results indicate that there 
is no statistically significant difference in balance indexes and practical 
training classes do not have enough influence on a development of uni-
lateral dynamic balance. 

Key words: unilateral balance, profile, female students

Introduction

Balance as an ability represents a prerequisite for performance of a 
great number of  moving activities such as standing, walking run-
ning and so on. Adequate balance is necessary for man’s move-
ment through space and for numerous daily dynamic activities.

Balance represents an ability to control a stable body position 
during standing and during moving. In other words, it is an ability 
to establish and maintain a balance posture of body mass centre. 
In sport it is very important for changing direction of moving in 
complex situations (Markovi  and Bradi , 2008) and in daily life it 
is necessary for walking and performance of daily physical activi-
ties. Therefore, ability to maintain a balance posture is visible in 
static and dynamic conditions.
 
The field of balance is only partially explored all over the world. 
That partiality is especially related to  healthy, young, physically 
active women. There are very few works which directly explored 
balance of female students. Standard tests and measuring of bal-
ance enable assessing of a functional performance. Traditional 
balance tests are focused on maintenance of body posture (static 
balance), balance during moving load or in motion (dynamic bal-
ance) and responses to external disturbances. 

Static control includes standing on both legs, standing on one leg, 
tandem posture (position heel-toes), Romberg’s test with open 
and closed eyes, aggravated Romberg’s test in  tandem feet posi-
tion with open and closed eyes (Šarabon at al., 2009).

Dynamic examinations of balance include straight standing, 
walking, turning, stopping and moving (O’ Sullivan and Schmitz, 
2001). Many of these tests do not correlate with dynamic nature 
of sport activities and are too simple to indicate deficits in balance 
of healthy physically active sportsmen (Riemann at al., 1992). 
Therefore, these tests are less appropriate or even inappropriate 
for usage in sport and sports diagnostics. 

Clinical and field measuring usually applied subjective ways of 
assessing and therefore there was  a lack of reliability in mea-
suring (Emery at al., 2007). If someone wants to apply clinical 
balance measuring in rehabilitation and prevention, it is very im-
portant to use measures with a defined reliability and sensitivity 
(Burger, 2003). 

For a purpose of this study and formation of dynamic  balance 
profiles of female  students of the Faculty of Sport and Physi-
cal Education, we used  a sophisticated laboratory equipment  
Biodex Balance System. This diagnostic system can measure 
and compare proprioceptive disbalance with existing normative 
ranges in an objective and reliable way. 
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One of the researches (Bressel at al., 2007) compared static and 
dynamic balance of female football players, female basketball 
players, female gymnasts  and  female athletes. The study 
involved 34 female students -volunteers. Authors concluded that 
female football players and female gymnasts did not differ in 
regard to static and dynamic balance. Female basketball players 
were inferior then female gymnasts  in static balance, while 
they showed a way better result than female football players in 
dynamic balance. 
The study (Santos, Rogerio, Garsia, & Cohen, 2004) had 
a purpose to define normative values of a stability index on  
Biodex Balance System for unilateral and bilateral balance of 
junior tennis players who did not have and preceding history of 
injures. The testing was done three times per  30 seconds for 
unilateral and bilateral posture with 45-second breaks between 
the tests. Both of the tests (unilateral and  bilateral) were 
star ted at level  8 (the most stable). The tests were decreased 
for one level at every 3.75 seconds until level  1 was reached 
(the most unstable). After all of the three tests were conducted, 
a special software presented the stability index data which 
were recorded. The result of the study was sent for analysis 
in order to define normative values of the stability index of 
junior tennis players. This is one of the rare studies that dealt 
in similar topic. 

Methods

Sample examinees 
Sample examinees were 45 freshmen, sophomore and junior fe-
male students of the Faculty of Sport and Physical Education of 
the  University of Sarajevo who had not have a history of injuries 
of lower limbs in the last two years. A research conducted by  
Willems at al. in 2002 showed that there were not any statisti-
cally significant differences between groups of examinees with 
no history of injuries of legs in the last two years and last three 
to five years in regard to strength and balance. Therefore it is 
presumpted that a period of two years with no injuries of legs was 
sufficient for this research. 

Sample variables 

• ATV – body height 
• ATM – body mass 
• BMI – body mass index 
• GBI – general balance index 
• LDI – lateral balance left – right (media – lateral)
• API – frontal balance  forward – backward (anterior – 

posterior)

Balnce in dynamic conditions was tested with  Biodex Balance 
System for balance measuring. This reasearch tested unilateral 
stability of a dominant leg. 

Testing protocol 
Test - MBYS, Biodex Balance System - maintenence of balance 
on a computer-controlled mobile  platform.
Time of work: An assesment of a total duration of the test for one 
examinee is 3 minuts. 
Number of examiners: 1 examiner. 
Requisites: Biodex Balance System, a computer – controlled plat-
form. 
Description of a place of performance: The test is done in a room 
of  minimum dimesnion of  2x2 metre. 

Task: 
Examinee’s initial posture: Holding handles, a barefoot female 
exminee stands on a circular platform. The examiner explains 
the task, and afterwards sets the platform free and the examinee 
does one trial. The female examinee choses feet position on the 
platform alone.The examiner enters coordinates of the feet posi-
tion chosen by the examinee as well as age, weight and height 
of the examinee and a level of test. (This reaserch uses the 5th 
stability level) 
Task performance: When the examinee is ready she  removes her 
hands from the handles and the examiner presses «start» taster 
and the task starts. The task lasts for 20 seconds. 
Stability index represents a variance of movement of the platform 
in degrees from normal level. Huge values of stability index indi-
cate that an examinee has a problem with balance maintenance. 
Examinee’s current stability index is written in Predictive Values 
Report under column called Actual Values.
Current values of stability index of an examinee can be compared 
with existing normative values. If stability index values differ from 
predictive normative values, it can be concluded that there is a 
problem with balance. Anterior/Posterior Stability Index is a vari-
ance of moving and deviation of the platform (in degrees) from a 
normal level of frontal plane.
Medial/Lateral Stability Index is  a  variance of moving of the plat-
form (in degrees) from normal level in sagittal plane. 
Method: testing on Biodex enables an assessment of balance in 
posture on one or two legs. Results of examination are compared 
with normative values depending on age and sex (Balance Sys-
tem SD, Operation service/manual).

Picture  1.  Biodex Balance System SD

Objectives of work
A basic objective of this research is to define differences in index-
es of unilateral dynamic balance among female students of vari-
ous years of study at Fasto, and to form (on a basis of obtained 
results) a profile of  unilateral dynamic balance. The second ob-
jective of this study is to test effects of practical training classes 
on a transformation of balance as a motor ability.
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Data analysis method
Descriptive statistics (means and SD) were calculated. Oneway 
analysis of variance (ANOVA) and Bonferroni corrections for mul-
tiple comparisons were used for analyzing the
differences in general, lateral and frontal balance index. In case an 
overall F test has shown
significance, a series of ANOVAs and Bonferroni multiple com-
parisons tests were performed to evaluate differences in each 
measured balance variable among the 3 groups. The level of sta-
tistical significance was set at p # 0.05.

Results and Discussion

A morphologic  status of the female students who were involved 
in this study show that this research was conducted with physi-
cally active female population – full time students of the Faculty of 
Sport and Physical Education. This is confirmed with an average 
value of body mass index  (BMI) of all of the three years of study  
(about 21). Table 1 also shows that all of the three years of study 
slightly differ in all of the three applied morphologic variables. 

Group No. Arithmetic mean Standard deviation Minimum Maximum

Bo
dy

 h
ei

gh
t 1 15 166.467 6.1513 151.0 174.5

2 15 168.400 5.1831 158.5 176.5

3 15 168.133 4.9189 161.0 177.5

Total 45 167.667 5.3883 151.0 177.5

Bo
dy

 m
as

s 1 15 59.333 6.4300 45.5 72.0

2 15 61.267 7.1286 54.0 77.0

3 15 62.333 7.7452 47.0 75.0

Total 45 60.978 7.0702 45.5 77.0

BM
I

1 15 21.567 1.8741 18.2 24.5

2 15 21.407 2.0869 18.5 25.7

3 15 21.967 1.9126 18.1 24.9

Total 45 21.647 1.9297 18.1 25.7

Table 1. Descriptive statistic parameters of morphologic status of 
female examinees of all of the three years of studies 

 Figure 1. General balance index forall of the three  
                years of study 

Figure 2. Lateral balance index for all of the three  
               years of study

Figure 3. Anterior-posterior balance index all of the  
                three years of study
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A basic prerequisite of authors of this study was expectation of 
existence of significant differences in indexes of unilateral dynam-
ic balance among female students of various years of study of 
the Faculty of Sport and Physical education. One of presumptions 
also was that there would be significant differences in partial sta-
bility indexes, anterior-posterior and lateral balance indexes. Hy-
pothetically speaking, one expected a positive  trend of develop-
ment of unilateral dynamic balance from the first to the third year 
of study. It was logical to  assume that the second year would 
have better results in regard to dynamic balance, and lower mean 
value of all of the three applied indexes. It could be expected that 
the third year would achieve better results in this field of research. 

It is realistic to expect that preceding regular classes in two se-
mesters for the second year and in four semesters for the third 

year had a positive effect on development of balance as a motor 
ability and that presumptions about a positive trend of developed  
unilateral dynamic balance throughout years of study would de-
velop. However, results of the univariate analysis (Table 2) show 
that there is no statistical significant difference of arithmetic men  
among all of the three years of study. Results of  the univariate 
analysis (Table 3) of  all of the three applied stability indexes show 
that there is no statistical significant difference of arithmetic men 
among all of the three years of study. 

Therefore, the obtained results completely deny presumptions 
about a positive trend of development of unilateral dynamic bal-
ance throughout three years of study. Values of obtained balance 
indexes of female students show that the mean value of a general 
index indicates  inverse results in regard to the expected trend 

Table 2. Results of Univariate analysis of variances for applied stability indexes

Sum of Squares df Mean Square F Sig.

GBI

Between groups 1.123 2 .562 1.151 .326

In groups 20.489 42 .488

Total 21.612 44

LDI

Between groups .102 2 .051 .146 .864

In groups 14.617 42 .348

Total 14.719 44

Between groups 1.524 2 .762 1.457 .245

API In groups 21.968 42 .523

Total 23.492 44

ANOVA

Depending variable (I) Group (J) Group
Mean 

Difference 
(I-J)

Std. Error Sig.

95% Confidence Interval

Lower Bound Upper Bound

GBI

1
2 -.3533 .2550 .520 -.989 .283

3 -.0400 .2550 1.000 -.676 .596

2
1 .3533 .2550 .520 -.283 .989

3 .3133 .2550 .678 -.323 .949

3
1 .0400 .2550 1.000 -.596 .676

2 -.3133 .2550 .678 -.949 .323

LDI

1
2 .1133 .2154 1.000 -.424 .651

3 .0800 .2154 1.000 -.457 .617

2
1 -.1133 .2154 1.000 -.651 .424

3 -.0333 .2154 1.000 -.571 .504

3
1 -.0800 .2154 1.000 -.617 .457

2 .0333 .2154 1.000 -.504 .571

1
2 -.3800 .2641 .473 -1.039 .279

3 .0200 .2641 1.000 -.639 .679

API
2

1 .3800 .2641 .473 -.279 1.039

3 .4000 .2641 .412 -.259 1.059

3 1 -.0200 .2641 1.000 -.679 .639

2 -.4000 .2641 .412 -1.059 .259

Table 3. Multiple comparisons of differences in applied indexes of all of the three years of study
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(Figure 1). Freshmen female students had mean value of about 
2, sophomores about 2.4  and juniors 2.1. A conclusions is that 
less index value corresponds to a better dynamic balance. We 
can conclude that the first year of study has the best  unilateral 
dynamic balance, then comes the third year and the second year 
has the worst results at this test. However, very small differences 
among arithmetic means of GBI per years of study of maximum 
index value of 0.4 indicate that practically there are not  almost 
any quantitatively expressed differences in regard to balance 
among freshmen, sophomores  and juniors. 

On a basis of official normative values (Balance Index, Compare 
your score to the age group of healthy active people) a normal 
range of values of achieved indexes varies from 0.82 to  2.26 for 
a physically active female population with age range from  17 
to 35. Comparing these results one can see that all of the three 
years of study are in an acceptable range of stability index and 
that their balance does not deviate from normal one significantly. 
If we assess the obtained results in more details, we can say 
that it is not surprising that there are no statistically significant 
differences among years of study in regard to any of the applied 
balance indexes. Very small differences among arithmetic mean 
of all applied indexes and a great variability of results of all of the 
three years of study contribute to non-appearing of a statistically 
significant difference among the years of study. 

An addition to given explanations is contained in calculation of per-
centage value of  differences per all balance indexes and among 
three groups of examinees. In regard to that, percentage differ-
ences in applied stability indexes among years of study show that 
the first and the second year differ for 15% at a general level, the 
second and the third differ for  13%, and the first and the third dif-
fer for 2%. Stability in a sagittal plane (Figure 2) shows even less 
difference so freshmen and sophomores differ in 8%, sophomores 
and juniors in 3%, while difference between freshmen and juniors 
is only 6%. Similar results, with somewhat stressed differences, 
can be visible with anterior – posterior stability (Figure 3) where 
freshmen and sophomores differ in 18%, sophomores and juniors 
in 19%, while difference between freshmen and juniors is only 1%.

The reason of such results has to be looked for in the Curricu-
lum and teaching materials used during classes from the first to 
the third year of studies. It is obvious that the teaching material 
for these years of study generally does not cause almost any 
transformation in balance as one of motor abilities. Furthermore, 
we have to mention that balance index testing represents a very 
sophisticated process  which slightly discriminates groups of in-
homogeneous character, such as groups in this study. 

Although a number of researches dealing in defining a  profile of 
motor ability level and effects of Curriculum and teaching material 
is small, some of the latest studies about strength support the 
explanation given for the results of this research. Results of such 
a research conducted with physically active women/students 
clearly showed that full time classes in the summer semester of 
the first, second and third  year of study lasting for ten weeks did 
not represent a satisfactory stimulant of a (supra limit) volume 
sufficient to produce statistically significant changes in the vol-
ume of strength of female students (Kova evi , 2009). 
In the end, one can say that very few teaching materials and ac-
tivities of full time practical training classes are intended to im-
prove all balance indexes and general level of this motor ability. 
This raises additional issues grounded in the fact that a number of 
unilateral physical exercises is small. Actually, the results of this 
research confirm this quotation in the best way.

Conclusion

Analyzing the results obtained from testing the general and spe-
cial indexes on Biodex Balance System, we draw the following 
conclusions:

• There are very slight differences among arithmetic 
means of GBI per years of study

• Maximum values of index of  0.4 indicate that there is 
almost no quantitatively expressed differences in regard 
to balance between freshmen and juniors

• Results of partial API and  LDI indexes also indicate neg-
ligible differences 

• Results obtained for mean value of the general index are 
2 for freshmen, 2.4 for sophomores and 2.1 for juniors, 
and they indicate inverse results in regard to the expected 
trend. However, according to official normative values, 
which are  0.82 – 2.26 for physically active females from  
17 to 35, one can conclude that all of the mentioned 
years of studies are in an acceptable range of the sta-
bility index and their balance does not deviate from the 
normative values. The cause of such results should be 
looked for in the teaching materials and the Curriculum 
for freshmen, sophomores and juniors, which obviously 
do not cause almost any transformation of balance as a 
motor ability. 
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Sažetak
Cilj ovoga istraživanju bio je da se na osnovu indikatora telesnog  drža-
nja identifikuje struktura telesnog držanja, statisti ka zna ajnost razlika 
izme u klastera i analiziraju tipovi telesnog držanja. Odgovaraju i uzorak 
ispitanika inili su (N=132) u enici osnovnih škola iz Valjeva, uzrasnog 
nivoa 10–13 godina. Pet  varijabli telesnog držanja u frontalnoj i etiri 
varijable u sagitalnoj ravni, merene Tribstonovim instrumentom skolio-
zometrom (Tribastoneu, 1994). Algoritmom kanoni ko–diskriminativne 
analize, izolovana je jedna statisti ki zna ajna bipolarna linearna diskrimi-
nativna funkcija. Najve i uticaj na diferencijaciju izme u tipova ispitanika 
imale su tri varijable u frontalnom položaju (nesimetri an položaj kolena, 
nesimetri an položaj zglobova nogu i položaj glave u odnosu na vertikalu) 
i etiri varijable u sagitalnom položaju (položaj glave, ramena, karlice i po-
ložaj kolena u odnosu na gravitacionu liniju). Rezultati iz uzorka uglavnom 
su saglasni sa nalazima dobijenim na uzorcima iz prethodnih istraživanja 
drugih populacija koje su bile predmet istraživanja.

Klju ne re i: skoliozometar, frontalna ravan, sagitalna ravan, 
                    diskriminativna funkcija, telesni tip 

Abstract
The aim of the research was to identify structure of body posture, as 
well as stastical significance of differences between clusters, upon the 
indicators of body posture, as well as to analyze types of body posture. 
Examinee sample included (N=132) pupils of primary schools in Valjevo, 
aged between 10-13. Five variables of body posture in frontal plane and 
four variables in sagittal plane, measured by Tribastoneu’s instrument 
-scoliometer Stastically significant bipolar linear discriminative function 
was isolated by algorithm of canonical discriminant analysis. Three vari-
ables in the frontal plane (asymmetric knee position, asymmetric leg joint 
position, and head position according to a vertical) and four variables in 
the sagittal plane (head position, shoulder position, pelvis position, knee 
position according to gravitation line) were of the greatest importance for 
the differentiation between the types of examinees. Sample results mostly 
coincide with the results obtained from the samples of previous research 
of the population that was subjected to analysis. 

Key words: scoliometer, frontal plane, sagittal plane,
                  discriminnt function, body type

Introduction  

Research of discriminant structure and quantitative differences 
of variables of body posture between the clusters of examinees 
represents fundamental scientific problem of kinesitherapy. Body 
proportions, i.e. body shape as the most prominent part of latent 
morphological dimensions, represents the most manifest com-
ponent of anthropological status which contributes to the devel-
opment and improvement of other human abilities and qualities.
Garrison and Read (1980) defined body posture as body seg-
ments at the line, without inclination angle, as well as thier bal-
ance which is realized with minimal strength, but the most suc-
cessfully. Somatotype characteristics and correct body posture 
are extremely important in everyday life and succseful mobility 
of both children and adults. It is necessary to exercise regularly 
every day in order to have correct body posture. On the other 
hand, irregular body posture of children – weakened functional 
state of postural muscles (flat foot, “O” legs, “X” legs, lordosis, 
flat back, kyphosis, rounded back, scoliosis and kypholordosis) 
represent important problem of children today, especially in the 
early life age. 
Different methods, such as: manual testing of musle strength, 
movement scope measuring, thermography, photopography, X-
rays, plumb assesment method, scoliometer, photography etc. 
were used in order to define morphological state and make pre-
cise diagnosis of body status.  Precondition of evaluation and 
measuring of body structure is to identify  its latent discriminant 
structure.
Kosinac and Katic (1999) assessed body posture (head, shoulder 
and scapula  postures, Lorenzo’s angle, kyphosis and lordosis) of 
examinnes aged from 10 to 14 applying visual method. Obtained 
data results pointed out significant irregularities in the position of 
analyzed body parts.

Pausic (2005) investigated body posture of primary school 
children applying scoliometer. The instrument was highly valid 
concerning internal metric characteristics ( > of 0.89). Obtained 
results pointed out that 51, 58% of first graders had asymmetric 
body posture. A year later the number of students with incorrect 
body posture grew to 62,1%. It was also stated that 28,4 % of 
children had impaired thoracic cage; a year later the number grew 
to 51,6%. Flat foot was registered in 47,3% of first graders and 
60,7% of second graders.
Pausic (2007) also defined different types of body posture in her 
latest study according to the indicators of body posture measured 
by scoliometer. The research included boys aged from 10 to 13 
and it defined following types: a) correct body posture, mild sco-
liotic body posture, mild body posture with both-side inclination 
in frontal plane; b) correct body posture, mild impaired body pos-
ture and marked impaired body posture in sagittal plane.
Bavchevic, Bozinovich-Madjor, and Vlahovic (2008)  analyzed 
incorrect body posture in longitudinal research which lasted 8 
years and included examinees of both sexes aged 14. Obtained 
results pointed out growing number of examinees with incorrect 
body posture, especially with spinal column deformity. The analy-
sis of differences between genders in 1998/99 showed higher 
percent of incorrect body posture of female pupils (scoliosis and 
flat foot), whereas kyphosis was more common in male pupils. In 
2006/07. incorrect body posture and scoliosis were more com-
mon in female students, whereas kyphosis and flat foot were 
more common in male pupils. 
The results of the researh did not match in latent discriminant 
structure and definition of numeric differencies of body profile 
of the groups, beacuse of different samples and different age of 
examinees. Thus, the aim of our empirical research is to apply 
suitable multivariate statistical methods based upon measuring 
of significant variables of body posture at symetric body parts of 
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younger pupils. It is also necessary for the relevant phenomenon 
to be identified, classified, defined, hypothetically suggested from 
discriminant aspect. Thus, we can offer distinctive model of types 
of body posture. 
The aim of research paper is to define types of body posture from 
discriminant aspect, upon manifest variables of body posture in 
frontal and sagittal planes, as well as to define statistical signifi-
cance of numeric differencies between two clusters of primary 
school pupils in Valjevo, aged from 10 to 13.

Methods 

Examinee sample 
132 pupils aged from 10 to 13 (IV,V,VI grade of The First Primary 
school and „Vladika Nikolaj Velimirovic“ primary school were 
submitted to body posture measuring. None of examinees had 
deformities or malfunction of the limbs. The results were obtained 
during May and June of 2009.

Research instrument and variables
The choice of indicators of body posture was done according 
to scoliometer (Tribastoneu, 1994). According to the standards 
of Auhter, Pufer  and Hueting, (1997), Palmer and Epler (2001), 
measuring protocol included five significant points in frontal plane 
and four significant points in sagittal plane.
Indicators of body posture of examinees in frontal plane prese-
nted by codes in the tables are:
(1) head position according to a vertical line  – deviation of the 
line that connects upper edge of left and right ears from horizontal 
line (HPIFP)
(2) asymmetric shoulder position– deviation of the line that 
connects left acromion to the right from horizontal line (ASPIFP)
(3) asymmetric pelvis position  – deviation of the line that 
connects spinu iliacu anterior superior to the right from horizontal 
line (APPIFP)
(4) asymmetric knee joint position – deviation of the line that 
connects left epicondylus medialis to the right from horizontal 
line (AKPIFP)
(5) asymmetric leg wjoint position  – deviation of the line that 
connects malleolus medialis to the right from horizontal line 
(ALPIFP).

Indicators of body posture of examinees in sagittal position are:

(1) head position according to gravitation line  – deviation of 
upper edge of left ear from vertical line  (HPISP)
(2) shoulder position according to gravitation line – deviation of 
acromiona of left side of the body from vertical line (SPISP)
(3) pelvis position according to gravitation line – deviation of 
spine iliace anterior superior from vertical line (PPISP)
(4) knee position according to gravitation line – deviation of 
epicondylusa lateralis of left side of the body from vertical line 
(KPISP).

Procedure of evaluation of symmetric body 
parts with scoliometer 
Assessment of symmetric body parts was done by scoliometer 
(170 x 75 cm) which records any type of asymmetry or deviation 
from correct body posture, as well as kyphosis, scoliosis and 
lordosis. The instrument has aluminum frame, stand and 
transparent board made of plexiglass (with diameter of 75 
cm). Square net is drawn on the board. Larger squares are 
coloured (5 x 5 cm), whereas smaller squares are positioned at 

the central part (1 x 1 cm), in order not to disturb examinees 
observation. Abscissa, as well as the coordinate on which the 
examinee leaned his/her back, were marked with dark colour, so 
that processus spinosis covered vertical red line in the centre 
of the board. Significant points of examinees’ extended skeleton 
parts (angulus superior et inferioir scapulae, acromion, spina 
iliaca anterior superior) were marked with chalk. Assessment 
of body posture was done according to these points. After that 
examinee was placed in frontal or sagittal plane. P.E. professor 
was standing on the other side of plexiglass board and marked 
deviation between indicators of body posture. The results were 
presented in centimetres.
Measuring was done in P. E. gym in smaller groups (from 10 to 
20) examinees, with  room tempreture of 20 °C. Examinees were 
barefoot, they wore exercise eqiupment (shorts and t-shirts). 
Measuring procedure was repeated three times for each indica-
tor, so that the  instrumentobtained characteristics of multiitem 
(composite) type. 

Multivariate data processing
Normatization was used for data processing. Basic descriptive in-
dicators were calculated for each statistic multivariance canonical 
discriminant analysis. Software programme for statistics, SPPS 
for Windows ver 14.0 was used for statistical data processing.

Results and Discussion

Defining of types of bosy posture in frontal 
plane 
Statistically significant high linear discriminant function 
(Rc=0.85), was set by algorithm of canonical disciminant analy-
sis (Table 1). It is classified with three groups of examinees ac-
cording to variables, with error probabilty of 2 %. The second 
discriminant function is not statistically significant, so that it is 
not interpreted.

Table 1. Statistics and testing of significance of discriminant functions 
of clusters of body postures in frontal position 

Legend:  – characteristic value, RC – canonical correlation coef-
ficient, 2– Hi square value, df – deviation level, p – significance 
level (error probability)

There are statistically significant differences in the whole system 
of analyzed vectors of variables, with minimal possibility of wrong 
classification within the grou  p. Canonical correlation coefficient 
value in the first isolated discriminant function is very high. This 
fact points out the intensity between linear combination of the set 
of variables and linear variables of another set. Canonical correla-
tion significance is set by the results of nonparametric Hi-square 
test ( 2=673,29).  
Vectors of the structure of staistically significant  two- pole dis-
criminant functions (linear correlations of manifest variables with 
discriminant function) of classified types of body posture in frontal 
position are shown in Table 2. According to variance analysis as-
pect, discriminant functions or canonical factors, maximize distance 
between the groups according to the variance inside the groups.

Rc 2 DF P

DF1 3.82 0.85 673.29 10 0.02

DF2 1.64 0.16 147.33 4 0.35
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Table 2. Standard coefficients of discriminant functions of variables of 
body posture in frontal plane  

According to positive and negative discriminant coefficients of 
the first linear discriminant function we can evaluate partial influ-
ence of variables on formation of its dimension. In data matrix 
they were presented in bold letters of discriminant coefficients, 
which show that each variable partially correlates with disrimi-
nant function, which brings to statistically significant differences.
Greatest statistical contribution to analysis of discrimination be-
tween the types of body posture at first discriminant factor had 
(according to their negative sign) discriminant ponders of two 
variables of negative direction: asymmetric knee position (0.63) 
and asymmetric leg joint position (0.72). On the other hand, 
positive pole of discriminant factor defined dicriminant ponder 
of head position according to vertical line variable (0.58). Thus, 
above mentioned variables are the best predictors of quantita-
tive differences between clusters according to variance inside 
the groups.
Taking into account the fact that two variables had very low val-
ues in the first isolated discriminant function, we can state that 
they have no practical significance for setting crucial differences 
between clusters of body state of examinees.
Identified content of the structure of the first canonical discrimi-
nant function can hypothetically be interpreted as latent dimen-
sion of asymmetric knee and leg joint position.
More detailed analysis of separation can be noticed from  the 
values of centroids of groups (C), i.e. points the coordinates of 
arithmetic mean of examinees of which are at all variables of dis-
criminant space (Table 3). Obtained middle values and signs of 
group centroids point out statistically significant distance between 
defined types of body posture of examinees in frontal plane.

Table 3. Group centroid values at discriminative factors

Greatest distinctions of variables in the structure of the first 
significant function can be noticed between Type 3 (high 
centroid) and Type 1 (low centroid) clusters. Thus, results of 
arithmetic values of discriminant results of discriminant function 
of the groups of examinees show that positive pole of the first 
discriminant function is characterized with Type 3 (C3=3.22). 
These examinees have high scores in the variables of body posture 
in frontal plane. On the other hand, Type 1 is in the negative pole 
of discriminant function (C1=-2.02). These examinees have low 
scores at the same variables. Type 2 (C2=.99) also has high 
centroid but of lower intensity and it is situated at the same pole 
of dimension as Type 3.

According to the sign of group centroids we can state that disrim-
inant (of variable of body posture in frontal plane) distinguishes 
following types of examinees:
a) Type 3 – it shows tendency to higher results with the distance 
of 3.22 standard deviations from expected value 
b) Type 2 – it shows tendency to higher results with the distance 
of .99 standard deviations from expected value 
c) Type 1 – it shows tendency to lower results with the distance 
of 2.02  standard deviations from expected value 

Defining of body posture types in sagittal 
plane  
In order to divide examinees to groups, so that groups consisit 
of similar members, but mutually differ as much as possible, we 
have presented results of statistical processing of basic descrip-
tive statistics in Table 4.

Table 4 shows statistically significant high linear discriminant 
function (Rc=.87),, with the lowest error porobability of 1 %, 
which points out differences of variables between three classified 
types of body posture of examinees in saagittal plane. Taking the 
intensity of the values of canonical correlation coefficient, as well 
as the values of nonparametric Hi-square test ( 2=658,32), the 
first  isolated discriminant function with high distribution of prob-
abilities of frequencies, according to theoretical expectations of 
frequencies of variables, statistically significant explains differenc-
es between vectors of variables of body posture in frontal plane.
Vectors of structure of discriminant function of original variables 
of body posture in sagittal plane are shown in Table 5. 

Table 5. Standard coefficients of discriminant functions of variables of 
body posture in sagittal position  

Positive and negative values of standard discriminant coefficients 
of statistically significant bipolar canonical discriminant function 
in structural matrix point out approximately partial contribution 
of all analyzed variables as well as differences between types of 
body postures of examinees in sagittal view.
Detailed investigation of statistically significant discrimination of 
three defined types of body posture of examinees in sagittal plane 
is shown in Table 6, according to the values of the centroids of the 
groups (C, i.e. mutual arithmetic value at separate discriminant 
factors.

DF1 DF2

HPIFP 0.58 0.16

ASPIFP 0.07 0.09

APPIFP -0.06 0.09

AKPIFP -0.63 -0.07

ALPIFP -0.72 0.08

CENTROIDS CENTROIDS

Type 1 -2.02 -0.21

Type 2 0.99 0.26

Type 3 3.22 -0.73

Table 4. Statistics and testing of significance of discriminant functions 
of clusters of body posture in sagittal plane

RC 2 DF P

DF1 6.07 0.87 658.32 8 0.01

DF1
HPISP -0.62
SPISP -0.58
PPISP 0.45
KPISP -0.39

Table 6.  Values of the centroids of groups at discriminant factor

Centroids

Type 1 2.18

Type 2 -2.93

Type 3 4.20
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First discriminant function diferrentiates moslty Type 3 (high 
centroid)  and Type 2 (low centroid) clusters. Thus, positive 
sign of arithmetic means in centroid matrix points out that Type 
3 (C3=4,20) represents main characteristic of the structure of 
the first discriminant function, i. e. it consists of examinees who 
have high results at the tests of body posture in sagittal plane. 
At negative side of discriminant function, distinction is made by 
Type 2 (C2= 2,93) i.e. examinees who have the lowest results 
at the same tests. Type 1 (C1= 2,18) also has high centroids 
of lower intensity and it is situated at the same side of dimension 
as Type 3.
Taking the signs of group centroids into account, we can un-
doubtedly state that variables of body posture in sagtittal plane 
differentiate following types of examinees:
a) Type 1 – it shows tendency to higher results with the distance 
of 2,18 standard deviations from expected value 
b) Type 3 – it shows tendency to higher results with the distance 
of 4,20 standard deviations from expected value 
c) Type 2 – it shows tendency to higher results with the distance 
of 2,93  standard deviations from expected value. Therefore, 
discriminants of the centroids of groups at the second linear dis-
criminant function could not be used for assessment of mutual 
discrimination of body posture types in sagittal plane. 
Comparison of obtained results with results of earlier studies is 
not possible, since we have not found studies on body posture of 
school poopulation of preadolescent period in frontal and sagittal 
plane in available references.

Conclusion  

The results of research paper point out that applied instrument 
scoliometer (Tribastoneu, 1994), with its referential points in the 
body according to gravitation line in sagittal and frontal views, 
can be used for assessment of symmetric body parts of the 
population of lower graders of primary school.
Discriminant ponders of two variables of negative sign gave 
maximal contribution to the distinction between the types of body 
posture in frontal position: asymmetric knee position and asym-
metric leg joint position, whereas the structure of positive side of 
second discriminant factor was defined with head position ac-
cording to vertical line variable. Centroid values in linear discrimi-
nant function suggest that its positive side is characterized with 
Type 3 (both-side scoliotic posture), i.e. examinees who have 
highest results of body posture tests in frontal plane. Type 1 (mild 
scoliotic posture) is situated in the negative side, i.e it comprises 
of examinees who have lowest results of the same tests.
Positive signs of centroids point out that Type 3 (marked incorrect 
body posture) is dominant discriminant of the first discriminant 
factor in sagittal position. Examinees who have high results of 
body posture tests in sagittal plane belong to this type. On the 
other hand, Type 2 is situated in the negative side of discriminant 
function, i.e. examinees who achieve lowest results in the same 
tests belong to this type.
From discriminant point of view, presented results do not pretend 
to lead to general conclusions, but they can be used as the basis 
for further research in the field of body posture assesment. Tak-
ing into account the fact that this phenomen was not thoroughly 
investigated by now, it is supposed that discriminant results of the 
paper will have heuristic influence upon other authors and moti-
vate them to do some research on longitudinal design of body 
posture types and statistically significant quantitative diiference 
between the clusters of examinees.
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Sažetak
Cilj ovog istraživanja je da se kod u enika u srednjoj školi utvrdi uticaj 
motori kih sposobnosti na izvo enje situaciono motori kih elemenata 
košarkaške igre. Uzorak varijabli prediktorskog prostora sastojao se od 
24 motori ke varijable, a uzorak varijabli kriterijskog prostora od 3 vari-
jable/elementa košarkaške igre. Utvr ivanje uticaja izvršeno je primjenom 
regresione analize. Dobijeni rezultati pokazuju da se u odnosima istra-
živanih prostora (motori ko/situaciono-motori ki) pojavio odgovaraju i i 
zna ajan uticaj. 

Klju ne rije i: motori ke sposobnosti, srednješkolska populacija,
    košarkaška igra, situaciono-motori ke sposobnosti 

Abstract
Aim of this study is to determine the effect of motoric abilities on high 
school students, by the performance of situational motorical elements of 
basketball.  Sample variables of a predicator area consist of 24 motorical 
variables, and the sample variables of the criterion area of 3 variables/
elements of basketball. Determination of the effect was carried out by the 
use of regression analysis. The obtained results show that in the relations 
of the researched areas (motoric/situational-motoric) an appropriate and 
significant influence appeared. 

Key words: motoric abilities, high school populations,
 game of basketball, situational-motoric abilities

Introduction

Basketball is one of the most popular sports in the present day. 
Thanks to this popularity it is regularly presented on TV screens, 
in sport magazines and on the internet (web pages, portals, 
chat pages and such).  That presence once more in a closed 
circle draws attention to a basketball game that through league 
or cup competitions again is found on an important place in the 
interest of adolescents. Passing that popularity in practical life 
and in the lessons of sport and physical education, it can be 
notices that educators of sport and physical education initiate 
higher prevalence of basketball in comparison to other sports. 
If we state the fact that for concrete implementation of contents 
needed for a game of basketball requires very small space (for 
ex. basket 3 on 3) and sport equipment (a basketball), then it 
is practical that everything is left “in its place”. In this context 
the interest of researchers for certain laws, interactions and fol-
lowing effects that take place in the above sport, should not be 
surprising. These studies are particularly interesting when in the 
context of the entire structure individualized lesson content is 
introduced, which Findak,(2001) advocates and which should 
be realized within the framework of lessons, but in an area 
which is still from 1999., despite the initiatives by governmental 
and nongovernmental organizations, by Hardman (2008) there 
is no significant practical progress. Therefore there are a large 
number of conducted researches regarding the analysis of ap-
propriate relations and effects in basketball. The majority of re-
search conducted within the motoric/situational motorical areas 
showed a corresponding effect in the investigated areas (pre-
dictor/criterion). Meki  (2001) with a sample of 110 basketball 
players of municipal and regional rank, proves that basic-motor-
ic abilities effect the shooting of the ball into the basket. Meki   
(2002) determines the suitable high and significant degree 
of influence of basic motorical abilities on the preciseness of 
passing the ball into the basket. Investigated elements and tech-
niques of the same sport (basketball) Bukvi  (2003) constitutes 

that a significant and high relation between basic-motorical and 
specific-motorical abilities (explosive strength, speed and bal-
ance versus the control of the ball and basket shot) exist. Tallir, 
Valacke, Musch, Philippaters, and Lenoir (2008) with a sample 
of 30 basketball players, determines that in the game of 5 on 
5, motorical readiness can increase. Except before situational-
motorical analysis of basketball game the reached effect is reg-
istered in the researches carried out by other sports and other 
researchers. That is also true in the game of handball, Markovi  
(2002) with a sample of 100 handball players he found a signifi-
cant relation between basic-motorical and situational-motorical 
abilities. Mileti , Sekuli , and Wolf-Cvitak (2004) in conducted 
research on 55 gymnasts, constituted that a relation between 
motoric abilities and the performance of nine different jumps, 
without devices in rhythmical gymnastics, does exist. Vlaši , 
Oreb and FurjanMandi  (2007) found that there is a statistically 
significant relation of the predicator morphological-motorical 
area with criterion specific situational motorical elements (folk 
dances). The obtained results from the previous research, like 
in the field of basketball also in other sports suggests that 
for the aim in this research could determine the influence of 
motorical abilities by the performance of situational-motorical 
basketball elements, which are realized in lessons of sport and 
physical education. Furthermore, it would contribute to the in-
dividualization of lesson content and adjustment of lessons to 
students of vocational high school (Kova , Leskošek, and Strel, 
2007) determined that a difference in morphological-motoric 
structures between students of different high school programs, 
i.e. students from vocational high schools had inferior results 
in comparison to student from reference high schools. Brett-
schneider and Naul (2004) determined that socio-economical 
statuses of families’, parents’ educational level and aspiration 
of an individual have a strong influence on the motoric status 
of adolescents).
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Methods 

Sample examinees
Sample examinees are defined by the male population of voca-
tional high schools in Sarajevo, ages of 16-18.  The survey in-
cluded only students that were, during the testing and measuring 
process, completely healthy. Total number of examinees in the 
sample is 151 students. All examinees had appropriate condi-
tions of regular attendance of physical and health education, 
which represented one of the fundamental requirements for the 
research. The sample cannot be elected by any criterion for ad-
mission to high school.

Sample variables
Selection and definition of the research areas (motorical/situa-
tional motorical) in this investigation was performed by standard-
ized and empirically verified test procedures, and on the basis of 
which it will have come some data on the characteristics of the 
surveyed examinees.

Sample of predicator variables is defined by the following:
Variables for assessment of coordination

1. Coordination with a bat (MKTKK3)
2. Slalom with three medicine balls (MKOS3M)
3. Figure eight with ducking (MAGOSS)

Variables for assessment of explosive strength
1. Throwing a medicine ball out of a back laying position
   (MESBML)
2. Standing long jump (MESSD)
3. Running 20M (MBR20M)

Variables for assessment of movement frequency
1. Foot tapping (MBFTAN)
2. Foot tapping against a wall (MBFTAZ)
3. Hand tapping (MBFTAR)

Variables for assessment of repetitive strength
1. Push-ups on a loom (MRASKR)
2. Raising body out of a lying position (MRSPTL)
3. Deep squats with weights (MRLDCT)

Variables for assessment of balance
1. Standing on one leg longitudinally on a bench with open  
    eyes (MBAU1O)
2. Standing on one leg across from the bench with closed 
    eyes (MBAU1Z)
3. Standing on one leg longitudinally on a bench for balance 
    with closed eyes (MBAP1Z)

Variables for assessment of precision
1. Targeting with a long stick (MPCDS)
2. Targeting a vertical target by foot (MPGVCN)
3. Targeting a horizontal target by hand (MPGHCR)

Variables for assessment of flexibility
1. Flex with a bat (MFLISK)
2. Leg lift while laying facedown (MFLZLG)
3. Deep forward bend on a bench (MFLDPK)

Variables for assessment of speed
1. Running 20M out of a high start (MBR20M)
2. Running 20M out of a flying start (MBR20MLS)
3. Running 50M out of a high start (MBR50MVS)

Sample of criterion variables (situational-motorical) defined as 
follows:

Variables for assessment of basketball
1. Throwing the ball with both hands against a wall
    (OKBLRZ)
2. Dribbling slalom (OKVLS)
3. Throwing ball into basket (OKBLK)

Data processing methods
Processing of data obtained was done by the software package 
SPSS 12.0 for Windows. At a multivariate level for determining 
the relation, a canonical correlation analysis was used, which 
represents an extremely suitable mathematical-statistical proce-
dure in cases where it is necessary to determine a relationship 
between two sets of different variables.

Results and Discussion

Regression analysis of the criterion variable Throwing a 
ball with both hands against a wall – OKBLRZ (Table 1.), 
provides sufficient information on the effects of applied motoric 
variables on the success of performance on the treated criterion 
variables. The relation of the predictor area with the criterion 
variable is R = .6 and 44% of common variability with the 
criterion is explained. That relation is significant on a level of 
.00. Analysis of the influence on individual motoric variables 
(Table 2; Table 3), can be seen that the largest and statistically 
significant effect on the criterion variable has variable flexibility 
(two to three representatives of area) MFLISK and MFIZLG and 
explosive strength MESBML and MESSD, also with two to three 
representatives of the explosive strength area. Besides these and 
variables – targeting a vertical target by foot (MPGVCN) slalom 
with three medicine balls (MKOS3M) are significant on a level of 
.01 to .05. This takes us to the conclusion that a large influence 
on the criterion variable throwing a ball with both hands against a 
wall has flexibility with explosive strength. Here we can also add 
variables of precision and coordination, and possibly variables 
of precision MBAP1Z with a coefficient of significance that is on 
the verge of significance from (.052). Observing the test whose 
performance requires stamina, precision, coordination and 
flexibility due to constant change of ball direction during blocking, 
those explosive forces that become visible due to time limitations 
during testing, such settings of predictor variables is logical. What 
we can state, and what leads us to the variable of flexibility is that 
the examinees were inadequately familiar with the techniques of 
performing elements. The element of when the ball is blocked 
by imprecise blocking goes into different directions “away from 
the examinee” which then requires flexibility and also forceful 
explosive features in order to keep the same ball in the game 
(sudden changes in movement).

Table 1. OKBLRZ       
(Basketball-Throwing a ball with both hands against a wall)

Model R R Square
Adjusted 
R Square

Std. Error of 
the Estimate

1 .667 .445 .339 5.654
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Table 2. ANOVA

Regression analysis of the criterion variables Dribbling a ball 
slalom – OKVLS (Table 4), provides sufficient information on the 
effects of applied motoric and conative variables on on the suc-
cess of performance on the treated criterion variables. The rela-
tion of the predictor area with the criterion variable is R = .68 and 
47% of common variability with the criterion is explained. That 
relation is significant on a level of .00. Analysis of the influence 
on individual motoric variables (Table 5; Table 6) can be seen that 
the statistically significant effect on the criterion variable has the 
variables MESSD – standing long jump, MBFTAN- leg tapping, 
MBFTAZ- foot tapping against a wall, MBAU1O- standing on one 
leg longitudinally on a bench with open eyes, MPGVCN- targeting 

Model  Sum of Squares df Mean Square F Sig.

1 Regression 3229.175 24 134.549 4.209 .000

 Residual 4028.268 126 31.970   

 Total 7257.444 150    

Model  Unstandardized Coefficients Standardized Coefficients t Sig.

 1  B Std. Error Beta   

 MKTKK3 -.078 .531 -.013 -.147 .883

 MKOS3M -.454 .200 -.184 -2.274 .025

 MAGOSS .129 .313 .035 .411 .682

 MESBML .072 .032 .190 2.286 .024

 MESSD .064 .031 .214 2.100 .038

 MBR20MVS -1.433 2.426 -.044 -.591 .556

 MBFTAN .250 .267 .090 .935 .351

 MBFTAZ .091 .174 .046 .525 .601

 MBFTAR -.266 .180 -.131 -1.481 .141

 MRASKR .140 .111 .122 1.263 .209

 MRSPTL -.019 .096 -.019 -.196 .845

 MRLDCT .042 .076 .047 .557 .578

 MBAU1Z .254 .418 .051 .608 .544

 MBAP1Z -2.036 1.039 -.153 -1.960 .052

 MBAU1O -.018 .016 -.103 -1.133 .259

 MPCDŠ -.008 .017 -.036 -.480 .632

 MPGVCN .069 .029 .190 2.413 .017

 MPGHCR .043 .026 .134 1.674 .097

 MFLISK -.113 .037 -.228 -3.060 .003

 MFIZLG -.135 .067 -.172 -2.033 .044

 MFLDPK .019 .070 .022 .266 .791

 MBR20MVS 2.455 3.822 .062 .642 .522

 MBR20MLS -6.083 4.541 -.140 -1.340 .183

 MBR50MVS -1.481 2.170 -.090 -.683 .496

Table 3. Coefficients

a vertical target by foot and MBR20MVS – running 20m out of a 
high start, are all significant on a level of .01 to .05. This takes 
us to the conclusion that a large influence on dribbling slalom 
takes up explosive force, followed by two variables of fast perfor-
mance of movement and variables of balance and speed. Since 
characteristics of speed are necessary for test performance with 
some requirements of maintaining balance in sudden movement 
changes and retention of control on the ball in slalom, it can be 
concluded that the suitable logical relation of the predicator space 
with the criterion variable was obtained.
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Model  
Sum of 
Squares

df Mean Square F Sig.

1 Regression 49.882 24 2.078 4.748 .000

 Residual 55.156 126 .438   

 Total 105.038 150    

Table 4. OKVLS (Basketball- Dribbling slalom)

Model R
R 

Square
Adjusted 
R Square

Std. Error of 
the Estimate

1 .689 .475 .375 .661

Table 5. ANOVA

Table 6. Coefficients

Model
 Unstandardized Coefficients

Standardized 
Coefficients

t Sig.

1  B Std. Error Beta   

 MKTKK3 .116 .062 .155 1.864 .065

 MKOS3M .018 .023 .062 .783 .435

 MAGOSS .067 .037 .150 1.836 .069

 MESBML .000 .004 .007 .092 .927

 MESSD .009 .004 .234 2.369 .019

 MBR20MVS .262 .284 .067 .923 .358

 MBFTAN -.094 .031 -.284 -3.019 .003

 MBFTAZ -.061 .020 -.255 -2.979 .003

 MBFTAR -.012 .021 -.048 -.557 .579

 MRASKR .004 .013 .032 .339 .735

 MRSPTL -.007 .011 -.055 -.591 .555

 MRLDCT .001 .009 .011 .133 .895

 MBAU1Z .067 .049 .112 1.375 .172

 MBAP1Z -.078 .122 -.048 -.639 .524

 MBAU1O -.004 .002 -.203 -2.289 .024

 MPCDŠ .001 .002 .052 .721 .472

 MPGVCN -.011 .003 -.245 -3.206 .002

 MPGHCR -.003 .003 -.073 -.943 .348

 MFLISK .008 .004 .127 1.760 .081

 MFIZLG .009 .008 .100 1.210 .229

 MFLDPK .003 .008 .033 .409 .683

 MBR20MVS -1.958 .447 -.410 -4.377 .000

 MBR20MLS .300 .531 .057 .565 .573

 MBR50MVS .335 .254 .169 1.319 .189
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Insight into the regression analysis table in the manifestation 
area for the criterion variable Throwing ball into basket – OKBLK 
(Table 7.), we notice modest information about the effects of 
applied motoric variables on the success of performance on 
the treated criterion variables. This statement stands due to the 
reason that out of a total of 24 variables, only 3 have a correlation 
relation of significance. The relation of the predictor area with the 
criterion variable is R = .57 and 32% of common variability with 
the criterion is explained. That relation is significant on a level 
of .00. Analysis of the influence on individual motoric variables 
(Table 8; Table 9), can be seen that the largest statistically 
significant effect on the criterion variable includes the variables 
MBFTAZ – foot tapping against a wall by (.002), followed by 

MRASKR- push ups on a loom by (.013) and MBR20MLS – 
running 20M out of a flying start by (.018). Considering that it is 
about a test whose performance is necessary to possess suitable 
speed characteristics, along with strength of the upper extremities 
due to a great number of shots made towards the basket, this 
arrangement of effects on the predicator variable (examinee 
stands in front of the basket and from whatever position shoots 
the ball as many times possible into the basket in a time period 
of 30 seconds) is expected and understandable. The modest 
influence of the other regression coefficients suggests that the 
predication of influences on the criterion variable can only be 
done with the help of the whole observed system.

Table 7. OKBLK (Basketball- Throwing ball into basket)

Model R R Square Adjusted R Square Std. Error of the Estimate

1 .570 .325 .197 2.811

Table 8. ANOVA

Model  Sum of Squares df Mean Square F Sig.

1 Regression 480.088 24 20.004 2.531 .000

 Residual 995.859 126 7.904   

 Total 1475.947 150    

Table  9.  Coefficients

Model  Unstandardized Coefficients Standardized Coefficients t Sig.

 1  B Std. Error Beta   

 MKTKK3 .302 .264 .108 1.145 .255

 MKOS3M -.106 .099 -.096 -1.071 .286

 MAGOSS -.156 .156 -.093 -1.003 .318

 MESBML .022 .016 .130 1.412 .160

 MESSD .000 .015 .003 .030 .976

 MBR20MVS -.057 1.206 -.004 -.047 .962

 MBFTAN .067 .133 .054 .505 .614

 MBFTAZ .270 .086 .303 3.121 .002

 MBFTAR .070 .089 .076 .780 .437

 MRASKR .140 .055 .270 2.532 .013

 MRSPTL .073 .048 .161 1.535 .127

 MRLDCT -.023 .038 -.057 -.622 .535

 MBAU1Z -.175 .208 -.078 -.843 .401

 MBAP1Z -.033 .516 -.006 -.064 .949

 MBAU1O .011 .008 .148 1.473 .143

 MPCDŠ .012 .009 .110 1.345 .181

 MPGVCN .013 .014 .081 .928 .355

 MPGHCR -.010 .013 -.067 -.763 .447

 MFLISK .026 .018 .114 1.395 .166

 MFIZLG -.060 .033 -.170 -1.821 .071

 MFLDPK .052 .035 .135 1.489 .139

 MBR20MVS 3.039 1.900 .170 1.599 .112

 MBR20MLS 5.414 2.258 .276 2.398 .018

 MBR50MVS .120 1.079 .016 .111 .912
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Review of the regression analysis of the first main component in 
the area of basketball (Table 10) with mutual correlation of .70 
shows high multiple correlation and coefficient determinations .49. 
This relation is significant on a level of .00 (Table 11). Analysis of 
the influence on individual variables (Table 12) can be concluded 
that largest statistically significant effect has three variables 
MBR20MVS –running 20M out of a high start, which represents 
the area of speed, variable MPGVCN- targeting a vertical target 
by foot, for the assessment of precision and MBFTAZ- foot 
tapping against a wall, for the assessment of frequency speed of 
movement. In the order of significance follows variable MFLZLG- 
leg lift while laying facedown, for the assessment of flexibility, 
MBFTAN – foot tapping, for the assessment of frequency speed 
of movement and as the last variable, however the one that has 
a statistically significant influence MKOS3M – slalom with three 

medicine balls, for the assessment of coordination. The above 
leads us to a conclusion that influence of motorical abilities on 
the whole system of basketball (represented by three treated 
elements) exists. Analyzing the relation of variables (predicator- 
criterion) we can notice that two out of three variables of the 
represented area of movement frequency correlates with the first 
main component, and all the other variables belong to each of the 
predicator areas, which again infers the possibility that students/
examinees with greater frequency speed had a higher possibility 
of attaining better results in the game of basketball. We remind 
that the tests out the game of basketball are dynamic and that 
other variables are confirmed with a statistical correlation to 
the first main component “the game of basketball” had suitable 
influences in the acquirement of better results (speed, precision, 
flexibility and coordination).

Table 10. First main component in the game of basketball

Model R R Square Adjusted R Square Std. Error of the Estimate

1 .701 .491 .394 .778

Table 11. ANOVA

Model  Sum of Squares df Mean Square F Sig.

1 Regression 73.625 24 3.068 5.061 .000

 Residual 76.375 126 .606   

 Total 150.000 150    

Table 12. Coefficients

Model  Unstandardized Coefficients Standardized Coefficients t Sig.

1  B Std. Error Beta   

 MKTKK3 -.031 .073 -.035 -.430 .668

 MKOS3M -.055 .027 -.155 -1.990 .049

 MAGOSS -.049 .043 -.090 -1.125 .263

 MESBML .008 .004 .139 1.738 .085

 MESSD .000 .004 -.006 -.066 .947

 MBR20MVS -.251 .334 -.054 -.752 .454

 MBFTAN .078 .037 .196 2.125 .036

 MBFTAZ .074 .024 .262 3.102 .002

 MBFTAR -.003 .025 -.010 -.113 .910

 MRASKR .025 .015 .150 1.627 .106

 MRSPTL .012 .013 .081 .887 .377

 MRLDCT -.001 .010 -.006 -.072 .943

 MBAU1Z -.042 .058 -.059 -.736 .463

 MBAP1Z -.100 .143 -.052 -.699 .486

 MBAU1O .003 .002 .104 1.197 .233

 MPCDŠ .000 .002 .003 .037 .970

 MPGVCN .012 .004 .237 3.140 .002

 MPGHCR .003 .004 .071 .927 .356

 MFLISK -.009 .005 -.122 -1.711 .089

 MFIZLG -.022 .009 -.196 -2.416 .017

 MFLDPK .006 .010 .049 .621 .536

 MBR20MVS 1.644 .526 .288 3.124 .002

 MBR20MLS .105 .625 .017 .168 .867

 MBR50MVS -.273 .299 -.115 -.912 .363
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Conclusion

The influence of motorical abilities on the performance of situ-
ational-motorical elements of basketball was analyzed by appli-
cation of regression analysis on 151 examinees- students from 
vocational high schools. On the control sample 24 variables of 
the predictor area were analyzed and 3 variables of the criterion 
area. The aim set in the research suggested that an influence of 
motorical abilities on the performance of situational-motorical el-
ements of basketball existed. Furthermore, application of regres-
sion analysis confirmed the effect of motorical areas on every of 
the situational-motoric variables of basketball (manifested area) 
like on the three elements attained on the first main component. 
We can state for the realization of situational-motorical elements, 
also as success in the game of basketball – which can indirectly 
estimated using the actual impact on the first main component, 
are the primarily required characteristics of speed, followed by 
coordination and precision. With this research it has been deter-
mined that the quality of performing situational-motorical tasks 
is greater when the level of possession of other isolated motori-
cal abilities is greater. With the obtained results of this research, 
the influence of motorical abilities on performance of situational-
motorical elements in basketball is determined and the set aim of 
the research is confirmed.
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Sažetak
Cilj rada je utvrditi uticaj bazi no motori kih sposobnosti na uspješnost u 
igri nogometaša uzrasta 13-15 god. Veliki broj istraživa a se bavio ovom 
problematikom i dokazao mnogo iz ovog podru ja, me utim ono što bi 
moglo biti interesantno u ovom radu jeste uzorak ispitanika koji svojim ka-
rakteristikama i dobi može uvijek ponuditi nove i zanimjive injenice. Dob 
koja proizvodi velike promjene u organizmu i koji mogu izazvati i razli ite 
fenomene. Uzorak ispitanika u ovom istraživanju su djeca nogometaši ija 
je uzrasna dob 14, 12 ±0,93 godina. Svi ispitanici su pripadnici omladin-
ske škole FK Krajina Cazin i lanovi kadetskih selekcija. Iz toga je i uzet 
uzorak od 120 ispitanika. Ispitanici su uzeti iz škole nogometa FK Kraji-
na – Cazin, NK Jedinstvo – Biha  i NK Krajišnik – Velika Kladuša. Uzo-
rak varijabli ovog rada su varijable bazi no motori kih sposobnosti. kao 
prediktori(17) i varijable uspješnosti u nogometnoj igri kao kriteriji(8). Na 
osnovu statisti kih pokazatelja – regresionom analizom utvr en je utjecaj 
pojedina nih motori kih varijabli. Pokazalo se kako sustav prediktorskih 
varijabli koji se sastojao od bazi no motori kih sposobnosti ima statisti ki 
zna ajnu povezanost (p>0,05) s mjerenim pokazateljima uspješnosti u 
igri, te se može  primjetiti da najve i i statisti ki zna ajan utjecaj na kriterij-
ske varijable ima MKLSNL – slalom nogama sa dvije lopte, sa zna ajnosti 
na nivou .01. Varijabla koja se izdvojila determinira latentnu dimenziju ko-
ordinacije.  Pa sa sigurnoš u možemo ra i da sve kretnje i sve ono što se 
dešava za vrijeme igre je determinirano koordinacionim sposobnostima, 
bilo da se radi o igri u napadu ili odbrani. 

Klju ne rije i: utjecaj, bazi ne motori ke sposobnosti, uspješnost u igri,  
                     nogometaši

Abstract
The aim of this research was to determine the influence of basic motor 
skills on the success in the game of football players aged 13-15 years. 
A large number of researchers dealt with this problem and proved a lot 
in this area, but what might be interesting in this study is the sample of 
respondents with their characteristics and age can always offer new and 
interesting facts. Age, which produces large changes in the body also, 
can cause a variety of phenomena. The sample of respondents in this 
study were youth football players, whose age was 14, 12 ± 0.93 years. 
All of them were members of youth school FC Krajina,Cazin and members 
of cadets selection, from which a sample of 120 respondents have been 
taken. The respondents were taken from the football school FC Krajina - 
Cazin, FC Jedinstvo - Bihac and FC Krajisnik - Velika Kladusa. The sample 
of variables in this study is the variables of basic motor skills as predictors 
(17) and the variables of success in the football game as the criterion 
(8). Based on statistical data - regression analysis determined the impact 
of individual motor variables. It turned out that the system of predictor 
variables, which consisted of basic motor abilities had a statistically sig-
nificant association (p> 0.05) with the measured indicators of success 
in the game, so you may notice that the largest and statistically significant 
impact on the criterion variable has MKLSNL - slalom with two balls, 
with a significance level of .01. A variable that is allocated determines the 
latent dimension of coordination. In addition, we can certainly say that all 
movements and everything that happens during the game is determined 
by coordination skills, whether it is a game in attack or defense. 

Key words: impact, basic motor skills, success in game, football players

Introduction

Modern football requires players to express a high fitness level, 
technical and tactical efficiency, football universality and talent in 
order to achieve better and more efficient results. The develop-
ment of football and football players’ skills, as widely understood 
as a social phenomenon is connected with the development of 
sports results. (Michels,  2002).  Nowadays, a tendency for con-
stant proof and achieving results is present and the fact that limits 
of human capability are constantly moving ahead. Football is one 
of the polystructural sports activities, it is characterized by cycli-
cal and non-cyclical movements’ type, where the movements’ 
habits are very rich, variable and complex, and require the player 
of specific and general skills. For example, during one match, 
top players make on average between 1200 and 1400 various 
changes of activities, changing them every 4-6 sec (Verheijen, 
1998) and all these movements are applied in terms of coopera-
tion between teammate and opponent’s team players.

Basic motor skills are called one man’s ability involved in solving 
the cause of motor tasks and require a successful move, regard-
less of whether they were acquired by training or not, (Malacko 
& Radjo,  2004). During a football match, football players run, 
change directions of movement, run into duel and jump. All of 

these require exceptional basic mobility base, based on which 
we can say that motor skills predict results of success in football,  
what is also proved by many researches made (Verdernik,  1981; 
Jerkovic,  1986; Molnar  et al., 2007; Rienzi et al., 2000; Reilly, 
et al., 2000; Real, 2000; Corluka, 2005; Osman, 2007; Jerkovic, 
1986).

The success in the game, players realize by manifestation of a 
large number of skills and knowledge, their structure and level. 
Mentioned skills and qualities are called the factors of success, 
based on previous research by (Talovi , 2001) there are hierar-
chically three groups of factors for success in a football game: 
The first group consists of factors that are manifested through ba-
sic anthropological characteristics and abilities of players, primar-
ily referring to health status, motor skills, functional skills, cogni-
tive and conative factors as well as morphological characteristics. 
The second group of factors for success in a football game con-
sists of the specific theoretical knowledge, technical and tactical 
capabilities, specific motor skills, etc.
The third group consists of situational factors of success and 
effectiveness of results achieved in the competition. So, many 
studies have already proven, despite the influence came to the 
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conclusion that tests of these abilities can be a remarkable tool 
for the selection and control of readiness of players during the 
training process. The main goal of this scientific research is to 
determine the influence of basic motor skills on one side, and 
success in the game for players aged 13-15 on the other side. 
It is therefore a primary objective to determine the impact pre-
dictor system of basic motor skills on the success of football 
players during a football match at the age 13-15 years as the 
criterion, and thus to determine which abilities-tests predict the 
criteria.
 

Methods

Sample of the examines
The subject sample in this study were youth football players aged 
14, 12 ± 0.93 years. All of them were members of youth school 
FC Cazin Krajina and members of cadet selection from which the 
sample of 120 respondents were taken from the football school 
FC Krajina - Cazin, FC Jedinstvo - Bihac and FC Krajisnik - Velika 
Kladuša. 

Sample of the variables
The pattern of variables (Kureli  et al., 1975) in this study are the 
variables of basic motor skills. As predictors (17) and situational 
variables of motor abilities as a criterion (11). Basic motor skills: 
The variables to estimate the speed, MFE20V - running at 20 me-
ters - high start, MBFTAN - foot taping MBFTAZ - taping the foot 
against the wall; Variables for assessment of explosive strength, 
MFESDM – foot long jump MFESVM – foot high jump, MFETRO - 
triple jump; Variables for estimation of repetitive power MRESKL 
- push-ups (body lifting), MRCDTS - raising the body from lying; 
Variables for assessment of balance, MBAU1O - standing on one 
foot lengthwise on the bench for balance, MBAU2O - standing 
on two feet longitudinally on the bench with eyes open, MBAP2Z 
- cross standing on a low bench with two legs and eyes closed; 
variables to estimate coordination, MKLSNL - slalom with two 
balls, MAGKUS - side steps, MKTOZ - agility in the air; Variables 
to estimate flexibility, MFLPRK - forward bend on the bench, MFL-
PRR - Bent-discrepancy, MFLBOS - lateral string. 

Estimation of the success in football games were car-
ried out by three independent assessors using a technique 
of matches observations, which are based on subjective 
impression rate separately for each participant scores in 
the range of 1-5. Criteria of evaluation were consistent. In-
dependent assessors have had the appropriate qualifica-
tions to work in football. Data were entered into the jury list. 
Variables: are the following: SNNAP - performance management 
game in the attack; SNOBR - evaluation of performance manage-
ment game in the defense; SNTEH - evaluation of performance 
management techniques; SNSTV – evaluation of creativity; 
SNODG – evaluation of responsibilities; SNANG - evaluation of 
engagement; SNPON - evaluation of conduct; SNUSP – evalua-
tion of general performance management in the football game.

Procedure
Time and measurement was in accordance with soccer cells 
placed in a circle. A special care was also taken into the account 
of breaks that were adequate and long enough in order not to 
distort the work of the next test. Testing was always carried out 
by the same group- experts, professors of sport and a job of 
managing and the author performed monitoring. Dates of testing 
were 10:30h to 15:30h during day.

Data analysis method
Certain predictive values were evaluated by regression analysis 
(Dizdar, 2006). The following factors were calculated: 

1. Standard errors in forecasting (Std. Error of estimate) 
2. Multiple correlation and coefficient of determination RO 

and RO2, 
3. Correlation among the predictor variables and criterion 

variables - PART-R, 
4. Coefficients that are standardized and non standardized 

predictor variables, 
5. The value of the F-test – used to perform testing of statis-

tical significance of multiple correlation F 
6. Non standardized regression coefficient of predictor vari-

ables, 
7. The level of coefficient multiple correlation importance, 
8. The standard errors of regression coefficients of predictor 

variables ße, 
9. The level of significance of regression coefficients of Pß, 
10. The importance and value of the test t, role and impor-

tance of the regression coefficients of t. 

Results and Discussion
Having an insight into the regression analysis in the area of 
criterion variables of success in a football game we can notice 
sufficient information about the impact of applied basic mobility 
variables on the criterion variable that determines the success in 
a football game (Table1).
Correlation of predictors with the criterion variable was R = .57, 
and explained 33% of common variance with the criterion. Such 
a relationship is at level .01. 
The analysis of the impact of individual mobility variables (Table 
1), one can see that the largest and statistically significant impact 
on the criterion variables has MKLSNL - slalom with two balls, 
with significance level .01, The variable with the largest statisti-
cally significant effect determines the latent dimension of coor-
dination.

To successfully play in attack or defense, at any position in the 
team, significant players motor skills are: speed, coordination, 
flexibility, explosive and repetitive strength. Successful action in 
the attack phase requires creating space for himself and team-
mate, dribbling, which is conditioned by coordination, running 
speed, change direction, reaction time speed whether the player 
possesses a ball or not. When we join all these movements to a 
player during the match who possesses the ball which he has 
to control, it is clear how much the game is complex and what 
requirements are placed in front of a player who needs to make 
quick and appropriate decisions in situations that are in a foot-
ball game ever new. (Michels, 2002) Football technique involves 
biomechanical performance, proper and effective structure of 
its motions that are inseparable contents of a football game. For 
players with a high level of technical ability and pace, the rhythm 
of movement is highly rational and consistent. Some of the move-
ments also have their own rhythm and duration without violat-
ing the integrity of the movement. The movements of players are 
characterized by great precision and certainty, where an excess 
of attention can be focused on the new flow of movement and ac-
tion that follows dribble, kick the ball,etc.(Dujmovi ,2000) 

Therefore, this is another confirmation that it is necessary for 
children of this age to adapt training process. This variable is an 
indicator that there will be no transformation without training and 
the training process itself if game is not adapted to this age. What 
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is the role of a football game proves the fact that regardless of 
the conditions and place, the best that can be experienced at this 
age is that they constantly practice a game with a competitive 
spirit. The game offers and performs all known movements in 
football: Radosav, Jerkovi , Talovi  and others are the authors 
who have dealt with this issue and sought to determine the im-
pact or association of basic-motor abilities on the success of the 
football game which is defined by variables of football games: 
assessment techniques, evaluation of the tactics of attack and 
defense, the assessment of creativity, responsibility and conduct 
in the game. All data obtained showed the dominant influence of 
coordination and other skills such as speed, dynamic strength, 
which has greatly helped to improve the selection and control of 
training players. 

Conclusion

In order to have a dance in the XXI century, it requires a specific 
and high skill level but also knowledge. All the activities of players 
in the game or out can be estimated on the basis of a distance 
run at different pace and based on the number of performed 
technical-tactical elements. 
Psychosomatic status, which includes all the features and perfor-
mance capabilities of a man, changed by its physical activity, is 
multidimensional and always responds in a systematic or random 
influences from the environment as a whole. Although the effects 

of physical activity were largely reflected in the motor area, nec-
essarily and inevitably there will be changes in other circuits.
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Sažetak
U ovom radu analizirali smo odnos izme u indeksa težine i indeksa diskri-
minacije pitanja višestrukog izbora po principu jednog ta nog odgovora 
na ispitu iz funkcionalne anatomije u prvoj godini dodiplomskog studija 
na Fakultetu sporta i tjelesnog odgoja. U studiju su uklju ena 104 stu-
denta koja su pristupila prvom parcijalnom ispitu u školskoj 2009/2010. 
godini. Parcijalnim ispitom je evaluirano znanje iz anatomije koštanog, 
zglobnog i miši nog sistema. Utvr ena je široka distribucija vrijednosti 
indeksa težine i indeksa diskriminacije pitanja koje smo analizirali. Srednja 
vrijednost indeksa težine bila je 50,84 ± 17,30 sa rasponom od 21,4 - 
85,7, a srednja vrijednost indeksa diskriminacije bila je 0,40 ± 0,21 sa 
rasponom od -0,07 – 0,71. 13,3 % pitanja višestrukog izbora na testu iz 
funkcionalne anatomje su bila “veoma laka” (indeks tzežine > 70), a 13,3 
% “veoma teška” (indeks težine < 30). Oko 75 % ovih veoma lakih/teških 
pitanja imala su  veoma slabu ili ak negativnu diskriminaciju. Naši nalazi 
su pokazali da  je 73,4 % pitanja višestrukog izbora imalo preporu eni 
indeks težine, a 76,7 % dobar ili odli an indeks diskriminacije. 26,6 %  
analiziranih pitanja su prelaka ili preteška, dok  je 13,3 % imalo slabu 
diskriminaciju. 

Klju ne rije i: Pitanja višestrukog izbora, Analiza pitanja, Indeks težine,   
                    Indeks diskriminacije, Funkcionalna anatomija

Abstract
This paper reports the relationship between the difficulty index and the 
discrimination index of one-best answer type multiple-choice questions 
(MCQ’s) in a  functional anatomy paper for the students of year I of an 
undergraduate faculty programme of Faculty of sport and physical educa-
tion. We included in this study the MCQ paper from the 1. partial examina-
tion of academic session 2009/2010. There were 104 students who sat 
for the 1. partial examination in session 2009/2010. This examination 
covered anatomy of skeletal, articular and muscular systems. There was 
a wide distribution of item difficulty indices in all the MCQ papers anal-
ysed. Mean difficulty index was 50,84 ± 17,30 with range 21,4 - 85,7 
and mean discrimination index was 0,40 ± 0,21 with range -0,07 – 0,71. 
On average, 13,3 % of the MCQ items in  functional anatomy paper were 
“very easy” (difficulty index > 70), while 13,3 were“very difficult” (diffi-
culty index < 30). About 75 % of these very easy/difficult items had “very 
poor” or even negative discrimination. Our finding indicate that 73,4 % of 
studied MCQ’s have recommended difficulty index and 76,7 % of ques-
tions have good or excellent  discrimination index. 26,6 % of analyzed 
questions are too easy or too difficult and 13,3 % of questions have poor 
discrimination.

Key words: MCQ,  Item analysis, Difficulty index, Discrimination index,      
                  Functional Anatomy test

Introduction

The multiple-choice question (MCQ) is the most common type 
of written test item used in undergraduate, graduate, and post-
graduate education (Farley, 1989). MCQ’s can be used to assess 
a broad range of learner knowledge in a short period of time. 
Because a large number of MCQ’s can be developed for a given 
content area, which provides a broad coverage of concepts that 
can be tested consistently, the MCQ format allows for test reli-
ability. If MCQ’s are drawn from a representative sample of con-
tent areas that constitute predetermined learning outcomes, they 
allow for a high degree of test validity. Critics of MCQ’s argue 
that higher-level learning can not be tested with MCQ’s. However, 
this criticism is more often attributed to flaws in the construc-
tion of the test items rather than to their inherent weakness. Ap-
propriately constructed MCQ’s result in objective testing that can 
measure knowledge, comprehension, application, and analysis 
(Kemp, Morrison, & Ross, 1994). 
The principles of writing effective MCQ’s are well documented 
in educational measurement textbooks, the research literature, 
and test-item construction manuals designed for  educators 
(Gronlund, 1998;  Haladyna, Downing, & Rodriguez, 2002; Case 
& Swanson, 1998). Yet, a recent study from the National Board 
of Medical Examiners showed that violations of the most basic 
item-writing principles are very common in medical education 

tests (Jozefowicz, Koeppen, Case, Galbraith, Swanson, & Glew, 
2002). Items on a multiple-choice test consist of a stem, which 
is folowed by a correct answer as well as four to five distract-
ers. Items on a well-written multiple-choice test will have stems 
that are precise and clear, one answer that is clearly correct or 
best, and distracters that are plausabile. (Hobsley, 1999). Fowell 
Southgate & Bligh  (1999). Multiple-choice questions, if designed 
carefully, can achieve satisfactory, reliability, efficacy, fidelity, 
and they have great educational impact (does the test instrument 
stimulate learning). 
Study of MCT’s used frequently in academic settings showed that 
large number of these tests are not properly wrriten and planed  
(Schultheis, 1998; Schuwirth & van der Vleuten, 2004). After 
the test is given, it is important to perform a testitem analysis 
to determine the effectiveness of the questions. Most machine-
scored test printouts include statistics for each question regard-
ing item difficulty, item discrimination, and frequency of response 
for each option. This kind of analysis gives you the information 
you need to improve the validity and reliability of your questions. 
Item difficulty is determined from the percentage of students who 
answered each item correctly, with the goal being to construct a 
test that contains only a few items that more than 90% or less 
than 30% of students answer correctly. Optimally, difficult items 
are those that about 50%–75% of the students answer correctly. 
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Items are considered low to moderately difficult if between 70% 
and 85% of the students select the correct response. 

Item discrimination refers to the percentage difference in correct 
responses between two groups of students (generally referring to 
students in the top 27% and the lower 27%). The discrimination 
ratio for an item will fall between 1.0 and +1.0. The closer 
the ratio is to +1.0, the more effectively that item distinguishes 
students who know the material (the top group) from those who 
don’t (the bottom group). Ideally, each item will have a ratio of at 
least 0,5 (Davis, 1993). An item with a discrimination of 0,6 or 
greater is considered a very good item, whereas a discrimination 
of less than 0,24 indicates a marginal or  low discrimination item 
that needs to be revised (Vydareny, Blane, & Calhoun, 1986). 
An item with a negative index of discrimination indicates that the 
poor students answer correctly more often than do the good stu-
dents, and such items should be avoided.

Methods

The MCQ items were first written by individual teachers and vet-
ted at their respective department for content accuracy. The vet-
ted questions (newly written or extracted from the bank) were 
then chosen by the departmental head before being submitted to 
the students on partial examination.
MCQ items taken from past Year I  examinations were analysed 
to illustrate the principles and methods of scoring and calculation 
level of difficulty and power of discrimination.  We included in this 
study the MCQ papers from the 1. partial examination of academ-
ic session 2009/2010. There were 104 students from Faculty of 
sport and physical education who sat for the 1. partial examina-
tion in session 2009/2010. This examination covered anatomy of 
skeletal, articular and muscular systems.
The MCQ paper contained 30 questions  and was to be com-
pleted in 30 minutes. Each question consisted of a stem and 5 
completing phrases, with one best answer. A correct response to 
an item was awarded 1 mark, and a no-attempt or blank response 
was given 0 marks. There is no deduction of marks for wrong 
answer. The highest possible score is 30, and lowest 0.
The mean and standard deviation of the original scores were com-
puted by standard statistical methods. The results of students’ 
performance in these MCQ test were then used to determine the 
difficulty index and discrimination index of each MCQ item in the 
respective test. All the 104 students were ranked in order of merit 
from the highest score to the lowest score (6). According to Ebel, 
R.L. (1965) the first 27% of the students constitute the high group 
(H), and the last 27% the low group (L).The difficulty index and 
discrimination index were then calculated according to Guilbert 
J-J (1957):

where the H is the number of correct answer in the high group, L 
is the number of correct answer 

in low group and N is the total number of students in both groups. 
Hence, the higher difficulty index value, the lower is the difficulty, 
and the greater the difficulty of an item, the lower is its index. The 
higher the discrimination index, the better the item can determine 
the difference, i.e., discriminate, between those students with 
high test scores and those with low ones.

Results 

Table 1 show the distribution of the original scores on 1. func-
tional anatomy partial examination which was necessary for es-
tablishing two groups of students, generally referring to students 
in the top 27% and the lower 27%, according to Ebel (1967).    
             
Table 1. The distribution of the original scores

Original scores Number of students % of students

6 - 9 16 15,5

10 - 13 12 11,5

14 - 17 42 40,5

18 - 21 24 23

22 - 25 10 9,5

Total 104 100

Mean difficulty index was 50,84 ± 17,30 with range 21,4 – 85,7 
(Table 2 and 5). In 73,4 % of the MCQ’s difficulty index was ac-
ceptable (table 3), with 16,7 % of ideal questions (difficulty index 
50 – 60) (Table 4, Figure 1). On the other hand 13,3 % of ques-
tions were too difficult (difficulty index < 30, mean 24,1 ± 5,4), 
while 13,3 were to easy (difficulty index >70, mean 78,6 ± 6,5) 
(Table 3).

Table 2.  The difficulty index and discrimination index of the 30 MCQ’s

DIFFICULTY INDEX =  H  +  L   x 100
                                                                  N

DISCRIMINATION INDEX = 2 (H  -  L)   x 100
                                               N

Question number
Difficulty

index
Discrimination

index

1. 39,3 0,64
2. 82,1 0,36
3. 71,5 0,28
4. 39,3 0,36
5. 60,7 0,64
6. 60,7 0,5
7. 64,3 0,43
8. 21,4 0,29
9. 64,3 0,57
10. 57,1 0,71
11. 53,6 -0,07
12. 46,4 0,64
13. 75 0,36
14. 28,6 0,29
15. 35,7 0,43

16. 39,2 0,64
17. 85,7 0,14
18. 46,4 0,36
19. 17,9 -0,07
20. 35,7 0,29
21. 60,7 0,5
22. 64,3 0,43
23. 67,9 0,36
24. 28,6 0
25. 42,9 0,29
26. 50 0,43
27. 50 0,57
28. 42,9 0,57
29. 50 0,71
30. 42,9 0,43
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Mean discrimination index was 0,40 ± 0,21, with range – 0,07 – 
0,71 (Table 7). Analysis of MCQ’s shows that we had 86,7 % of 
questions with good or excellent discrimination index (Table 6, Fig-

Table 3.  Distribution of  the difficulty index of the 30 MCQ’s

Difficulty
index

Interpretation* Question number
Number of 
Questions

% of Questions

>70 Too easy 2,3,13,17 4 13,3

30 - 70
Average, recommended

1,4,5,6,7,9,10,11, 
12,15,16,18,20,
21,22,23,25,26,

27,28,29,30
22 73,4

<30 Too difficult 8,14,19,24 4 13,3

                                                    TOTAL 30 100

Table 4. Distribution of ideal guestions of the 30 MCQ’s

Difficulty
index

Interpretation* Question number Number of Questions % of Questions

50 - 60 Ideal questions 10,11,26,27,29 5 16,7

Difficulty
index

Interpretation* Question number Number of Questions % of Questions

50 - 60 Ideal questions 10,11,26,27,29 5 16,7

Figure 1. Amplitude of difficulty index

Table 5. Mean difficulty index  MCQ paper analysed for 1. partial  examinations (n = 30 test items) 

Academic session Partial examination Number of students
Difficulty index 

Mean ± SD Range

2008/2009 2 52 50,84 ± 17,30 21,4 - 85,7

ure 2). 13,3 % of questions had low discrimination index (<0,15) 
(Table 6). Note that  two questions had a negative discrimination 
index (question 11, -0,07; question 19, -0,07) (Table 2).

Discrimination index Interpretation* Question number
Number of 
Questions

% of Questions

0,35
Excellent 

discrimination

1,2,4,5,6,7,9,10,12
13,15,16,18,21,22,
23,26,27,28,29,30

21 70

0,25 – 0,34 Good discrimination 3,8,14,20,25 5 16,7

0,15 – 0,24
Marginal 

discrimination
0 0

<0,15 Poor discrimination 11,17,19,24 4 13,3

                                                                                TOTAL                                                                                                                  30 100

Table 6. Distribution of the discrimination index of the 30 MCQ’s 
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Table 8 shows that difficult and easy questions account gor great 
majority (75 %) of the MCQ’s of  low discrimination index (<0,15). 
Note that of 26 MCQ’s with good or excellent discrimination value, 

84,6 % were acceptable questions (difficulty index 30 – 70), while 
14,4 % were difficult and easy questions (Table 9). 

Academic session Partial examination Number of students
Discrimination index 

Mean ± SD Range

2008/2009 2 52 0,40 ± 0,21 -0,07 – 0,71

Table 7. Mean discrimination index  MCQ paper analysed for 1. partial  examinations (n = 30 test items)

Figure 2. Amplitude of discrimination index

Table 8. Relation between difficulty index and discrimination index (MCQ’s of low discrimination value; discrimination index   0,24) 

Difficulty index Number of Questions % of Questions
70 1 25

30-70 1 25
<30 2 50
Total 4 100

Table 9. Relation between difficulty index and discrimination index (MCQ’s of good or  excellent discrimination value; discrimination index 0,25).

Difficulty index Number of Questions % of Questions

70 2 7,7

30-70 22 84,6

<30 2 7,7

Total 26 100

Discussion 

As with other health professional training, the effective measure-
ment of knowledge is an important component of both, education 
and practice (Case & Swanson, 1998).). Furthermore, the meth-
ods used to analyse the evidence resulting from the tasks (i.e., 
interpretation) need to be aligned with the aspects of achieve-
ment that are to be assessed (i.e., cognition) and the tasks used 
to collect evidence about students’ achievement (i.e., observa-
tion). Therefore, it is important for us to evaluate our MCQ items 
to see how effective they are in assessing the knowledge of our 
students in the  functional anatomy, and in predicting their total 
test scores. Many methods have been developed to calculate the 
discriminatory power of individual items; e.g.,  difficulty index, 
discrimination index, biserial correlation coefficient, point bise-
rial correlation coefficient, and phi coefficient (Kelley, 1939). The 
basic purpose of the methods is to give a numerical value to the 
relationship between scores for the total MCQ test and the score 
for a single item. This numerical value is the difficulty index and 
index of the discriminatory effectiveness of the item. Although 

there are various similar ways of calculating the discrimination 
index, we used the simplified technique of selecting the upper 
and lower 27%, which have been demonstrated by Kelley (1939) 
to be the most efficient fraction.  Difficulty and discrimination in-
dices are important in that poor discriminatory items are a valu-
able signpost towards ambiguous wording, grey areas of opinion 
and perhaps, even wrong keys. However, we must recognise that 
there may be other factors that need to be taken into account 
when using difficulty and discrimination indices to categorise 
MCQ’s as “good” or “bad”( Guilbert, 1957). In this paper, item 
difficulty and discrimination indices were calculated for each one 
of MCQ’s because it is well known fact that quality of a MCT is 
dependent of its items quality. An ideal MCQ should have item dif-
ficulty in range from 50 to 60, and discrimination index more than 
0,35 (Kemp, Morrison, & Ros, 1994;  Hobsley, 1999;  Schulthei, 
1998). In this survey, 16,7 % of MCQ’s difficulty ranged between 
50 and 60 (ideal questions), but 73,4 % of MCQ’s had appropri-
ate difficulty index.  Our finding indicate that 73,3 % of questions 
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recommended or acceptable  item difficulty and discrimination 
indices both, and 26,7 % of those had no acceptable item diffi-
culty neither acceptable discrimination index. Test items with very 
poor discrimination indices should be reviewed by the respective 
disciplines. It serves as an effective feedback to the departments 
concerning their educational activities. When a test item appears 
to be very difficult (i.e., difficulty index is very small), it may be 
that the topic tested is inappropriate at this stage of students’ 
training, or that it is not taught well or not taught at all in this 
particular academic session.  It is interesting to note that despite 
the lack of written guidelines or the use of item analysis to help 
the lecturer in constructing the MCQ test items, a consistent level 
of test difficulty (and hence, standard) appears to be maintained 
from term to term and from year to year. 
Analysis of tools that are frequently used to facilitate the evalua-
tion process help us to improve their quality and lead us to mod-
ify items and test that have not been properly designed (Fowell, 
Southgate, & Bligh, 1999). Modified and corrected questions can 
provide more clear information about the students educational 
achievement and quality of teaching and curriculum in an aca-
demic setting (Kavel, 2003). 

Conclusion

There are two important questions that always come to the mind 
of an examiner when he/she sets a MCQ. Firstly, is the MCQ too 
difficult, too easy or just about right? The second question is 
closely related to the first, and that is whether the MCQ could 
differentiate “good” students from “poor” students. Obviously 
questions which are too difficult or too easy have poor discrimi-
nation value. It is difficult and very often impossible to know the 
answers of these two questions before the test is administered to 
a group of students. Hence it is important for  teachers to find out 
by calculating the difficulty and discrimination indices of all the 
MCQ’s after marking the test paper. By analysing difficulty and 
discrimination indices of a particular MCQ, we could evaluate the 
response of the students to that particular question so that we 
could ascertain not only whether that MCQ is too difficult, too 
easy or just about right, but also it could differentiate “good” stu-
dents from “poor” students. Finally, critical evaluation of MCQ’s 
results would also enable the teachers to  identify areas of defi-
ciency that need remediation or further learning, determine final 
grades or make promotion decisions and identify areas where 
course/curriculum is weak.
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Sažetak
Cilj ovog istraživanja bio je da se kod dvadeset osam profesionalnih no-
gometaša  (Premijer liga BiH) utvrde parcijalne kvantitativne promjene u 
tjelesnoj strukturi, prouzrokovane jednom trenažnom jedinicom pripre-
mnog perioda ekipe. Struktura treninga u trajanju od 90 min se sastojala 
od uvodno-pripremnog, glavnog i završnog dijela, a koncipirana je tako 
da se  igra i vježbe kombinuju. Predmetom istraživanja obuhva eni su 
transformacioni procesi tjelesne kompozicije kod vrhunskih nogometaša 
Bosne i Hercegovine u cilju utvr ivanja efekata jedne nogometne trenažne 
jedinice na njihovu tjelesnu strukturu. Parcijalne kvantitativne  promjene u 
kompoziciji tijela, nastale u toku treniga, analizirane su T-testom za zavi-
sne uzorke. Dobiveni rezultati pokazuju da je došlo do statisti ki zna ajnih 
razlika na nivou zna ajnosti od (p<.01) kod varijabli  za procjenu mase 
tijela (AMAS), indexa tjelesne mase (BMI), bazalnog metabolizma (BMR), 
bezmasnog dijela tijela (FFM) i koli ine vode u tijelu (TBW). Do statisti ki 
zna ajnih razlika na nivou zna ajnosti od (p<.05) došlo je kod varijable 
za procjenu otpora u tijelu (IMPEDANCE). Kod varijabli za procjenu visine 
(AVIS), procentualnog udjela masti u tijelu (FAT %) i udjela masti u masi 
tijela (FATMAS) nije došlo do statisti ki zna ajnih promjena Može se za-
klju iti da je ovako programirana trenažna jedinica pripremnog perioda 
nogometaša u trajanju od devedeset minuta statisti ki zna ajno utjecala 
na transformaciju u kompoziciji (sastavu) tijela.

Klju ne rije i: nogometaši, kompozicija tijela, kvantitativne promjene,  
                     trening

Abstract
The aim of this study is to establish the quantitative changes in body 
structure of 28 professional footballers (Premier League of Bosnia and 
Herzegovina), caused by a single training session during the preparatory 
period of the team. Structure of the 90 minute training session consisted 
of introductory-preparatory, main and final part, being designed to com-
bine game with exercise. The subject of study covered transformational 
processes of body composition of elite football players of Bosnia and 
Herzegovina in order to determine the effects of a football training ses-
sions on their physical structure. Partial quantitative changes in body 
composition, formed during training session, were analyzed by T-test for 
paired samples. These results indicate that there was a statistically sig-
nificant difference at the level of significance (p<.01) variables for the es-
timation of body mass (AMAS), body mass index (BMI), basal metabolic 
rate (BMR), fat free body part (FFM) and amounts of body water (TBW). 
Statistically significant differences at the level of significance (p<.05) 
occurred at the variables for the assessment of resistance in the body 
(IMPEDANCE). Variables for estimation of height (AVIS), percentage of 
fat in the body (FAT %) and of fat in body weight (FATMAS) showed that 
there was no statistically significant changes. It can be concluded that 
90 minute training session organized in this manner can have significant 
impact on the transformation of body composition. 

Key words: football, body composition, quantitative changes, training

Introduction

Determination of the physical structure of the individual is a 
common method, not only in sports but also in anthropology, 
pedagogy, medicine. In modern sports, diagnosis and evalua-
tion of the training process is of great importance in providing 
a physical structure and the amount of fat (lean) components of 
total body mass, compared with the reference values found in 
the model values in a particular sport. This especially applies to 
sports in which adipose tissue makes significant ballast weight 
and reduces the efficiency and effectiveness of the athlete. Most 
attention is focused on the determination of fat components, in 
order to assess health status, direction, training evaluation pro-
cess or the quality of sports performance and nutrition of ath-
letes. There are also legitimate reasons for establishing the con-
tent and amount of other components in the structure of body 
composition (amount of muscle tissue, bones, body resistance, 
fluids, etc). To determine the physical structure of the most fre-
quently used methods were those used in the field and labora-
tory conditions, which were based on the measurement of an-
thropometric measures (folds, height, weight, volume, etc.) and 
of inclusion in the regression equation on which the percentage 
of fat in the body was established. The most commonly used 
methods Jackson and Pollock (1985), Heath and Carter (1967), 
on the basis of which is determined the somatotype of athletes 
and those are the aspired values during the training process. In 
determining the physical structure of the physically active popu-
lation anthropometric methods of Ramadan and Byrd (1987), 

Green (1992), Dowson etc. (1999) are used. This method of 
measuring the dimensions of the human body and using the ap-
propriate equations easily provides an indirect assessment of the 
content of fat, muscle and bone tissue of the athletes. As a result 
of increasing demands in sports, there is an increased interest in 
new, more sophisticated techniques and methods to determine 
body composition both among the athletes as well as the rest 
of the population. The development of advanced technologies at 
the end of the last century resulted in the emergence of modern 
software systems for determining physical composition of the 
individual. Initial applications were made in health and medicine 
but they are increasingly been used in sport as well. The most 
popular methods for assessing and determining the composition 
of the body (Ostoji , 2007; Mišigoj and Durakovi  2008) are: 
hydrostatic measurement (Hydrostatic Weighing); double energy 
X-ray absorptiometry (DEXA) analysis of bioelectric resistance of 
the body - Bioelectrical Impedance Analysis (BIA), Near Infrared 
Interactance (NIR), computed tomography (CT) and nuclear mag-
netic resonances (NMR). Bioelectrical impedance analysis (BIA) 
that was used in this study is rapid, noninvasive and relatively in-
expensive method for evaluating physical composition. The main 
advantages of BIA method are that it is not as expensive and it is 
most comfortable method that does not invade the privacy of the 
person being measured. BIA is a method that evaluates the struc-
ture of the body composition of broadcasting low, safe doses 
of electrical power of 800 A and frequency of 50 kHz through 
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the body. Electricity passes through the body - through the lean 
tissue without any resistance (muscles, bones, internal organs), 
while resistance exists when passing through fat tissue. This re-
sistance is called bioelectrical impedance and in order to mea-
sure it we use the body fat monitors. Entering data of the chosen 
individual (altitude, weight, year, status), monitor based on the in-
stalled software calculates certain structure of the body compo-
sition. For these reasons, BIA has gained the trust and support of 
medical and sports experts within the last decade. This method 
is used for planning and evaluating the training process, where 
particular interest is placed in guiding the training sessions and 
proper nutrition of athletes, to which certain modifications can 
be substantially affected. Therefore, determining the fat and lean 
components of body composition of athletes, with the knowledge 
of the optimal value for a particular sport, occupies an important 
place in contemporary practice. 
The composition of lean body mass component in the total body 
mass consists of muscles, bones and internal organs, and fat 
mass are so called relevant and irrelevant fat. Relevant fat ac-
counts for about 2% - 5% of lean body mass in the form of lipid 
components of cells, and fat in most unimportant seems subcu-
taneous adipose tissue. The ratio of fat and nonfat components in 
athletes varies greatly depending on gender, level trainings, period 
and age. Significantly higher proportion of fat people are female, 
and the highest ratio between lean body part and the fat person 
has when he or she reaches 20 years of age, and then that ra-
tio is reduced with non-athletes. After 20 years of age normal 
increase in body fat by 1% can be expected in each decade. Up-
per limit of fat percentage is 25% for men and 30% for women, 
while the minimum values range from 5% - 10% for men and 5% 
- 17% for women (Wilmore, 1986; Wilmore and Costill, 2004). 
The scope of activities at the time of measurement, quality of 
food and competitive period of the season are the factors that 
should be taken when evaluating body composition. Method of 
assessment or measurement of body composition should also be 
taken into account during the interpretation of the results. In any 
case, changes in the structure of body composition represent an 
important indicator of the correlation between training intensity 
and extensity, nutrition of top players, current status providing 
unambiguous guidelines for creation of the subsequent training 
sessions. 

Methods

Sample of the examines
Research was conducted on a sample of 28 senior players of 
average age (mean 24.5 ± 5.7), average height (mean 182.2 ± 
6.36) and average weight (mean 79.5 ± 6 , 75), comprising a 
squad of a single professional football team in the Premier League 
of Bosnia and Herzegovina, with good health status, among 
whom other psychophysical aberrations are not identified. In the 
final processing, only the results of the players who participated 
in the program (having gone through the previous part of the pre-
paratory period of 15 days, attended the training session and the 
measurements) were taken into account. The training consisted 
of three parts: introductory-preparatory, main and final. Keynote 
- part of the preparatory training (20 min) consisted of a warm-
up session of working with the ball and dynamic shaping and 
stretching exercises. In the main part of the training (55 min) the 
players were divided into three groups, two of which (8x8) played 
on the forecourt with four goals and the third group did exercises 
of continuous running for 8 min. The final part of training (15 min) 
consisted of loosening up and stretching. 

Sample of the variables
In this study, body composition was determined using bioelectri-
cal impedance measurements (Bioelectrical Impedance Analysis) 
- BIA. For this purpose the Tanita TBF-300 (Tanita Corporation of 
America Inc.) electric scales were used, which indicate the share 
of fat (% and kg) compared to lean mass (% and kg) in order to 
have the optimal value in relation to the age of athletes that are 
studied. After measuring body height the examinee stands on the 
scale in a normal upright position until the person performing the 
measurement gives him a sign to leave the measuring position. 
Software automatically provides a checklist with data of the ex-
aminee for the following variables of  body composition:

1 Body height (AVIS) 
2 Body mass (AMAS) 
3 Body Mass Index (BMI) 
4 The value of basal metabolic rate (BMR) 
5 Electrical resistance of the body (impedance) 
6 Percentage of body fat (% FAT) 
7 The share of fat in body mass (FAT MASS) 
8 Share-body fat free (FFM) 
9 Percentage body water (TBW)

According to the World Health Organization (WHO, 1998) BMI 
of less than 18.5 is considered to be a lack of weight and could 
point to presence of malnutrition, irregular feeding or other health 
problems, whereas BMI greater than 25 indicates that the subject 
is overweight, while BMI  of 30 and over is defined as obesity. 
TBW (Total Body Water Eng.) is the percentage of water in the 
body of an athlete and it shows the correct and optimal intake of 
fluids by athletes. Normal TBW percentage varies among women 
from 45% - 60%, and among men from 55% - 65%. For athletes, 
the image is approximately 5% higher than the projected ranges, 
as they have greater muscle mass, and the bones and muscles 
contain more water than fat (obese) tissue. BMR (Warner basal 
Metabolic Rate) is the daily minimum level of energy or calories 
that are necessary for the effective functioning of the organism 
in a state of rest. A person with high BMR can burn more calo-
ries than a person at rest with lower BMR. BMR is based on the 
level of muscle mass. Full understanding of the basal metabolism 
provides the user with an insight into his calorie intake needs 
as required in accordance with his physique and lifestyle. The 
more muscle or more general activities an athlete has, the more 
calories must he take in order to function properly, so that nutri-
tion and training program characteristics may be based on this 
information.

Data analysis method
Processing of the obtained data was done in the SPSS 12.0 
for Windows software package. All the variables are calculated 
based on central and dispersion parameters of the variables (min, 
max, mean, std., Variance, skewnis, kurtosis) before and after 
training. T-test for paired samples was used to determine the par-
tial quantitative differences through two time points at a unified 
variable level (before and after training). 

Results and Discussion
Highest class football players are in average aged between 25 
to 27 with a standard deviation of about 2 years (Ekblom, 1994; 
Shephard, 1999), where in Croatia and Serbia that average is 
around 23 years ± 3 years (Jerkovi , Jerkovi , & Sporiš, 2006; 
Ostoji  2000). According to the research conducted by Bloom-
field and associates (2005) the average height, weight and BMI 
of European soccer players showed that the Bundesliga players 
are the highest 1.83 ± 0.06, 77.5 ± 6.4, the heaviest and have 
the highest BMI of 23.2 ± 1.1 of the four European top leagues. 
Players in the Spanish La Liga are the smallest (1.80 ± 0.06), 
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and an average Serie A player had the lowest index for body mass 
74.3 ± 5.4 BMI 22.8 ± 1.1. High class footballers in Croatia are 
178.73 ± 5.81 high and weigh around 78.01 ± 5.73  (Jerkovi , 
Jerkovi , & Sporiš ,2006), Serbia and 181.9 ± 5.7, and weigh 
77.4 ± 5, 9 and the percentage of fat 10, 8 ± 2.1. As seen 

from Tables 1 and 2, players in Bosnia and Herzegovina have 
approximately the same value as the European top players.  Also, 
most of the variables have normal distribution of results because 
the skewnisa and kurtosis values are within -1 to +1, with a 
tendency toward zero.

Table 1. Descriptive parameters of body composition before training

Variable Min Max Mean Std. Variance Skew. Kurt.

AVISI 172,40 197,00 182,2071 6,36460 40,508 ,329 -,354

AMASI 66,10 94,30 79,5321 6,75415 45,619 ,078 ,172

BMII 20,80 26,80 23,9750 1,50791 2,274 -,027 -,378

BMRI 7198,00 9208,00 7985,5000 467,04084 218127,148 ,613 ,691

IMPEN.I 382,00 555,00 460,1429 37,98607 1442,942 ,624 ,750

FAT%I 5,00 13,20 9,2929 2,12549 4,518 -,168 -,664

FATMASI 3,70 11,80 7,4286 1,89734 3,600 -,029 -,074

FFMI 59,90 85,30 72,1036 6,00342 36,041 -,023 ,347

TBWI 43,90 62,40 52,8036 4,39937 19,354 -,031 ,300

YEARS 18,00 39,00 24,50 5,73811 32,926 ,944 ,350

Variable Min Max Mean Std. Variance Skew. Kurt.

AVISF 172,40 197,00 182,2071 6,36460 40,508 ,329 -,354

AMASF 65,00 93,40 78,2036 6,76376 45,749 ,102 ,147

BMIF 20,30 26,20 23,5464 1,47610 2,179 -,022 -,329

BMRF 7134,00 9122,00 7910,4286 469,86574 220773,810 ,592 ,603

IMPEN.F 384,00 553,00 468,0357 40,63066 1650,851 ,482 -,061

FAT%F 4,10 13,20 8,9964 2,23499 4,995 -,254 -,362

FATMASF 3,00 11,30 7,0929 2,06862 4,279 ,044 -,327

FFMF 58,90 84,20 71,1250 5,71636 32,677 -,146 ,352

TBWF 43,10 61,10 52,0464 4,14116 17,149 -,218 ,240

Table 2.  Descriptive parameters of body composition after training
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From table 3, which presents comparative values of arithmetic 
means of variables in the initial and final measurements, it can be 
seen that for most variables there was a change in the value of 
both the central and the dispersion parameter.  All variables exhib-
it changes of the arithmetic main value, higher or lower intensity 

and different directions. Only variables with body height (AVIS) 
do not show any logical change, because the measurement was 
conducted at the beginning and at the end of the training session. 
Therefore, the variations are minimal. 

Table 3. Paired Samples Statistics

Variable Mean N
Std.

Deviation
Std. Error

Mean

Pair 1 AVISI 182,2071 28 6,36460 1,20280

AVISF 182,2071 28 6,36460 1,20280

Pair 2 AMASI 79,5321 28 6,75415 1,27641

AMASF 78,2036 28 6,76376 1,27823

Pair 3 BMII 23,9750 28 1,50791 ,28497

BMIF 23,5464 28 1,47610 ,27896

Pair 4 BMRI 7985,5000 28 467,04084 88,26242

BMRF 7910,4286 28 469,86574 88,79628

Pair 5 IMPENDANCEI 460,1429 28 37,98607 7,17869

IMPENDANCEF 468,0357 28 40,63066 7,67847

Pair 6 FAT%I 9,2929 28 2,12549 ,40168

FAT%F 8,9964 28 2,23499 ,42237

Pair 7 FATMASI 7,4286 28 1,89734 ,35856

FATMASF 7,0929 28 2,06862 ,39093

Pair 8 FFMI 72,1036 28 6,00342 1,13454

FFMF 71,1250 28 5,71636 1,08029

Pair 9 TBWI 52,8036 28 4,39937 ,83140

TBWF 52,0464 28 4,14116 ,78261

Table 4 shows the correlation between pairs of variables in the 
initial and final measurements, where all variable values are 
extremely high. The main problem of such research methods 
is determining whether significant changes under the influ-
ence of a particular training program (training) have occurred. 
Partial quantitative changes were analyzed by T-test for paired 
samples (Table 5). Differences between the two measurements 
are statistically significant at p<.01 for variables used to mea-
sure the mass (AMAS), the physical index (BMI), the values of 
basal metabolic rate (BMR), non-fat substances in the struc-
ture (FFM) and the amount of fluid (TBW). These results show 
that the players lost on average 1.3 kg weight which represents 
1.67% of initial weight, which is a good average considering 
that the top world athletes lose up to 2% of initial weight (Shirre-
ffs, Sawka Stone M. 2006). BMI has decreased as the ratio of a 
player’s weight and height of its products, as well as quantities 
of other fat free substances (FFM) in the body in average (1 
kg). The changes at p<.05 occurred only with the electrical 
resistance body variable (impedance) in the opposite direction, 
which ibdicates an increase in electrical resistance in the body. 
This explains the decrease in the composition of body fluids 
(dehydration on average amounted to 800 g) automatically in-
creasing the resistance, which is the cause of the reduction rate 
of flow of electricity through the body of players. For variables 
such as percentage of body fat (% FAT) and fat in body weight 
in kilograms (FATMASS) during training, declining values ap-
peared, but they are not statistically significant. The percent-
age of fat among examinees ranging in average of 9.2% in the 

initial and 8.9% in the final measurement, which corresponds 
to the model values of elite football player (7-12%) (Shephard, 
1999; Wilmore & Costill, 2004). The percentage of fat in the 
body structure of the composition is also an important indica-
tor of the correlation between intensity of training sessions and 
nutrition of top players.

Table 4. Correlations of pairs of variables

Variable N Cor. Sig.

Pair 2 AMASI & AMASF 28 ,998 ,000

Pair 3 BMII & BMIF 28 ,995 ,000

Pair 4 BMRI & BMRF 28 ,999 ,000

Pair 5 IMPENDANCEI & 
IMPENDANCEF

28 ,909 ,000

Pair 6 FAT%I & FAT%F 28 ,902 ,000

Pair 7 FATMASI & FATMASF 28 ,922 ,000

Pair 8 FFM & FFMF 28 ,993 ,000

Pair 9 TBW & TBWF 28 ,993 ,000
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Conclusion

Partial quantitative changes in body composition of senior play-
ers, formed under the influence of a training session in the pre-
paratory period, were analyzed on a sample of 28 elite footballers 
(Premier League of Bosnia and Herzegovina). The sample con-
sisted of 9 variables measured by bioelectrical impedance (Bio-
electrical Impedance Analysis) - BIA. For this purpose the Tanita 
TBF-300 electric scales were used (Tanita Corporation of America 
Inc.). The results were obtained by measuring the same variable 
before and after training, respectively, during two time periods. All 
obtained values were analyzed separately according to the basic 
descriptive data (central and dispersion parameters), and it can 
be concluded that the distribution of results is within the normal 
distribution. This research is designed to determine the levels of 
partial quantitative changes in body composition under the influ-
ence of a preparatory period of the training unit. On the basis of 
established T-test for paired samples, it was found that between 
two time points there was a significant difference (change) in 
most variables. The results obtained at the beginning and at the 
end of training indicate that the program activities for a period 
of ninety minutes significantly contributes to changes in body 
composition and on the level of statistical significance of p < 
.01. It can be concluded that such a structured training sessions 
of the preliminary period based on the model of situational play 
and exercise has a positive influence on the transformation of the 
majority of variables that define the composition of the body of 
players. Players have lost weight of 1.3 kg in average, as dehy-
dration (800 g) increased electrical resistance in the body (with 
460 to 468). There was a reduction of energy resources and the 
percentage of fat in the body (0.3%). By reducing fluid in body 
composition an increase of resistance appeared by automatism, 
which causes reduction of the flow rates of electricity through 
the body of players. For percentage body fat (% FAT) and fat in 
body weight in kilograms (FATMASS) variables, no statistically 
significant change occurred due to training. 

References

Bangsbo, J., Mizuno, M. (1988) Morphological and metabolic 
alterations in soccer  players with detraining and retraining and 
their relation to performance. In: Science and Football. Eds: 
Reilly, T., Less, A., Davies, K., Murphy, W.J. London: E & FN 
SPON. 114-124.
Bloomfield, J. i saradnici (2005). Analysis of age, stature, body 
mass, BMI and quality of elite soccer players from 4 European 
Leagues. Journal of sports medicine and physical fitness. 
vol. 45,58-67.
Casajus, J. A.(2001). Seasonal variation in fitness variables in 
professional soccer players. Journal of Sports Medicine and 
Physical Fitness; 41, 4; ProQuest Nursing Journals pg. 463
Healthy Life Education Broschur. (2007).  Illinois: Tanita 
corporation of America Inc.
Heyward, V., Stolarczyk, H. (1996). Applied Body Composition 
Assessment. Human Kinetics: Champaign.
Jackson, A.S., Pollock, M.L., Ward, A. (1980). Generaliyed 
equations for predicting body density of women. Medicine and 
Science in Sports and Exercise, 12, 175-182.
Jerkovi , S., Jerkovi , M., Sporiš, G. (2006). Spiroergometric 
parameters of elite soccer players. Spiroergometrijski parametri 
vrhunskih nogometaša. Hrvatski Športskomedicinski vjesnik. Vol. 
21, pp.108-112.
Kutá , P., Gajda, V., P idalová, M., Šmajstrla, V. (2008). Validity 
of Measuring Body Composition by Means of the BIA Method. 
Borgis - New Medicine, Vol. 4, pp. 89-93.
Matkovic B. R., Mišigoj-Durakovi , M.,  Matkovi , B., Jankovi , 
S., Ruži , L.,  Leko, G.,  Kondri , M. (2003).  Morfološke razlike 
elitnih hrvatskih nogometaša u skladu s pozicijom u timu. Zagreb: 
Collegium antropologicum vol. 27, pp. 167-174.
Martin, A.D., Drinkwater, D.T. (1991).Variability in the measures 
of body fat. Sports Medicine, 11, 277-288.
Ostoji , S. (2000). Physical and physiological characteristics of 
elite serbian soccer players. Physical Education and Sport, Vol.1, 
No 7, pp. 23-29.

Table 5. T-test variables of body composition
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Paired Differences

t df Sig.
Mean Std. Dev.

Std. Er. 
Mean

95% Confidence Interval 
of the Difference

Lower Upper

Pair 2 AMASI- AMASF 1,32857 ,40447 ,07644 1,17173 1,48541 17,381 27 ,000

Pair 3 BMII - BMIF ,42857 ,15836 ,02993 ,36716 ,48998 14,320 27 ,000

Pair 4 BMRI - BMRF 75,07143 24,03073 4,54138 65,75328 84,38957 16,531 27 ,000

Pair 5 IMPEN.I – IMPEN.F -7,89286 16,98003 3,20892 -14,47703 -1,30869 -2,460 27 ,021

Pair 6 FAT%I – FAT%F ,29643 ,97163 ,18362 -,08033 ,67319 1,614 27 ,118

Pair 7 FATMASI- FATMASF ,33571 ,80195 ,15155 ,02475 ,64668 2,215 27 ,035

Pair 8 FFMI - FFMF ,97857 ,75048 ,14183 ,68756 1,26958 6,900 27 ,000

Pair 9 TBWI- TBWF ,75714 ,56727 ,10720 ,53718 ,97711 7,063 27 ,000

Homospoticus.indd   55 28.12.2010   21:24:59



HOMO SPORTICUS ISSUE 1 201056

Ostoji , S. (2007). Savremeni trendovi u analizi telesne strukture 
sportista. Beograd: Zavod za medicinu sporta.
Rico-Sanz, J. (1998). Body composition and nutritional 
assessments in soccer. International Journal of Sport Nutrition, 
8, 113-123.
Siri, W.E. (1956).Body composition from fluid spaces and 
density: analysis of methods.University of California Radiation 
Laboratory Report UCRL no. 3349.
Shirreffs, S.M., Sawka, M.N., Stone, M. (2006). Water and 
electrolyte needs for football training and match-play. Journal of 
Sports Sciences; 24 (7): 699-707.
Wilmore, J.H., Costill, D.L. (2004). Body weigth, body composition 
and sport. UJ. Wilmore and D.L Costill (ur.), Physiology of sport 
and exercise, Champaign, IL: Human Kinetics, pg.447-469.

Submitted: February  27, 2010.
Accepted: April 13, 2010.

Correspodence to: 
Assist. Ekrem olakhodži , M.Sc.
Teachers’ Training Faculty, University “Džemal Bijedi ” in Mostar 
URSC “Mithat Hujdur – Hujka”
88 000 Mostar, Bosnia and Herzegovina
Phone: +387 36 570 727
E-mail: ekremcolakhodzic@yahoo.com

Homospoticus.indd   56 28.12.2010   21:24:59



HOMO SPORTICUS ISSUE 1 2010 57

Mensur Vrci 1

Some morphological characteristics 
predictive value at the shot put results
in students of Faculty of Sport and Physical Education
1Faculty of Sport and Physical Education, University of Sarajevo, Bosnia and Herzegovina 

Original scientific paper

Sažetak
Uzorak za ovo istraživanje ine 60 studenata I godine Fakulteta sporta i 
tjelesnog odgoja muškog spola, koji su zadovoljili kriterijume za polaganje 
prakti nog ispita iz bacanja kugle, nakon provedenog programa redovne 
nastave Atletike u II semestru. Izmjereno je 13 antropometrijskih mjera i 
rezultati u bacanju kugle le nom (O’Brien) tehnikom.
Cilj istraživanja je bio da se utvrdi prediktivna vrijednost longitudinalne di-
menzionalnosti skeleta, transferzalne dimenzionalnosti skeleta, cirkularne 
dimenzionalnosti sa masom tijela i mjere potkožnog masnog tkiva (kao 
prediktorski sistem) na rezultatsku efikasnost u bacanju kugle (kao krite-
rijska varijabla). Regresionom analizom je utvr ena zna ajna povezanost 
prediktora i kriterijuma.

Klju ne rije i: bacanje kugle, antropometrijske mjere, studenti

Abstract
Sample for this research consisted of 60 male students attending Faculty 
of Sport and Physical Education, who by taking the practical classes in II 
semester fulfilled all requirements to take the shot put exam. 13 anthro-
pometric variables were measured as well as the O’Brien technique shot 
put result.
Aim of the research was to determine the predictive value of the body 
longitudinal and transversal dimensionality, circular body mass and sub-
cutaneous tissue ( as predictive set) at the shot put result (as criterion) 
efficiency. Regression analysis results show the significant relation be-
tween the predictor and criterion. 

Key words: Shot put, anthropometric measures, students

Introduction

Whole set of the important characteristics exists in students who 
achieve above average results in shot put, which sets them apart 
from average and under average quality students. This sets a task 
before researchers working directly or indirectly in athletic sport 
to determine the key characteristics influencing further improve-
ment in shot put results. Fallowing the principle to point out domi-
nant abilities, it is necessary, during training, increase the level of 
those dimensions responsible for the high level result achieve-
ment in athletic event. 
Throwing events, especially linear technique shot put, although 
having simple kinematics and dynamic structure (mono-structur-
al movements acyclic type), are insufficiently explained in terms 
of relations with morphological characteristics and basic-motor 
abilities (Milanovi , 1982), which represents the basis for the 
subject of this experiment. This research investigated morpholog-
ical characteristics and linear technique shot put results in male 
students who attended the classes and passed the shot put exam 
in II semester of the Faculty of sport and physical education.
Prime interest of this investigation is the area of the morphological 
characteristics and shot put results. Based at structural, biome-
chanical and functional parameters, dynamic movement stereo-
type it can be presumed (besides motor area) determining influ-
ence at the shot put results variability of this population.  
There is a significant positive influence of the change in release 
height from 180cm to 240 cm, with constant release angle of 41º 
and initial shot velocity of 13m/sec at the result improvement of 
approx. 0,5m (18.93 – 19.48), (Linthorne, 2001).
There is absolute top level Shot put throwers superiority in body 
height, mass and height-mass index in relation to top level ath-
letes in other throwing events. (Milanovi , 1982).
Novak (1972) established anthropometric characteristics of the 
32 best Shot put throwers in 1969. As a rule the values of the 
anthropometric characteristics of the group were less then the 
values determined by other authors in the throwers of the different 
quality level: 

Height    186.47
Weight    101.50
Chest circumference  107.30
Arm span   196.44
Forearm circumference 35.83
Thigh circumference  64.31
Shoulders diameter  44.31
Pelvic diameter  33.09

Investigations (Homenkov, 1977; Milanovi , Hofman, Puhani , 
& Šnajder, 1986) show that the shot put efficiency of the high 
quality throwers is conditioned by superiority in morphological 
dimensionality measures (body mass, body height, upper arm 
circumference, hips diameter, leg length and wrist diameter) with 
exclusion of subcutaneous fatty tissue. Besides this, Shot put re-
sults depend on equally activated lower and upper extremities, 
explosive action, where the regulation of excitation in lower ex-
tremities is important.
Hadžikaduni  (1981), analyzing 17 anthropometric variables as 
predictor and shot put result criterion in sample of 86 14-year-old 
male pupils established that shot put result can be predicted by 
variables of weight, upper arm and chest circumference. 

Table 1. Some anthropometric values significance in relation to shot put 
efficiency (according to Hofman, 1980)

Morphological, motor, cognitive and 
functional  characteristics

Measure of 
significance

1.  MORPHOLOGICAL CHARACTERISTICS

1.1 longitudinal dimensionality of the skeleton   +5

1.2 transversal dimensionality of the skeleton  +5

1.3 volume and body mass +5

1.4 subcutaneous fatty tissue   -3
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Methods

Sample of the examinees
Research was conducted at the sample of 60 male students at-
tending Faculty of Sport and Physical Education, 20 to 25-year-
old, in 2007/2008 academic year. The sample included exam-
inees that were at the moment of testing clinically healthy. Final 
results processing was performed at the examinees that suc-
cessfully learned O´ Brien shot put technique.

Morphological characteristics assessment instruments 
Longitudinal dimensionality of the skeleton:

1. Body height in mm   AVIST
2. Sitting height in mm   ASJEV
3. Leg length in mm   ADNOG

Transversal dimensionality of the skeleton:
4. Shoulder diameter in mm  AŠRAM
5. Pelvis diameter in mm   AŠKAR
6. Hip diameter in mm   AŠKUK

Circular dimensionality and body mass:
7. Middle circumference of the chest in mm AOGRK
8. Upper arm circumference in mm  AONDL
9. Forearm circumference in mm  AOPDL
10. Body mass in kg   ATEŽT

Subcutaneous fatty tissue:
11. Abdominal skinfold in mm  ANTRB
12. Thigh skin skinfold mm   ANNAT
13. Lower leg skinfold in mm  ANPTK

Suggested anthropometric measures sample model was taken 
based at the recommendation of the International Biological Pro-
gram (Lohman, Roche, &  Martorell, 1988).

Variables of the Shot put result efficiency assessment (criterion)
1. O´ Brien technique Shot put result

Data analysis
In order to gain data and make conclusions we calculated:
(1) Central and dispersion parameters for each anthropometric 

measures: mean (MEAN), standard deviation (STD: DEV.), 
minimal (MIN) and maximal (MAX) numeric result. Statistic 
processing was performed at all morphological characteris-
tics and shot put result.

(2) Measure discriminative value was determined by two
 methods: 

• Skewness (SKEW.) &
• Kurtosis (KURT.).

(3) Relations of the anthropometric measures of the morphologi-
cal characteristics were determined using algorithm of the 
multivariate linear regression analysis in statistical package 
STATISTICA 12.0 for Windows, which contains parameters 
of : correlation coefficient vector (R), partial correlation 
coefficient vector (PART.R.), standardized partial regres-
sion coefficient vector (BETA), beta coefficient significance 
Q (BETA), determination coefficient, as a measure of joint 
variability between criterion variable and system of predic-
tor variables, which influence the subject of study (DELTA), 
multiple correlation coefficient between criterion variable 
and system of predictor variables (RO), level of  F-relation 
(F) and significance of F-relation (Q).

Resul ts and Discussion

Basic statistic parameters of 
anthropometric measures 
Determination of the central and dispersion parameters (Table 
2.), confirm the hypothesis of normal distribution and satisfy-
ing sensitivity of the applied anthropometric measures. Between 
minimal (MIN.) and maximal (MAX) results there are more than 
six standard deviations (STD.DEV.), so it can be concluded that 
anthropometric measures have satisfying sensitivity, or discrimi-
native value. 

Table 2. Basic statistic parameters for the assessment of the morphological characteristics 

Var. N Mean Min. Max.
Std.
Dev

St.
Error

Skewn. Kurtos.

AVIST 60 181.18 167.50 194.20 6.75 .872 .223 -.846

ASJEV 60 94.71 87.50 104.30 3.41 .441 .594 .299

ADNOG 60 104.26 95.30 115.40 4.93 .636 .137 -.644

AŠRAM 60 41.82 38.60 47.30 1.70 .220 .331 .480

AŠKUK 60 33.28 29.50 38.80 1.89 .244 .406 .712

AŠKAR 60 29.20 26.80 34.00 1.81 .233 .553 -.032

AOGRK 60 104.52 89.00 113.00 5.90 .762 -.057 -.923

AONDL 60 30.93 26.90 41.00 2.95 .381 .197 .083

AOPDL 60 28.31 25.12 33.40 2.81 .363 .908 1.102

AKNTR 60 8.21 4.20 30.20 4.25 .549 .520 .850

ANNAT 60 10.09 4.00 23.40 4.53 .585 .682 .401

ANPTK 60 7.10 3.00 17.20 3.41 .440 .362 -.430

ATEŽT 60 77.76 55.30 99.00 9.13 1.178 .041 -.224
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Basic statistic parameters of O’Brien 
technique Shot put results
Central dispersion parameters values of the Shot put (Table 3) 
confirm the hypothesis of normal distribution and satisfying sen-
sitivity. Between minimal (MIN.) and maximal (MAX) results there 

are more than six standard deviations (STD.DEV.), so it can be 
concluded that shot put results have satisfying sensitivity, or dis-
criminative value. 

Table 3. Basic statistic parameters for the assessment of the O’Brien technique shot put results

Var. N Mean Min. Max.
Std.
Dev.

St.
Error

Skewn. Kurtos.

REZK 60 857.15 663,00 1225.00 111.29 14.712 .672 1.785

Regression analysis of the shot put using 
anthropometric measures 
Knowledge of size and influence of each success elements in 
certain athletic event represents so called equation of athletic 
event specification. Equation of specification represent hierarchi-
cally defined structure of most important values (anthropological 
characteristics) for which we presume high predictive value in 
relation to top level athletic results. 

Results of regression analysis in table 4 show that the possibil-
ity of the prognosis of the Shot put results - REZK (as criterion 
variable) based at anthropometric measures (as predictor set) 
is statistically significant at multivariate level, which probability 
result (Q=.023) confirms. Results of criterion variable and 
anthropometric set have 48% joint information which can be 
seen from coefficient of determination (DELTA), and confirms 
multiple correlation coefficients (RO) with high value .69. Rest 
of the criterion and predictor variability (52%) belongs to mo-
tor abilities and some other characteristics not included in this 
research. 
Results of the regression coefficients (Beta) and their signifi-
cance Q(Beta) implies that at univariante level statistically signifi-
cant predictive value at shot put results have longitudinal dimen-
sionality of the skeleton  (body height AVIST = .015), predictor 
measure of circular dimensionality and body mass (middle cir-
cumference of the chest AOGRK .001, upper arm circumference 
AONDL .012, forearm circumference AOPDL .010, body mass 

Table 4. Predictive value of the morphological characteristics and 
O’Brien technique Shot put efficiency (REZK)

Variable R Part-R Beta Q (Beta)

AVIST .47 .35 .386 .015*
ASJEV .55 .12 .161 .338
ADNOG .76 .07 .242 .481
AŠRAM .64 .15 .221 .147
AŠKUK .70 .17 .353 .111
AŠKAR .77 .11 .245 .307
AOGRK .15 .24 .479 .001*
AONDL .48 .36 .363 .012*
AOPDL .12 -.18 -.394 .010*
ATEŽT -.21 -.14 -.341 .036*
ANTRB .57 -.28 -.443 .014*
ANNAT -.37 -.19 -.354 .031*
ANPTK -.46 -.24 -.408 .002*

RO

.69

DELTA

.48

F-test

3.18

Q

.023

ATEŽT .036) and negative influence of subcutaneous fatty tissue 
(abdominal skinfold ANTRB .014, thigh skinfold ANNAT .031, 
lower leg skinfold ANPTK .002). Other measures of the longi-
tudinal dimensionality of the skeleton (sitting height ASJEV, Leg 
length ADNOG) and transversal dimensionality of the skeleton 
(shoulder diameter AŠRAM, pelvis diameter AŠKUK, hip diam-
eter AŠKAR) don’t have statistically significant explanation of the 
shot put results.
The best result in shot put is achieved when the release height 
of the shot is as much above the ground. Considering that the 
release height depends on throwers height and arm length, this 
factor remains as the relevant point of each thrower.

 
Based at total results of standardized partial regression coeffi-
cient vector Beta and Q(Beta) it can be concluded that the exam-
inees with higher level of longitudinal and circular dimensionality 
will have high predictive power at the criterion variable success 
prognosis. Negative influence in the explanation of the variability 
of the shot put criterion variable have subcutaneous fatty tissue 
measures which in shot put result in motor inefficiency and under 
production of sport results.

In comparison with the students of sport in Belgrade (1975) and 
Niš (1991), results of the Sarajevo Faculty of Sport and Physi-
cal Education students show higher values of longitudinal, trans-
versal and circular dimensionality, and lower values in area of 
subcutaneous fatty tissue measures, which shows the positive 
growth of the morphological characteristics level of the student 
population. This surely is influenced by acceleration in growth 
and development in last years as a consequence of good living 
conditions and other factors.
It has been known that shot put throwers are characterized by 
strong muscles, high body mass, emphasized longitudinal and 
transversal skeleton measures, and for that they are considered 
as muscular body type. Shot put, during release acts with force 
(force of inertion) at the hand and other parts and the force has 
counter direction than its velocity direction. This force is directly 
dependent on body mass and its velocity (Miki , 2004). In this 
research sample of the examinees consists of Faculty of Sport 
and Physical Education students and is not selected for the shot 
put. Theirs transversal dimensionality of skeleton (diameter of 
shoulders, pelvis and hips) were not according to the model 
characteristics of selected shot put throwers. It can be presumed 
that in this investigation for this reason there was no statistically 
significant influence of transversal dimensionality at the shot put 
efficiency.
Examinees with higher level of skeleton longitudinal dimensional-
ity are able to apply force at longer path, which increases the 
possibility to have higher velocity during release. Also, higher 
measures of longitudinal dimensionality unable higher release 
height, which is one of the factor that influence shot put length.
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The best result in shot put is achieved when the release height 
of the shot is as much above the ground. Considering that the 
release height depends on throwers height and arm length, this 
factor remains as the relevant point of each thrower.
Throwers with larger circumferences of certain body segments 
are able to produce higher force and as a consequence longer 
shot flight.

Conclusion

For the research of the morphological characteristics of the Fac-
ulty of Sport and Physical Education students, 13 anthropometric 
variables were measured as well as the O’Brien technique shot 
put result. Sample for this research consisted of 60 male stu-
dents attending Faculty of Sport and Physical Education in Sara-
jevo, who passed the shot put exam. Aim of the research was to 
determine the relations of the morphological characteristics (as 
predictive set) with the shot put result (as criterion) in students. 
In relation to previous research (Schmolinski, 1978; Milanovi , 
Hofman, Puhani , & Šnajder, 1986) results are largely confirmed, 
except the relations of transversal skeleton dimensionality with 
criterion variable. Influence of the measures of the transversal 
skeleton dimensionality with shot put results in previous research 
was found in selected sample of throwers with high level of sport 
achievements. Distinction of the research sample, which is char-
acterized by low level of shot put technique knowledge, as well as 
the non selection for the shot put event, is the reason for different 
research findings. Transversal measures which in shot put unable 
better balance in some important phases, are most important at 
higher level of the results, while in students there were no statisti-
cally significant predictive values. 
Of course anthropometric measures are insufficient in determin-
ing the parameters of the athlete’s physical condition (Hraski,  
Mejovšek, Antekolovi , & Dobrila, 2003).
Throwers with larger circumferences of certain body segments are 
able to produce higher force and as a consequence longer shot flight.
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Sažetak
Cilj ovog istraživanja je da se u nastavi sporta i tjelesnog odgoja u enika 
u srednjoj školi utvrdi povezanost morfoloških karakteristika i motori kih 
sposobnosti sa izvo enjem situaciono motori kih elemenata košarkaš-
ke, odbojkaške i rukometne igre. Uzorak varijabli prediktorskog prostora 
sastoji se od 12 morfoloških i 24 motori ke varijable, a uzorak varijabli 
kriterijskog prostora od 9 varijabli (po 3 iz košarkaške, odbojkaške i ru-
kometne igre). Utvr ivanje povezanosti izvršeno je kanoni kom korelaci-
onom analizom. Dobijeni rezultati pokazuju da se nije pojavila povezanost 
izme u morfološkog i situaciono-motori kog prostora, dok su veze regi-
strovane izme u motori kog i situaciono-motori kog prostora  izolovane 
koz etiri zna ajne i pozitivne kanoni ke funkcije.

Klju ne rije i: morfološke karakteristike, motori ke sposobnosti, 
     situaciono-motori ke sposobnosti

Abstract
The aim of this research is to determine the relationship of morphologi-
cal characteristics and motoric abilities by the performance of situational 
elements of basketball, volleyball and handball in the lessons of sport and 
physical education. Sample variables from the predictor area are com-
posed of 12 morphological and 24 motoric variables, and the sample 
variables from the criterion area of 9 variables (3 for basketball, volleyball 
and handball.) Determining the relationship was carried out by canonical 
correlation analysis. The obtained results show that a relationship be-
tween morphological and situational-motoricalareas did not appear, while 
the registered connection between motoric and situational-motoric areas 
was isolated in four significant and positive canonical functions.

Key words: morphological characteristics, motoric abilities, 
 situational-motoric abilities

Introduction 

Research within the field of teaching sport and physical educa-
tion, in recent years aregrowingly oriented towards the introduc-
tion of personal approach in teaching which by Hardmann (2008) 
may have far-reaching results in the development in the science 
of sport. The entire system runs in the direction of eliminating me-
chanical action and the gradual transition to real creative process, 
which is completely accustomed to the individual. The develop-
ment of an individual/student begins on diversity (Healthy Life Ed-
ucation Broschur) and this fact in the teaching of sport cannot be 
ignored, considering thatuniforming would represent limitations 
in opportunities to develop. The significance of the teachings of 
sport and physical education, according to Findak (2001) lies in 
discovering and developing all potential opportunities, with the 
establishment and continuous application of humanistic and indi-
vidualistic concepts of work. As it is already shown in previously 
performed research and practice, the morphological-motoric 
structures of students affect their performancein lessons of sport 
and physical and health education. In this study, canonical corre-
lation analysis was performed to verify the relation of which mor-
phological characteristics and motoric abilities achieve realization 
by situational-motorical elements in lessons of sport and physical 
education, in a way that the confirmed relations could potentially 
be applied positively in practice and thus facilitate the introduc-
tion of individualization. It is interesting to note that the lessons 
in this case represented situational-motoric elements of basket-
ball, volleyball and handball (criterion area), while the predictor 
areawas represented by a total of 36 variables (12 representing 

morphological and 24 representing motoric area. Determining the 
relationship of morphological characteristics and motoric abilities 
(predictor area) with situational motorical abilities (criterion area) 
can be observed even with analysis of larger number of works 
by authors from the field that also came to approximate indica-
tions according to the following: Bukvi  (2003) who noted that 
impact of basic motoric abilities exist in the control of the ball and 
throw to the basket. Mahmutovi  (2003) noted that morphologi-
cal characteristics have no influence on the efficiency in the game 
of volleyball, while motoric characteristics do. The results of the 
conducted research are similar to the results of Brettschneider 
and Naul (2004) who found that socio-economic status of fami-
lies, parents’ education level and aspirations of an individual have 
a strong influence on the motoric status of adolescents (higher 
social status - higher motoric status). Babic, Harasin and Dizdar 
(2007) through their research contributed to a improved knowl-
edge of the factors that determine success in sprint running, ap-
ropos that greater the dimensionality of the skeleton is negatively 
correlated with the length and frequency of movement. Kova , 
Leskošek and Strel (2007) initiated that there are differences in 
the morphological-motoric structures between students of differ-
ent high school programs, moreover, that students from vocation-
al high schools received inferior results than the students from 
reference high schools. Vlaši , Oreb and Furjan-Mandi  (2007) 
found that there is a statistically significant correlation of predic-
tor morphological-motoric area with a specific criterion of situ-
ational motoric elements. Therefore, the results of the previous 
research suggest the goal of the study could be achieved, namely 
that the relationship between morphological characteristics and 
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motoric abilities by performance of situational motoric elements 
of basketball, volleyball and handball could be determined. Well 
established studies of areas and variables, on an objectively pro-
fessional and scientific level, contribute to individualized teaching 
materials and adaption to the examinees, which within everything 
else, provides for higher quality planning and programming in the 
lessons of sport and physical education in high schools, and also 
better monitoring of impacts and transformations made in the 
process of teaching.

Methods 

Sample examinees
Sample examinees are defined by the male population of voca-
tional high schools in Sarajevo, between the ages of 16-18. The 
survey included only those students, who during the process of 
testing and measuring were completely healthy. The total number 
of examinees in the sample consists of 151 students. All exam-
inees had suitable conditions of regular attendance in the les-
sons of sport and physical education, which represented one of 
the fundamental requirements for conducting this research. The 
sample can not be selected by any criteria for entry into high 
school school. 

Sample variables
The selection and definition of the investigated areas (morpho-
logical, motoric, situational motoric) in this order were made 
on the basis of standardized and empirically verified methods 
of measurement and testing, based on which came to specific 
information about the characteristics of the surveyed examinees.

The sample of predictor variables is defined as follows:

Variables for assessment of morphological characteristics:
Body height (VISTJ)
Leg length (DUZNG)
Arm length (DUZRK)
Hand width (SIRSA)
Wrist diameter (DIRZG)
Elbow diameter (DILAK)
Body mass (MASTJ)
Upper arm radius (OBNDL)
Middle thorax radius (OBGRU)
Upper arm skinfold (NBNDL)
Back skinfold (NBLED)
Abdominal skinfold (NBTRB)

Variables for assessment of motoric abilities:

Variables for assessment of coordination
1.Coordination with a bat (MKTKK3)
2.Slalom with three medicine balls (MKOS3M)
3.Figure eight with ducking (MAGOSS)

Variables for assessment of explosive strength
1. Throwing a medicine ball out of a back laying position 

(MESBML)
2. Standing long jump (MESSD)
3. Running 20M (MBR20M)

Variables for assessment of movement frequency
1. Foot tapping (MBFTAN)
2. Foot tapping against a wall (MBFTAZ)
3. Hand tapping (MBFTAR)

Variables for assessment of repetitive strength
1. Push-ups on a loom (MRASKR)
2. Raising body out of a lying position (MRSPTL)
3. Deep squats with weights (MRLDCT)

Variables for assessment of balance
1. Standing on one leg longitudinally on a bench with open 

eyes (MBAU1O)
2. Standing on one leg across from the bench with closed 

eyes (MBAU1Z)
3. Standing on one leg longitudinally on a bench for bal-

ance with closed eyes(MBAP1Z)
Variables for assessment of precision

1. Targeting with a long stick(MPCDŠ)
2. Targeting a vertical target by foot (MPGVCN)
3. Targeting a horizontal target by hand (MPGHCR)

Variables for assessment of flexibility
1. Flex with a bat (MFLISK)
2. Leg lift while laying facedown (MFLZLG)
3. Deep forward bend on a bench(MFLDPK)

Variables for assessment of speed
1. Running 20M out of a high start (MBR20M)
2. Running 20M out of a flying start (MBR20MLS)
3. Running 50M out of a high start (MBR50MVS)

Sample of criterion variables (situational-motorical) defined as 
follows:

Variables for assessment of basketball
1. Throwing the ball with both hands against a wall 

(OKBLRZ)
2. Dribbling slalom (OKVLS)
3. Throwing ball into basket (OKBLK)

Variables for assessment of volleyball
1. Hitting aim over a net from primary position(OOGCPMOS)
2. Block “hammer” circular shape (OOO K)
3. Serve (OOSR)

Variables for assessment of handball
1. Performing a seven (ORIS)
2. Throwing ball against a wall (ORBLZ)
3. Dribbling slalom (ORVLS)

Methods of processing data

Processing of data obtained was done by the software package 
SPSS 12.0 for Windows. At a multivariate level for determining 
the relation, a canonical correlation analysis was used, which 
represents an extremely suitable mathematical-statistical proce-
dure in cases where it is necessary to determine a relationship 
between two sets of different variables.

Results and Discussion

Canonical correlation analysis between morphological char-
acteristics and situational-motorical areas (Table 1.) is not 
isolated neither of significant nor positive canonical functions 
(Canonicl R) that could explain a general correlation between 
morphological characteristics (morphological area) and success 
in the performance of elements in teaching (situational-motorical 
area.) On the level of significance from p=.074 (not significant) 
only a canonical function with a canonical root was isolated (Ca-
nonicl R) .514, which eventually could explain 
26% of the variability (Canonicl R-sqr.) research areas. In this 
case, it can be concluded, that treating the variables to assess the 
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morphological status (considering that out of possible 37 by IBP 
only 9 are used), were not sublimated and showed the influence 
of morphological area on the performance of elements of sport 
games in the teachings of sport and physical education in high 
school populations. The assumption that it was possible, in the 
case that all the morphological variables were treated cannot be 
excluded, that is to say the conducting of measurements in ac-
cordance to IBP, occurrence of statistically significant canonical 
functions. It is assumed that the structure of the sampleexamin-
ees (consistent with findings from research in present vocational 

high schools) and specific age of the studied population (puberty, 
acceleration of growth and development) had relevant influence 
on the relations obtained this way. Absence of association or the 
absence of canonical factors with the significance level to .050 
may provide relevant guidance and on the criterion area, it may 
imply the simplicity/low complexity of elements in volleyball, bas-
ketball and handball but are used for analysis of situational mo-
torical areas and for whose performance is not necessary to have 
significantly marked morphological characteristics.

Table 1. Canonical correlation analysis of morphology /situational motorics

 
 

Canonicl  R
Canonicl

R-sqr.
Chi-sqr. df p Lambda

0 .514 .265 129.897 108 .074 .392

1 .456 .208 87.071 88 .507 .534

2 .327 .107 54.518 70 .913 .675

3 .309 .095 38.728 54 .941 .756

4 .249 .062 24.735 40 .972 .836

5 .235 .055 15.779 28 .968 .892

6 .161 .026 7.854 18 .980 .945

7 .142 .020 4.167 10 .939 .970

8 .096 .009 1.296 4 .861 .990

Canonical correlation analysis between motorical and situational-
motorical areas (Table 2.), four significant and positive canonical 
functions are isolated (Canonicl R) which describes a general 
relationship between motoric abilities and quality performance 
of elements in sport games. Level of significance for the first 
three canonical functions is p=.000, andfor the fourth isolated 
function the level of significance is p=.019. All four isolated 
canonical functions for these two pairs of variables are quite high, 

Table 2. Canonical correlation analysis of motoric/situational motoric

 Canonicl R Canonicl R-sqr. Chi-sqr. df p Lambda

0 .748 .560 422.769 216 .000 .041

1 .688 .474 313.532 184 .000 .094

2 .628 .395 228.006 154 .000 .180

3 .596 .355 161.052 126 .019 .297

4 .491 .241 102.637 100 .408 .462

5 .457 .209 65.891 76 .789 .609

6 .374 .140 34.607 54 .981 .770

7 .266 .070 14.452 34 .998 .897

8 .186 .034 4.684 16 .997 .965

the largest being Canonicl R = .748 which can explain 56% of 
the common variability (Canonicl R-sgr.), and the lowest being 
Canonicl R that is .596 which can explain (Canonicl R-sgr.) with 
35% common motoric variables and variables for success in 
performance of elements in sport games. Significant connection 
of the studied areas (Chi-sgr.) ranges from 422.7 for the first 
and goes up to the highest of 161.0 for the fourth and lowest 
canonical factor/function.

Analyzing the first canonical factor in the projected motorical area 
(Table 3.) we can conclude that from 24 variables, only 4 have 
significant correlation relations with an isolated canonical dimen-
sion. For all significant correlation coefficients, it can be conclud-
ed that they are the middle and lowest level of significance, and 
from the four listed correlation variables, two treat the area with 
the coefficient (.368) for the variable from the area of explosives 
MBR20MVS and coefficient (.353) for the variable MBR20MVS, 

and one variable treats an area: pure explosive strength of (.256) 
for MESBML and the precision area of (.339) for MPGVCN. All 
listed variables except MESBML also have significant correla-
tionswith other isolated canonical factors, but this fact does not 
change the significance of the impact on the currently analyzed 
first canonical root. Relations set like this lead us to the fact that 
the first canonical factor in motorical areas behave as a factor of 
speed- precision performance. 
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The first canonical factor projected in situational-motorical areas 
(Table 4.) has two isolated variables with strong non significant 
connections in basketball OKBLRZ of (.533) and handball OR-
VLS with a negative sign and coefficient from (-.579). Since both 
tests, i.e. the element represented by these variables require 
speed-accurate properties, thus this isolated factor, saturated 
with two variables that belong to different sport games, can be-
defines as a factor of saturated speed-accurate characteristics 
that are demonstrated during the performance of given elements 
in sport games. 

The listed variables (OKBLRZ and ORVLS) have suitable high pro-
jections on the rest of the canonical factors, while other variables 
with isolated canonical factors have a connection below (.-248), 
i.e. that connection is not statistically significant. According to 
the above listed, this factor could be defined as the factor of 
speed-accuratecharacteristics that are represented in the sport of 
basketball and handball, because there is a connection between 
these areas with an isolated canonical function (ex. Throwing the 
ball with the hands against the wall in basketball and dribbling sla-
lom with the ball in handball, requires speed to catch the ball, pre-
cision blocking the ball, speed of movement and manipulation of 
the body in order to dominate the ball and direct movement, etc.)
Considering the relationship between situational-motorical area 
and motorical area at the first isolated canonical function, con-
sidering that the speed accurate characteristics are defined in the 
motorical area, it is necessary for the realization of the situational-
motorical elements in correlation, in reference to theassignment:  
throwing a ball against the wall in basketball – for a limited time 
of 30 sec. with the requirement that the ball bounces off the wall 
at a distance of 3 m, in order to achieve the best results that re-
quire speed and precision and handball dribbling slalom – for the 
shortest time necessary to implement the appropriate motorical 
task which also requires speed and precision, and for which are 
seen from the above outlined that speed and precision is neces-
sary, we can conclude that the attained connections are expected 
and logical.

On behalf of the second canonical factor projected in motorical 
area (Table 3.) we can statethat it registers a significant correla-
tion with two variables whose relationship with the canonical fac-
tor can be defined by the following: one variable with the most but 
negative signs MBAU1O with a correlation coefficient of (-.537), 
which is the largest level of connectivity with other canonical fac-
tors and defines an area where balance is the major difference 
compared to the first canonical factor of motorical area, because 
at this- from the first root the connection is not registered nor a 
variable from the area of balance and the second variable MBF-
TAN at a somewhat lower level of connectivity from the area of 
speed frequency (-.428) also for which a significant connection 
in other canonical factors was not found. According to the vari-
ables with which the correlation was made, but do not consist of 
significant canonical projections with other factors, we can state 
that name of the factor is - factor of balance with some influences 
of movement frequency, which is not surprising, considering the 
requirement of possessing certain abilities in the area of balance 
and frequency speed, it is necessary for the realization of cer-
tain situational-motorical tasks (ex. For the shortest time a larger 
amount of repetition while maintain equilibrium in order to better 
master the ball, etc.).

On behalf of the second canonical factor projected in the situa-
tional-motorical area (Table 4.) which is typically isolated, with 
a strongly indicated connection, two variables representative of 
the game of basketball (.717.)OKBLRZ and (.628) OKVLS and 

something lower, but still significant individual correlation with the 
variables of volleyball (.598) OOSR and handball (.410) ORBLZ. 
Even though these variables belong to different sports, analyzing 
activities of movement is necessary for the execution of situation-
al-motorical tasks, it can be stated that the second canonical fac-
tor of situational-motoric area is marked and is called the motoric 
abilities of balance and movement frequency, and is exactly iso-
lated in the second factor of motorical areas. Therefore elements 
of sports (especially in the game of basketball) that are found to 
be in a significant correlation with the second canonical factor, for 
quality performance, requires motorical abilities isolated by the 
second canonical factor in the motorical area, and this confirms 
the previously named motorical factor. 

In the second isolated canonical function, the isolated factor in 
the motorical area is defined as the factor of balance with some 
influence of the frequency speed of movement. By analyzing the 
description of situational-motorical tests where, for ex. for a lim-
ited time of 30 sec. where it is necessary that the ball bounces off 
the wall at a distance of 3 m, in order to achieve the best results, 
which apart from speed requires maintenance of the body in a 
proper position of balance in order to establish “under the ball” 
or where for the shortest period of time necessary to implement 
the appropriate motorical task (speed) or where it is necessary 
to show specifically precise shooting or precise handling of the 
ball (precision) , we can constitute that the obtained correlation 
for the following variables from the situational-motorical area 
(OKBLRZ, OKVLS, OOSR and ORBLZ) confirms that it is about 
balance and speed frequency whichare necessary for the perfor-
mance of motorical tasks, so the accomplished connections are 
natural and expected.

On behalf of the third projected canonical factor in the motoric 
area (Table 3.) we can state that it has positive relationships with 
a larger amount of motorical variables, reverently , if we take the 
lowest coefficient as (-.434) MRLDCT even five variables cor-
relate in the area (total consisting of 24). Those variables, ac-
cording to the significance of the relation with isolated factors, 
can be divided into several groups, however, because of wide 
interpretation of a very complex system of relations, and one that 
is already weighed down by a large number of coefficients in 
boundary values in this case variables are easier to group by the 
area they represent. In this sense we can state that two of three 
variables that represent the area of speed have a very high cor-
relation with isolated canonical factors (-.832) MBR20MVS and 
(.787) MBR20MLS while the third variable of speed with a cor-
relation coefficient under (-.434), but with a specificity that this 
canonical factor has the largest correlation (in comparison to the 
three stopped isolated roots in the motorical area). It is interest-
ing that that the areas of coordination (.604 MKTKK3), explosive 
strength (.537 MESSD) and repetitive strength (-.434 MRLDCT) 
each have one variable of correlation, which in other isolated mo-
torical canonical factors there is no correlation, and can be inter-
preted that it is only significant for this canonical factor. For two 
groups of variables we can state that they do not have one vari-
able in a statistically significant relation with an isolated canonical 
factor, i.e. representative variable in the area of flexibility and area 
of speed frequency. Taking into consideration the largest number 
of correlation variables (two speed variables and two strength 
variables- explosive and repetitive) isolated canonical factor can 
be called the factor of powerful speed characteristics, with some 
variables that represent the area of coordination. 

In the third projected canonical factor of situational-motorics 
area (Table 4.) it can be stated that it has statistically significant 
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connections with all three variables of sports: basketball (-726) 
OKVLS, volleyball with two variables (.582) OOGCPMOS and 
(.431) OOOCK and handball with (-.614) ORVLS. Interpreting the 
relationship of coefficient height in variables of different sports 
with isolated canonical factors, it can be constituted that they are 
logical, because they arefor ex. the variable in basketball of drib-
bling slalom and the variable in handball dribbling slalom, both are 
individually associated with the canonical factor in a high correla-
tion relationship (.726) OKVLS and (-.614) ORVLS, and for both 
tests the presence of speed, strong and coordinated properties 
are required in examinees (it is also important for both variables 
in the game of volleyball). With this a name could be given to this 
factor, in addition it could confirm the previously given name to 
the third isolated canonical factor in the motorical area. In ac-
cordance to the given, as a representative of factors with a slight 
advantage, and considering that this is the third canonical factor,  
we can define the game of volleyball, whose two variables cor-
relate in the area and for whose performance of elements , as in 
the performance of basketball and handball slalom, is required 
quick, strong and coordinated characteristics.

For the third isolated canonical function, it can be concluded 
that it is in the motorical area the isolated factor is defined by 
speed-strong characteristics in examinees, and that the variables 
(OKVLS, OOGCPMOS, OOOCK and ORVLD) that are in correlation 
with the canonical factor in the area of situational motorics, bythis 
statement confirming it.  For the performance of these motorical 
tasks, particularly out of volleyball (two to three representatives 
in correlation), it is necessary to possess speed strong charac-
teristics in examinees. In confirmation of the following, a specific 
description of the test could be used; for ex. measurement of 
precision of the lower block or the specific precision of aiming the 
ball, but where a concrete realization of the same, an examinee 
must continue to maintain the body in a proper position (for what 
strength is needed), or for maintaining precision at a high level, 
where at the continuous performance of the task also requires 
speed and strong abilities in examinees. Based on the above, it 
can be confirmed that the acquired connections for the third ca-
nonical function are logical and expected.

For the fourth - also the last isolated canonical factor (Table 2. 
and 3.) can be stated that it has a level of significance from p = 
.019, that Canonicl R amounts to .596 and can explain (Canonicl 
R sgr.) 35% of motorical variables and variables for success in 
performance of elements in sport games, and that the significant 
connections of the research area (CHI-sgr.) ranges 161.0. With 
these characteristics the fourth isolated factor in the motorical 
area practically represents a mathematical artifact. All latent di-
mensions, excluding the coordination variables, have a connec-
tion with at least one of the variables with the above canonical 
factors where it can particularly state the variables that define 
area of frequency, regarding that it is the only one in this area that 
has correlation with all three variables with the canonical factor 
(.370) MBFTAN, (-.526) MBFTAZ and (-.393) MBFTAR. Essen-
tially, because of the saturation of canonical factors with a large 
number of different variables with different levels of coefficients 
in comparison to, this factor can be interpreted only as a factor of 
general motorical abilities of examinees.

By means of the fourth projected canonical factor in situational - 
motorical areas (Table 4.) all three variables of basketball have a 
positive correlation with relations (.498) OKBLRZ, (431) OKVLS 
and (-.465) OKBLK., with the exception of these three variables, 
only one more variable out of a different area- area of volleyball 
associates with canonical factors of (.782) OOSR. Hence, con-

sidering that it concerns the last isolated canonical factor that is 
saturated with more then one variable of sport games and the 
canonical function  only 35% groups of motoric variables and 
variables for the assessment of accomplishment are explained, 
it can be stated that it is defined from the assessment out of the 
field of basketball sport games, for which performance is re-
quired general motoric abilities of examinees, and that that factor 
can be named the general factor of motoric abilities.

The fourth isolated canonical function that has a low level of sig-
nificance and that explains only 35% variability can be defined as 
the general motoric ability of examinees. The following confirms 
canonical roots achieved in the motoric area that correlates with 
great amount of different variables and as relations in situational-
motorical areas within the three variables of basketball and one 
variable from the area of volleyball make a significant canonical 
connection with an isolated canonical root.  As it is for the realiza-
tion of motorical tasks (in a situational motorical area consisting 
of 9, four variables have a positive relations) that represent the 
performed tests, the necessary synergized complex of different 
motorical abilities of an individual, is natural to define this function 
as a general motorical ability of anexaminee.

Table 3.  Canonical factors in a motoric area

KF  1 KF   2 KF   3 KF   4

MKTKK3 .045 .129 .604 .126

MKOS3M -.168 .141 .051 -.175

MAGOSS -.203 .212 -.258 .166

MESBML .256 .172 .098 .091

MESSD .167 .469 .537 .447

MBR20MVS .368 .444 .277 -.766

MBFTAN .174 -.428 .124 .370

MBFTAZ .235 -.360 -.108 -.526

MBFTAR .144 .009 .029 -.393

MRASKR -.074 -.145 -.282 .180

MRSPTL .215 .308 .292 -.408

MRLDCT -.097 .025 -.434 .029

MBAU1Z -.172 .049 -.332 .021

MBAP1Z -.062 .042 -.210 -.307

MBAU10 .015 -.537 .026 -.069

MPCDS .089 .056 .326 -.016

MPGVCN .339 .134 -.269 -.397

MPGHCR .004 -.244 -.134 .443

MFLISK -.232 -.251 .173 -.281

MFLZLG -.129 .055 .134 -.224

MFLDPK .101 .271 .124 -.194

MBR20MVS .353 -.203 -.832 .395

MBR20MLS -.000 -.380 .787 -.341

MBR50MVS -.220 .148 -.396 -.162
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Table 4. Canonical factors in a situational-motorical area

 KF  1 KF   2 KF   3 KF   4

OKBLRZ .533 .717 -.306 .498

OKVLS -.105 .628 .726 .431

OKBLK .138 -.118 .331 -.465

OOGCPMOS .036 .029 .582 -.050

OOOCK .134 -.199 .431 -.084

OOSR -.248 -.598 .004 .782

ORIS .117 .229 .038 .048

ORBLZ -.147 -.410 -.298 -.186

ORVLS -.579 -.204 -.614 -.149

Conclusion

Connection between morphological characteristics and metrical 
abilities with the performance of motoric elements of basketball, 
volleyball and handball, was analyzed using canonical correlation 
analysis on 151 vocational high school examinees-students. The 
sample being analyzed by application consisted of 36 variables of 
the predicator area (12 morphological and 24 motorical variables) 
and 9 variables of the criterion area (3 from basketball, volley-
ball and handball). The given aim in the research assumed that a 
canonical connection between morphological characteristics and 
motorical abilities existed by the performance of situational mor-
phological elements in basketball, volleyball and handball. Use of 
the canonical correlation analysis showed the absence of correla-
tion in the relations of morphological situational-motorical area, 
i.e. absence of canonical factor on a significant level of .005, 
that could provide adequate guidance about elements in the crite-
rion area, it may imply the simplicity/low complexity of elements 
in volleyball, basketball and handball, and are used for analysis 
of situational motorical areas and for whose performance is not 
necessary to have significantly marked morphological charac-
teristics. It is assumed that the structure of sample examinees 
(vocational high school) and specific population of a certain age 
(puberty, acceleration in growth and development) had a corre-
sponding impact on the obtained connections. In summarizing 
the connection obtained by application of the canonical corre-
lation analysis fro morphological situational-motorical areas, it 
can be concluded that through four isolated canonical factors 
the significance and homogeneous structure of correlation in the 
groups of motorical abilities and situational-motorical test used 
for assessment of completion in performance of sports in les-
sons. These achieved connections are real and substantial, true 
with the middle projections of correlation coefficients on isolated 
canonical factors, like in motorical area, same in the area of sit-
uational-motorical variables (accomplishment in performance of 
elements in sports). Such statements can be supported mainly 
by reviewing the results of the canonical correlation analysis 
for the sets of variables used, followed by understanding the 
complexity of structure in movement and complexity of motori-
cal ability in the performance of elements in lessons. General 
conclusion for all four canonical functions is that their common 
characteristics, required for quality realization of situational-
motorical tasks reduced to the factor of all treated sports, it can 
be defined through speed characteristics in examinees, taking in 

consideration that the variables of speed characteristics take in 
correlation in all four canonical-motorical factors. Therefore, for 
successful performance of situational-motorical tasks (interpret-
ing relations in correlations and where through all four isolated 
functions exists a global occurrence in all three sport elements 
tested) from the examinees it is most important to have fast abili-
ties. Obviously that the quality of performing situational-motorical 
tasks is greater than the level of having other isolated motori-
cal abilities (precision, balance, speed frequency of movement, 
strength) which is also established in the application of canonical 
correlation analysis  and confirming the correlation that cannot 
be ignored in the whole system of relations. Therefore, the listed 
(determined) relations confirm the complexity, how connections 
between motorical abilities of the examinees and complexity of 
the structure treated by sports, and in the same way the com-
plexity of relations that can result between these two areas. Previ-
ously obtained results along with this research, partially confirm 
the aim of study, i.e. canonical correlation only exists between 
motorical abilities of situational motorical elements in basketball, 
volleyball and handball.

Reference

Babi , V., Harasin, D. & Dizdar, D.  (2007). Relations between 
the variables of explosive strength and morphological features of 
the kinematic indicators of maximal speed running. Kinesiology  
1/2007, (pp 28-39). Zagreb.
Brettschneider, S., & Naul, S. (2004). Influence of social status 
to the level of motor readiness secondary student population. 
Kineziology 1/2004, (pp 23-34). Zagreb.
Bukvi , O. (2003). Relations between basic and specific motor-
motor-skills of basketball players and their impact on the suc-
cess in basketball. Homo sporticus No 1, (pp 17-28) Sarajevo.
Findak, V. (2001). Methodology of physical education. School 
books. Zagreb.
Hardman, K. (2008). Physical education in schools: A global view 
of the state. Kineziology 1/2008, (pp 5-28). Zagreb
Healthy Life Education Broschur (2007).  Illinois: Tanita corpora-
tion of America Inc.
Kova  M., Leskošek, B., & Strel, J. (2007). Comparison of mor-
phological characteristics and motor abilities of boys of second-
ary school students of different programs. Kineziology 1/2007, 
(pp 62-73). Zagreb.
Mahmutovi , I. (2003). Defining models and correlation of se-
lected morphologically-dimensional mobility and efficiency in the 
European Championship game participants in volleyball 2001- th 
year. The master thesis at the Faculty of Physical Education, Uni-
versity of Sarajevo. Sarajevo.
Vlaši , J., Oreb, G. &VFurjan-Mandi , G. (2007). Relationship of 
motor and morphological characteristics of the student s perfor-
mance in folk dances. Kineziology 1/2007, (pp 49-61). Zagreb.

Submitted: April  21, 2010.
Accepted: May 23, 2010.

Correspodence to: 
Faris Rašidagi , Ph.D.
Civil Service Agency FBiH, Hamdije Kreševljakovi a 19/V
71 000 Sarajevo, Bosnia and Herzegovina
Phone: +387 61 109-435
E-mail: faris.rasidagic@adsfbih.gov.ba

Homospoticus.indd   66 28.12.2010   21:25:00



HOMO SPORTICUS ISSUE 1 2010 67

NEW PUBLICATIONS
Published by the Faculty of Sport and Physical 
Education, University of Sarajevo, 
Bosnia and Herzegovina

Nusret Smajlovi  and Vahida Kozi
MANAGEMENT OF ATHLETIC EVENTS (CD-ROM)
Faculty of Sport and Physical Education, University of Sarajevo 
In Bosnian lenguange
Sarajevo; 2010.
ISBN 978-9958-606-45-8
CONTENTS: 1.Preparing nominations; 2.General planning; 3.Management 
of competition - Competition Authority; 4.Electronic Technology;5.Data pro-
cessing and information system; 6.Accreditation and Logistics; 7.Protocol 
and winning ceremonial; 8.Opening and Closing Ceremonies; 9.Promo-
tions, public relations and graphic design ence; 10.Press; 11.Television and 
radio coverage of the competition; 12.Marketing and Sponsorship; 13. Ac-
commodation; 14.Transport; 15.Medical services; 16. Safety; 17. Proposed 
list of projects within each department; 18. Bibliography

Nusret Smajlovi
ATHLETICS (CD-ROM)
Faculty of Sport and Physical Education, University of Sarajevo 
In Bosnian lenguange
Sarajevo; 2010.
ISBN 978-9958-606-46-5
CONTENTS: 1. Historical development of athletics; 2. The characteristics of 
athletics as “Queen of sports” and its role in the system of physical educa-
tion; 3. Athletes in the school sport education; 4. Systematization of athlet-
ics; 5. Motor preparation in athletics; 6. Biomechanical and sport-technical 
preparedness in athletics; 7. Methodology training athletic events - general 
considerations; 8. Running; 9. Jumps;10. Throwing;11. Bibliography

Safet Kapo and Branko Cikati
K-1 PATH TO PEAK 
Faculty of Sport and Physical Education, University of Sarajevo 
In Bosnian lenguange
Sarajevo; 2010.
ISBN 978-9958-606-43-4
CONTENTS: 1. Introduction; 2.Analysis of K-1 sport; 3.Basic technical ele-
ments in K-1 sport; 4.Basic method of K-1 sport; 5.Basic tactics of K-1 
sport; 6.Technical assessment of fitnes; 7. K-1 device and their application; 
8. Specific methods in training techniques in K-1; 9. Doping-challenge of 
contemporary social community; 10. Application of technical elements K-1 
sport in delf-defense;  11. Splendors of the world K-1 sport; 12.References

Homospoticus.indd   67 28.12.2010   21:25:00



HOMO SPORTICUS ISSUE 1 201068

Izet Ra o and Mile Sadžak
GLOBAL LEADERSHIP
Faculty of Sport and Physical Education University of Sarajevo and Olympic 
Committee of Bosnia and Herzegovina
In Bosnian lenguange
Sarajevo; 2009.
ISBN:978-9958-606-40-3
CONTENTS: 1. Global leadership; 2. Theory of leadership; 3. Types of lead-
ership; 4. The role of culture in leadership; 5. Human resources or path 
to global leadership; 6. Portrait of the global leaders; 7. Project GLOBE; 
Bibliography

Munir Talovi , Elvir Kazazovi , Nenad Rogulj and Vatromir Srhoj
HANDBALL
Faculty of Sport and Physical Education, University of Sarajevo 
In Bosnian lenguange
Sarajevo; 2008.
ISBN 978-9958-606-38-0
CONTENTS: 1. Historical development of handball;2. Organizational struc-
ture in handball; 3. Technique without the ball; 4. Special techniques of the 
game without the ball in defense; 5. Technique with the ball; 6. Technique 
goalie; 7. Tactics games; 8. Basics methodology in handball; 9. Handball 
at school; 10. Application of additional elementary games in the learning 
process handball;  11. Mini handball; 12. Rules of handball; 13. References

Homospoticus.indd   68 28.12.2010   21:25:00



HOMO SPORTICUS ISSUE 1 2010 69

Instruction for authors

HOMO SPORTICUS is the official publication of the Faculty of 
sport and physical education in Sarajevo. It publishes original 
scientific papers, review papers and professional papers relat-
ing to: physical education, recreation, sports, sport games, sport 
medicine, sport physiology, sport psychology, sport sociology, 
sport philosophy, sport history, sport coaching, biomechanics, 
kinesitherapy, and dance. All material is assumed to be submit-
ted exclusively unless otherwise stated, and must not have been 
published previously except in abstract form. Each author should 
have participated sufficiently in the work to take public responsi-
bility for the content and authenticity. 

Material should be written in MS WORD text editor, font Times 
Roman, 12. Paper should not exceed 16 pages with double spac-
ing including tables, illustrations and references. It should then be 
printed on one side with large margins (2,5 cm).
The order of the text should be as follows:

Cover page: Title page providing details for all authors includ-
ing surname, first name, degrees, complete address, telephone 
number and e-mail.

Second page: Provide on a separate page an abstract of not more 
than 200 words. Abstract is brief, comprehensive summary of the 
contents of the article which should clearly describe the problem, 
purpose, participants, method, the findings, conclusions and the 
implications. Abstract should be written in English and Bosnian. 

Key words: not more than 5, characterizing the content of the pa-
per, should be written in English and Bosnian.

Text: Text should be divided in following sections - headlines: In-
troduction, Methods (including participants, apparatus and pro-
cedures), Results, Discussion, Conclusion and References. All 
pages should be numbered consecutively commencing with the 
title page. Do not import tables or figures in text.

Introduction: state the problem, subject, and aim of their research 
as well as the relevant findings of prior research.

Method section includes detailed description of research. It pre-
cisely states the: participants, phenomena or objects under ob-
servation - research as well as the apparatus and procedure. Any 
statistical method must be stated, and any not in common use 
sh o uld be fully described or supported by references. 

Results: state the results of research.

Discussion: Compare results of the work with previous published 
references. It is necessary to connect the conclusions with the 
aims of the work, but avoid statements and conclusions that do 
not follow from work. When the discussion is relatively brief it is 
preferred to combine it with the previous Result section, yielding 
Results and Conclusion section.

Tables: Tables must be typed on separate pages and should be 
followed by the reference list. All tables must be numbered con-
secutively and each must have a brief heading describing its con-
tents. Tables must be referred to in the main text. All tables must 
be simple and should not duplicate information given in the text.

Ilustrations: Any illustration must be amrked with number accord-
ing to their  location in tekst, has to be of high quality, resolution 
and clear for further editing. Size of illustrations should be larger 
than it will be in final printed form.

References: The references in the text should be cited accord-
ing to the APA system (see: Publication Manual of the American 
Psychological Association. 4th Edition; see also: http://www.apa.
org).

Paper and floppy disks
Send one printed copy of manuscript on paper and on floppy disk. 
Editorial board has the final decision on publishin of the articles.
Manuscripts will not be returned.
Manuscripts that have not been written according to the instruc-
tions will be returned to the author for editing.
Submitted materials will be evaluated through blind review by at 
least two referees. Assessments by the referees will be presented 
anonymously to the author and, in the case of substantial reser-
vations, the article will be returned to the author for correction. 

Send all materials to the folowing adrress by mail or personally:
Fakultet sporta i tjelesnog odgoja, 71000 Sarajevo, 
Patriotske lige 41 or to
e-mail: homosporticus@fasto.unsa.ba 
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