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If you make plans for a year, sow wheat, 
If you make plans for a decade, plant a tree. 

If you make plans for a life, train and educate people. 
Ancient Chinese proverb (645 BC) 

 
 

 
DEAR MADAMS AND SIRS, 
 
AT FIRST, ON BEHALF OF ALL THE EMPLOYEES OF THE FACULTY OF PHYSICAL EDUCATION, 
SPORT AND HEALTH, LET ME EXPRESS OUR WARM WELCOME IN OUR MAGNIFICENT MACEDONIA 
AND MAGICAL OHRID. 
THAN 
K YOU FOR YOUR INTEREST TO TAKE PART IN OUR FIRST INTERNATIONAL CONFERENCE UNDER 
THE TITLE OF “RESEARCHES IN THE PHYSICAL EDUCATION, SPORT AND HEALTH”, WHICH 
PROVES THAT YOU SUPPORT IT IN FULL. 
 
I WOULD LIKE TO EXPRESS SPECIAL GRATITUDE TO ALL PARTICIPANTS FROM OVER 15 
COUNTRIES, WHO HAD SUBMITTED THEIR PAPERS IN WHICH THEY PRESENTED THE RESULTS 
FROM THEIR RESEARCHES, WHICH, IN FACT, IS THE MAIN AIM OF THIS CONFERENCE, THUS 
GIVING THE GREATEST CONTRIBUTION TO DEVELOPMENT OF THE SCIENTIFIC THOUGHT. 
 
PARTICIPATION OF ALL RELEVANT SUBJECTS – REPRESENTATIVES OF THE UNIVERSITY, THE 
AGENCY OF YOUTH AND SPORT, MINISTRY OF EDUCATION OF RM, MEMBERS OF STATE AND 
INTERNATIONAL INSTITUTIONS FROM THE DOMAIN OF SCIENCE AND EDUCATION, 
REPRESENTATIVES OF THE CITY OF OHRID ETC. – IS A GUARANTEE THAT ALL CONCLUSIONS 
AND MESSAGES FROM THIS CONFERENCE SHALL FIND THEIR OWN PLACE IN CREATION OF THE 
POLICIES IN THE FIELD OF SPORT, EDUCATION AND SCIENCE IN OUR COUNTRY AND BEYOND. 
 
THE 35-YEAR EXISTENCE OF OUR INSTITUTION CAN BE DEFINED AS A PERIOD OF CONTINUOUS 
DEVELOPMENT AND CHALLENGES, PERIOD OF RISES AND FALLS, ALTHOUGH IN SOME PERIODS 
IT SEEMED IMPOSSIBLE. YET, NOWADAYS WE CAN PROUDLY SAY THAT OUR FACULTY HAS 
GROWN INTO A RESPECTABLE INSTITUTION, RENOWNED IN THE EDUCATIONAL AND SCIENTIFIC 
SPHERE BOTH IN THE COUNTRY AND IN EUROPE.  
 
OUR ENTHUSIASM AND DEVOTION HAVE MADE THIS DEVELOPMENT POSSIBLE, AND THE 
FACULTY WAS AND SHALL REMAIN ESTIMATED AS THE HIGHEST INSTITUTION FOR EDUCATION 
OF PROFESSIONALS IN THE DOMAIN OF KINESIOLOGY, NECESSARY FOR THE OVERALL 
DEVELOPMENT OF RM. 
 
ALL THE TEACHERS, ASSOCIATES, MANAGERS, STUDENTS, ADMINISTRATIVE OFFICERS, ALL THE 
EXTERNAL FRIENDS AND SUPPORTERS HAVE GIVEN SUPPORT TO THE DEVELOPMENT. 
 
CERTAINLY, THERE ARE MUCH MORE CHALLENGES APPEARING IN FRONT OF US, FOR WHICH WE 
STAND STRAIGHT AND INSPIRED TO KEEP ON STRIVING TO MAKE MUCH MORE, TO CREATE NEW 
VALUES IN THE SEGMENT OF EDUCATION AND SCIENCE. 
 
IN THAT TERM, LAST YEAR WE ACCOMPLISHED MANY ACTIVITIES, OUT OF WHICH THE 
FOLLOWING ARE WORTH MENTIONING: 
 
- WE CONDUCTED MODERNIZATION OF THE OLD AND INTRODUCED NEW STUDY PROGRAMS ON 
ALL THREE LEVELS OF STUDYING ACCORDING TO THE PRINCIPLES OF THE BOLOGNA PROCESS; 
 
- WE ESTABLISHED A SPORT INSTITUTE AND DATA PROCESSING CENTER AS IMPORTANT 
TRIGGERS OF SCIENCE IN OUR INSTITUTION AND BEYOND; 
 
- THIRD YEAR IN A ROW WE HAVE ISSUED THE INTERNATIONAL JOURNAL OF SCIENTIFIC ISSUES 
“RESEARCHES IN PHYSICAL EDUCATION, SPORTS AND HEALTH”; 
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- WE ARE IN A COMPLETION PHASE OF EDITING THE SCIENTIFIC JOURNAL “RESEARCH IN 
PHYSICAL EDUCATION, SPORT AND HEALTH”  
 
- WE REALIZED AND ARE IN A PHASE OF REALIZATION OF MANY INTERNATIONAL AND 
NATIONAL PROJECTS; 
 
- WE TOOK ACTIVE PART IN REFORMING THE UNIVERSITY AND INTER-UNIVERSITY SPORTS; 
 
- WE CHANGED THE NAME OF THE FACULTY FROM “FACULTY OF PHYSICAL CULTURE” INTO 
“FACULTY OF PHYSICAL EDUCATION, SPORT AND HEALTH” FOR THE PURPOSE OF BEING 
DISTINCTIVE AND IN ORDER TO FOLLOW THE EUROPEAN AND WORLD TRENDS, AS WELL AS IN 
ORDER TO CHANGE THE PERCEPTION TOWARDS OUR INSTITUTION AND TO OUR WORK. FIRST OF 
ALL, WE THINK ABOUT EMPHASIZING THE HEALTH ASPECTS AND BENEFITS FROM REGULAR 
PHYSICAL ACTIVITY AS AN IMPORTANT SEGMENT IN IMPROVING THE QUALITY OF LIFE; 
 
- WE ARE IN A COMPLETION PHASE OF SOLVING MAYBE THE BIGGEST PROBLEM OF OUR 
INSTITUTION – THE INFRASTRUCTURE. IN THAT TERM WE EXPECT VERY SOON TO RECEIVE HELP 
FROM THE GOVERNMENT OF RM AND HAVE A NEW BUILDING IN WHICH WE WOULD REALIZE 
THE TEACHING, SCIENTIFIC AND ADMINISTRATION PROCESS, A NEW SPORTS HALL AND MORE 
SPORTS FIELDS, WHICH WOULD MAKE THE DREAM OF MANY GENERATIONS OF PROFESSORS, 
STUDENTS AND OTHER EMPLOYEES COME TRUE. 
 
I AM NOT MODEST SAYING THAT OUR AMBITIONS ARE TO BECOME A CENTER THE SCIENCE AND 
PRACTICE WILL MEET IN. IT WILL BECOME A PLACE WHERE THE EXPERTS FROM THE COUNTRY 
AND ABROAD WILL EXCHANGE OPINIONS AND WILL FIND ANSWERS TO MANY QUESTIONS OF 
SIGNIFICANCE. ANY COUNTRY WHICH WANTS TO DEVELOP NORMALLY AND ADVANCE IN ALL 
SPHERES OF THE SOCIAL LIVING MUST RELY ON THE EDUCATION AND SCIENCE AS A BASE FOR 
ITS DEVELOPMENT. 
 
IN THAT DIRECTION, RECENTLY WE HAVE INTENSIVELY DEEPENED THE COOPERATION WITH 
MANY FEDERATIONS (FOOTBALL FEDERATION, HANDBALL FEDERATION, BASKETBALL 
FEDERATION, KARATE FEDERATION, FITNESS AND BODYBUILDING FEDERATION ETC.) WITH THE 
OLYMPIC COMMITTEE OF MACEDONIA, THE AGENCY OF YOUTH AND SPORT ETC. 
 
HENCE THE NEED OF REALIZATION OF THIS SCIENTIFIC CONFERENCE CAME FROM. OUR MAIN 
OBJECTIVE IS TO UNITE THE INTELLECTUAL EUROPEAN AND WORLD POTENTIAL THROUGH 
SUCH KIND OF INTERNATIONAL RESEARCH COOPERATION. WE HOPE THAT IT WILL BECOME 
TRADITIONAL AND WILL BE ONE OF THE DISTINCTIONS OF OUR INSTITUTION AND OUR 
COUNTRY AS WELL. 
 
AT THE END, I CORDIALLY WISH YOU SUCCESSFUL AND FRUITFUL WORK, HOPING TO HAVE NICE 
DAYS IN OUR BEAUTIFUL OHRID – THE CITY OF ETERNAL LIFE AND CREATIVITY FROM THE 
PREHISTORY UP TO DATE, THE CITY OF SPIRITUALITY, LITERACY AND CULTURE, MACEDONIAN 
EPISCOPACY CENTER, JERUSALEM ON THE BALKAN, THE CITY THAT WAS INSPIRATION FOR THE 
MOTTO OF OUR CONFERENCE – SUN, SPIRITUALITY AND SCIENCE. 
 
 
Thank you for your attention 
 
 
Ohrid, 30-31 May, 2014 
      Prof. Vujica Zivkovic, Ph.D. 

President of the Organization Committee of the Conference,  
Dean of the Faculty of Physical Education, Sport and Health 
at the University “Ss Cyril and Methodius” in Skopje – 
Republic of Macedonia 
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PSYCHOBIOLOGY OF ENDURANCE AND EXHAUSTION 
A NONLINEAR INTEGRATIVE APPROACH 
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1INEFC University of Barcelona, Spain 

2Ss. Cyril and Methodius University, Skopje, Rep. of Macedonia 
 
Abstract 

We review some of the findings from our research on psychobiological integration during endurance-
based activities. A similar macroscopic nonlinear dynamics in psychomotor, psychological and 
physiological variables was observed during different types of exercise performed until exhaustion. These 
nonlinear effects correspond to those found in other studies that deal, for example, with gene expression 
cell dynamics which may generate and modify the phenotypic properties of athletes. These effects include 
bi-multistability, metastability, criticality and interaction dominant dynamics, as well as noise-induced 
transitions. With accumulated effort the system reduces the number of degrees of freedom and loses its 
initial flexibility on all studied levels, leading finally to task disengagement. The general ‘loss of stability’ 
mechanism is produced by a shift in the coordination between the basic biological processes of excitation 
and inhibition toward larger time scales. A redefinition of endurance and exhaustion is proposed on the 
basis of the nonlinear dynamic approach to psychobiological integration, and some practical 
applications for training interventions and training monitoring are suggested. It is likely that the 
application of nonlinear dynamics and statistical physics approaches may in the future form a 
comprehensive theory of endurance, encompassing multiple levels of biological organization within the 
same formal framework.  

 
Keywords: Discontinuous nonlinear dynamic effects, Time on task, Task disengagement  
 
Introduction 

Psychobiology is a discipline that applies the principles of biology to the study of behaviour. How 
psychological and biological processes are integrated during endurance exercise, and how exhaustion or 
task disengagement occurs, are matters of debate in sport science (Marcora & Staiano, 2010). Initial 
approaches sought to find the limits of endurance performance in muscle metabolism 
(accumulation/depletion hypothesis) or in the brain serotonin/dopamine/GABA hypothesis (Yakovlev, 
1979, Cotel, Exley, Cragg, & Perrier, 2013; Cairns, 2006; Enoka & Duchateau, 2008; McKenna & 
Hargreaves, 2008; Noakes & St Clair Gibson, 2004; Nybo, 2008; Weir et al., 2006), but they failed to 
identify a specific site or process responsible for exercise-induced fatigue and the exhaustion point. 
Consequently, a number of psychobiological models of exercise tolerance that integrate the brain and the 
periphery haverecently been proposed (Marcora & Staiano, 2010; Noakes, St Clair Gibson, & Lambert, 
2005; Taylor, Todd, & Gandevia, 2006). The ‘psychobiological model of endurance performance’ posits 
that exercise terminates when persistence is perceived as impossible, in other words, when the effort 
required by the task exceeds the greatest amount of effort that the individual is willing to exert (Marcora 
& Staiano, 2010). From this perspective the rate of perceived exertion (RPE) would appear to be a key 
constraint that brings about volitional exhaustion. The ‘central governor’ model, by contrast, uses the 
notion of a regulatory device or ‘governor’ that is able to integrate the large number of changing variables 
during effort and which produces the exhaustion point so as to avoid the system’s failure (Noakes et al., 
2005; St Clair Gibson et al., 2005). Both models describe exercise termination or task failure in terms of 
fixed critical values or set points (i.e. maximal rate of perceived exertion or critical physiological values, 
respectively),it being assumed that the brain functions as a programmer unaffected by fatigue (Balagué & 
Hristovski, 2010).  

Psychobiological behaviour during endurance exercises, as well as exhaustion itself, can be 
conceptualized as the result of a self-organized process that emerges from the coordination between the 
brain, the periphery and the environment (Balagué et al., 2013; Hristovski & Balagué, 2010). This 
behaviour can be successfully investigated through an approach based on nonlinear dynamical systems 
(NDS) theory, which involves studying the dynamics of a collective variable that capture both the linear 
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and nonlinear regime of the coordinated behaviour of the system’s component processes. This approach 
changes the research picture in a number of areas, including biochemistry and cell and tissue biology. 

It has long been recognized that collective variables (order parameters) play a crucial role in forming 
and governing the dynamics of complex systems (Haken, 1983). These systems attain their functional 
stability through circular causality, that is, the interplay between bottom-up and top-down interactions. 
Hence, there is no simple bottom-up causation that may explain the controversial macroscopic exercise-
driven effects found in association studies in sports genetics (see, for example, Epstein, 2013 for an easy-
to-read and sobering view on this issue; see also Davids & Baker, 2007, and Edelman & Gally, 2001 for 
more in-depth analysis of these topics). The take-home message is that all particular microscopic cellular 
mechanisms are embedded in law-like dynamic (time-dependent) relations that have yet to be captured by 
models based on nonlinear dynamics and statistical physics at any level of biological existence (for 
examples of successful application of these models to cellular processes and the important consequences 
they have for our understanding, see, for example, Barabási &Oltvai, 2004; Walczak, Sasai, & Wolynes, 
2005;Raser & O’Shea, 2005; Raj & van Oudenaarden, 2008;Nykter, Price, Aldana, Ramsey, Kauffman, 
Hood, Yli-Harja, & Shmulevich, 2008; Chang, Hemberg, Barahona, Ingber,& Huang, 2008; Weber& 
Buceta, 2013 and the references therein). Nonlinear phenomena such as bifurcations, noise-induced-
transitions, criticality, multistability and metastability appear to be crucial fundamental mechanisms that 
may partition biological populations, such as athletes, into phenotype subpopulations of fast, slow and 
non-responders to training stimuli. Nonlinear phenomena, in which a small difference in influential 
parameters may bring about qualitative differences in cell function and response to environmental stimuli, 
would seem to be tailor made for understanding phenotype properties in sports. Moreover, nonlinear 
mechanisms may prove capable of predicting phenotypic transitions across the lifespan (see Wu, Wu, 
Wang, Liu,& Chen, 2014) and pave the way for a post-genomic understanding of biological function.  

 
Nonlinear dynamical systems theory in the study of exercise-induced fatigue and exhaustion 

While nonlinear dynamics currently resolves burning questions at the microscopic level of sub-cellular 
and cellular processes and cell-to-cell interactions, there are other realms, closer to experience although 
no less fundamental (on the issue of fundamental levels in science, see Anderson, 1972), where this 
approach may provide deep insights. One of these realms concerns the nature of psychobiological 
interactions. Nonlinear phenomena arise when a small change in the cause produces a large discontinuous 
change in the functional/behavioural state of the athlete. These points (actually, tiny regions in control 
parameter space if noise is present) are called bifurcation or critical points. Traditional analytical and 
modelling approaches fail drastically to account for such events. Figure 1 schematically depicts linear and 
nonlinear cause-effect relationships. Discontinuous relationships are not amenable to linear regression 
procedures, whether based on linear or continuous nonlinear1 (e.g. polynomial, exponential, logarithmic, 
etc.) fitting functions; in other words, one cannot successfully extrapolate inductively the behaviour of the 
system based on the knowledge of its behaviour in a limited area. This methodological limitation transfers 
directly to the question of understanding the phenomenon of task disengagement: if 
depletion/accumulation processes within muscles and the blood and serotonin/dopaminergic/GABA 
systems within the CNS change continuously during exercise, then how it is that discontinuous task 
disengagement occurs? This is a clear non-proportional effect that has to be understood. 

The NDS approach may, however, be useful for studying certain key questions related to the 
qualitative psychobiological changes that occur during endurance exercise: How are mind and body 
related during endurance events? Is the endurance performance a component or interaction dominant 
product? How is fatigue-induced task disengagement reached during a given bout of exercise? What 
mechanism produces it? How do the couplings and interactions between various system components 
change with fatigue? How do volition, intention, attentional focus and perceived effort change and 
interact under increasing effort? What cognitive strategies are effective during endurance exercise, and 
why? Are there changes in the collective coordination profile of physiological functions during the 
incremental exercises designed to assess maximal aerobic power?  

 

                                                        
1Note that the term nonlinear might be used in a continuous or discontinuous framework context. 
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Figure 1. Continuous and discontinuous relationships between the dependent variable (DV) and the independent 
variable (IV). 
Upper panels: For any arbitrarily small change in the IV there is a continuous change in the DV. Upper left: linear 
relationship; upper right: polynomial relationship. By knowing the law of change in the DV in region A we can 
extrapolate its behaviour in region B and vice-versa. 
Lower panel: Discontinuity in dependence. Knowing the law of change in the DV in region A does not enable us to 
extrapolate its behaviour in region B and vice-versa. The functional discontinuity (the dashed line) prevents us from 
doing so. How can the occurrence of such discontinuities be explained? The dots represent schematically 
experimental data. 

 
Exhaustion 

Although the terms ‘exhaustion’ or ‘volitional exhaustion’ are commonly used in the literature to 
describe the termination of a bout of exercise induced by fatigue it is still unclear whether exercise 
terminates voluntarily or how the volition to terminate emerges (e.g. Gandevia, 2001; Noakes et al., 
2005). Gandevia (2001) defines fatigue-induced task failure as the cessation of a bout of exercise. This 
cessation, established by convention, is produced by the inability to satisfy a predefined task performance 
criterion (e.g. a predefined frequency, angle, etc.). During exercise, however, participants are able to 
continue the exertion at lower intensity levels far beyond the point when the task failure criterion is met. 
This phase of exercise, characterized by the intention to continue with the task despite a decrease in 
exercise intensity, is of utmost importance for reaching the so-called fatigue-induced spontaneous 
termination point (FISTP), which Hristovski and Balagué (2010) defined as a sudden and spontaneous 
(non-volitional) qualitative change toward another state (rest). These authors claimed that task 
disengagement emerges when the intention suffers dynamical instability and spontaneously dissolves to 
another stable, less energy-demanding state. Thus, the sudden change may be explained as the 
consequence of the generic dynamical nonlinear ‘loss of stability’ mechanism. 

It is important to note that exhaustion is a macroscopic phenomenon manifested on the action level of 
performers. Hence, it depends on the interaction between vast numbers of system component processes 
distributed across many levels. Given that it is impossible to deduce systematically the macroscopic 
action behaviour of performers from microscopic muscular or neural processes, a number of questions 
arise: How can we study the properties of these interactions (couplings) between and within the levels? 
What measures should we use? What would these measures tell us about how the action level may be 
affected by changes in couplings during continuous effort? 

Since macroscopic effects are a result of the interaction between and the collective action of a vast 
number of component processes, the variables that best capture the dynamic products of interactions are 
called collective variables. When a change in functional dependence (instability) occurs in the system it is 
these variables that change discontinuously and non-proportionally, because they reflect the qualitative 
re-organization within and between the micro and meso components (for a similar mechanism at the 
cellular level, see Weber & Buceta, 2013). This is why it is important to study these variables, since they 
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inform the researcher about the qualitative reorganization that has taken place within the studied system. 
Continuously changing variables do not provide such information, but they may be important control 
parameters that bring about the qualitative change. Furthermore, their variation profile in stable states 
provides information about the nature of couplings between components and how they change as a result 
of fatigue. Hence, it is the time aspect, that is, the dynamics, profile and structure of these variations that 
is of interest. There are numerous ways of quantifying the fluctuation profile of collective variables: 
classical measures such as standard deviations do not tell us anything about the time structure of 
fluctuations, whereas others such as spectral slopes, spectral degrees of freedom, Hurst exponents and 
entropy measures do provide this information. 

From the above it follows that NDS theory predicts discontinuous as well as continuous changes in the 
time profile of the behaviour of collective variables as time on task proceeds. In other words, it not only 
allows but requires certain phenomena to arise. These nonlinear phenomena include the stability, 
metastability and instability of motor and cognitively-directed intentions (e.g. intentional stabilization of 
attentional focus), as well as perceived effort. With the aim of testing some of the generic predictions of 
NDS theory as regards the psychobiology of endurance and exhaustion, we designed a number of 
experiments. 
 
Experiments 

The set of experiments sought to explore different potential collective variables (kinematic: elbow 
angle and pedalling frequency; psychological: attentional focus and perceived exertion; and 
physiological: physiological functional order) in different types of exercise (static and dynamic [running 
and cycling]) performed until exhaustion. In all experiments, participants were previously familiarized 
with the task and the experimental procedures. The accumulated effort was the control parameter in all 
cases. Factors whose influence on endurance evolves over much larger time scales than does a bout of 
exercise, for example, phenotype or self-esteem and the like, were treated as quasi-stationary parameters. 
For “in depth” methodological issues see the published papers of the team. 

 
Psychomotor collective variables (Action level) 
a) Task: Quasi-isometric exercise. Upper limb coordination (Collective variable: Elbow angle) 
b) Problem: What are the dynamic precursors of task disengagement? How do we know that the 

performer has truly reached the disengagement point? 
On five days over a two-week period six physical education students (all males)performed a quasi-

isometric arm-curl exercise holding an Olympic bar (80% of 1RM) with an initial elbow flexion of 
90°until the FISTP. Participants were encouraged to persist even if the initial elbow angle was 
lost.Changes in both elbow angles during the trial were registered by an electrogoniometer (Hristovski & 
Balagué, 2010; Balagué, Hristovski, Vainoras, Aragonés,& Vasquez, 2013).The prediction of NDS 
theory, namely, an enhancement in fluctuations and the formation and growth of a newly formed coherent 
phase, was observed. Comparison of the power spectral density of the online fluctuations during the first 
and final third of the static exercise showed a change in the slope of the online fluctuations from 
antipersistent towards persistent fractional Brownian motion (fBm). Such spectral characteristics may 
point to a system poised at criticality and interaction dominant dynamics (for the same phenomena 
detected in gene expression regulatory networks, see, for example, Nykter et al., 2008) and brain 
dynamics (Kitzbichler, Smith, Christensen, & Bullmore, 2009; Shimono, Owaki, Amano, Kitajo, Takeda, 
2007; Werner, 2011).A reduction in the spectral degrees of freedom was also found in the final stages 
before the FISTP (Balagué, Hristovski, Vainoras, Vázquez, & Aragonés, 2013). Both effects point to a 
more coherent and less flexible psychomotor control with accumulated effort. The control impairment is 
correlated over the whole psychomotor axis, involving short (simple reflexes) and long (intention-
motivation, attention, perception) time scale processes. 
c) Task: Cycling: Lower limb coordination  (Collective variable: Cycling frequency)  
d) Problem: What are the dynamic precursors of task disengagement? How do we know that the 

performer has truly reached the disengagement point? 
Twelve triathletes (all males) performed a continuous cycle ergometer exercise at 80% of their 

maximum workload,maintaining a pace of 70 revolutions per minute (rpm) until task failure (i.e. they 
could not keepthisup for more than 5 consecutive seconds). The cycling frequency was recorded 
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continuously by a cycle ergometer system (Sport Excalibur 925900).A change in the power spectrum of 
the frequency fluctuations during the constant cycling was observed. While the slope of the online 
fluctuations of the rpm during the first half of the exercise was antipersistent fBm, during the second half 
it was persistent fBm (Balagué et al., 2013). Similar to the previous observation regarding the predictions 
of NDS theory, a more coherent and less flexible control of action arises as fatigue develops. 
 
Psychological collective variables (Cognitive level) 
a) Cognitive coordination: Collective variables: Intention, attentional focus and thought contents. 
b) Problem: What are the dynamic properties of the above-mentioned collective variables? Is intention 

subject to dynamic instabilities? Are athletes able to intentionally employ any coping strategy at any 
stage of fatigue? Why do experienced endurance athletes tend to rely more on task-related coping 
strategies? 
Eleven physical education students (males and females) ran twice on a treadmill at an intensity of 80% 

of their HRmax until task failure (i.e. they could not maintain the required velocity), while self-monitoring 
and reporting through signs the changes in their thoughts. During the first run the intrinsic dynamics of 
their thought processes was established, whereas during the second run they were required to intentionally 
maintain a task-unrelated thought (TUT) and to report back about spontaneous switches from TUT to 
task-related thoughts (TRT), and vice-versa. All participants started with a stable TUT state, switched 
towards a metastable TUT/TRT state, and finished with a stable TRT (for more details, see Balagué, 
Hristovski, Aragonés,& Tenenbaum, 2013). A subsequent study testing participants under the same 
conditions during constant cycling confirmed that not only the task-relatedness but also its direction 
(external, internal) and the entropy of thought contents, showing a convex shape, changed unintentionally 
(Balagué et al., 2014). While the cognitive system of performers was flexible for low amounts of 
accumulated effort, it became completely inflexible in the vicinity of task failure. These results reveal the 
stabilization of unintended thoughts and the destabilization of intended thoughts with accumulated effort, 
and they provide further evidence for a nonlinear dynamics of attentional focus. 
c) Cognitive coordination: Collective variable: Perceived effort 
d) Problem: Does perceived effort increase continuously as a result of fatigue in constant power 

exercises? Is there a qualitative change in its dynamics? If yes, what does this tell us? 
Twelve physical education students (males and females) cycled at a constant power corresponding to 

their RPE 6-20 = 15 until task failure (i.e. they could not maintain the required pace of 70rpm for more 
than 5 consecutive seconds). During the task they reported their perceived exertion changes (PE shifts: 
increased/decreased reports, without magnitude) by means of previously-agreed finger signs. PE did not 
increase continuously with fatigue. In the first phase it showed fluctuations, alternating between increased 
and decreased effort. This is an interesting finding given the constant power of the task and the 
continuous increase in physiological changes to which performers were subjected. A threshold (i.e. 
functional discontinuity) indicating a qualitative reorganization of PE shifts (from dominantly fluctuating 
to non-fluctuating) was also observed in all participants (Aragonés, Balagué, Hristovski, Pol, & 
Tenenbaum, 2013). This clearly points to destabilization of the PE towards increasingly higher values that 
lead to task disengagement. 

 
Physiological collective variable (Physiological functional level) 
a) Functional coordination: Differenced principal components 
b) Problem: What are the dynamic physiological precursors of task disengagement? How do we know 

that the performer has truly reached the disengagement point? 
Forty-three physical education students (males) performed a graded exercise test (15W/min) on a 

cycle ergometer until task failure (i.e. they were unable to maintain the required pace of 70 rpm for more 
than 5 consecutive seconds). During the test the respiratory gas exchange was determined breath by 
breath using an automated open-circuit system. The following elementary variables were monitored 
continuously: O2 consumption (VO2), CO2 production (VCO2), ventilation (VE), heart rate (HR), and 
systolic and diastolic blood pressure (SBP, DBP). For each participant, time series of the aforementioned 
elementary variables were subjected to a principal components analysis. Two principal components 
reflecting the covariability among VE, VO2, HR, SBP, DBP (PC1) and VCO2 (PC2) were found among 
the tested participants. The PCs were then differenced with lag 1 to obtain the local rates of change within 
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each of the PCs. A generic prediction of NDS theory was observed, namely an increase in the fluctuations 
(i.e. a destabilization) of PC1 and PC2 arises close to task failure.  
 
What have we learned so far? 

It is remarkable that one can find the same set of nonlinear phenomena operating at distant levels of 
biological systems organization such as cellular gene expression networks, overt action and thought 
states. While the dose-effect type of research in past decades has yielded a wealth of valuable insights 
into microscopic and mesoscopic mechanisms of endurance at both the brain and muscular level, it has 
been unable to capture the macroscopic and coordinated changes that emerge on the macroscopic action 
level as a consequence of prolonged tasks. We have made some of the first steps in bridging this gap.  

The experiments presented above show that, independently of the type of exercise and the collective 
variable under study, the initial part of endurance exercise is characterized by mental, motor and 
physiological flexibility and stability of the system. This was revealed through the measures quantifying 
dynamical changes in the kinematic, psychological and physiological collective variables.In the initial 
phase we observed the following: the kinematic variables presented low amplitude fluctuations around the 
prescribed value (90º of elbow angle flexion or 70 rpm cycling frequency);the fluctuations were 
characterized by an antipersistent temporal structure and a larger number of available spectral degrees of 
freedom; the intended thought state (TUT) remained stable; the PE shifts fluctuated (increased/decreased 
reports), with PE remaining close to its starting value; and the physiological principal component showed 
mild fluctuations, maintaining a constant variability. All these responses reflect flexible and accurate 
psychobiological adjustments to the imposed workload that are manifested over short time scales. 
Initially, therefore, the inhibition produced by the progressive metabolic changes in the muscle is 
effectively compensated (counteracted) over short time scales (tens of ms) by the central nervous system 
(CNS) modulation of excitation, such that the desired muscle contraction intensity remains stable with 
low amplitude fluctuations. As the exercise continues and the protective inhibition increases, the system’s 
degrees of freedom form progressively larger coalitions to increase the excitation (increase of CNS 
activation and motor unit recruitment) so as to maintain the imposed workload. With the consequent loss 
of degrees of freedom the system becomes more rigid and less able to maintain the initial fine 
psychobiological adjustments over short time scales. The loss of degrees of freedom corresponds to the 
phenomenon of large coalitions of homologous (inhibitory or excitatory) neuromotor components 
becoming increasingly correlated. Hence, the change in one set of components activates other 
components in a correlated manner. There is less space for independent changes and this leads to the loss 
of flexible and timely adjustments of the goal variable. 

The competition between activation and inhibition is manifested over larger time scales (seconds and 
tens of seconds), resulting in an enhancement of fluctuations of the elbow angle, of the cycling frequency 
and of the physiological principal components; the thought state becomes metastable, involuntarily 
switching from TUT to TRT, and the PE shifts cease to fluctuate and transit to ever increasing values. As 
inhibition continues to be enhanced by the accumulation of effort, increasingly large coalitions of 
excitatory processes, competing over larger time scales (tens of s) are formed, encompassing the levels of 
volition and motivation. It is important to note that this effect is a consequence of a shift in the 
coordination between the basic biological processes of excitation and inhibition toward larger time 
scales. Hence, the change in the temporal coupling of these competing processes impairs the fine 
psychomotor control of goal variables. At this point the system becomes increasingly inflexible and 
highly unstable at all levels (from muscular to volitional), and any external or internal small perturbation 
might produce task disengagement. It is tempting to speculate that this dynamic mechanism is, at least in 
part, responsible for the increased incidence of injuries under well-developed fatigue in athletes. On the 
psychomotor level this effect corresponds to the lowering of the spectral degrees of freedom and a 
persistent or fBm type of fluctuation in the elbow angle and the rpm, which show increased coherence 
and, therefore, lowered flexibility of control. On the psychological level it corresponds to the urge to 
terminate (stabilizing feelings and affective types of thoughts) and to the non-fluctuating dynamics of PE 
shifts that destabilize completely the initial PE value. Finally, at the physiological level it corresponds to a 
further enhancement of fluctuations in the functional coordination of physiological collective variables.  

The coherent processes of inhibition and excitation correlated across the whole neuromotor axis 
during endurance exercise suggest a dynamic and interaction dominant psychobiological integration that 
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is the product of the state of the couplings between central and peripheral subsystems (see Figure 2). This 
integration becomes dynamically less stable with the accumulation of effort. This can explain some of the 
controversies found in the available literature related to the limits of performance and the causes of 
‘muscle endurance’ and ‘voluntary exhaustion’. Indeed, our findings suggest that it would be inadvisable 
to reduce endurance solely to muscle processes or to reduce exhaustion onset solely to volitional 
processes, since the picture that emerges is that it is the coordination of all the involved processes in time 
that produces the behaviour changes. 

 

 
Figure 2. The lowest frequency mode corresponds to the slowest changing variable which stabilizes the faster 
processes (fluctuating over shorter time scales or higher frequencies). The slowest and task-stabilizing control loops 
consist of goal-directed intention-motivational networks. Over shorter time scales perceptually-based adjustments 
are engaged in accordance with the intended goal and the immediate needs. Over even shorter time scales simple 
reflexes contribute to more refined, low amplitude and short term adjustments. The linear fit of the spectral density 
versus frequency in logarithmic coordinates, points to a special type of dynamics of the system in which all these 
loops are in constant interdependence. A change in any loop as a consequence of fatigue passes the information 
along the whole axis. These kinds of spectra are often found in systems which are called critical. 

 
 
These results have a number of implications for theory, practice and research on the psychobiology of 

endurance and exhaustion. First of all, definitions of endurance and exhaustion may need to be modified. 
Endurance may not be only a metabolically-based capacity, since it is highly dependent on the mind-body 
and performer-environment interactions. Thus, it can be understood as a coordinative quality of 
modifying the level of couplings between subsystems, one that involves discovering new 
psychobiological synergies and reconfiguring of the available degrees of freedom so as to continue with 
the task. As the limits of endurance seem not to be produced by predetermined and fixed physiological or 
psychological set-point values or by the impairment of a specific site, research should focus on 
determining the processes of the coupling changes between the subsystems involved. By studying the 
dynamics of the coordinative or collective variables the NDS approach may be able to recognize the 
flexibility or inflexibility of a system and, therefore, identify an athlete’s chances of interacting with the 
imposed workload. When the type of variability shown by the collective variable under study suggests 
that the system is flexible, one would expect task persistence (stable phase); however, when the 
fluctuations in this variable increase over larger time scales, task disengagement is likely to be closer 
(unstable phase).  

Intentions, thought contents and attentional focus reveal themselves to be dynamical products, and as 
such they are subject to dynamical laws of stability and instability. What can and cannot be intended (e.g. 
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a certain coping strategy) at different stages of fatigue depends on the stability properties of cognitive-
motor processes. In such a context, exhaustion can be redefined as the task disengagement produced by 
the dynamic ‘loss of stability’ mechanism. In this sense, we propose that expressions such as ‘volitional 
exhaustion’ be replaced by task failure (when the task is defined by performance criteria) or by FISTP or 
task disengagement (when the exercise is prolonged beyond the limits of the established performance 
criteria and the resting state is achieved as a consequence of a nonlinear change). 

A challenge for future research concerns the formulation of a mathematical model that is capable of 
integrating these findings and predicting new ones. 
 
Potential applications of the findings and some associated recommendations: 

Training equipment technology: Promote the creation of stimulator/simulator equipment that possesses 
the same temporal properties of the fluctuations as naturally produced during exercises (for more detailed 
information see Hristovski & Balagué, 2012). 

Self-monitoring of exertion: Effort phases (stable-flexible and unstable-rigid) and the threshold 
between them can be discerned noninvasively through self-monitored variables such as PE shifts or 
thought states. Training stimulation close to the threshold found between stable and unstable phases will 
promote the emergence of new psychobiological synergies to persist with the task.  

Coping strategies: Cooperating is more effective than competing with spontaneously formed, i.e. 
stable, thought states; in special, close to the task disengagement when the rigidity of the system 
increases. There is no universally better coping strategy; idiosyncratic thoughts under the aforementioned 
conditions seem less taxing (Balagué et al., 2014). Inducing TUT at the beginning of the exercise may 
enhance the coping strategy exploration. 

Monitoring exhaustion: Since the system is highly unstable prior to the FISTP the: i) enhancement of 
fluctuations, ii) the change of the time correlation profile and iii) the reduction of the degrees of freedom 
can be used as an indicator that participants are close to truly reached exhaustion. At this stage a small 
increase in discomfort or pain may be sufficient to trigger the task disengagement. 

Holistic training loads: An effective training intervention should focus on all biological levels in a 
correlated way. In this sense it is more convenient to combine psychological and physical training (e.g., 
coping strategies should be explored under different fatigue levels as well as nearing the exhaustion 
point). Exploration of good and bad (stable and unstable) psychobiological couplings should be primary 
goal of this kind of training.  

The authors are available to discuss in more detail the applications with interested practitioners. 
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Abstract: 

My keynote lecture focused on tactical creativity in team and racket sport and how coaches and 
teachers can foster it in training and PE. I started by contextualizing the value of tactical creativity using 
current statements from world soccer coupled with empirical data. Subsequent to this, the term tactical 
creativity is operationally definedin team and racket sports, its development is discussed, and centrally an 
evidence-based Tactical Creativity Approach is introduced.Here, a detailed description of six methods 
used in current creativity research is provided. 

 
KeyWords: Creativity, Attention, Motivation, Invasion Games, Soccer, Sport 
 
Introduction 

Earvin “Magic“Johnson and Wayne Gretzky have delighted us with their arts and imaginativeness. 
Kobe Bryant, Ricky Rubio, Rajon Rondo, Chris Paul, Sidney Crosby and Lionel Messi currently enchant 
us again and again by providing us new solutions that are surprising for their opponents, fans, their 
audience, television commentators and sometimes even their teammates. Tactical optimal and creative 
solutions are of outstanding relevance to success in high performance sport (Memmert, 2014) and a 
component of talent development and selection systems (Williams, 2013). In soccer, the midfield players 
have the responsibility to control the buildup play with smart tactical choice behavior. Similarly, 
playmakers in handball and basketball are able to initialize the closing option of their team mates with 
creative solutions. To highlight the value of tactical creativity in high performance sport, I provided 
examples from international soccer. Statements from German national coach JogiLöw substantiate the 
special meaning of creativity in this sport: “Creativity and playful class should be the new German 
virtues”. Matthias Sammer, the chairman of the Champions-League Winner 2013 Bayern Munich, 
emphasizes the meaning of creativity in sports; “The first impulse to increase the flexibility in your own 
team always originates from the coach. […] We just had the feeling that our game had to become more 
flexible. […] Only then our way of playing was unpredictable and modern – extremely creative“.   

Empirical evidence for the value of creativity in soccer can be drawn from Memmert, Vogelbein, 
Nopp and Knievel (2013). They qualitatively examined all goals in the soccer World Cup 2010 in South 
Africa. In these games, 159 goals were scored overall with 11 goals resulting from penalty-shootouts. 
Three experts evaluated the last eight actions before each goal using a creativity scale ranging from 0 to 
10 (0 = not creative, 10 = highly creative). The results showed that the closer the actions were to the goal 
(i.e., temporally from 1-8 actions from the goal), the more creative they were evaluated as. 86% of all 
goals included at least one of the eight actions in the high creative area. 44% of all goals included at least 
one of the eight actions in the highest creative area. Further, teams that moved into more advanced rounds 
of the tournament demonstrated more creativity features in the seventh action (second last pass) than 
teams that failed to advance past the preliminary round. To sum up, tactical creativity seems to be a more 
and more important factor in both team and racket sports, especially at the highest levels of performance.  
 
Definition, development and testing of tactical creativity  

Tactical creativity and tactical intelligence are concepts based on the theoretical distinction between 
divergent and convergent thinking by Guilford (1967, for a recent overview, see Sternberg &Lubart, 
1999; Runco, 2007). Tactical creativity in team and racket sports can be defined as the generation of 
several solutions of problems in specific individual groups or in team-tactical game situations, which can 
                                                        
1Large parts of this keynote contribution have already been published in the Routledge Handbook under Memmert, 
D. (2013). Development of Tactical Creativity in Sports. In J. Baker & D. Farrow (eds.), Routledge Handbook of 
Sport Expertise. Abingdon: Routledge and at this point under approval of the editor and publisher (Routledge) 
printed again. 
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be denoted as surprising, rare and/or original (Memmert, 2014). It differs from tactical intelligence, game 
sense or game ability where the main task is to find the ideal solution to a given problem (Memmert & 
Roth, 2007).  

Research in psychology indicates that divergent thinking has to be learned and developed early in life 
(Milgram, 1990). However, a few empirical studies have pursued the development of tactical creativity in 
sport. A first cross-sectional study (peer group: 7, 10 and 13 years; Memmert, 2010a) suggested that 
children and adolescents do not develop linearly. While meaningful increases of tactical creativity were 
found at the ages of 7 to 10, it seemed to stagnate at older ages. Findings from neuroscience support those 
results, suggesting that the absolute number of synapses and synapse density reaches its maximum in this 
age range (Huttenlocher, 1990). Moreover, the number and density of synapses in the human primary 
visual cortex is associated with creativity (Ashby, Valentin, &Turken, 2002). To sum up, teachers and 
coaches should integrate tasks that concentrate on the development of divergent tactical thinking abilities 
in their training units as early as possible. After childhood, the effect of training activities for tactical 
creativity is said to decrease, but is still possible.  

Operationalization of tactical creativity is often based on the characteristics originality, flexibility and 
fluency identified by Guilford (1967) using factor analysis.  

Originality: the unusualness of tactical actions of decision-making can be rated by experts.  
Flexibility: The variety of tactical actions of decision-making is determined by action and response 

diversity of the players.  
Fluency: The number of tactical actions of decision-making that the players generate for certain 

situational constellations.  
The most common approaches to rate tactical creativity in team and racket sports by means of those 

three factors are performed via video tests or game test situations (Memmert, 2013). Video tests scenarios 
are relatively highly standardized (Johnson & Raab 2003; Memmert, 2010a) and require subjects to watch 
sport-specific videos that end with a frozen image. They then have to imagine themselves as the acting 
player and report all possibilities that might lead to a goal. The answers are evaluated according to the 
criteria of originality, flexibility, and fluency. In contrast, game test situations may have a higher degree 
of authenticity with regards to complex game situations, which may not be the case for standardized video 
tests due to the ‘artificial-ness’ of the lab environment. Game test situations contain contextual, real-
world representations that provoke creative tactical actions. In comparable tactical situations, this 
ecological valid setting evokes reliable and repeated creative behaviour in specific match situations 
(Memmert, 2007, 2010b). During game test situations, the general game purpose, number of players, 
rules, skill execution (hand, foot, or hockey stick), and environmental conditions are given. In order to 
analyze creative solutions, a video of the recorded tactical behavior is rated with regard to specific 
concepts by several independent evaluators (Memmert & Roth, 2007). The specific advantages and 
disadvantages of both approaches (i.e., standardized video tests and game test situations) are discussed in 
more detail by Memmert (2011). 
 
Factors affecting the process of tactical creativity development  

In this section, varying factors affecting the process of tactical creativity development will be 
discussed, ranging from training-related variables such as quantity of deliberate practice and play, 
diversification, and the quality of coaching and motivational instructions throughout talent development. 
According to the Tactical Creativity Approach (TCA) by Memmert (2013), different factors affect the 
development of tactical creativity (cf. Tab. 1) during training in team and racket sports. The theoretical 
framework of the TCA is based on the integration model “investment approach to creativity: buy low, sell 
high“ by Sternberg and Lubart (1995). Sport psychological studies show that unspecific divergent 
thinking is not the only relevant factor, cognition (attention), expertise as well as environmental influence 
also have a decisive influence on the process of developing tactical creativity in sports (for detailed 
description, see Memmert, 2014). The order – starting on the top with Deliberate Play - of the six training 
principles showed in Table1 indicates a chronological system according from children and youth training 
to adolescence and adult training. While the first four principles are more suited for younger age groups, 
all principles are useful for older age groups. 
 
Tab. 1. The 6 D´s fostering tactical creativity in team and racket sports (see Tactical Creativity Approach 
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by Memmert, 2014). 
 

Deliberate-Play:  
Uninstructed play without instructions or feedback can lead to trying out a 
multitude of different solutions.  

1-Dimension-Games:  
By means of multiple repetitions of similar situations, structured game forms 
can improve basic tactical skills across different sports with an amount of 
creative solutions. 

Diversification:  
Use of different motor skills in 1-Dimension-Games can support the 
development of original solutions. 

Deliberate-Coaching:  In 1-Dimension-Games, no instructions shall be given that narrow the focus 
of attention of the acting players. 

Deliberate-Motivation:  For 1-Dimension-Games, promotion-instructions are to be given, to enlarge 
the generation of extraordinary solutions.  

Deliberate-Practice:  In more advanced games, task-centered practice can lead to repeat and 
explore seldom but adequate solutions. 

 
Deliberate-Play 

Uninstructed games and unstructured activities during childhood have been categorized as 
“deliberateplay“(Baker, 2003; Côté, Baker, & Abernethy, 2003, 2007; also see chapter 32). Sport 
biographical studies indicate that “deliberateplay“during youth influence the development of creativity in 
national team and national league players (Memmert, Baker,& Bertsch, 2010). Uninstructed operating can 
lead to the trying out of different response variations; Greco, Memmert and Morales (2010) had youth 
basketball players complete two different kinds of basketball training, one according to the deliberate play 
approach, one according to a traditional basketball approach with structured game forms and specific 
routines. The authors demonstrated that a deliberate play training program leads to greater improvements 
of tactical creativity than the training of the placebo group. 
 
1-Dimension Games 

While small-sided games have become more and more popular for the improvement of technical skills 
and aerobic fitness components of performance (see Hill-Haas, Dawson, Impellizzeri, & Coutts, 2011; 
Clemente, Couceiro, Martins, & Mendes, 2012), 1-Dimension Games can develop a general and sport-
specific tactical game (for a review, see Memmert, 2014).Recent research has demonstrated that 1-
Dimension Games foster the development of tactical components (Memmert &König, 2007), train players 
in creating creative solutions (Memmert, 2007; Memmert & Roth, 2007), and have a structure that is 
easily applied to different team and racket sports which have a non-specific format (Memmert & Harvey, 
2010). The main aim of 1-Dimension Games is that players learn divergent tactical thinking in complex 
and dynamic situations which means that the children train single basic tactical components through a 
great amount of continuously repeating comparable tactical constellations (cf. “representative learning 
design”, Pinder, Davids, Renshaw, &Araújo, 2011; see also chapter 4). However, 1-Dimension Games 
have also clearly defined game ideas, a stable numbers of players, as well as defined rules and 
environmental conditions. Non-specific 1-Dimension Games were developed and validated in the context 
of team and racket sports (cf. Griffin, Mitchell, &Oslin, 1997; Memmert & Harvey, 2010). They can be 
used to train elementary basic tactics, which are of importance in many different team and racket sports. 
In addition, specific 1-Dimension Games also exist in youth soccer, especially for group tactical abilities 
(Memmert, Bischof, Endler, Grunz, Schmid, Schmidt, & Perl, 2011). 
 
Diversification 

Participation in many different sports/game situations seems to have a positive influence on the 
transferability of cognitive skills like pattern recognition (Abernethey, Baker & Côté, 2005) as well as on 
the development of tactical creativity (Memmert & Roth, 2007). Studies of highly creative athletes 
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(Memmert, Baker, &Bertsch, 2010) emphasize that creative players were given the possibility to try 
different sports and develop a breadth of movement experience, in contrast to less creative ball game 
athletes. Therefore, for the generation of original ideas to sport problems, it is important that children and 
adolescents a) get into contact with different balls in their „ball-game-life“ as early as possible, b) learn to 
adequately operate with hand, foot and tennis/hockey racket and c) think of situations in a different or 
new manner over and over. Thus, clubs and associations should encourage their coaches at an early stage, 
especially during the training of beginners and talent promotion, to train tactical creativity by using wide-
ranging sport games that overlap regular training and thereby letting the children learn to solve tasks with 
a variety of solutions.  
 
Deliberate-Coaching 

A wide focus of attention (Memmert & Furley, 2007) is necessary to perceive unexpected objects like 
freestanding team mates, which could be the starting point of original solution operations. Reduced 
instruction on the side of the coach leads to children and adolescents – due to a wider focus of attention –
more frequently being able to generate original solution possibilities with many variations than children 
and adolescents who were frequently confronted with attention leading hints during practice (Memmert, 
2007). This suggests that the coach who continuously stops the training game and constantly gives 
tactical instructions to his youth players may not be designing their training for optimal creativity 
development (Furley, Memmert,& Heller, 2010). Psychological experiments also demonstrate that a 
wider focus of attention facilitates the production of creative performance, because different, spatially 
further away and secondarily relevant stimuli can be included in the task solution (Kasof, 1997). A 
narrow focus of attention results in less original methods of solution, since not all of the relevant 
information is noted. Generally, coaches have two possibilities to influence their players‘ scope of 
attention: first, directly through instructions, or indirectly by inventing forms of game or exercise that 
provoke a wider focus of attention for the players. Through certain instruction possibilities and providing 
external (implicit) stimuli, attention-focusing can be controlled (Memmert & Furley, 2007). Another 
training goal should be that the coach or teacher provides the children the possibility to perceive and 
search for unexpected and (potentially) better solution variations through reduced instruction parallel to 
his own solution demands.  

 
Deliberate Motivation 

Current models and empirical results from social psychology highlight that creative accomplishments 
can directly be influenced by the simplest instructions, which, for example, manipulate the emotional 
conditions of the participants (Friedman & Förster, 2000; 2001; Hirt, Levine, McDonald, Melton, & 
Martin, 1997; Isen, 2000; Isen, Daubman, & Nowicki, 1987). A promotion-focus, which regulates 
pleasure as the achievement of positive results of action and suffering as an absence of those positive 
results (cf. Higgins, 1997), facilitates the generation of creative solutions more than a prevention-focus, 
which expresses the successful avoidance of unpleasant, negative results and their arrival as suffering.  

Memmert, Hüttermann,and Orliczek (2013) were able to show that divergent performances of 
decision-making in sports also benefit from a promotion-focus. In this study, soccer players had to name 
as many decision options as possible per video-clip with a standardized video soccer test (cf. 35.3). 
Analogous to the work of Friedman and Förster (2001), the players were shown identical labyrinths with 
different framing in the run-up: Half of the players had to find the way on which the mouse would reach 
the cheese (“promotion“-focus), while the other participants had to solve the labyrinth with the goal that 
the mouse would not be caught by the owl (“prevention“-focus). In the “promotion”- condition, soccer 
players generated more original and flexible solutions than in the “prevention”- manipulation. On the 
whole, all results emphasize that coaches and teachers should try to optimize the divergent thinking of the 
athletes with suitable promotion-focus-instructions (“My wish is that every third ball is kicked through 
gaps.“; Not: “I expect you to kick every third ball through gaps.”) 
 
Deliberate-Practice 

Working with instructions in exercise-centered and more structured situations with the goal to 
effectively improve specific individual performance criteria are called „deliberate practice“(Côté, Baker, 
& Abernethy, 2003, 2007; also see chapter 32). Expertise research has demonstrated that high 
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professional experts spend more than 10-years of extensive effort in the acquisition of decision-making 
and skill execution in their sports (see chapter 31). According to the theory of deliberate practice (see 
Ericsson, Krampe, &Tesch-Römer, 1993), expertise in a given sport like soccer and basketball is the final 
result of extended engagement in high-quality training. Memmert and colleagues (2010) showed that 
former creative athletes had practiced much longer in their main sport in a goal-oriented way than less 
creative players. The quantity of hours of deliberate practice makes the difference between more creative 
and less creative team sport players, especially for top team players in the national teams. National league 
athletes began their specific sport later than players in the next highest level of competition. Therefore, 
also deliberate practice seems to be an important characteristic for the support of tactical creativity, 
especially in the later childhood and in the beginning of adolescents.  
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Abstract: 

Performance of expert teams is distinguished from lower skill team performance by achievement of 
high levels of task outcomes, with effective and adaptive interactions between team members. Team 
performance analysis has gained prominence in the last decade. One variant, notational analysis has 
been used to objectively audit the behaviours of performers during different sub-phases of play, providing 
additional information to practitioners to improve future sports performance. Recently, there have been 
criticisms of these methods, arguing the need for a sound theoretical rationale to explain performance 
behaviours, rather than simply document outcomes. These artificially articulated performance 
parameters are recorded in a discrete sequential fashion and fail to appropriately explain performances 
outcomes. Recently, ecological dynamics has been used to understand behaviour at the performer- 
environment scale by analysing the emergent patterns of coordination under constraints. Specific 
constraints like the players’ individual characteristics, strategy and coaching, may impact on the 
functional and goal-directed synergies formed by players during performance. However, these 
informational constraints merely shape the perception of shared affordances available for players, which 
underpin the assembly of interpersonal synergies expressed in collective actions. These group processes 
form synergies, where their properties can be used to inform the meaning of variables like team centre, 
team dispersion, team synchrony, labour division, and team communication. These team variables have 
revealed that effective teams tend to be tightly synchronised in their movements when they are successful. 
Developments in methods of analysis of expert team performance can benefit from a theoretical approach 
that situates and traces relevant team processes. Here we suggest ecological dynamics is an alternative to 
more conventional operational methods of performance analysis that merely document performance 
statistics. 
 
Key Words: performance analysis, synergies, compound variables, ecological dynamics, team 
performance 
 
Introduction 

Performance analysis is a sub-discipline of sports science that has gained prominence in the last 
decade. Notational techniques are applied with the purpose of auditing the behaviours of performers 
during different sub-phases of play in team games. The aim of performance analysis is to provide 
accurate, augmented information to practitioners to improve future performance (McGarry, 2009). Since 
its initial foundations, a number of essentially descriptive studies for a variety of sports have been 
conducted, oftentimes investigating differences in action frequencies between different a posteriori 
conditions to operationally characterise relationships with successful and unsuccessful performance (e.g., 
winners vs. losers, experts vs. non-experts, males vs. females, etc.) (Hughes & Franks, 2004; McGarry, 
2009). While this initial approach has provided a basic description of sport performance, a major criticism 
of performance analysis methods by some sport scientists concerns the need for theoretical principles and 
empirical data that can help to better explain how successful performance outcomes are achieved 
(Glazier, 2010; Vilar et al., 2012). 

Sports performance may be measured by scoring indicators (e.g., goals, baskets, winners, errors, the 
ratios of winners to errors and goals to shots) or performance indicators (e.g., turnovers, tackles, 
passes/possession, etc.) (Hughes & Bartlett, 2002). These variables are typically recorded in a discrete 



Research in Physical Education, Sport, and Health, Ohrid, 2014.  

 Conference Proceedings 30

sequential fashion to operationalise sports behaviours. Each action in a number of games is recorded in a 
“Who [did]–What–Where–When” sequence, together with any associated outcomes (i.e., winner, error or 
neutral outcome) (McGarry, 2009). An important criticism of notational analysis research is that it has 
been somewhat reductionist (Glazier, 2010), typically omitting reference to the why and how of 
performance that underlie the structure of recorded behaviours, which would define their functional utility 
(McGarry, 2009). Additionally, the discrete, sequential emphasis on performance recording, has led 
notational analysis methods to disregard the dependence of one observation on previous actions (i.e., 
conditioned coupling in performance dynamics). 

Moreover, in order for performance indicators to be useful they need to be highly correlated with 
success (Hughes & Bartlett, 2002). However, the notational analysis data relations between a 
performance behaviour and a specific performance outcome are generally not well understood (McGarry, 
2009). For example, for many years, one of the most popular performance measures in association 
football is ‘ball possession’ (Lago & Martin, 2007). However, its presumed correspondence to game 
outcomes remains unclear due to a lack of a theoretical understanding of how to interpret the data. Thus, 
although some studies have suggested that successful teams maintain ball possession for longer than 
unsuccessful teams (Jones, James, & Mellalie, 2004), another study has found that in the 1990 and 1994 
FIFA World Cup finals approximately 84% and 80% of goals, respectively, were scored from a total of 
four passes or less (Hughes & Franks, 2005).  

This discrepancy exemplifies how notational analysis methods do not provide a meaningful 
understanding of successful performance in team games and points to the need for a sound theoretical 
rationale of performance behaviours. Ecological dynamics is a viable framework for studying behaviours 
in team games because it recognises the ‘degeneracy’ of neurobiological systems (i.e. athletes), including 
social neurobiological systems (sports teams). Its principles can clearly explain how the same 
performance outcomes can emerge from different movement or tactical patterns. 
 
2. Ecological dynamics approach explains team’s synergistic behavior  

Ecological dynamics proposes performer-environment relations as the relevant scale of analysis for 
understanding sport performance (Davids & Araújo, 2010). The functional patterns of coordinated 
behaviour emerge through a process of self-organisation from performers’ interactions with each other 
under specific task and environmental constraints (Araújo, Davids, & Hristovski, 2006). In complex 
social neurobiological systems, self-organisation is the fundamental principle acting to bring order 
amongst the parts (Davids, Button, Araújo, Renshaw, & Hristovski, 2006). Ecological dynamics analyses 
of team sports have attempted to explain how the interaction between players and information from the 
performance environment constraints the emergence of patterns of stability, variability and the transitions 
in organisational states of such systems: precisely what sport scientists and coaches need to understand in 
analysis of team games performance (Araújo, et al., 2006). 

The emergent coordination patterns in team sports are channelled by the surrounding constraints, as 
they structure the state space of all possible configurations available to the team game as a complex 
system (Davids, Glazier, Araujo, & Bartlett, 2003). Constraints are boundaries or features, which interact 
to shape the emergence of the states of system organization (Clark, 1995). For example, the surrounding 
patterned energy distributions that performers can perceive act as important sources of information to 
support their decisions and actions (e.g., reflected light from the goal or the ball) (Araújo & Davids, 
2009). 

The interaction between constraints of the performance environment and each individual’s 
characteristics allows opportunities for action to emerge (Araújo, et al., 2006). For example, an 
opportunity to score a goal in football may emerge between the performer’s ability to shoot the ball 
(individual constraints) and the distance to the goal or to the goalkeeper (task constraints). In this way, 
successful performance in sport is grounded on the performer’s ability to attend to the relevant 
informational variables that are needed to regulate their decisions and actions (Hristovski, Davids, 
Araújo, & Button, 2006). Moreover, performers are also able to identify relations between other 
performers and key environmental objects (e.g., the ball and goal in team games) that can constrain their 
behaviours (Richardson, Marsh, & Baron, 2007). By perceiving opportunities for others to act, performers 
make use of environmental information to coordinate their actions with others. 
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Due to the complex spatial-temporal relations among performers that characterize team sports, 
performance constraints change on a momentary basis. Opportunities to act (or affordances, Gibson, 
1979) may appear and disappear quickly, leading to fluctuations in the state of system organisation 
(Araújo & Davids, 2009). The concept of affordances presupposes that the environment is perceived 
directly in terms of what an organism can do with and in the environment (i.e., it is not dependent on a 
perceiver’s expectations, nor mental representations linked to specific performance solutions) 
(Richardson et al., 2008). It has been suggested in team sports (Davids, Araújo & Shuttleworth, 2005) that 
individuals base their movement decisions on locally acquired information sources such as the relative 
positioning, motion direction, or changing motion direction, of significant others operating in a system, 
making a collective response all the more remarkable. This hypothesis implies that the actions of 
individuals functioning in a team need to be intimately coordinated. The interactions of agents in sports 
teams reveal common underlying principles while exhibiting simultaneously their own ‘signatures’ or 
idiosyncratic behaviours.  

Affordances can be perceived by a group of individuals trained to become perceptually attuned to 
them (Silva et al., 2013). In collective sports, both teams in opposition have the same objective (i.e., to 
overcome the opposition and win). Hence, the perception of collective affordances acts as a selection 
pressure for overcoming opponents, and achieving successful performance. In this sense, collective 
affordances are sustained by common goals between players of the same team who act to achieve success 
for the group. From this perspective, team coordination depends on being collectively attuned to shared 
affordances founded on a prior platform of (mainly non-verbal) communication or information exchange 
(Silva et al., 2013). Through practice, players become perceptually attuned to affordances of others and 
affordances for others during competitive performance and undertake more efficient actions (Fajen et al., 
2009) by adjusting their behaviours to functionally adapt to those of other teammates and opponents. This 
process enables them to act synergistically with respect to specific team task goals (Folgado et al., 2012; 
Travassos et al., 2012).  By means of tracked positional data, recent studies have started to reveal how 
players and teams continuously interact during competition. For example, teams tend to be tightly 
synchronised in their lateral and longitudinal movements (Lames et al., 2010) with a counterphase 
relation regarding their expansion and contraction movement patterns (Yue et al., 2008), commonly 
caused by changes in ball possession (Bourbousson et al., 2010).  

Specific expertise effects were found by Sampaio and Maçãs (2012). These authors argued that 
because playing football demands that players adjust constantly their positions on the pitch, according to 
the game ebb-and-flow, a more effective team coordination was expressed by the fact that the most 
powerful variable in distinguishing pre and post-test conditions was the distance of players from the team 
geometric centre (see next section for details about this compound variable). As it was expected, inter-
player coordination in pre-test seems to reflect individual affordances, and not shared affordances among 
team players. However, post-test values showed that players became more coordinated with increased 
expertise. The coordination patterns found, showed compensatory behavior within the team, an essential 
characteristic of a synergy (Riley et al., 2011). 

Specific constraints like the players’ individual characteristics, a nation’s traditions in a sport, strategy, 
coaches’ instructions, etc., may impact on the functional and goal-directed synergies formed by the 
players to shape a particular performance behaviour. These informational constraints shape shared 
affordances available for players, viewed as crucial for the assembly of synergies, that support the 
reduction of the number of independent degrees of freedom and enable fast, regulating actions (Riley et 
al., 2012). Another feature of a synergy is the ability of one of its components (e.g., a player) to lead 
changes in others (Riley et al., 2011). Thus, the decisions and actions of the players forming a synergy 
should not be viewed as independent. Therefore, the coupling of players’ degrees of freedom into 
interpersonal synergies is based upon a social perception-action system that is supported by the 
perception of shared affordances. Under this theoretical rationale, I argue that the properties of synergies 
guide the information that could be obtained from the diverse behavioural team measures.  
 
3. Synergies organize the meaning of measures of team behaviour in performance environments 

A synergy is an emergent property of a task-specific organization of elements, such that the degrees of 
freedom of each element are coupled, enabling the degrees of freedom to regulate each other (Bernstein, 
1967, Gelfand & Tsetlin, 1966). A synergy include four properties: 1) dimensional compression (Riley et 
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al., 2011), reciprocal compensation (Latash, 2008); 2) sharing patterns (Latash, 2008), 4) degeneracy 
(Davids et al., 2006).  

Dimensional compression means that degrees of freedom that potentially are independent are coupled 
so that the synergy has fewer degrees of freedom (possesses a lower dimensionality) than the set of 
components from which it arises. The behavior of the synergy has even fewer degrees of freedom, a 
second level of dimensional compression as one moves from structural components to the behavior 
enacted by the interactions among the degrees of freedom.  Dimensional compression at both stages 
results from imposing constraints (environmental, task and individual constraints), which couple 
components so they change together rather than independently. This property could be capture by team 
measures such as Team centre (centroids and "weighted" centroids) and Team dispersion (stretch index, 
relative stretch index, team spread, effective playing space/surface area, team length, team width and 
lengh/width ratio). 

Reciprocal compensation indicates that if one element produces more or less than its expected share, 
other elements should show changes in their contributions such that the task goals are still attained. It can 
be captured by measures of team synchrony (relative phase, cluster phase). 

Sharing pattern is the specific contribution of each element to a specific group task. This property 
could be seen as a labour division (Araujo, Silva & Davids, in press) being captured by measures such as 
Voronois, dominant regions, heat maps, major ranges, player-to-locus distance. 

Finally, degeneracy refers to structurally different components perform a similar, but not necessarily 
identical, function with respect to context (Edelman & Gally, 2001). Degeneracy can be quantified in the 
different metrics of social networks. 

Now we describe what these metrics mean. However, an overview and deep discussion is found in 
Araújo, Silva & Davids (in press).  
 
Team Centre 

A team’s centre (also denominated centroid, centre of gravity or geometrical centre) can be obtained 
by computing the mean lateral and longitudinal positional coordinates of each player in a team. It has 
been used in various ways to evaluate intra- and inter-team coordination in team sports like association 
football (Frencken, Lemmink, Delleman, & Visscher, 2011), futsal (Travassos, Araújo, Duarte, & 
McGarry, 2012) and basketball (Bourbousson, Sève, & McGarry, 2010b). The teams’ centres alone can 
represent the relative positioning of both teams in the forward-backward and side-to-side movement 
displacements, but when analysed in respect to other measures, may provide important descriptions of 
team tactics. Recent work has considered the analysis of a “weighted” centroid that echoed the distance of 
each player to the ball according to his/her influence on the play (Clemente, Couceiro, Martins, Mendes, 
& Figueiredo, 2013).  
 
Team dispersion 

According to the basic principles of attacking and defending in invasion team sports, the team in 
possession must create space by stretching and expanding in the field while the defending team must 
close down space by contracting and reducing distances between players. Such collective movements 
may be captured by specific measures of team coordination that quantify the overall spatial dispersion of 
players. The stretch index (or radius), the team spread and the effective playing space (or surface area) are 
quantities that have been used to assess such spatial distributions. The stretch index is calculated by 
computing the average radial distance of all players to their team’s centroid. It also can be calculated 
according to axis expansion, providing distinct measures of dispersion for the longitudinal and lateral 
directions. By using this metric, Yue, Broich, Seifriz, and Mester (2008) and Bourbousson et al. (2010b) 
highlighted the dynamics of attacking and defending, in football and basketball, respectively, by 
representing the intermittent switch of expanding and contracting of two confronting teams during a 
match. A similar measure of team dispersion denominated team spread can be found on the work of 
Moura, Martins, Anido, Barros, and Cunha (2012), who have calculated the square root of the sums of the 
squares of the distances between all pairs of players, ignoring the goalkeeper. In the work of Clemente et 
al. (2012), the distances of each player to the weighted centroid have been considered in the calculation of 
the stretch index. By this means, they were able to determine a weighted stretch index that accounted for 
the dispersion of the players in relation to the game centre, which contained the ball. The relative stretch 
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index (i.e., the difference between the stretch indexes of the attacking and defending teams) has also been 
reported as a valuable metric to scrutinize for differences between the dispersion values of the confronting 
teams (see (Bourbousson et al., 2010b). The effective playing space (or surface area) is defined by the 
smallest polygonal area delimited by the peripheral players containing all players in the game and can 
also provide information about the surface that is being effectively covered by the two teams. It informs 
how the occupation of space unfolds throughout the game and how stretched both teams are in the field. 
This effective playing space may also be computed as a function of attacking and defending, 
discriminating the surface areas of both teams in confrontation while representing the overall team 
positioning (Frencken & Lemmink, 2008). Similarly to the stretch index and team spread, the relationship 
between the offensive and defensive surface areas can highlight the balance of the opposition relationship 
during matches (Gréhaigne & Godbout, 2013). A novel conceptualization of the effective playing area 
was proposed by Clemente, Couceiro, Martins, and Mendes (2013), based on the assumption that it is 
important to assess the area that a team covers without intercepting the effective area of the opposing 
team. To this effect, they have calculated the non-overlapping triangles formed by the players of each 
team and the total area delimited by these triangles for the attacking and defending teams. When 
interceptions between opposing triangles occurred, the effective area considered was the one of the 
defensive triangles. All offensive triangles not intercepted by defensive triangles with perimeter inferior 
to 36 m were considered for the attacking team. Based on these criteria, they have calculated the effective 
playing areas of both teams. Other measures of team dispersion can be found on the work of Folgado and 
colleagues (2012) that calculated the team’s length and width (also known by team range) in small-sided 
games performed by youth football players of different ages. The team’s length and width were calculated 
by measuring the distance between the players furthest forward and backward, and furthest to the left and 
to the right, respectively. Through these quantities, the authors conceived a new metric defined as the 
ratio between length and width, based on the assumption that teams with different tactical approaches 
would display different length per width ratios.  
 
Team synchrony 

Several tools have been applied in team sports to assess coordination between two oscillatory units 
(e.g., the coupling of two centroids, or the phase relations of two players’ movements in a dyad). For 
instance, the phase synchronization of two signals has been previously studied in basketball 
(Bourbousson, Sève, & McGarry, 2010a; Bourbousson et al., 2010b), futsal (Travassos, Araújo, Vilar, & 
McGarry, 2011), and football (Duarte, Araújo, Davids, et al., 2012) through relative phase analysis and in 
rugby union (Passos, Milho, et al., 2011) and football (Duarte, Araújo, Freire, et al., 2012; Frencken et al., 
2013) through running correlations. Recent attempts to capture the synchronization between more than 
two players belonging to the same team have been performed by Sampaio and Maçãs (2012) and 
Gonçalves et al. (2013) that measured the phase synchronization of several pairs of players within the 
team. However, a measure of synchronization of several players at a time has been more difficult to 
conceive and apply. Being able to capture such group synchrony tendencies could potentially 
revolutionize the study of group processes (Richardson, Garcia, Frank, Gergor, & Marsh, 2012) by 
shedding light on how the players composing the collective system influence each other to create a 
collective synergy at the team level (Duarte, Araújo, Correia, et al., 2013). The cluster phase method has 
been recently proposed to analyse synchrony in systems with a small number of oscillatory units (Frank 
& Richardson, 2010; Richardson et al., 2012). It is based on the Kuramoto order parameter previously 
conceived to examine the phase synchronization of a large set of coupled oscillators (Kuramoto, 1984), 
like neural synchronization in the brain. Frank and Richardson (2010) adapted this algorithm to describe 
the collective phase of a smaller number of oscillators into one single measure and have used it to assess 
group synchrony during rocking chair movements of six individuals. 

In team sports, Duarte, Araújo, Correia, et al. (2013) applied this measure to the movements of eleven 
football players from two teams during a football match from the English Premier League to assess whole 
team and player-team synchrony. They found large synergistic relations within each team particularly in 
the longitudinal direction of the field. Whole team synchrony showed superior mean values and high 
levels of stability in the longitudinal direction when compared with the lateral direction of the field, 
whereas the player-team synchrony revealed a tendency for a near in-phase mode of coordination. 
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Additionally, the coupling of the two group measures showed that synchronization increased reciprocally 
in both teams indicating a mutual influence of synchronization in football teams. 
 
The division of labour within teams 

The behaviour of each individual in a team is constrained by several factors like his/her position on 
field (in relation to the other teammates and opponents), strategic and tactical missions, playing phases 
(i.e., attacking and defending), game rules, etc. Collective behaviour is thus, composed of many 
individual labours (Eccles, 2010) performed by two or more players looking to cooperate together 
towards common intended goals and linked together by a communication system composed of synergetic 
relations (Riley, Richardson, Shockley, & Ramenzoni, 2011; Silva, Garganta, Araújo, Davids, & Aguiar, 
2013). The joint analysis of all these individual behaviours can translate group behaviour as all players 
constrain and are constrained by the entire dynamic system that they compose (Glazier, 2010). 

The analysis of labour division on field can be performed from a spatial perspective. Gréhaigne (1988) 
was pioneer in analysing the division of individual areas or the action zones of each player, as he named 
it, in an attempt to assess the tactical features of each player in a team. He has analysed the effective 
covered space of football players by registering his position on field once every thirty seconds, gathering 
a cloud of 180 points per each player, according to his specific location on a pitch that was divided in 
forty equal squares. This idea allowed the reconstruction of spatial distribution maps, also known as heat 
maps that provide a clear picture of the distribution of each player on the field. Heat maps highlight with 
warmer colours the zones where each player has lingered for larger periods of time during the match. 
Some examples can be found on the work of Silva et al. (2014). 

The distance of each player to a private locus on field, over time, capture the time-evolving nature of 
their movements’ trajectories. The locus represents the player’s spatial positional reference around which 
he/she oscillates and was first introduced by McGarry in squash (McGarry, Anderson, Wallace, Hughes, 
& Franks, 2002; McGarry, Khan, & Franks, 1999) and latter proposed by the same author for 
performance analysis in team sports like football (McGarry, 2005) predicated on a coupled oscillator 
dynamics (McGarry, Perl, & Lames, 2013).  

Another approach to assess the division of labour in team sports is by measuring the area covered by 
each player. Yue et al. (2008) proposed the calculation of a major range, defined as an ellipse centred at 
each player’s locus and with semi-axes being the standard deviations in the x- and y-directions, 
respectively. Through the simple visualization of major ranges it is possible to identify preferred spatial 
positions, major roles for each player and playing styles (Araújo et al., in press). Major ranges do not 
account for the dynamics of movement behaviour, though, since the positional coordinates assumed 
across time are also collapsed in a single measure of deviation from the mean positions in the x- and y-
axis.  

Other spatial measures emphasizing the individual playing areas attributed to each player on a team, 
delimited the Voronoi cells of players in football and field hockey matches. This kind of individual spatial 
representation could be used to measure teamwork by assessing the dominant regions of each team. 
Dominant regions reflect the creation and coverage of space by teams. A Voronoi cell contains all spatial 
points that are nearer the player to whom that cell is allocated than to the other players. By measuring the 
total area of all Voronoi cells from each team, it is possible to obtain a dominant ratio of one team over 
the other (Fonseca, Milho, Travassos, & Araújo, 2012). Taki and Hasegawa (2000) and Fujimura and 
Sugihara (2005) calculated deformed Voronoi cells that weighted the players’ positions, movement 
directions and speeds, determining with higher accuracy each player’s dominant region. Through this 
conceptualization of dominant region, they managed to evaluate the creation and coverage of space as 
well as other tactical features like ball passing and pressure.  

 
Social networks 

Given the limited number of individuals in team sports, a game can be viewed as a small-world social 
system in which collective behaviour is sustained by interpersonal interactions among system agents 
(Passos, Davids, et al., 2011). This presupposes the establishment of interactive links between players in 
order to perform together during competition. From a behavioural perspective, two players are considered 
to be linked when they switch passes or when they intentionally switch positions (Mendes, Passos, & Paz, 
2010). Networks are a valuable tool to analyse the structure of such communication channels during sub-
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phases of play in team sports, since it allows the identification of players engaged in more and less 
frequent interactions within a team. In such type of networks, nodes represent players and lines are 
weighted according to the number of passes or positional changes that were completed between players. 
The players with major roles in the game may also be easily identified through social networks as they 
display a higher number and stronger connections. Additionally, different match networks can be 
compared to extract the general tactical and strategic features of a team (Duch, Waitzman, & Amaral, 
2010). 
 
Conclusions 

Specific constraints impact on team synergies formed by players during performance. These 
constraints shape the perception of shared affordances available for players, which underpin the assembly 
of interpersonal synergies expressed in collective actions. These group processes form synergies, where 
their properties guide the meaning of operational variables such as team centre, team dispersion, team 
synchrony, labour division, and team communication. Developments in methods of analysis of expert 
team performance can benefit from a theoretical approach that situates and traces relevant team processes. 
Here we suggest that shared affordances and synergies embraced by an ecological dynamics perspective 
are an alternative to perceive the meaning of operational methods of performance analysis that merely 
document performance statistics. 
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Abstract: 
A lot has been done for enhancing the quality of University Education all over the world. Through the 

Quality Enhancement Initiative the key pillars for quality improvement have been identified. These are: 
pupil, teacher, management and community pillar... The development of this competence profile is a base 
in the effort to improve the teacher frame. But there is no education system that is better than the quality 
of its teachers.  That is why we have to do everything possible to enhance the quality of teachers as a 
mean to achieve the goals of education. The PE Teacher Competence Profile has been developed as a 
professional tool to quide teachers and all others working in the field of education to identify the desired 
competencies of the teacher. The integrity of a physical education programme depends, among other 
things, on the extent in which it functions within the framework of high professional standards. For their 
unification the EU proposed and accepted eight key competencies, which should be recognized and 
adopted by all the teachers. Closely linked to competencies and their consequence is of course the self 
image of sports profession. The latter is gradually strengthening, but nevertheless we are identifying that 
we are still looking for our space among more established and traditional sciences.  
 
Key Words: physical education, teachers, competencies, qualifications, lifelong learning, self image 
 
Introduction 

The role of the teachers is crucial by helping with teaching youngsters and adult students. Teachers 
represent a key factor in the way of developing education systems and reform implementation, which in 
the future can shape the European Union (the Lisbon strategy, 2001) into the most successful knowledge 
based society. They recognize that high quality education enables personal fulfilment, better social skills 
and more diverse employment opportunities for the students. Their profession, which is inspired by the 
values of integration and the need for developing the potential of the students, has a great effect on 
society and plays a key role by progression of human potential and forming the future generations. 
Therefore the European Union is recognizing the role of the teachers, their lifelong learning process and 
professional development, as a key priority task by realization of its highly set goals.  

Teachers should be able to respond to emerging challenges of the knowledge society, actively 
participate in it and prepare the students to become lifelong independent learners.  Therefore they should 
be able to influence on the learning and teaching process with a constant focus in the field of content and 
with social and cultural dimensions of education. Teachers must be educated on a high educational level 
or correspondingly equivalent level and this process must be supported by a close partnership between 
higher education institutions and institutions, in which teachers will later gain employment. 

As such they must be capable to acknowledge and respect different cultures. The priority must lie on 
developing mutual trust and competence recognition of teachers between the member states. Those who 
educate and train teachers, influence on the quality of learning and must therefore get support as a part of 
a national or regional system. 
 
Principles for competencies and qualifications of teachers 

Common European principles are: 
- Profession with quality education high quality education systems require a diploma of higher 

education institution and pedagogical qualification for all teachers. Each teacher has to have the 
opportunity to continue education on a highest level and thereby develop his teaching competencies and 
improve his chances for career advancement. Education of teachers is multidisciplinary.  

- Profession, placed in the context of lifelong learning process teachers must be during their whole 
career path supported by continuing their professional development. Teachers should be able to introduce 
innovations and use indicators of good practice by their work. They must spend a part of certain period of 
time outside the education sector. 
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- Mobile profession mobility should be the main component of beginners and advanced education 
programs for teachers. To those, who do that, their status in the host country should be recognized and in 
the home country their cooperation should be acknowledged and appreciated. 

- Profession on the basis of partnership higher education institutions must provide the application of 
existing practice knowledge by their teaching. Partnership teacher education, which emphasize practical 
skills and academic and scientific basis, should provide teachers with competencies and self trust to 
influence on their own as well as on others practice. 
 
Successful functioning - key competencies 

Teachers should be able to: 
- Work with others their profession is based on social integration and development of potential of each 

student. They must be familiar with human growth and development and be capable to work with students 
as individuals and be supportive by their development, 

- Work with knowledge, technology and information they must be able to work with different types of 
knowledge. Their application knowledge of ITC (information and communication technology) should 
provide its effective integration into learning and teaching processes. 

- Work in/with society teachers should be able to advance mobility and cooperation in Europe and 
promote respect for cultures and understanding between them. They must also understand the factors, that 
create social cohesion and exclusion in society. Their experience and professional knowledge should 
enable their contribution to the quality assurance systems. 
In the Lisbon strategy it states: 

- Europe will by 2010 become the most competitive, dynamic and knowledge based economy in the 
world, 

- Through new work places permanent economic growth should be reached, 
- It is necessary to define key skills and competencies for lifelong learning. 

 
Conceptualization of key competencies 

A competence contains a mixture of knowledge, skills, standpoints and expertize. It is possible to 
accomplish this level in all sorts of contexts, formally, informally and occasionally, intentionally or 
unintentionally. The mentioned relations include emotions, values and motivation (Vrečer, 2009). It is 
therefore a combination of knowledge, skills and relations that correspond to circumstances. 

Key competence meets the requirements of transferability and is therefore applicable in many 
situations and contexts; it is multi-functional. It can be used for reaching different goals, solving different 
types of problems and executing different types of tasks. It is one of the preconditions for appropriate 
personal functioning in life. It has the predictive value for actual functioning of an individual. While it is 
not possible to say that key competencies will always and in all circumstances enable success to an 
individual in his/her efforts, it is possible to say that the absence of key competencies will sooner or later 
lead to personal fiasco.  

»Key competencies therefore represent a transferable, multi-functional package of knowledge, skills 
and viewpoints that all individuals need for personal fulfilment or personal development, integration and 
employability, and they should be developed by the end of compulsory education or training and 
represent the basis for lifelong learning process« (Institute MOVIT NA MLADINA, 2009). 
 
8 Key competences:  
1. Communication in mother tongue; Communication competence is a result of mastering the mother 

tongue and is intrinsically linked to cognitive ability of an individual to comprehend the world and 
connect to other people.  

2. Communication in foreign languages; Communication in foreign languages is in general subjected to 
the same main dimensions of communication competence as in mother tongue communication. It also 
requires abilities, such as mediation and intercultural understanding. 

3. Numeric imagination and competencies in mathematics, Natural Sciences and technology; An 
individual has to be able to use basic principles and procedures in everyday circumstances at home and 
at work. Positive attitude towards mathematics is based on respect for the truth and on willingness to 
find the reasons and to evaluate their credibility.In the fields of science and technology, knowledge of 
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basic principles of the natural world is essential. Competence includes attitude of critical appreciation 
and curiosity, interest in ethical issues and respect for safety and durability.  

4. Digital competence; Digital competence demands thorough understanding and knowledge of the 
nature, the role and opportunities of the information society in everyday life: in private and social life 
and at work. Digital literacy includes safe and critical usage of information society technology at 
work, in leisure time and in communication.  

5. Learning to learn; Certainly the learning to learn process demands knowledge and understanding of 
teaching strategies, which suit each individual the most, advantages and disadvantages of their 
knowledge and qualifications and ability to find opportunities for education, training and advices 
and/or support, which is available. »Learning to learn is the ability to learn and persevere with 
learning, organize its own learning including efficient time and information management, individually 
or in groups. « 

6. Social and civil competencies; Social competence is linked to personal and social engagement in the 
society. The core of this competence is the ability of constructive communication in different regions, 
tolerance, expressing and understanding different views, negotiations with confidence building and 
empathy. Civil competence is based on knowledge of democracy concepts, justice, equality, 
citizenship and civil rights. In includes awareness of the contemporary events as well as the main 
events and trends in National, European and World history. »These competencies include personal, 
interpersonal and intercultural competencies and cover all forms of behaviour, which train individuals 
for effective and constructive participation in social and professional life. « 

7. Innovativeness and entrepreneurship; The necessary knowledge includes the ability to identify 
available opportunities for private career and/or business activities. It also includes motivation and 
determination to achieve goals, personal or those which are common to objectives of others, work 
included. » Self initiative and entrepreneurship show the ability of an individual to turn his ideas into 
action. « 

8. Cultural awareness and expression; Cultural knowledge includes the awareness about local, national 
and European cultural heritage and its place in the world. It covers basic knowledge of main cultural 
works, including modern pop culture. »Appreciation of the importance of creative expression of ideas, 
experience and emotions in different media, including music, fine arts, literature and visual art and in 
our opinion also in sports. « 

 
European qualifications framework (EQF)  

Has two main objectives: to promote mobility of citizens and to enable lifelong learning. The eight 
levels are described based on the learning results, which are defined as a conclusion about things that the 
participants can do, understand and are able to carry out at the end of the learning process . Learning 
results are divided into three categories – knowledge, skills and competencies - and enable a comparison 
between different countries and institutions.  
 
Natonal – Slovenian qualifications framework 

Primary role of national qualifications framework is to clarify horizontal and vertical relations 
between different types of qualifications, certificates and diplomas. Learning results should through 
national qualifications framework enable  – comparability and transparency of qualification systems , 
lifelong learning, recognition of informal learning, quality assurance and better relationship between 
education and the labour market.  

The goal of Slovenian qualifications framework is to achieve transparency and recognition of 
qualifications in Slovenia and the EU. The goal of Slovenian qualifications framework is to connect and 
reconcile the Slovenian qualification subsystems and to improve transparency, accessibility and quality of 
qualifications with respect to labour market and civil society.  
 
Key competences and lifelong learning 

Key competencies are expected to be a response to the needs of 21st century, because with them, we 
are able to create an adaptable and flexible individual who will be able to adapt his knowledge to changes, 
unpredictable situations, and find positive solutions. We believe that such an individual can be created 
with the help of the Key competencies for lifelong learning. 
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Key competencies for lifelong learning, according to the European frame of reference, are defined as 
portable, more functional package of skills, attitudes and relationships that individuals need for personal 
fulfilment. They help in areas of personal development, social inclusion, active participation and 
employability, as they represent the base for lifelong learning. They are one of the preliminary conditions 
for the proper functioning of the individual in personal life, at work and at learning. Therefore, the key 
competencies nicely complete the concept of lifelong learning.  

Lifelong learning is in these days a permanent element in both the professional and lay circles. The 
beginnings of ideas about learning from »cradle to grave« date back to the old age. The idea that we learn 
to know, to work, to be able to live in the community and be able to be, is magnificent. Lifelong learning 
is a way of life, thinking and attitude towards learning. That definition certainly exceeds the definition of 
lifelong learning as means of achieving a competitive economy. 

At the heart of the concept of lifelong learning should be the integration of both economic and 
humanistic objectives.  Different ways of learning allow young adults to acquire knowledge and skills in 
an informal cultural setting for the development of career, personal growth and social inclusion. 
 
The stability of the educational process 

Important starting points: 
- Educational process is comparatively one of the more consistent and stable society sections, which 

influences on lifelong profiling of human resources the most. The educational care lasts approximately 20 
years in life of each individual, which is incomparable to any other (health, religious, etc...) important and 
influential social care.   

- Such status requires special, not only legal, but also moral responsibility, adequate conditions and 
taking care and maintaining self image. 

- Educational recognition of schooling is deficient also because of promotional passivity of public 
schools, as social benefit of schooling is often reduced to reaching educational level. Therefore it is very 
important to constantly monitor and evaluate these effects within the educational process. By this local 
(educational) politics is of crucial importance, as a school doctrine tool. 

- Social benefit of educational process is one thing, but influence on social situation is another. 
Influence is not an automatic consequence of social benefit. Executing influence demands constant and 
prudent engagement. 

- In comparison to other social sections the educational process holds parent value (other social 
sections are more dependent on education than vice versa). The specificity of parent segments lies in the 
fact, that it is not possible to fully evaluate them in an ecometric way. This means, that only one segment 
of educational process can be evaluated in a payable way, while the other segment is to be exercised on 
the principle of credit quotes (social benefit, which cannot be payed). Precisely this forms the background 
for informal influence (creating atmosphere, formatting public opinion) and strengthens confidence and 
self image of educational process.  

- Certain professions verify themselves by the way in which they are addressing their own work 
problems and not only by emphasizing their own importance. This fact applies in particular for 
educational profession, in which the subject of work is also segmenting the problems, regardless of 
accepted or overturned solutions. The second necessary condition of validity is independent identifying 
and correction of own weaknesses and mistakes (self-reflection). 

- School as a building (social and demographic stability factor in local environment) has a different 
role than school as an institution (general social factor). Therefore school openness towards novelties 
from environment is one thing on a local level, and another thing on a national level, regardless of their 
correlation.  

- In modern hyper-informed society, education and schooling is more and more a question of 
balancing and priority setting compared to learning and gaining knowledge. In this respect, different 
dilemmas are emerging. Is it, for instance, early learning of foreign languages more a question of national 
identity than a question of linguistic competence? Are the initiatives for introduction of school uniforms 
associated with general (media, consumer, technological) uniformity or need they be considered 
separately? How to teach children and adolescents to be entrepreneurial in an excessive »market 
society«? What are the priorities regarding literacy levels (digital, citizen, civil, etc…)?  And so on.  How 
to coordinate the cycles of purposefulness in general; when and to what extent are pupils and students 
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designed for the school existence and vice versa, the school designed for pupils and students.  In all these 
questions, from educational point of view, it is more important how particular topic is defined, analysed 
and addressed than the acceptance or overturning of possible solutions.   

- When entering the field of sports education, it is important how to place it in a context of time and 
environment. The paradigm of importance of sport from the well-known aspects, including social factor, 
must be repeated always and everywhere. Different aspects of sports activities (competitive sport, school 
sport, sport for everyone) are within the framework of the EU gaining a new, different meaning. 
Especially age range is expanding, as in the next years considerable increase of older people is expected. 
Also in that respect it is necessary to look into sports education in schools. 
 
PE Institution 

EUPEA is responsible to promote high quality physical education as a lifelong experience for all 
children and young people in Europe. It is an umbrella organisation of professional physical education 
associations in Europe.  Works with a wide variety of Governmental and non-governmental organisations, 
as well as individual experts and professionals, in order to promote more and better physical education all 
over Europe. Their central demands is  
 

“No education without physical education.” 
Its principles are to:  
 Ensure that all pupils, regardless of ability or disability, culture, religion, gender or social class have 

access to high quality physical education curriculum.   
 Promote a broad and balanced physical education curriculum that encompasses the skills, knowledge 

and understanding to ensure that children and young people are physically educated.  
 Secure the appropriate time, resources and learning environments in order to deliver high quality 

physical education in schools.  
 Recognise and promote the unique place that physical education plays in the development of young 

people both as individuals and as responsible citizens.  
 Achieve or maintain compulsory physical education for the duration of compulsory schooling for all 

pupils. 
 Promote the academic study of physical education in its own right in schools.  
 Support countries and the profession at large throughout Europe where compulsory physical education 

for all pupils is under threat.  
 Promote high quality pre- and in-service training for all those who teach physical education.  
 Recognise the contribution of physical education within further and higher education and its lifelong 

commitment to health, physical activity and the National sporting culture.  
 Work in partnership with the National Physical Education Associations in Europe, supporting and 

promoting their cultural and professional needs.  
 Work in collaboration with other professionals involved in providing physical education experiences 

for young people both within and beyond the curriculum (e.g. sporting governing bodies, coaches 
etc…).  

 Work in co-operation with other international organisations (governmental and non-governmental) 
that support and promote the place of physical education in schools (e.g. ICCSPE, UNESCO, WHO, 
ENGSO).  

 Undertake, collaborate in and support research in the field of physical education and related areas.  
 Ensure that physical education programmes are relevant to young people’s lifestyles in a rapidly 

changing world.  
 Support physical education programmes that provide a framework for vocational and professional 

education leading to employment in physical education and sport related professions.  
 
Competencies and self image  

Teacher competencies are in a close relation to image and self image that sports science demonstrates 
in the world and especially in the environment, in which it is operating. It is showing in comparison to 
other sciences, relation of other sciences to sports science and of course also, or maybe even specifically 
in a relation of sports science to itself. Through professional affiliation it is necessary, more than before, 
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to strengthen determination, self-respect and confidence. As this is not a one-time event, it is crucial to 
have persistence in building these values. 

Of course, in the field of sports science there are often deficiencies detected, which are, among other 
factors, related to insufficient level of self-reflection, which is the first condition for finding and 
eliminating own mistakes.  The latter are often a reflection of incoherence and lack of transparency of our 
work, passivity in social and professional enforcement and in many cases also imbalance of expert 
orientations.  

There are many opportunities ahead of us, but they will in the first place demand more integration in 
the overall process between the involved subjects.  It will be necessary to follow an important connection 
to practice – these are the alumni. Active participation in occupying the major social positions, such as 
headmasters in schools and high ranking state sports officials, will be needed.  

And finally, to insist on the expansion of work circuit to other, even non-sport areas like health, 
tourism, business, etc... Also these are our opportunities. 
 
Conclusion 

In many areas of economic and social life in the EU we have obviously not achieved all the objectives, 
which have been set out in the Lisbon Strategy (2001). The same applies also for the field of education. 

In our opinion, the Bologna process and his system of reforms did not reach all intended objectives. 
The eight key competences, which are identifying a common sense of objectives in the field of 

education and training inside the EU are embedded into our work. We can find out, that these 
competences have achieved different levels of realization inside the regions of the EU. 

In our understanding, the process of “teaching how to teach” seems to be a very important key factor 
in the field of education. This key factor requires from each participant an individual knowing and 
understanding of teaching strategies. The teaching strategies should fit individual preferences, 
competences and knowledge, but at the same time, they should fit also the lack of knowledge and the lack 
of competences of each individual.  It is very important, that the individual is in the right position to 
know, where to find new knowhow or help in order to get new knowledge. 

The role of the teacher and his level of abilities and skills is therefore in this process more than 
essential. Modern teachers cannot be inspired only by their former teachers and their models of teaching, 
which have been developed in the 19th century.  

Modern education requires using latest technology and other infrastructure opportunities in addition to 
specialized theoretical and applied knowledge in order to develop so-called generic skills, which are 
creating critical and creative thinking in the field of education. 
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Abstract: 

Purpose of the research is to determine the level of fitness in relation to the age and gender of 
Macedonian adolescents. Methods: The research is conducted on a sample of 1892  adolescents at the 
age between 11 and 14 years old, from Macedonian ethnicity and urban origin. The sample was divided 
into four groups, according to chronological age and each age group was divided in two subgroups 
according to the criteria of gender. Flexibility, muscular fitness, velocity/agility and cardiorespiratory 
capacity is estimated by six tests such as: sit and reach, long jump from spot, hang grip, sit - ups/30 sec, 
bent arm hang, shuttle running 4 x 10 and three minutes step test. The results are processed with 
appropriate statistical parametric methods. Results: On the basis of the gender and age with application 
of LMS statistical method, the normative values for the physical fitness among Macedonian adolescents 
were determined and they are given in a table in percentile values from 5 to 95, as well as graphical in 
the smoothed percentile curves (P5, P25, P50, P75, P95). In all tests for evaluation of physical fitness, the 
boys achieved better results, except in the test “Sit and reach”. The trend of physical fitness increases 
with the age, especially among boys, whereas the physical fitness among girls is more stabile across 
ages. The prevelency of health cardiorespiratoral profile is 61,8% among boys and 70,8% among girls. 
Conclusions: The normative referential values will provide correct evaluation and interpretation of the 
level of fitness among Macedonian adolescents in connection with the age and gender, precise detection 
of the individual progress among the individuals as well as undertaking proper preventive measurements 
and levels of intervention.  
 
Key Words: fitness testing; gender; adolescents; cardiovascular risk; measurements 
 
Introduction  

The physical fitness is powerful marker of the health condition during the childhood and adolescence 
(Myers J, et.al. 2002; Andersen LB, et.al 2006). Even among the children and adolescents the fitness is 
inversely associated with cardiovascular risk factors for chronic disease, such as high blood pressure 
(Sallis JF, et. al. 1998; Ruiz JR, et. al. 2006), total fatness (Ruiz JR, et. al. 2006), hyperinsulinemia (Gutin 
B, et. al. 2004), abdominal adiposity (Brunet M, et.al. 2006), atherogenic lipid profile (Mesa, J.L, et. al. 
2006) insulin resistance (Gulati M, et. al. 2003), and clustering of metabolic risk factors (Brage S., et. al. 
2004; Ruiz J.R, et. 2007).  

Within the teaching of physical education in R. Macedonia there is no organized model (system) for 
following the physical fitness among the children and youngsters. There are many partial researches using 
huge battery from motor tests which are usually chosen on the basis of the scientific findings of few 
researches from this area from this region (Kurelić et al., 1975).  

On the other hand, analysing the avaiable scientific and expert works which explore the issue of 
following the physcal fitness of the students during the teaching of physical education, we could ascertain 
that in the last three decenies there are substantial changes into the following of the same ones, among the 
children and the youngsters in the world, apart from the previous period (Mood et al., 2007; Freedson et 
al., 2000). In the last years there are many scientific and expert works which are announced, esspecially 
from authors from USA, where there is a discussion about certain problems and issues in connection with 
the following of the fitness among children and youngsters, within the program of physical education 
(Morrow & Ede, 2009; Mahar & Rowe, 2008; Harris & Cale, 2006; Keating & Silverman, 2004). One of 
the most important questions which are discussed in these works is the question of practical and 
economical following of the physical fitness within the program of physical education. 

Considering the importance that is given to the justification of the following of physical fitness among 
the children and youngsters within the program of physical education in USA and certain european 
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countries, as well as the substantional  changes that occur in the following of the same among children 
and youngsters in relation to the period of the eighties, there is a need for establishment of unique model 
(system) for continuous and systematical following of the fitness among the children in Republic of 
Macedonia. This scientific research was realized for the same purpose, by which the authors are trying to 
give answer to some of the aforementioned issues and to help in the establishment of unique system for 
continuous and systematical following of the fitness among the students on national level. 
 
Materials and Methods 
Sample of participants  

This cross-sectional study included 1892 children,which were defined as a population of healthy 
children at the age of 11-14 years, from Macedonian ethnicity and urban origin. The children were 
selected according to the method of random choice and they were from several primary schools in Skopje. 

Total number of children (N=1892) were divided in four groups, according to chronological age (age 
from; 11-11.99 y; 12-12.99; 13-13.99 y; and 14-14.99 y), and each age group was divided in two 
subgroups according to the criteria of gender (subgroup N=992 boys and subgroup N=900 girls). The 
including criteria of this study was: Macedonian nationality, age from 11-14 years which include the most 
intensive period of puberty; children who are healthy and born in time; urban origin; and the permission 
from their parents about the participation in this study. 

The measuring was performed in March, April and May, 2012, in standard school conditions during 
the regular classes of physical and health education. The measuring was realized by professionals from 
the area of kinesiology and medicine, who were previously trained for measuring some of the determined 
exams and measurements. 
 
Anthropometric measurements  

Anthropometric measurements were taken according to standard methodology of International 
Biological Program (IBP) and according to the recommendations of  World Health Organisation (WHO) 
and  Weiner-Lurie (Weiner JS, Lourie JA., 1981). 

Weight was measured in underwear and without shoes with an medical decimal weight scales, to the 
nearest 0.1 kg, and height was measured barefoot in the Frankfort horizontal plane with a telescopic 
height measuring instrument (Martin’s anthropmeter) to the nearest 0.1 cm.Body mass index was 
calculated as body weight in kilograms divided by the square of height  in meters. 
 
Evaluation of Physical Fitness 

Prior to starting the study, the researchers involved in the project undertook training sessions in order 
to guarantee the standardization, validation, and reliability of the measurements (Moreno LA, et.al. 2003). 
Seven tests, forming part of the EUROFIT battery, validated and standardized by the European Council, 
were applied in the following order: 

1. Sit and Reach test. With the subject seated on the floor and using a standardized support,  the 
maximum distance reached with the tip of the fingers by forward flexion of the trunk is measured. 
Test indicative of amplitude of movement or flexibility. 

2. Hand Grip test. With the use of a digital Takei TKK 5101 dynamometer (range, 1-100 kg), the 
maximum  grip  strength  was  measured  for  both hands. 

3. Standing broad jump test. The maximum horizontal distance attained, with feet together, was 
measured. This test evaluates lower limb explosive-strength. 

4. Bent Arm Hang test. A standardized test was used to measure the maximum time hanging from a 
fixed bar. This test estimates the upper limb endurance- strength. 

5. Sit-ups 30 sek. Maximum number of sit ups achieved in 30 seconds. This test measures the 
endurance of the abdominal muscles 

6. Shuttle run: 4×10 meters. This test provides an integral evaluation of the speed of movement, 
agility and coordination. The subject does four shuttle runs as fast as possible between 2 lines 10 
meters apart. At each end the subject places or picks up an object (a sponge) beside the line on 
the floor. 

7. The three-minute step test. The aerobic capacity is evaluated with the three-minute step test. The 
participant had a task to go up and down of the bench which is 30,5 cm high for three minutes in 
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four cycles (up, up, down, down) with standardized rhythm from 96 beats per minute (bmp) 
which was dictated by the metronome. After the completion of the test (in response to a signal) 
the participant supposed to sit on the bench in order to measure the heart rate, and as well after 
the first and second minute at rest. If the participant felt dizziness, losing breath, sickness and 
headache, the test was aborted. The heart rate is measured by monitor for registration of the 
hearth rate (Polar RS800). The heart rate at rest, heart rate immediatelly after completion of the 
test, heart rate after the first minute at rest and the rate after the second minute at rest was 
considered as final result. The maximum oxygen consumption was calculated by the formula: 
VO2 max = -2,045 + (Height in cm * 0,025) + (Resting Heart Rate * 0,01) + (Step Test Heart rate 
load + Heart rate recovery first minute + Heart rate recovery second minute )/Resting Heart Rate) 
* -0,405) (Dean E. J., et. al., 2011).  

 
Statistical analysis 

Statistical analysis Anthropometric and physical fitness characteristics of the study sample are 
presented as means (SD), unless otherwise indicated. We analysed sex- and age-group differences in the 
anthropometric and physical fitness variables by two-way analysis of variance, unless otherwise stated. 

To provide percentile values for Macedonian children and adolescents, we analysed physical fitness 
data by maximum penalised likelihood using the LMS statistical method for boys and girls separately. 
(Cole TJ, Green PJ., 1992; Cole TJ, et. al., 1998)  We derived smoothed centile charts using the LMS 
method. This estimates the measurement centiles in terms of three age–sex-specific cubic spline curves: 
the L curve (Box–Cox power to remove skewness), M curve (median) and S curve (coefficient of 
variation). For the construction of the percentile curves, data were imported into the LmsChartMaker 
software (V. 2.3; by Tim Cole and Huiqi Pan) and the L, M and S curves estimated. The LMS method, 
specifically the Box–Cox transformation does not work with 0 values. Since a number of children and  
adolescents scored 0 in the bent arm hang test, we estimated centile values for this test using standard 
procedures instead of the LMS method. Except for the LMS method calculations, we used SPSS V. 17.0 
software for Windows (SPSS, Chicago, Illinois, USA), and the significance level was set at 5%. 

 
Table 1. Characteristics of the study sample by sex 

 
  All (n=1892) Boys (n=992) Girls (n=900) Sex difference Age trend 

Age (years) 12,42 1,13 12,43 1,13 12,43 1,13 = - 
Weight (kg) 157,40 9,90 158,56 11,10 156,12 8,20 > > 
Height (cm) 52,83 13,81 54,36 15,12 51,13 11,99 > > 
Body mass index (kg/m2) 21,09 4,10 21,35 4,21 20,80 3,96 > > 
Handgrip (kg)* 24,58 7,39 26,75 8,34 22,20 5,23 > > 
Bent arm hang (s) 7,20 10,34 7,20 10,34 3,95 5,65 > > 
Standing long jump (cm) 150,74 29,35 163,25 28,46 136,87 23,52 > > 
Sit-ups 30 sek. (n) 16,26 5,47 17,35 5,68 15,04 4,97 > > 
4×10-m Shuttle run (s)† 14,35 1,52 13,72 1,37 15,06 1,35 < < 
Sit and reach (cm)* 14,19 7,27 12,21 6,57 16,30 7,40 < > 
Average heart rate (bmp)† 130,99 18,18 122,81 16,09 139,91 16,00 < < 
VO2 max(ml/kg/min) 41,29 8,02 41,31 8,13 41,28 7,89 = < 
Healthy CRF (%) 65,70%   61,80%   70,80%   <  < 
Data are shown as mean (SD), unless otherwise indicated. Sex and age differences were analysed by two-way analysis of 
variance,with sex and age group as fi xed factors, and anthropometric or physical fi tness measurements as dependent 
variables. Healthy CRF variables were analysed by χ2 tests. 
*Values expressed as average of right and left (hand or leg) scores. 
†Lower values indicate better performance. 
The symbol > in the “sex difference” column, the variable is signifi cantly (p<0.05) higher in boys than in girls; <, the 
opposite; =, the non-signifi cant differences.  
Likewise, the symbol > in the “age trend” column, the variable tends to increase by increases in age; <, opposite; =, non-
signifi cant differences, −, not applicable. 
VO2 max, maximal oxygen consumption; CRF, cardiorespiratory fitness 
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Results 
The examination of the normality of distribution in the applied tests with Kolmogorov-Smirnov 

procedure indicated that most of the tests do not deviate from the normal distribution, at both genders in 
all age groups. Only the test bent arm hang, at both genders in all age groups, deviates from the normal 
distribution (the data is not shown).   

The results of the anthropometric indicators and the test for evaluation of the level of physical fitness 
regarding the gender and age, are presented in the table 1. The review of the table shows that the boys 
provide better results in all tests for evaluation of the level of physical fitness (p < 0.000), except in the 
test sit and reach, where the girls provide better results. Generally, the anthropometrical characteristics 
and the level of physical fitness are increased with the age. The prevelency of the boys and girls with 
healthy cardiorespiratory profil is 61,8% among boys and 70,8% among girls.  

On the table 2 to 8 are shown the normative values of the tests for evaluation of the level of physical 
fitness among Macedonian adolescents regarding the gender and age, presented in 5. to 95. percentile. On 
the graph from 1a to 1b are shown the smoothed percentile curves (P5, P25, P50, P75, P95)  for the tests of 
evaluation of the fitness regarding the gender and age. The data in the graph clearly shows slight increase 
of the capabilities by increasing of the age.  
 
 

Table 2. Tabulated physical fi tness centile values by sex and age in Macedonian children and  adolescents. 
Flexibility: sit and reach test (cm) 

 
  M SD P5 P10 P25 P50 P75 P90 P95 
Boys          
11 years 11,77 6,03 3,16 4,66 7,57 11,33 15,58 19,79 22,46 
12 years 12,21 5,88 3,08 4,54 7,46 11,35 15,86 20,43 23,38 
13 years 12,35 6,46 3,00 4,45 7,43 11,52 16,42 21,48 24,80 
14 years 12,57 7,82 2,93 4,38 7,47 11,86 17,25 22,95 26,76 
Girls          
11 years 15,61 7,17 4,76 6,74 10,36 14,79 19,56 24,11 26,94 
12 years 15,73 6,95 4,87 6,93 10,71 15,32 20,30 25,04 27,99 
13 years 15,93 6,91 5,09 7,26 11,24 16,08 21,29 26,25 29,33 
14 years 18,09 8,29 5,49 7,86 12,19 17,44 23,06 28,41 31,72 
а significance p<0.05 compared with previous younger age group 
Centile values were estimated by using LMS method for exact ages. 
M, mean 

 
Table 3. Tabulated physical fitness centile values by sex and age in Macedonian children and  adolescents. Upper-

limb maximal strength: handgrip strength test (kg) 
 

  M SD P5 P10 P25 P50 P75 P90 P95 
Boys          
11 years 20,38 4,44 13,51 14,79 17,09 19,89 22,96 25,97 27,89 
12 years 23,62 5,16 15,86 17,37 20,08 23,40 27,06 30,66 32,95 
13 years 28,75 6,66 19,24 21,06 24,36 28,41 32,89 37,29 40,11 
14 years 35,65 7,58 23,65 25,91 29,99 34,95 40,39 45,69 49,07 
Girls          
11 years 18,29 4,19 12,33 13,61 15,83 18,42 21,12 23,66 25,22 
12 years 21,68 4,22 14,47 15,92 18,41 21,29 24,26 27,02 28,71 
13 years 23,83 4,42 16,39 17,97 20,65 23,71 26,84 29,72 31,46 
14 years 25,77 4,79 18,12 19,79 22,62 25,81 29,03 31,97 33,74 
а significance p<0.05 compared with previous younger age group 
Centile values were estimated by using LMS method for exact ages. 
M, mean 
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Table 4. Tabulated physical fitness centile values by sex and age in Macedonian children and adolescents. Lower-
limb explosive strength: standing long jump test (cm) 

 
  M SD P5 P10 P25 P50 P75 P90 P95 
Boys          
11 years 147,80 22,71 108,24 117,07 131,60 147,46 163,06 176,90 185,11 
12 years 158,75 25,78 116,73 126,27 141,91 158,89 175,53 190,25 198,95 
13 years 168,33 27,72 125,40 135,47 151,97 169,88 187,40 202,89 212,05 
14 years 181,54 26,38 135,23 145,61 162,69 181,32 199,62 215,86 225,48 
Girls          
11 years 130,53 21,07 96,64 103,63 115,83 130,13 145,21 159,45 168,27 
12 years 141,12 20,70 99,80 107,73 121,35 136,98 153,13 168,09 177,22 
13 years 138,69 24,91 100,55 108,90 123,12 139,31 155,87 171,07 180,30 
14 years 138,28 26,11 100,67 109,10 123,44 139,73 156,36 171,61 180,85 
а significance p<0.05 compared with previous younger age group 
Centile values were estimated by using LMS method for exact ages. 
M, mean 

 
 

Table 5. Tabulated physical fitness centile values by sex and age groups* in Macedonian children and  adolescents. 
Upper-limb endurance strength: bent arm  hang test (s) 

 
  M SD P5 P10 P25 P50 P75 P90 P95 
Boys          
11 years 6,43 8,60 1,93 2,77 4,86 8,64 14,67 22,86 29,41 
12 years 8,07 10,84 2,23 3,28 5,91 10,63 18,03 27,87 35,60 
13 years 11,69 13,67 2,59 3,91 7,22 13,08 22,07 33,69 42,61 
14 years 15,14 14,77 2,90 4,53 8,58 15,62 26,14 39,33 49,22 
Girls          
11 years 3,52 5,02 1,29 1,76 2,92 5,01 8,42 13,21 17,17 
12 years 4,04 5,40 1,29 1,81 3,09 5,43 9,24 14,57 18,94 
13 years 4,15 6,36 1,25 1,79 3,16 5,67 9,76 15,42 20,03 
14 years 4,18 5,87 1,17 1,73 3,16 5,79 10,05 15,89 20,58 
а significance p<0.05 compared with previous younger age group 
Centile values were estimated by using LMS method for exact ages. 
M, mean 

 
 

Table 6. Tabulated physical fitness centile values by sex and age in Macedonian children and  adolescents. 
abdominal strength:Sit-ups 30 sek.   

 
  M SD P5 P10 P25 P50 P75 P90 P95 
Boys          
11 years 15,53 6,02 7,97 9,92 13,07 16,46 19,77 22,68 24,40 
12 years 17,08 5,74 9,10 11,02 14,15 17,53 20,84 23,76 25,49 
13 years 18,24 5,09 10,11 11,98 15,04 18,37 21,64 24,55 26,28 
14 years 18,94 5,10 11,07 12,87 15,84 19,11 22,34 25,22 26,93 
Girls          
11 years 13,57 5,08 6,50 8,25 11,13 14,28 17,40 20,18 21,83 
12 years 15,96 4,45 7,63 9,31 12,12 15,22 18,32 21,10 22,76 
13 years 15,35 4,98 8,48 10,07 12,74 15,72 18,73 21,45 23,08 
14 years 15,55 4,97 9,14 10,62 13,14 15,99 18,88 21,51 23,10 
а significance p<0.05 compared with previous younger age group 
Centile values were estimated by using LMS method for exact ages. 
M, mean 
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Table 7. Tabulated physical fitness centile values by sex and age in Macedonian children and adolescents. 
Speed/agility: 4×10-m shuttle run test (s) 

 
  M SD P5 P10 P25 P50 P75 P90 P95 
Boys          
11 years 14,36 1,34 12,54 12,89 13,52 14,32 15,24 16,19 16,83 
12 years 13,94 1,27 12,08 12,42 13,03 13,80 14,68 15,59 16,20 
13 years 13,55 1,35 11,69 12,02 12,61 13,35 14,20 15,07 15,66 
14 years 12,91 1,08 11,25 11,57 12,14 12,85 13,65 14,47 15,02 
Girls          
11 years 15,36 1,24 13,35 13,77 14,50 15,35 16,25 17,11 17,64 
12 years 14,87 1,25 12,99 13,40 14,12 14,97 15,87 16,74 17,28 
13 years 15,08 1,34 12,84 13,25 13,99 14,86 15,80 16,71 17,28 
14 years 14,88 1,50 12,72 13,14 13,88 14,79 15,77 16,74 17,35 
а significance p<0.05 compared with previous younger age group 
Centile values were estimated by using LMS method for exact ages. 
M, mean 

 
Table 8. Tabulated physical fitness centile values by sex and age in Macedonian children and  adolescents. 

Cardiorespiratory fitness:Average heart rate (bmp) 
 

  M SD P5 P10 P25 P50 P75 P90 P95 
Boys          
11 years 122,75 16,36 99,22 104,94 114,78 126,14 137,92 148,88 155,61 
12 years 121,51 15,39 97,63 102,60 111,39 121,86 133,14 144,00 150,85 
13 years 123,69 16,79 97,22 101,98 110,44 120,60 131,64 142,39 149,21 
14 years 123,29 15,79 98,19 103,39 112,45 123,05 134,24 144,82 151,39 
Girls          
11 years 138,03 15,81 111,97 117,65 127,21 137,91 148,69 158,46 164,34 
12 years 138,83 16,53 111,49 117,81 128,12 139,24 150,06 159,57 165,17 
13 years 141,91 16,29 114,37 121,00 131,55 142,61 153,10 162,13 167,37 
14 years 141,08 15,10 114,35 121,54 132,13 142,37 151,47 158,91 163,09 
а significance p<0.05 compared with previous younger age group 
Centile values were estimated by using LMS method for exact ages. 
M, mean 

 
 
 

    

   
 

Figure 1a. Percentile curves (from bottom to top: P5, P25, P50, P75, P95) of 4 tests to measure different fitness tests. 
The smoothing of the percentiles was done with the LMS method (Boys). 
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Figure 1b. Percentile curves (from bottom to top: P5, P25, P50, P75, P95) of 4 tests to measure different fitness tests. 

The smoothing of the percentiles was done with the LMS method (Girls). 
 
Discussion 

The recently published literature indicates that physical fitness is an important health marker already 
in youth, (Ortega FB, et. al. 2008; Ruiz JR, et. al 2009), highlighting the need of meaningful and accurate 
physical fitness assessment in young people. Correct interpretation of physical fitness assessment requires 
comparing the score obtained in a particular person with normative values for the general population with 
the same gender and age. In this respect in the research are shown normative values for certain age and 
gender for a complete set of physical fitness components in Macedonian adolescents. The advantage of 
this research is the strict standardization during the field work in order to avoid bias due to inconsistency 
at measurement protocols.  

At all age categories the girls show better results in the test “sit and reach”. The achieved results are 
similar to the researches realized in Greece and France (Koutedakis Y, et.al. 2003; Baquet G, et. al. 
2006). The reason might be in the differences at the level of growth and development of the connective, 
muscular and osteal tissue, as well as to the difference at the anathomy in the hip joint and pelvis between 
boys and girls (Wedderkopp N, et. al. 2004;  Cole TJ, et. al. 2000; Kulinna PH, et. al. 2003). In the others 
tests for evaluation of the physical fitness (standing long jump, handgrip, sit-ups/30 sec, shuttle running 4 
x 10 and values achieved at the three-minute step test – average heart rate) at all age categories the boys 
achieve better results. The differences in the tests for evaluation of the level of physical fitness between 
the boys and girls are mostly expressed in the 14th year, and the most in the test in which the strength and 
endurance are dominating. Gender differences in the period of adolescence in combination with the 
effects of endocrine adaptation typical for sexual maturation, morphological differences, mostly the body 
composition, functional differences and physical activity are the main factors for the differences in the 
level of physical fitness in this period between the boys and girls. In this period gradually comes to 
stabilization of the morphological and functional characteristics, and on the other hand in this period the 
boys are generally more included in organized form of training and spontaneous physical activities, 
unlikely the girls, which contributes to improving the strength that contributes to improving the other 
motor tasks.  

The resultates of research show that 34,2 % of the boys and 45,00% of the girls achieved 0 on the bent 
arm hang test (the data is not shown). We observed that a substantial number of the adolescents studied, 
particularly girls, scored 0 in the bent arm hang test. Castro-Piñero et alobser ved even higher percentages 
of youths (age 6–18 years) scoring 0 in this test (28% of the boys and 39% of the girls) (Castro-Piñero J, 
et. al., 2009). Surely, there are differences in upper-body endurance muscular fitness among the 
adolescents that performed 0 in the bent arm hang test, but the test is not able to discriminate them. 
Because of the lack of sensitivity observed in this test, its usefulness and future use in Macedonian 
adolescents is questionable. 

Also, the results of the previous researches (Kurelić, N., et.al. 1975; Mraković, M., et. al. 1996) show 
that in these ages and categories, the boys have better coordination, explosive and repatative strength. 
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Similar results are achieved at the comparative studies (Mraković, M., et. al 1996, Strel, J. et. al, 2003),  
where the boys achieve better results in the tests for evaluation of the level of physical fitness in which 
the energetic component dominates. Strel (Strel,  et. al. 2010) and Kondric  (Kondrič, M. 2000) indicate 
that there are gender differences in the tests for evaluation of the level of physical fitness between the 
boys and girls, and most evident are the differences in the 13th year. Markovich and the collaborators 
(Mraković, M., et. al. 1996)  indicate that the lower values of the level of physical fitness among young 
girls cannot be considered only as a result to the specifics in growth, but also because of lack of physical 
activity.  

The regularities in the development of the level of physical fitness are pursuant to the laws of growth 
and development (Marković, et. al, 1996., Horvat i Vuleta, 2002; Vraneković et. al, 2003., Starc et. al, 
2010; Bala i sar., 1996., Popovići sar., 2006; Bala i Popović, 2007., Popović, 2008.). During the analyzed 
years, the level of the physical fitness constantly follow the curve of growth (Mišigoj-Duraković, 2008). 
It is noticable that the biggest differences are in the capabilities, which are mostly inborn (speed, 
coordination and explosive strength), whereas in the capabilities that are influenced by the physical 
practicing there are smaller differences. Wrotniak and the collaborators got similar results (Wrotniak et al. 
2006).  

In agreement with previous literature, (Ortega FB, et al., 2005) our data suggest that the girls’ fitness 
levels are generally more homogeneous than boys’ fitness level and a trend towards incrementally higher 
physical fitness in the boys across age groups, whereas the girls showed stability or a slight increase 
across ages in physical fitness. 

Considering the importance of the cardiorespiratory capacity, as a powerful marker of the health of 
childhood and adolescence, the scientists all over the world and the well-known organizations suggested 
criterion reference standards (eng. cut-off points) for each age and gender. (Cureton KJ, et. al, 1990; Bell 
RD, et al., 1986). 

 The idea is based on the achieved results to determine the minimal level of the cardiorespiratory 
capacity (maximal oxygen consumption), that is neccessary to „protect” the health of the young people, in 
other words, to decrease the risk of possible health issues in the adulthood. The most often used critetion 
reference standards are the standards of FITNESGRAM (The Cooper Institute, Dallas, Texas, 2010; 
Cureton KJ, et. al, 1990; Blair et al., 1989) which are used in this research, too. In our research we 
determined that 61,8% from the participants who were male sex and 70,8% from the participants who 
were female sex have fair cardiorespiratory profil. The comparative analyze points that larger 
percentage of the girls in Macedonia have more favorable cardiorespiratory profil in relation to the 
peers measured in the study HELENA (61% of the boys and 57% of the girls had favorable 
cardiorespiratory profil), but lower regarding the previous researches realized upon the European 
adolescents from Spain (81% of the boys and 83% of the girls had favorable cardiorespiratory 
profile), (Ortega FB,  et. al., 2005) or Sweden (91% of the boys and 80% of the girls had favorable 
cardiorespiratory profile), (Ortega FB, et.al, 2008). However, the data of our research are similar to 
the ones got in the researches of the american adolescents (two thirds of the boys and girls had 
favorable cardiorespiratory profile), (Pate RR, et. al. 2006). Although, in this researches are used the 
same criteria reference standards (FITNESSGRAM - Standards for Healthy Cardiorespiratory Fitness 
Zone) for determining of the good health status, on the basis of the cardiorespiratory fitness, there are still 
methodological differences in determination of the cardiorespiratory capacity (aerobic capacity). 

 In the aforementioned researches, usually the cardiorespiratory capacity is determined on the 
basis of the Leger’s test, while in this research the three-minute step test was used and that’s why the 
comparative results should be taken in mind with certain degree of reserve.  

The comparative and longitudinal researches indicate that in the last ten years there is a decline in the 
cardiorespiratory capacity among the european adolescents (Tomkinson GR, Olds TS. 2007). 

The normative values might be used for different purposes. At population level, the lowest percentiles 
as 5. or 10. might be used as a „warning signal” and the participants who have results under these 
percentiles are needed additional testing and examination for determination of the possible causers of the 
comorbidity. The participants who have result under these percentile values might have a genetic 
mutations which do not cause illnesses of the phenotypes by themselfs, but it makes them intolerant of 
exercise (ex. reduced muscular AMP deminyses, due to C34T mutation of the gene AMPD1), (Rico-Sanz 
J, et. al, 2003).  
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The normative values shown from 5 to 95 percentile provide the children and youngsters to determine 
the individual level of fitness (for how many percent they have better or worse performance) on the scale 
from 1 to 7. Also, the results might be categorized in five categories using the Likert's method of 
measuring: very weak, weak, average, above average and high ranking. This is esspecialy useful when the 
evaluation is done for health or pedagogic and educational goals, for early detection of problems. That 
provides undertaking adequate intervention among an individual or certain group and following of the 
participant in percentile category (Manios Y, et. al. 1998).  

 
Conclusions 

By this research, normative reference values for evaluation of the level of the fitness among 
Macedonian adolescents were being formed. These normative reference values shall provide proper 
evaluation and interpretation of the level of physical fitness among Macedonian students. The level of the 
cardiorespiratory, muscular fitness, speed/agility are highly connected to the present and future health 
condition; the fifth percentile achieved in this research might be used as a biological indicator and the 
values achieved in the tests under this percentile are considered as pathological condition. This “tool” is 
especially useful in the health and educational circles. From practical aspect, this kind of testing of the 
level of the physical fitness should be realized in all school in R. Macedonia, whereby the teachers of 
physical education should play the key role in the identifying of the adolescents with low level of physical 
fitness, as well as to identify the talented adolescents. The normative values should not be the used for 
stimulating competition between the children and the adolescents. Instead, they should provide precise 
detection of the individual progress among the individual (ex. from 40. to 60. percentile). Large percent 
of the Macedonian children and adolescents have low level of fitness (Ortega FB, et al., 2005; 
Tomkinson et. al., 2007; Gaević,et. al. 2009), in comparison with the children and adolescents of the other 
countries. The evaluation of this information is very important and that’s why is immediately necessary to 
develop a strategy and programs for prevention of enhancing of the level of physical fitness (especially 
the strength, aerobic capacity and flexibility) among Macedonian adolescents. Having in mind the fact 
that these components of physical fitness are somehow a health marker, the authorized institutions 
(Ministry of education, health, local government, central authority) should undertake proper preventive 
measurements and levels of intervention, in order to overcome this situation. The measurements and 
interventions should be implemented on a population and individual level. 
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Abstract: 
The main objective of this study was to determine the correlation of motor abilities and motor skills in 

seven-year olds attending judo school (n=41). Based on the main aim, two sub-aims were derived: to 
determine the metric characteristics of the five judo skills analysed, and to determine partial and global 
correlations of motor abilities and motor skills in young judoka. We used twelve motor tests to assess 
motor abilities and five tests to assess motor skills. The best partial correlation with motor abilities was 
exhibited by the o soto gari - major outer reaping throw. Canonical correlation analysis showed 
significant correlation of the overall dimension of motor abilities with the selected judo motor skills 
(p=0,025). Furthermore, it can be assumed that the frequent repetition of o soto gari and ushiro-ukemi in 
training of young judoka, could positively influence the development of specific motor skills necessary for 
success in judo fight, especially for developing explosive strength of arm and legs. Based on the results it 
can be concluded that for the successful implementation of techniques or elements in judo, young judokas 
need to have all equally highly developed motor skills. This fact should be taken into consideration in the 
selection and orientation of young judoka. 
  
Key Words: Motor abilities, motor skills, judo, selection 
 
Introduction  

Judo is one of the most popular combat sports (Brouse and Matsumoto, 1996). Undoubtedly, this can 
be attributed to judo becoming an Olympic sport in 1964. This dynamic combat sport has taken over 
almost all world countries today, and in many of them it is one of the most popular individual sports. It is 
also seen as an art form. According to its structure of movement, judo falls into the category of 
polistructural acyclic sports in which acyclic movements are dominant, with a binary variable as a final 
result, i.e. one judoka winning and the other one losing (Krstulović, 2010, according to Kuleš, 1980). 
Judo performances are complex to explain, primarily because it is determined by different technical, 
tactical and physiological parameters (Detanico et al., 2012). As a system of psychophysical 
development, judo has a primary goal of getting a person to a state of complete emotional, psychological 
and physical maturity and stability through its methods and exercises (Dragić, 1985). This ultimate goal 
of judo is achieved through a series of immediate goals imposed on judoka during exercise. The first 
immediate goal of judo is to overpower opponent’s brute strength by yielding, speed and skill of 
movement. Relations between perceptive and motor skills were analysed by (Calmet and Ahmaidi, 2004). 
Putting the opponent into a position of insecurity requires mastering of several throws. Authors Perrin et 
al. (2002) compared how completely different motor activities (judo and dance) develop sensory-motor 
adaptation in the area of balance control. In their paper hypotheses were set stating that training enables 
athletes to acquire new abilities of balance control which would be differentiated according to the 
discipline in which a judoka is involved. Postural skills of highly ranked judoka, professional dancers and 
the control group were analysed to determine whether the mentioned activities improve postural control. 
Better results with eyes open were recorded in judoka and dancers in comparison to the control group, 
which shows a positive effect of training on sensory-motor adjustments. However, with eyes closed, 
judoka achieved significantly better results. Motor abilities and anthropometric characteristics 
considerably discriminate successful judoka from less successful ones, so they must be considered an 
important selection criterion in judo. The results of motor-functional tests should be compared to model 
values of elite (or the best in the country) judoka of the same age, and based on these pieces of 
information, the future training process should be programmed. By applying a smaller number of tests, it 
would be hard to evaluate the motor-functional potential of judoka (Lidor et al., 2005). It is known that 
there is a causal relationship between motor skills and motor abilities. In judo, it is important to 
investigate what specific skills and their practice would lead to the development of motor abilities, and 
what motor abilities are key to the performance of specific motor judo skills. According to Perin et al. 
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(2002), repetition of kinesiological judo operators will lead to the development of specific development of 
balance, more precisely of sensory-postural control (with eyes closed) which is crucial for competitive 
success in judo. The investigation of influence of fully determined judo motor skills on the development 
of abilities relevant for success in a judo fight leads us to the information on what operators (in the wide 
spectre of judo techniques) should be repeated with higher frequency because they would lead to the 
development of specific urgent abilities relevant for success in judo. The main aim of this study was to 
determine the correlation between motor abilities and motor skills in judo among seven-year-olds 
attending judo school. Based on the main aim, two sub-aims were derived: to determine the metric 
characteristics of the five judo skills analysed, and to determine partial and global correlations of motor 
abilities and motor skills in young judoka. 
 
Material & methods 

The subject sample included 41 male first grade students of elementary school (aged 7.2 years), who 
have practiced judo for 9 months. The only criterion for student selection was for them to be clinically 
healthy and free of aberrations, and not to be actively involved in any other extracurricular physical 
activity. It must be emphasized that during the 9 months all the boys followed the same programme, had 
the same coach, and participated in the minimum of 80% of training and regular PE classes. 

The variable sample included 12 motor tests for assessing motor abilities and 5 tests for assessing 
motor skills in judo. The following tests were used: the obstacle course backwards test (MPOL) to assess 
global coordination; the lateral steps test (MKUS) to assess agility; the shoulder flex (MISKR) and seated 
straddle stretch (MPRR) tests to assess flexibility; the arm plate tapping (MTAR) and foot tapping 
(MTAN) tests to assess movement frequency; the standing long jump (MSDM), throwing a ball (MBLD) 
and 20 m sprint from standing position (M20V) tests to assess explosive power; the sit-ups (MDTS) test 
to assess dynamic strength; the bent-arm hang (MVIS) test to assess isometric strength; and finally, the 3 
minute run (MT3M) test to assess aerobic endurance. 

For the evaluation of motor skills, the subjects had to perform the following judo elements: forward 
roll zempo-kaiten ukemi (ZKAIT) – right, side fall yoko-ukemi (YOUKE) – right, backward roll ushiro-
ukemi (USUKE), major outer reaping throw o soto gari (OSTG) – right, floating hip throw uki goshi 
(UKGOS) – right. In the falling techniques, the following was evaluated: amortization by one or two 
hands during falling, angle between the arm and the body during falling performance, body position 
during falling performance, the size of contact surface with the mat. In the throwing techniques, the 
following was evaluated: breaking balance ukea (kuzushi), fitting the body into proper position for 
throwing (tsukuri), control of contact during lifting and throwing uke, stability of tori, continuity of 
performance and throwing amplitude (kake). The techniques were evaluated by three judges (black belt 
holders with great field experience). Each subject repeated all falling techniques three times (frontal, side 
and backwards). The subjects also performed throwing techniques three times, each time with a different 
partner of approximately the same height and weight. The evaluators assigned a mark from 1 to 10 for 
each technique a subject performed. 

Basic statistical parameters (mean (Mean), minimum (Min), maximum (Max), coefficient of variation 
(CV%), standard deviation (SD), coefficient of asymmetry (Skewness), coefficient of flatness (Kurtosis) 
and Kolmogorov-Smirnov test (KS)) of all variables for the overall sample of boys were analysed. To 
determine the metric characteristics of the analysed motor skills, the following analyses were applied: 
coefficient of asymmetry (Skewness), coefficient of flatness (Kurtosis) and Kolmogorov-Smirnov test 
(KS) were calculated to assess the sensitivity of motor skills; Cronbach’s alpha (α), inter-item correlation 
(IIr) and intercorrelation of judges’ evaluations were calculated to assess judges’ objectivity; the first 
principal axis of items in the evaluation space for each skill and the percentage of the explained variance 
were calculated to assess the homogeneity of the items in the evaluation measuring instrument. To 
determine the partial correlation between the variables of motor abilities and motor skills, linear 
correlation analysis was calculated. To determine the global correlation between the variables assessing 
motor abilities and the variables assessing motor skills, canonical correlation analysis was calculated, 
with the following parameters: canonical coefficient of correlation (Can R), canonical coefficient of 
determination (Can Rsq) and the pertaining levels of significance (p). After the conducted measurements, 
the obtained data were entered into the Statistica for Windows Ver.10.0 programme. 
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Results and discussion 
 

Table 1. Basic statistical parameters of variables for assessing motor abilities and motor skills: mean (M), 
minimum (Min), maximum (Max), coefficient of variation (CV%), standard deviation (SD), coefficient of asymmetry 

(Skewness), coefficient of flatness (Kurtosis) and Kolmogorov-Smirnov test (KS). 
 

 Mean Minimum Maximum CV% Std.Dev. Skewness Kurtosis K-S  
MPRR 45.75 25.00 64.00 18.44 8.43 -0.34 0.04 >0.20 
MISKR 49.92 35.00 72.00 18.79 9.37 0.97 0.27 >0.20 
MPOL 15.67 9.87 22.25 21.58 3.38 0.44 -0.68 >0.20 
MKUS 12.83 10.48 15.38 9.28 1.19 0.20 -0.70 >0.20 
MSDM 133.57 96.66 164.33 11.76 15.70 -0.35 0.03 >0.20 
MBLD 11.49 5.50 17.16 27.42 3.15 0.02 -0.79 >0.20 
MTAR 20.45 15.33 25.33 11.13 2.27 -0.12 -0.43 >0.20 
MTAN 29.81 22.66 35.00 8.76 2.61 -0.63 0.90 >0.20 
MDTS 30.73 19.00 42.00 20.53 6.30 0.13 -0.95 >0.20 
MVIS 23.38 4.97 53.77 58.96 13.78 0.56 -0.57 >0.20 
MT3M 523.48 405.00 695.00 10.34 54.10 0.70 1.79 >0.20 
M20V 4.50 4.00 5.21 5.93 0.26 0.34 0.25 >0.20 
USUKE 7.57 4.00 9.00 18.03 1.36 -1.12 0.32 <0.10 
YOUKE 5.33 1.33 9.00 42.23 2.25 -0.05 -1.24 >0.20 
ZKAIT 5.89 1.67 9.33 33.25 1.96 -0.60 -0.32 >0.20 
OSTG 5.80 1.67 9.00 29.93 1.74 -0.60 0.09 >0.20 
UKGOS 5.80 1.00 9.00 37.87 2,20 -0.76 -0.36 >0.20 

  
Basic statistical parameters of variables for assessing motor abilities are presented in Table 1: Basic 

statistical parameters of variables for assessing motor abilities and motor skills: mean (M), minimum 
(Min), maximum (Max), coefficient of variation (CV%), standard deviation (SD), coefficient of 
asymmetry (Skewness), coefficient of flatness (Kurtosis) and Kolmogorov-Smirnov test (KS). In most 
variables assessing motor abilities a relatively even range of results between minimum and maximum 
result can be noticed. By observing the relative variability (coefficient of variation), it can be noticed that 
the MVIS variable has the highest variability. The results of isometric strength among children are 
different and can be changed in a short period of time, which is characteristic for this age, exactly because 
of growth and development (Bompa, 2000). A smaller dispersion of results around the mean can be 
notices in the motor skills variables, in comparison to the variables assessing motor abilities. Such result 
is logical given that the variability of the results of the variables assessing motor skills is limited 
beforehand by marks from 1 to 10. By examining the values of coefficients of asymmetry (Skewness) in 
the table, it can be seen that the backward roll (USUKE) motor skill was the easiest for children to 
master, and the lowest mark for this skill was 4. This can be interpreted by the fact that the backward roll 
is the least demanding of all skills in terms of technical difficulty. It is clear that the values of coefficients 
of asymmetry (Skewness) were positive for each motor skill. The coefficient of variation (CV%) in the 
table shows a relatively similar dispersion of results. Lower dispersion can be seen in the USUKE 
variable, whereas is somewhat higher in the YOUKE variable. The Kolmogorov-Smirnov test for each 
measured variable confirmed normality of distribution of all the variables applied. 

 
Table 2. Values of coefficients of objectivity (Cronbach's alpha coefficient α and inter-item correlation II r) 

 
 Α IIr 

USUKE 0.94 0.85 
YOUKE 0.97 0.92 
ZKAIT 0.95 0.88 
OSTG 0.97 0.91 

UKGOS 0.97 0.93 
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In Table 2 it can be seen that standard indicators of judges' objectivity (Cronbach's alpha coefficient 
and inter-item correlation) have high values and are a reflection of good compatibility of judges, i.e. 
synchronisation. 
 

Table 3. Intercorrelations of judges - evaluators (S) 
 

 USUKEM YOUKEM ZKAIT OSTG UKGOS 
 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

S1 1.00   1.00   1.00   1.00   1.00   
S2 0.88 1.00  0.94 1.00  0.89 1.00  0.94 1.00  0.92 1.00  
S3 0.83 0.84 1.00 0.93 0.92 1.00 0.90 0.88 1.00 0.82 0.92 1.00 0.94 0.95 1.00 

 
Correlations between judges' evaluations in all five skills are presented in Table 4. It is evident that the 

correlation is high, which is an indicator of independence of young judoka’s performance from error in 
evaluation. 

 
Table 4. Structure of the first principal axis in the space of evaluator items  

 
 USUKE YOUKE ZKAIT OSTG UKGOS 

S1 -0.95 -0.98 -0.97 -0.97 -0.97 
S2 -0.96 -0.98 -0.96 -0.98 -0.98 
S3 -0.94 -0.97 -0.96 -0.97 -0.99 

Exp.Var. 2.70 2.86 2.78 2.83 2.87 
Prp.Totl 0.90 0.95 0.93 0.94 0.96 

 
Latent dimensions in the variable space of evaluators, i.e. judges are presented in Table 4. It is clear 

that each item contributes to the common subject of measurement, thus every judge evaluates the same 
subject of measurement. It can be concluded that satisfactory homogeneity of items was achieved. It can 
also be seen in the table that a high percentage of the total variance of the system of items for each factor 
was explained. 
 

Table 5. The correlation matrix between the variables assessing motor    
abilities and the variables assessing motor skills in judo (p=0.05). 

 
 USUKEM YOUKEM ZKAIT OSTG UKGOS 

MPRR 0.45 0.22 0.20 0.39 0.26 
MISKR -0.23 -0.29 -0.19 -0.32 -0.17 
MPOL -0.42 -0.29 -0.14 -0.29 -0.12 
MKUS -0.22 -0.27 -0.22 -0.30 -0.21 
MSDM 0.58 0.33 0.37 0.42 0.23 
MBLD 0.50 0.40 0.52 0.55 0.40 
MTAR 0.20 0.23 0.36 0.34 0.39 
MTAN 0.12 0.35 0.28 0.21 0.28 
MDTS 0.34 0.44 0.32 0.41 0.43 
MVIS 0.12 0.18 0.20 0.22 0.19 
FT3M 0.32 0.26 0.03 0.18 0.16 
M20V -0.35 -0.36 -0.08 -0.28 -0.22 

 
Linear correlation between the variables assessing motor abilities and the variables assessing motor 

skills in judo is presented in Table 5.  In this paper, variables assessing judo motor skills play the role of 
criterion variables, i.e. referent values for assessing technical skills of young judoka, so they will be 
interpreted as such hereinafter. It can be seen in Table 5 that all statistically significant correlations 
between motor abilities and motor skills were positive. Such results were expected because a whole series 
of previous studies have confirmed positive correlation of motor abilities (especially coordination) on one 
hand and motor skills on the other (Miletić et al., 2004). It can be noticed that motor variables are mostly 
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significantly correlated with all the applied judo motor skills. It can also be seen in Table 5 that the 
highest correlation was found between motor variables and the o soto gari (OSTG) throwing technique. It 
can be concluded from this that the throwing technique (OSTG) was best performed by the boys with all 
types of strength-power developed, who were coordinated, and in addition, flexible in lower extremities. 
Based on these results, it can be inferred that practically all motor abilities must be developed for quality 
realization of judo motor skills in seven-year-olds attending judo school. The best partial correlation to 
motor abilities was demonstrated by the o soto gari (OSTG) throwing technique. 
 

Table 6. The results of canonical correlation analysis between the variables assessing motor abilities and motor 
skills (Root – structure of significant canonical root: Can R – canonical coefficient of correlation; Can Rsq 

coefficient of canonical determination; p – level of significance). 
 

 Root   1 
MPRR 0.56 
MISKR -0.40 
MPOL -0.44 
MKUS -0.40 
MSDM 0.71 
MBLD 0.83 
MTAR 0.49 
MTAN 0.32 
MDTS 0.59 
MVIS 0.29 
FT3M 0.29 
M20V -0.38 

  
USUKE 0.83 
YOUKE 0.66 
ZKAIT 0.76 
OSTG 0.87 
UKGOS 0.72 

  
CanR 0.75 
CanRsq 0.58 
P 0.025 

 
The results of canonical correlation analysis that was calculated between the variables assessing motor 

abilities and motor skills are presented in Table 6. Significant correlation is noticed of the first two 
canonical roots with the coefficient of correlation of 0.75, which defines 58 % of the explained variance. 
The motor space was explained by high projections of all motor abilities variables. In the space of motor 
skills, all the variables were also prominent, with the o soto gari (OSTG) throwing variable particularly 
standing out. It can be inferred from these results that high values of all motor variables had a positive 
influence on realization of falling and throwing techniques, especially of the o soto gari throw. It can be 
noticed that the variables of shoulder flex (MISKR), obstacle course backwards (MPOL), steps lateral 
(MKUS) and 20 m sprint from standing position (M20V) had negative projections on canonical roots. 
The reason for this is that lower value in these variables also means better result. 
 
Conclusion 
The aim of the conducted research was to determine the correlation of motor abilities and motor skills 
measured in seven-year-olds attending judo school.  The subject sample included 41 boys aged 7 years, 
first grade students of elementary school who have attended judo school. The measurement included 12 
motor tests and three judges evaluated five judo elements. The best partial correlation with motor abilities 
was exhibited by the o soto gari leg throwing technique. Canonical correlation analysis showed 
significant correlation of the overall dimension of motor abilities with the selected judo motor skills. 
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Furthermore, it can be assumed that more frequent repetition of the major outer reaping throw o soto gari 
and the backward roll ushiro-ukemi in training young judoka could have a positive influence on the 
development of specific motor abilities crucial for success in a judo fight, especially for the development 
of explosive power of arms and legs. Based on the obtained results it can be inferred that for successful 
realization of techniques, i.e. elements in judo all motor abilities must be equally highly developed. This 
fact should be taken into consideration during the selection and orientation of young judoka. 
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Abstract: 

Proper postural child development depends on good structural and functional development of the 
body. Children have already affected their development and their posture in a negative way by reducing 
their movements and by  increasing their weight at the same time. When observing the sagittal posture, 
the gravity line passes through these points: mid skull, mid shoulder, hip, knee, and slightly in front of the 
malleolus lateralis. The main objective of this paper is to determine the differences in indicators of 
posture in children attending extended and those children who do not attend an extended stay. The 
sample in this study included the students from 1st to 3rd grade of elementary school with a total number 
of 134. Subsamples of respondents are arranged within the first, second and third grade and sub-samples 
of children attending an extended stay and those who do not attend it. Four variables were taken to 
determine the postural stability: anterior or posterior tilt of the body in relation to the gravity line, 
percentage of CG distributed anteriorly and posteriorly to the point of the projection of the center of the 
body on the surface of the palm of respondents and distance travelled point of the projection of the center 
of the body in the area of support expressed in millimeters. Measuring of the indicators of posture were 
exercised by one surveyor who set markers at specific points of the body in the sagittal examination, 
another surveyor carried out the shooting, and the third one did the analysis on the force platform 
recording within 3 seconds by setting a foot parallel to the platform in a calm and relaxed attitude. Based 
on the results the main hypothesis was confirmed: subsamples of respondents (children attending and 
those not attending extended stay) were significantly different in all postural parameters. 

 
Key Words: foot pressure distribution, elementary school children 
 
Introduction 

The standard posture (latin - positura - position ) is the correct relation of different parts of the body 
which maintains a balance between supporting structures. The spine must have a normal curvature and 
lower extremities must be in an ideal position to maintain balance. When observing the sagital posture, it 
is clear that gravity line passes through these points: auditory opening, acromion, and hip, slightly 
anterior to the epicondyle knees and slightly anterior to the lateral malleolus. Derogation from any point 
of the correct body posture will try to compensate for posture, and eventually will become improper 
posture. It is important to recognize the body points that indicate postural deviations in the growth of the 
individual. In recent times there is increasing dispute about the problem of overweight children’s 
schoolbags and risks to children's health, the muscle and spinal discomfort and numbness in hands and 
fingers, fatigue and cervical spinal musculature which is associated with improper posture. In some 
European countries, the law prescribes that the weight of school bags must not exceed 10 % of the body 
weight of the child (Fošnarić, 2007). 

The younger the child, the lower acceptable load; for children who are between 6 and 7, it should not 
exceed 5-10 % of their body weight. If a child carries heavy burden, it will be difficult to walk faster and 
they will get tired easily. Conditions unwittingly exacerbate if a child carries a bag on one shoulder, in 
one hand or over their back all the way to their thigh. Child weakens stat - dynamics of their 
musculoskeletal system; there is a failure in occurrence of postural muscle which promotes the formation 
of inadequate posture. Hunched posture will harm the natural curvature of the spine in the long run. 
Postural tilt implies a movement of the head, shoulders and pelvis. The head and pelvis can tilt the 
anterior or posterior to the coronal plane. The anterior tilt of the head will result in flexion of the cervical 
spine and posterior slope will result in the extension. The posterior pelvic tilt results in flexion of the 
lumbar spine and anterior pelvic tilt results in the extension of the lumbar spine. The head and pelvis can 
tilt laterally; from the neutral position, shoulder blade can attain anterior slope rather than posterior slope, 
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unless the posterior slope means the blades moving back to the neutral position of the anterior tilt. There 
is an increasing number of children with incorrect posture and the research has shown that in Croatian 
schools in children between 6-9 years, this percentage ranges from 51-62%, (Paušić, 2005) and in boys 
10-13 years, from 10 to 22% (Paušić, 2007). Paušić and Kujundžić (2008) conducted a study whose 
objective was to determine the percentage of the weight of school bags in relation to the weight of 
students in some schools in Split-Dalmatian County and therefore warn all of those concerned, that there 
is a problem of too heavy bags in early childhood. The weight study was carried out on a sample of 348 
students attending years 1-4 and two values were established : body weight and the weight of school bags, 
as well as the average weight of bags in relation to body weight. The data indicated that in all years, the 
percentage of overweight bags in relation to students’ body weight is 10% higher, reaching up to 12.5-
13.8%. Paušić et al. (2009) have conducted this research on 252 students attending years 1-4. The aim of 
the study was to determine the percentage of overweight schoolbags in relation to body weight students 
and to determine whether there were differences between the students of the first, second, third and fourth 
years. The next objective was to answer the question of whether there is a connection established by the 
percentage of weight of school bags in relation to body weight and intensity of pain reported by carrying 
schoolbags and differences between students of different years in the variable of intensity of pain. The 
interview with the students was conducted immediately after the measurement of body weight and weight 
bags and the researcher   talked with all the students involved. It was concluded that the primary factor 
that made the bags so heavy was carrying unnecessary didactic material; the timetable was always 
defined, but its implementation was not always to the plan. Ultimately, we always have to think about the 
future growth and development of our children. Pau et al. (2010) analyzed the foot pressure in 359 
children attending primary school (6-10 years of age) in a static upright posture, in order to assess the size 
and features that impact stemming from the relationship between the load and the foot of the substrate. 
The data collected showed that the school bag had a significant increase in the total reliance on the 
surface (10%) and that the pressure was greater on the front of the foot (20-30%). A significant shift in 
the average position of the feet from the pressure centre towards the front of the foot was an indication of 
where the body tried to compensate for its stability at an excessive load. These results suggest that heavy 
burden increases the risk of foot deformities and acts as an important factor in the occurrence of changes 
in the structure of the foot. Kellis (2001) conducted a study where the aim was to examine the pressure 
distribution of the body weight on the foot in preschool boys with upright posture, during lowering and 
walking. Fourteen healthy boys performed five activities (standing on one leg, standing on both feet, 
landing in a squat on one and both legs and walking) on the platform of Musgrave system.  Eight points 
of view were considered in analyzing the results taken: analysis of variance (ANOVA) shows that, in 
total, the pressure of the foot during the descent was significantly higher compared to the total pressure 
developed during standing on one leg or both legs and the contact during walking  (p<0.05). Multivariate 
analysis of variance showed that the foot pressures were significantly greater during the descent on the 
other point of view and walking compared with pressures while standing on both legs (p<0.05). Standing 
and walking phases were not entirely important positions in this observation. 

The aim of this study was to determine whether there were differences in body posture in children 
attending an extended stay (breakfast club and after school club) and those children who do not, but go to 
school and carry their bag every day, in order to highlight the problem and assist in their healthy growth 
and development . 
 
Material & methods  

The study included 134 students in years 1-3. The respondents were observed within the first, second 
and third year, those attending an extended stay and those who did not. The first class included 45 
children, 26 of which were attending an extended stay and 19 who did not. The second class included 42, 
18 of which attended an extended stay and 24 did not. The third class included 47 children, 34 of them 
attended an extended stay and 13 who did not attend. Subsample of children attending an extended stay 
within each class were not wearing school bags and had daily physical activity within the 2 hours of 
afternoon rest. The students needed their parents’ approval for participating in this study and signed 
agreement was needed for performing further measurements as well as their approval for their children’s 
photographs to be taken and used in this study. In order to determine the postural stability four variables 
had to be considered. Variable BODTIL shows  the anterior or posterior tilt of the body in relation to 
gravity line which is estimated by taking pictures of posture and angle of inclination of the line, using 
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computer program PostureZone Analyser Version 2.0.63 ( Phillip Geary DC , MSc ).  The following three 
variables were estimated by tensiometric platform Footscan ( RsScan , Inc., UK): 

ANT% - the percentage of body gravity is distributed anterior to the point of projection of the body 
center of gravity on the surface of the support of the respondents. The value is expressed in percentages 
and the total percentage is 100%; it refers to the sum of the values of two variables ANT% and POS%. 

POS% - the percentage of body gravity is distributed posterior to the point of projection of the body 
center of gravity on the surface of the support of the respondents. The value is expressed in percentages 
and the total percentage is 100%; it refers to the sum  of values of two variables %ANT and %POS . 
PCTT - distance travelled point projection of the center of gravity in the area of support, expressed in 
millimetres (mm). Data collection was carried out within one working day and 134 school children from 
years 1-3 took part. Children were arranged in different subcategories according to whether they attended 
an extended stay in school or not.   It is important to note that the measurement was performed at the end 
of the school year when the children were already adjusted to school regime (carrying a school bag). 
Measuring indicators of body posture was performed by an assessor who set markers at specific points of 
the body in the sagittal review, another surveyor carried out picture taking and the third performed 
analysis using the platform of Footscan, ( RsScan , Inc., UK) recording within 3 seconds, setting foot 
parallel to the platform in a calm and relaxed attitude . Photography was done in the sagittal examination 
by placing markers in order from head to toe, to very specific areas of the body, using method of 
photography analysis of subjects within the computer software PostureZone Analyser Version 2.0.63 
(Phillip Geary DC, MSc), which proved to be highly reliable (Paušić, 2010). After all the children had 
been measured and the data stored, the processing of the obtained data started. The data processing began 
by analyzing photos of the children within the computer software PostureZone Analyser Version 2.0.63 
(Phillip Geary DC, MSc).  For each photo the assessors have set lines that match the description of the 
variables obtained. In this way, six reference lines were detected and for this study the line that 
represented the deviation of body posture towards gravity line was taken as the reference (representative) 
line. 

The results of reference lines were entered into the matrix of data, which were subsequently processed 
in the statistical program Statistica 7.0 (StatSoft, Inc. 2004). Then, they analyzed the data obtained on the 
platform of Footscan (RsScan, Inc. UK) and for each of the children were taken three data (anterior ANT 
and posterior POS percentage of the body mass centre distributed from the point of projection on the 
surface of the respondent’s palm and the distance traveled from the point of projection of the body mass 
line within the area of support, expressed in millimeters, PCTT). The results were analyzed by descriptive 
statistics and the following values were obtained: AS - mean, SD - standard deviation, min. - Minimum 
score, max. - the maximum score and histogram display for all reference points . The Kolmogorov - 
Smirnov normality test was used and it showed the following parameters: d max - p - MANOVA - a test 
that compares the independent categorical variables and more continuous dependent variables, most often 
used for comparison of several groups with respect to the more continuous variables. 
 
Results and Discussion 

Kolmogorov - Smirnov test indicated the assessment of normal distribution of all measurement tests 
and, except in the third variable PCTT class (the distance travelled based on body mass) which were not 
normally distributed variables, did not deviate significantly from the normal distribution, because the 
greatest discrepancies between the theoretical and the cumulative proportion (D max) were lower than 
limits of deviation (0.23). These results indicated the relevance of the tests. The data obtained was 
transformed into descriptive statistics in order to obtain the basic values of the actual situation. Within the 
subsample of subjects in all years, the biggest difference between the subsample of children attending an 
extended stay and those who did not attend, was found inside PCTT variables (the distance travelled 
based on body mass). The position of the projection of the body mass centre, for the children in Year 1 
who did not attend an extended stay, at a standstill, was 80 mm, while the children who attended the 
extended stay was 39 mm. The other parameters of postural stability were not significantly different. In 
the subsample of children attending Year 2 and subsample of children who did not attend extended stay, 
average value of the projection of the body mass centre was significantly different from the subsample of 
children attending an extended stay. It was 91mm for the children who did not and 32mm for the children 
who attended an extended stay. The other three indicators were not significantly different. In the children 
in Year 3, statistically significant differences were also found between the subsample of children who 
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attended and those children who did not attend an extended stay, in PCTT variables as in previous school 
years. The indicator value of postural stability in the subsample who attended extended stay was 38mm 
while in the subsample who did not attend was 73mm. All variables between the subsample of children 
who attended and those who did not attend an extended stay were taken as a collective assessment of 
postural stability. According to multivariate analysis of variance, the two subsamples were statistically 
different in PCTT variable, while others contributed to it (Table 1).  
 

Table 1.  Multivariate analysis of the variables indicators in postural stability in children in Year 1, within the 
subsample of children who attended and those who did not attend extended stay (school hours including breakfast 

and after school club 
 

 Regular stay n=19 Extended stay n=25   

 AS Min Max SD AS Min Max SD F p 

PCTT 80,61 58,00 122,00 17,26 39,29 21,00 133,00 27,18 33,531 0,000 

%ANT 36,53 20,00 60,00 13,02 35,92 19,00 48,00 7,95 0,321 0,574 

%POS 61,37 32,00 80,00 14,69 64,08 52,00 81,00 7,95 0,003 0,956 

NAGTIJ -1,72 -3,40 -0,60 0,93 -1,56 -2,90 -0,20 0,72 0,421 0,519 
Wilks'λ = 0.493 F = 9.759 DF1 = 4 df2 = 38 p = 0.000 

 
 

On the basis of Table 1, subsamples of respondents (children attending and not attending an extended 
stay) were significantly different in all postural indicators in Year 1. 

There was also a statistically significant difference (p) variables within PCTT subsample of children in 
Year 2 in those who attended and the ones who did not attend extended stay, while within the variable  
ANT%, POS%  and BODTIL, there was no statistically significant difference. Subsamples of respondents 
(the children attending and not attending an extended stay) were statistically, significantly different in all 
postural indicators in Year 2 (Table 2). 
 
 

Table 2.  Multivariate analysis of the variables indicate postural stability in children in Year 2, within the 
subsample of children who attended and those who did not attend extended stay (school hours including breakfast 

and after school club). 
 

 Regular stay n=24 Extended stay n=18 F p 

    AS Min Max SD    AS Min Max SD   

PCTT 91,75 73,00 128,00 14,71 32,44 20,00 64,00 11,61 199,07 0,000 

%ANT 36,29 19,00 60,00 11,58 39,33 11,00 55,00 11,18 0,731 0,397 

%POS 63,71 40,00 81,00 11,58 60,67 45,00 89,00 11,18 0,732 0,398 

NAGTIJ -2,30 -4,90 0,90 1,32 -2,28 -7,80 -0,20 1,68 0,011 0,974 

Wilks'λ=0,159 F=66,57 df1=3 df2=38 p=0,000 

 
 

Table 3 also confirmed the same significant difference within the subsample of children in Year 3 
between the children who attend and those who do not attend extended stay in PCTT variables. 
Subsamples of respondents (children attending and not attending an extended stay) are statistically 
significantly different in all postural indicators in Year 3.  
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Table 3.  Multivariate analysis of the variables indicate postural stability in children in Year 3, within the 
subsample of children who attended and those who did not attend extended stay (school hours including breakfast 

and after school club). 
 

 Regular stay n=13 Extended stay n=33 F p 
    AS Min Max SD    AS Min Max SD   
PCTT 73,58 61,00 90,00 10,07 38,28 22,00 111,00 23,65 5,280 0,026 
%ANT 44,62 21,00 69,00 14,96 42,52 22,00 73,00 11,85 0,252 0,617 

%POS 55,38 31,00 79,00 14,96 57,48 27,00 78,00 11,85 0,252 0,617 

NAGTIJ -2,31 -4,00 0,20 1,19 -2,54 -6,20 -0,20 1,24 0,323 0,572 

Wilks'λ=0,502 F=13,2 df1=3 df2=40 p=0,000 
 
 

Through the subsample of children who attend all the three years, the same crucial statistical indicator 
of postural stability (PCTT) appears. All children after Year 3, cease to be entitled to the extended stay in 
Croatia. The research was performed in Year 4 in the same school, but is not taken as a direct sub sample 
in this study. It is interesting to note that the average value of the projection center of the body mass, as a 
common value of the children attending and those not attending an extended stay was 79.  From this, 
stems the conclusion that in children who have not entered the system of extended stays in school, this 
parameter is weaker. It should longitudinally follow and record children who start the system, in order to 
assess the speed of weakening their postural stability. The results of descriptive statistics showed 
dominantly better postural stability in a group of extended stay, because they were not subject to the 
additional load (carrying a school bag). Subsamples of respondents (children who attended and those who 
did not attend extended stay) were  statistically  significantly  different in all postural parameters. 
 
Conclusions 

Children who were in the system of extended stay had better postural stability. School bags present 
quite a heavy load, in addition to carrying unnecessary didactic material, which first weakens postural 
stability and later on, causes bigger deformities. In Croatia, the children from the extended stay after Year 
3 join the regular school system. This study showed statistically significant differences in the subsample 
of children who attend school, but do not attend an extended stay, in the variable projection of the center 
of body mass (for Year 1 and 2-100% and in Year 3-98%). The conclusion is that there is a great need for 
the continuation of extended stay in our system of education even after Year 3, which would lead to 
improving the health status and functional problems in children. 
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Abstract:��

With this work we want to give unpretentious contribution in new and actually topic in our society, 
and we want to find a distinction between sport betting and gambling. Gambling is the waring of money 
or something of material value (referred to as "the stakes") on an vent with an uncertain outcome with the 
primary intent of winning additional money and/or material goods. Gambling thus requires three 
elements be present: consideration, chance and prize. Typically, the outcome of the wager is evident 
within a short period. Sports betting is the activity of predicting sports results and placing a wager on the 
outcome. It is generally considered to be a form of gambling. Of this reason we are trying on the 
empirical way reaching out for clarification on this terminology and we ask our citizen who is active in 
“sports betting” and “gambling”. Republic of Macedonia today as a society can be in line “transitional 
the poetics of misery”. The probability of easy earning money is one of the motive of our citizens for 
sports betting, but not all our citizen expecting big earning, some are doing this as a fun or modern trend. 
From same reason is betting citizens from all ethnicity as a Macedonian, Albanian, Serb, Turk and Rome, 
less and more educational, people with less and more income.  

 
Key words: sports betting, gambling, citizens, education, earning.  
 
Introduction��

�7�K�H���V�S�R�U�W�V���E�H�W�W�L�Q�J���L�Q���W�K�H���5�H�S�X�E�O�L�F���R�I���0�D�F�H�G�R�Q�L�D���I�R�U���W�K�H���I�L�U�V�W���W�L�P�H���D�S�S�H�D�U���L�Q���������������,�Q�����������������������W�K�H�U�H��
�D�U�H���R�Y�H�U�����������V�S�R�U�W�V���E�H�W�W�L�Q�J���Z�L�W�K���W�K�H���D�S�S�U�R�Y�D�O���R�I���0�L�Q�L�V�W�U�\���R�I���)�L�Q�D�Q�F�H�����,�Q�W�H�U�H�V�W���L�Q���V�S�R�U�W�V���E�H�W�W�L�Q�J���H�Y�H�U�\���\�H�D�U��
�L�V�� �J�U�R�Z�L�Q�J�� �D�Q�G�� �D�O�V�R�� �J�U�R�Z�L�Q�J�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �D�Q�G�� �W�K�H�� �Q�X�P�E�H�U�� �R�I�� �S�O�D�\�H�U�� �R�I�� �V�S�R�U�W�V�� �E�H�W�W�L�Q�J���� ������ �S�H�U�F�H�Q�W�� �R�I�� �W�K�H��
�S�R�S�X�O�D�W�L�R�Q�� �L�Q���0�D�F�H�G�R�Q�L�D�� �L�V�� ���E�H�W�W�L�Q�J�������R�I�I�L�F�L�D�O�� �G�D�W�D���R�I�� �&�3�5�0�����W�K�D�W���U�D�L�V�H�V���W�K�L�V���S�K�H�Q�R�P�H�Q�D�O�� �R�F�F�X�U�U�H�Q�F�H���L�Q��
�W�K�H�� �F�R�X�Q�W�U�\�� �D�W�� �R�I�� �H�X�S�K�R�U�L�D���� �7�R�G�D�\�� �\�R�X�� �F�D�Q�� �K�D�Y�H�� �D�� �W�K�L�V�� �I�R�O�O�R�Z�L�Q�J�� �G�H�I�L�Q�L�W�L�R�Q�� ���W�H�U�P�� �V�S�R�U�W�V�� �E�H�W�W�L�Q�J�� �D�V�� �D��
�J�H�Q�H�U�D�O���D�F�W�L�Y�L�W�\���R�I���S�U�H�G�L�F�W�L�Q�J���V�S�R�U�W�V���U�H�V�X�O�W�V���E�\���S�O�D�F�L�Q�J���D���E�H�W���R�Q���V�R�P�H���V�S�R�U�W�V���H�Y�H�Q�W�����7�K�H���G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q��
�V�S�R�U�W�V���E�H�W�W�L�Q�J���S�R�S�X�O�D�U�O�\���F�D�O�O�H�G�����N�L�Q�G�O�H�����D�Q�G���R�W�K�H�U���J�D�P�H�V���R�I���F�K�D�Q�F�H���L�Q���W�K�H���L�O�O�X�V�L�R�Q���R�I���Z�K�D�W���L�V���O�L�N�H�O�\���W�R���J�D�L�Q����
�&�L�W�L�]�H�Q�V���D�V���N�L�Q�G�O�H���E�H�O�L�H�Y�H���D�U�H���P�R�U�H���O�L�N�H�O�\���W�R���E�H�Q�H�I�L�W���E�H�F�D�X�V�H���W�K�H�\���W�K�H�P�V�H�O�Y�H�V���F�K�R�R�V�H���V�S�R�U�W�L�Q�J���H�Y�H�Q�W�V���W�K�D�W��
�Z�L�O�O���P�D�N�H���W�K�H�L�U���P�R�Q�H�\���D�Q�G���W�K�H�P�V�H�O�Y�H�V���P�D�N�H���S�R�V�V�L�E�O�H���F�R�P�E�L�Q�D�W�L�R�Q�V���R�I���S�O�D�\���Z�L�W�K�L�Q���W�K�H���U�X�O�H�V���W�K�D�W���J�H�Q�H�U�D�O�O�\��
�D�S�S�O�\���W�R���D�O�O���V�S�R�U�W�V���E�H�W�W�L�Q�J�����2�I�W�H�Q���W�L�P�H�V���W�K�H���R�G�G�V���R�I���Z�L�Q�Q�L�Q�J���W�K�H���H�[�D�F�W���U�H�V�X�O�W���R�I���F�H�U�W�D�L�Q���I�R�U�H�F�D�V�W�H�G���G�L�Y�L�G�H�Q�G�V��
�D�U�H�� �G�L�I�I�H�U�H�Q�W�� �I�R�U�� �W�K�H�� �S�R�L�Q�W�V�� �Z�K�H�U�H�� �W�K�H�� �F�L�W�L�]�H�Q�V�� �F�K�R�R�V�H�� �W�R�� ���.�L�Q�G�O�H������ �$�Q�R�W�K�H�U�� �G�L�I�I�H�U�H�Q�F�H�� �E�H�W�Z�H�H�Q�� �V�S�R�U�W�V��
�E�H�W�W�L�Q�J�� �L�V�� �Z�K�D�W�� �J�L�Y�H�V�� �E�H�W�W�H�U�� �S�O�D�\�L�Q�J�� �F�R�Q�G�L�W�L�R�Q�V�� �I�R�U�� �S�O�D�\�H�U�V�� �L�Q�� �W�H�U�P�V�� �R�I�� �F�R�P�I�R�U�W���E�H�W�W�L�Q�J���� �W�U�D�F�H�D�E�L�O�L�W�\�� �R�I��
�U�H�V�X�O�W�V���H�W�F�����*�L�Y�H�Q���W�K�H���L�P�P�H�Q�V�H���F�R�P�S�H�W�L�W�L�R�Q���L�Q���R�X�U���W�H�U�P�V���R�I���E�H�W�W�L�Q�J���L�V���V�L�P�L�O�D�U������
��
Material & methods ��

�)�R�U���W�K�H���P�R�V�W���U�H�O�H�Y�D�Q�W���G�D�W�D���I�D�L�O�H�G���W�R���L�Q�W�H�U�Y�L�H�Z���W�K�H�������� �P�R�V�W���D�F�W�L�Y�H���V�S�R�U�W�V���J�D�P�E�O�H�U���I�R�U�H�F�D�V�W���R�I���K�D�S�S�L�Q�H�V�V��
�D�P�R�Q�J���Z�K�R���Z�H�U�H���D�F�W�L�Y�H���X�V�H�U�V���R�I���F�D�V�L�Q�R�V���D�Q�G���R�W�K�H�U���J�D�P�E�O�L�Q�J���D�F�W�L�Y�L�W�L�H�V�����Z�K�L�F�K���S�U�H�Y�L�R�X�V�O�\���Z�H�U�H���Q�H�[�W���L�Q���W�K�H��
�E�H�W�W�L�Q�J���I�R�U���W�K�H���D�P�R�X�Q�W���R�I���W�K�H�L�U���S�D�\�P�H�Q�W�����6�X�E�M�H�F�W�V���Z�H�U�H���P�H�D�V�X�U�H�G���L�Q���R�Q�H���Z�H�H�N�H�Q�G���Z�K�H�Q���D���V�S�R�U�W���E�H�W�W�L�Q�J���L�V��
�W�K�H���P�R�V�W���G�R�P�L�Q�D�Q�W�����)�R�U���G�D�W�D���S�U�R�F�H�V�V�L�Q�J���S�U�R�J�U�D�P���X�V�H�G���6�3�6�6���������I�R�U���:�L�Q�G�R�Z�V������
��
Results��

�7�K�L�V���U�H�V�H�D�U�F�K���S�U�H�V�H�Q�W�V���W�K�R�V�H���V�L�J�Q�L�I�L�F�D�Q�W���Y�D�U�L�D�E�O�H�V���W�K�D�W���K�D�Y�H���D���G�L�U�H�F�W�� �F�R�Q�Q�H�F�W�L�R�Q�� �Z�L�W�K���W�K�H���W�K�H�P�H�� �R�I���W�K�H��
�Z�R�U�N�����D�Q�G���W�K�H�L�U���D�Q�D�O�\�V�L�V���F�D�Q���F�R�Q�V�W�U�X�F�W���F�R�Q�F�U�H�W�H���F�R�Q�F�O�X�V�L�R�Q�V���Z�L�O�O���U�H�Y�H�D�O���V�R�P�H���I�X�U�W�K�H�U���P�H�D�V�X�U�H�V���W�R���F�R�P�E�D�W��
�W�K�L�V���S�K�H�Q�R�P�H�Q�R�Q������
��
��
��
��
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Table and Fig No.1:  Education level of respondents  
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Table and Fig No.2:  Are you active in sports betting or gambling  
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Table and Fig No.3: Whether there difference ddifference between sports betting and gambling 
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Table and fig No.4: Attitude of active users of games of lucky  
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Abstract : 

Athletes and coaches are constantly seeking for ways to maximize efforts to invest in training to 
achieve the best sports  results. Appropriate nutrition  does not create a good athlete , but the bad one  
will certainly make a bad athlete. The aim of this study was to determine the awareness of the level of 
knowledge of football and handball coaches about sports nutrition. The sample was composed of 25 
licensed coaches from  Niksic ( 15 football and 10 handball coaches .. Knowledge of sports nutrition was 
tested by means of a standardized questionnaire, which was taken over and modified ( Matkovic , Prince , 
Cigrovski 2006) . Judging by the results as a whole , it can be concluded that the trainer's knowledge of 
sports nutrition is at a satisfactory level. From a total of 500 responses 386 correct answers  were 
achieved or 77.2 % . But when you look at individual responses , then the satisfaction due to the relatively 
high percentage of correct responses is somewhat lost because they can clearly see significant gaps in 
overall knowledge and a very important issues related to sports nutrition . 
 
Keywords: sports nutrition , coaches , football , handball 
 
Introduction 

Nutrition  is interpreted as the study of the organic process by which an organism appropriates and 
uses food and liquids for normal functioning , growth and maintenance , as well as maintaining a balance 
between health and disease . Decades of research support the theory that when there are sports 
competitions the question of what to eat and drink in order to enhance sport performance . Nutrition is 
one of the most important factors in achieving top performance of athletes. According to most studies 
conducted in the world 's top athletes receive information from their coaches when it comes to sports 
nutrition , especially of the coaches involved in fitness training. ( Burns , Schiller, Merrick & Wolf, 
2004). 

When making recommendations for Sports Nutrition ,  it has to be  taken  into account the specific 
energy needs of the sport , the volume of daily training , age , sex, and a tendency to a certain diet ( foods 
that athletes prefer to consume ) . Based on previous research we know that a diet of athletes affect their 
health, body composition and weight , method of consumption of energy during activity , recovery and 
performance. ( Manor & Thompson, 2000) . There is no single diet plan that will improve the competitive 
ability. The planning model diet should be taken into consideration energy needs, makronutritive 
composition of foods , micronutrient intake and fluid balance athletes . The aim of this study was to 
determine the awareness level of knowledge of football and handball coaches of sports nutrition. 
 
Materials & Methods  

The sample was composed of 25 licensed coaches from Niksic (15 football and 10 handball coaches). 
Knowledge of sports nutrition was tested by means of a standardized questionnaire, which was taken over 
and modified (Matkovic, Prince, Cigrovski 2006). The questionnaire was designed to determine the 
knowledge manager on sports nutrition, the ingredients that are necessary in order to provide a sufficient 
amount of energy for training and competition, the dietary supplements, meal prior to the competition as 
well as dehydration and rehydration during training and competition. The survey was anonymous. The 
data were analyzed by statistical methods, using the statistical package STATISTICA which was obtained 
insight into quantitative and qualitative research value. 
 
Results  

Table 1. shows the questionnaire with questions that the respondents gave their answers as well as the 
ratio of correct and incorrect responses. Judging by the results as a whole, it can be concluded that the 
trainer's knowledge of sports nutrition is at a satisfactory level. From a total of 500 responses achieved 
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386   correct answers were achieved, or 77.2%. An analysis of respondents football coaches out of 300 
239 offered the correct answers or 79.6% of success, and when it comes to handball coaches interviewed, 
out of 200 offered correct answers were achieved by 147 or 73.5% success. However, when looking at 
individual responses then satisfaction with the relative high percentage loss since the observed large gaps 
on very important issues related to sports nutrition. 
 

Table 1. Questionnaire with correct answers and the ratio of correct and incorrect responses. 
 

Questions that were offered to respondents in the questionnaire Correct 
answers 

The ratio of 
correct and 

incorrect 
responses 
(football) 

The ratio of 
correct and 
incorrect 
responses 
(handball) 

Proteins are the main source of energy? I 11 – 4 6 – 4 
Excessive intake of protein food burdens the kidneys and liver? C 14 – 1 10 – 0 
Athletes need 3 times more protein than untrained person? I 3 – 12 2- 8 
Athletes need more carbohydrates than untrained person? C 14 – 1 9 – 1 
Thirst is not an adequate indicator of the need for water during exercise? C 7 – 8 2 – 8 
The liquid must be taken before, during and after the competition? C 15 – 0 10 – 0 
Skipping meals is justified when we want to achieve quick weight loss? I 14 – 1 9 – 1 
Quick weight loss with a very restrictive diet can negatively affect sports 
performance? C 15 – 0 10- 0 

Restrictive short-term weight loss diet is mostly due to the loss of liquids? C 10 -  5 6 – 4 
Lack of calcium can cause bone fracture (fracture) and osteoporosis? C 14 – 1 10 – 0 
Entering a mixture of different amino acids can cause nutritional imbalance - excess 
of one amino acids affects others? C 13 – 2 7 – 3 

Citrus fruits (lemon, orange) are the only source of vitamin C in food? I 13 – 2 9 – 1 
Meal after the competition is important only if the athlete is hungry? I 14 – 1 8 – 2 
A balanced diet is important just before the competition? I 12 – 3 8 – 2 
The last solid meal should be eaten 3-4 hours before competition? C 15 – 0 8 – 2 
Fluid replacement and carbohydrate should be started immediately after the 
competition? C 11 – 4 7 – 3 

It is impossible to win without supplements? I 13 – 2 7 -3 
Fruits and vegetables are a good source of vitamins and minerals? C 15 – 0 10 – 0 
Large doses of vitamins and minerals can be harmful to health? C 13 – 2 8 – 2 
Vitamins and minerals are a source of energy? I 3 – 12 1 – 9 

 
Discussion 

By analyzing and comparing the results of ( Matkovic , Prince & Cigrovski , 2006) that in a sample of 
56 coaches basketball and skiing , received 77.8 % of correct answers and insight into the results of our 
study, it is clear that the results of the approximate value of both work, which is an indicator of quality 
education trainers. Howeve, viewing individual responses, worrying is the fact that one-third of 
respondents have very low levels of knowledge about protein supplements and believes that proteins are 
the main source of energy , and even more so that almost 80 % of respondents do not know the protein 
metabolism . If we take into account the fact that athletes are often suggested , as a dietary supplement 
use amino acids exactly as recommended by the coach , it would be expected that those who advise taking 
these supplements know about any problems or negative occurrences that may endanger the health of 
athletes . However investigated coaches showed what was expected to know how to properly distribute 
meals and fluids before, during and after training and competition , but unfortunately little more than 60 
% of the coaches know that thirst is not an adequate indicator of water needs during exercise . When it 
comes to vitamins and minerals that are often used as a supplement in the diet of athletes surveyed 
coaches showed a very high level of awareness of what was expected . However, the worrying fact is that 
approximately 85 % of coaches think that vitamins and minerals are source of energy. Vitamins and 
minerals by themselves are not a source of energy and do not have the energy value as it is sometimes 
misunderstood. Every second in the body happens  thousands of chemical processes that allow us to 
think, feel , see, hear , initiated and more. For all these processes , we need vitamins and other micro and 
macro components ( carbohydrates , proteins and fats) . Without sufficient amounts of these substances in 
the body caused by numerous disorders that may even cause serious illness. 
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Conclusion 
Judging by the results as a whole , it can be concluded that the trainer's knowledge of sports nutrition 

is at a satisfactory level. From a total of 500 responses 386 correct answers were achieved, or 77.2 % . , 
But when you look at individual responses , then the satisfaction due to the relatively high percentage of 
correct responses is somewhat lost because they can clearly see significant gaps in overall knowledge and 
a very important issues related to sports nutrition . Based on the above conclusion is that any sports team 
should have a sports nutritionist to be missed in sports nutrition to a minimum because the planning 
model diet should take into account the energy needs macro nutrition composition of foods , 
micronutrient intake and fluid balance athletes. Preservation and improvement of the health status , 
improved fitness , reduced fat and achieve optimal physical constitution , discharge negative energy , the 
easier the submission of stressful situations are the main benifit that receive regular training and optimal 
nutrition . Sports nutritionists should educate the players , coaches and parents to program the eating 
habits and to timely intervene and to provide for the establishment of proper eating habits , all in order to 
achieve bojleg results and preservation of health. (Pritchett & Lacey, 2003) . It is well known that regular 
training and optimal nutrition of two inseparable factors and their combination can only be achieved 
optimum results . 
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Abstract: 

The interests could be simply defined as likes or dislikes attached to specific activities or objects and 
they are the products of interaction of inherited factors involved in personality development and 
exogenous factors as opportunity and social evaluation. The aim of this work is to measure 
recreational sport interests of senior athletes. On the sample of 318 athletes (135 female and 183 male), 
attending different sports (mostly volleyball, water polo, basketball), sports recreation interest 
questionnaire was applied. The independent variables were gender and residence and dependent 
variables were 57 sports recreation activities, evaluated on five-point scale. The results show that the 
most popular sports recreation activities were swimming, jogging, volleyball, basketball and fitness, and 
the least popular were rugby, wrestling and football. It turns out that there were 38 statistically 
significant gender differences and 1 residence difference in attractiveness of sports recreational 
activities, and that much more differences are presented among unpopular sports.  

 
Key Words: gender, recreation, residence. 
 
Introduction 

The interests could be simply defined as likes or dislikes attached to specific activities or objects 
(Greenhaus, Callanan & Godshalk, 2000). As Super & Crites (1962) state, interests are the products of 
interaction of inherited factors involved in personality development and exogenous factors as opportunity 
and social evaluation.  

Due to globalization processes the number of sports which once were popular in a particular culture 
became known world-wide, enabling each person to find an optimal activity that meets individual 
psychological and biological needs. But, position of an individual in stratification system may have 
important effects on many areas of life. Stratification dimensions responsible for the processes of social 
differentiation can influence the level of sport engagement as well as the preference of different sports 
(Doupona, 2001) and one of them is the place of residence (Haddad, 2002).  On the other hand, mass 
media and communication technology bring common experience to large socially mixed and widely 
dispersed audiences (Haralambos & Holborn, 2000) and can be factor which homogenize values, attitudes 
or interests of different parts of population. Also, due to human creativity and new technologies the 
number of new sports and recreational  activities increases every day. So, the aim of this work is to 
establish the differences of recreational sport interests in senior athletes according to their place of living 
(with different amount of sport infrastructure, opportunities and facilities) and according to their gender. 
 
Material & methods  

The sample included 318 senior athletes (135 female and 183 male), attending different sports (mostly 
volleyball, water polo, basketball). Respondents were engaged in 28 different sports (mainly water polo, 
soccer, karate, basketball, dance, volleyball). All athletes were older than 18 years and they had competed 
in their sport in average about 11 years. 

The new instrument was designed for purpose of investigation, consisted of demorgaphic data and list 
of recreation activities. Recreation sport interest questionnaire contained the list of 57 recreational sports 
and activities to be evaluated on five-point scale, from 1 - particularly unattractive sport to 5 - particularly 
attractive.  

The independent variables were sex (male and female) and residence. The residence variable was 
divided in three categories: Belgrade as capital city with the largest amount of sport capacities an 
opportunities – as much as number of sports so as sports infrastructure: three largest cities with a solid 
number of sports and activities (Novi Sad, Kragujevac and Niš) and smaller towns all over the country 
with modest sport capacities. Dependent variables were 57 sports recreation activities.  

Data were analysed by χ² test,  t test for independent samples and ANOVA. 
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Results 
There was statistically significant difference according to gender and sport of athletes (χ² = 81.101, df 

= 27, p < .000). Women were mostly involved in basketball, volleyball and water polo, and men were 
mostly involved in volleyball and water polo.  

Sample consisted from 50 % athletes from Belgrade; 13 % from Kragujevac, Novi Sad, Niš and from 
other towns 37 %. There was statistically significant difference according to sport and place of residence 
of athletes (χ² = 89.740, df = 54, p < .002). Athletes from Kragujevac, Novi Sad and Niš were at most 
engaged in volleyball and athletes from smaller towns in Serbia were at most engaged in basketball and 
volleyball. Athletes from Belgrad were at most engaged in water polo, volleyball, basketball and karate. 
Accordingly, there was statistically significant difference according to gender and place of residence of 
athletes (χ² = 5.976, df = 2, p < .050).  
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Fig. 1. Stratification of sample according to gender and place of residence 

 
 
It is also interesting that swimming is the most prefered sport, no matter on residence place, nor 

gender. Girls higher evaluated more sports than boys, so as athletes from smaller towns. Among top of 
the list also were jogging, volleyball, basketball, fitness, beach volleyball, tennis, soccer and futsal. 

 
 

Table 1. Evaluation of recreational activities according to residence and gender 
 

Sport Total sample Belgrade Novi  Sad, 
Kragujevac, Niš 

Smaller 
towns Boys girls 

M SD M SD M SD M SD M SD M SD 
swimming* 4,58 ,87 4,51 ,90 4,56 1,03 4,56 ,80 4,44 ,97 4,67 ,69 
Jogging* 4,44 1,02 4,25 1,09 4,27 1,27 4,50 ,94 4,14 1,12 4,55 ,88 
volleyball* 4,23 ,95 4,15 1,05 4,22 ,96 4,25 ,93 4,05 1,07 4,48 ,85 
Basketball 4,20 ,99 4,12 1,01 4,34 1,02 4,16 ,95 4,12 1,02 4,09 1,01 
fitness* 4,14 1,15 3,82 1,34 4,29 ,93 4,09 1,15 3,57 1,37 4,41 ,88 
beach volleyball* 4,13 1,02 3,95 1,08 4,17 1,12 4,20 1,01 3,79 1,13 4,35 ,90 
tennis* 4,12 ,97 4,07 1,11 4,10 ,94 4,17 ,88 3,99 1,14 4,38 ,80 
Soccer 4,07 1,19 4,01 1,20 3,95 1,28 4,03 1,19 4,00 1,25 4,05 1,14 
futsal*** 4,03 1,17 4,03 1,15 4,07 1,19 4,05 1,16 4,12 1,14 3,96 1,17 
Cycling* 3,92 1,16 3,83 1,13 3,78 1,11 4,03 1,13 3,77 1,14 4,12 ,97 
table tennis 3,90 1,08 3,87 1,17 3,73 1,28 3,87 ,95 3,87 1,17 3,90 1,09 
rolling* 3,74 1,26 3,66 1,33 3,80 1,27 3,71 1,24 3,37 1,39 4,17 1,06 
skiing** 3,63 1,14 3,51 1,22 3,32 1,17 3,73 1,13 3,46 1,23 3,65 1,16 
Billiard 3,52 1,45 3,44 1,44 3,17 1,39 3,53 1,44 3,35 1,42 3,52 1,39 
badminton* 3,46 1,28 3,30 1,34 3,27 1,55 3,47 1,21 3,11 1,36 3,78 1,18 
Bowling 3,42 1,30 3,33 1,31 3,15 1,39 3,42 1,31 3,30 1,32 3,46 1,30 
golf** 3,28 1,31 3,13 1,37 3,10 1,36 3,38 1,24 3,09 1,35 3,30 1,32 
power walking* 3,25 1,35 3,05 1,37 3,37 1,48 3,26 1,33 2,83 1,35 3,68 1,20 
hiking* 3,24 1,34 3,20 1,38 3,27 1,47 3,31 1,32 3,13 1,38 3,58 1,30 
darts* 3,23 1,52 2,99 1,55 2,90 1,39 3,24 1,49 2,93 1,51 3,28 1,46 
handball** 3,22 1,20 3,45 1,23 3,27 1,25 3,11 1,16 3,42 1,24 3,63 1,10 
Snowboard 3,16 1,26 3,23 1,27 3,24 1,16 3,13 1,25 3,20 1,27 3,34 1,21 
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skateboard* 3,12 1,33 3,14 1,34 3,20 1,19 3,20 1,35 3,06 1,36 3,47 1,21 
orienteering** 3,09 1,32 2,98 1,31 3,37 1,34 3,05 1,28 2,88 1,33 3,10 1,25 
shooting* 3,09 1,28 3,01 1,27 3,05 1,34 3,21 1,25 3,03 1,29 3,35 1,18 
Rowing 3,08 1,23 3,05 1,25 2,98 1,25 3,34 1,17 3,22 1,27 3,10 1,15 
ice scating* 3,08 1,16 3,21 1,26 2,88 1,23 3,03 1,11 3,01 1,24 3,61 1,17 
water skiing** 3,03 1,21 3,26 1,21 2,93 1,31 2,86 1,26 3,13 1,26 3,37 1,16 
diving** 3,00 1,28 3,19 1,32 2,88 1,31 3,02 1,25 3,20 1,33 3,47 1,19 
rafting** 2,97 1,26 2,82 1,26 3,10 1,28 2,87 1,24 2,75 1,26 2,95 1,22 
Archery* 2,97 1,19 2,81 1,25 2,93 1,25 3,03 1,20 2,84 1,26 3,13 1,19 
squash*** 2,93 1,29 2,76 1,33 2,93 1,42 2,86 1,19 2,73 1,31 2,90 1,25 
sailing* 2,91 1,27 2,93 1,31 2,73 1,30 2,94 1,25 2,82 1,33 3,23 1,20 
half marathon* 2,89 1,28 2,91 1,30 2,73 1,32 3,01 1,25 2,86 1,32 3,22 1,22 
Alpinism** 2,87 1,36 2,87 1,38 2,90 1,37 3,05 1,36 2,87 1,39 3,12 1,34 
Karate 2,85 1,33 2,93 1,39 2,59 1,16 2,78 1,31 2,98 1,38 2,98 1,30 
Bocca 2,84 1,39 2,73 1,34 2,71 1,35 2,81 1,38 2,71 1,38 2,79 1,27 
marathon* 2,82 1,35 2,97 1,41 2,71 1,29 3,05 1,33 2,93 1,42 3,35 1,36 
equestrian* 2,80 1,20 2,84 1,27 2,56 1,27 2,82 1,16 2,65 1,24 3,18 1,25 
Kayak 2,79 1,20 2,72 1,20 2,78 1,27 2,93 1,13 2,86 1,24 2,73 1,09 
nordic skiing** 2,76 1,30 2,57 1,27 2,95 1,36 2,75 1,24 2,59 1,28 2,85 1,18 
carting** 2,69 1,22 2,95 1,34 2,32 1,15 2,64 1,13 3,01 1,38 2,77 1,20 
Taekwondo 2,63 1,22 2,71 1,28 2,54 1,05 2,65 1,25 2,81 1,31 2,75 1,14 
Aikido 2,60 1,27 2,71 1,33 2,49 1,19 2,67 1,32 2,82 1,33 2,76 1,24 
Canoeing 2,58 1,11 2,58 1,12 2,68 1,25 2,63 ,98 2,68 1,20 2,63 1,01 
Judo 2,56 1,26 2,70 1,34 2,41 1,26 2,62 1,29 2,80 1,38 2,73 1,26 
body building 2,53 1,29 2,49 1,33 2,17 1,02 2,69 1,33 2,68 1,36 2,56 1,29 
Fencing 2,50 1,17 2,74 1,28 2,17 1,02 2,49 1,16 2,67 1,26 2,71 1,21 
moto sport** 2,49 1,23 2,77 1,36 2,17 1,05 2,54 1,12 2,89 1,38 2,65 1,18 
power lifting* 2,46 1,30 2,49 1,30 2,27 1,16 2,47 1,37 2,72 1,38 2,40 1,24 
boxing* 2,38 1,31 2,55 1,40 2,29 1,21 2,33 1,28 2,70 1,45 2,31 1,21 
Kendo 2,36 1,11 2,48 1,21 2,37 1,04 2,40 1,03 2,53 1,23 2,47 1,05 
rally* 2,32 1,17 2,61 1,34 2,10 1,14 2,31 1,09 2,75 1,40 2,45 1,11 
field hockey 2,31 1,05 2,38 1,14 2,17 1,00 2,28 1,02 2,44 1,20 2,57 1,11 
Football 2,27 1,24 2,52 1,40 2,20 1,14 2,26 1,18 2,58 1,40 2,51 1,24 
wrestling* 2,20 1,17 2,35 1,27 2,27 1,32 2,25 1,16 2,54 1,31 2,15 1,13 
rugby* 2,12 1,15 2,59 1,45 2,02 ,96 2,13 1,12 2,74 1,47 2,24 1,14 

*p<.001 
** p<.01 
*** p<.05 

 
 

The most unprefered sport at total sample was rugby, but for boys, the most unprefered sport was field 
hockey so as for athletes from Belgrade, and for girls that was wrestling.  Unprefered also were wrestling 
and football.  

There was only one statistically significant difference between three groups of athletes according to 
residence (F = 4.281, p < .015). Athletes from smaller towns more positively evaluated rowing. There 
were much more statistically significant differences between young male and female athletes (Table 1). 
 
Discussion 

Ilić (2013) on the sample of 155 athletes (41 female and 114 male), aged 12 to 15 years, found 
that the most popular sports recreation activities were swimming, tennis and volleyball, and the least 
popular were wrestling, box and body building. At young atletes, aged 15 to 18 years, swimming was the 
most prefered sport, and at top of the list also were jogging, volleyball, tennis, basketball, futsal and 
soccer. Ilić (201) and the most unprefered sport at total sample was wrestling and no matter on place of 
residence. But, for boys, the most unprefered sport was field hockey. Unprefered also were kendo and 
field hockey.  

In this research, conducted at senior athletes level, swimming is also the most prefered sport, no 
matter on residence place, nor gender and among top of the list also were jogging, volleyball, basketball, 
fitness, beach volleyball, tennis, soccer and futsal. The most unprefered sport at total sample was rugby, 
but for men, the most unprefered sport was field hockey so as for athletes from Belgrade, and for women 
that was wrestling. Unprefered at total sample also were wrestling and football.  
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In these researches data showed that some preferences have sports activities, like swimming, 
tennis and volleyball have high level of popularity, no matter on age, status and lasting and quality of 
sport’s experience. The differences showed in less prefered sport’s recreational activities, probably due to 
process of forming of ideal of body image among men. Proof for this conclusion might be gender 
differences in preferece of some sports since that 38 statistically significant differences were found. 
Women were more interested in swimming, jogging, volleyball, tennis, beach volleyball, cycling, fitness, 
rolling, handball, skiing, diving, hiking, badminton, alpinism, nordic skiing, darts, squash, sailing, golf, 
equestrian, rafting, skateboard, half marathon, ice skating, orienteering, marathon, shooting, power 
walking, archery, water skiing and boys more prefere carting, futsal, moto sport, rally, rugby, 
bodybuilding, power lifting, boxing, wrestling. Also, women higher evaluated more sports than boys, so 
as athletes from smaller towns, but only one statistically significant difference was found between three 
groups of athletes according to residence: athletes from smaller towns more positively evaluated rowing. 
That is more consistent with results of Ilić (2013), were no statistiacllz significant differences were found 
at sample athletes 12 to 15 years old, than with results reached on young athletes from 15 – 18 years old, 
where athletes from smaller towns positively then other groups evaluated 15 sport recreational activities 
and athletes from Novi Sad, Niš and Kragujevac positively then other groups evaluated bodybuilding.   
 
Conclusions 

In conclusion, it might be said that athletes are high positively selected population regarding motoric 
abilities and usually better informed in that field than general population and so they may positively 
contribute to perception of certain recreational activities. Their willingness to actively participate in new 
recreative activities can be explained by their physical abilities and personality characteristics differing 
from the rest of population, but can also represent better knowledge and positive attitudes toward new 
sports and recreational activities, especially when it comes to gender differences. Men are more interested 
in their body shape  and women are more interested is sports’ recreational activities generally and it’s 
well-being, since they had evaluated positively more sports, not only on physical, but also in social sense. 
However, the influence of sport experience on future exercise behavior should not be underestimated, nor 
age, gender, culture and place of residence.  
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Abstract: 
The main aim of this study is to determine the difference in flexibility and balance between high-school 

students athletes, and non-athletes. The sample of subjects consisted of sub-samples of athletes (N=40), 
and non-athletes (N=45). Non-athletes only participated in the classes of physical education, and did not 
attend any of the systematic motor activities. Every participant carried out three tests for the flexibility 
and balance assessment. The results were obtained by Univariate and Multivariate Analysis of Variance 
(ANOVA/MANOVA), and they indicated that there were no differences in flexibility and balance between 
the athletes and non-athletes, except for the variance of Standing on one leg on a balance beam, 
perpendicular to the beam with eyes open (PepSEO), in favor of non-athletes. In the athlete sub-sample, 
the test results of all other tests were higher than the results of non-athletes; however, determined 
differences are not statistically significant.  

 
Key Words: motor abilities, physical education, athletes, non-athletes, high-school students 
 
Introduction 

Man develops his working and functional ability with physical activity and it is necessary to be 
physically active from an early age. However, the number of physical education classes is insufficient in 
the educational system because the curriculum is realized with insufficient number of classes, and little 
energy is spent on dealing with this problem, which represents a massive issue in realization of 
curriculum’s activities, aims and objectives (Višnjić, 2006). Some experts think that physical education 
classes should be held minimum three times a week, or, in the best case, the students should practice 
every day (Granić & Krstić, 2006).This is why a great number of children are participating in training 
programs of different sport clubs apart from their regular physical education school programs. Also, it is 
confirmed that children who are actively involved in sports have significantly better motor abilities from 
their peers whose physical development is only achieved through their regular physical education classes. 
It is necessary to validate and take into account this raising interest in sports and physical activity among 
children; moreover, the research in kinesiology should give its account in directing and teaching the 
children how to achieve their maximum contentment and to fulfill their need for being equal with others 
in all aspects of social life (Bajrić et al, 2011,a). High-school period is the time when students experience 
significant changes in all aspects of their personality (Bajrić at al, 2011,b). Considering the task and role 
which physical education has in the overall personality development, it also represents a pedagogical 
process where planned physical activities systematically affect the overall human development, health 
improvement and enhancement, the development of motor abilities and moral values, with the purpose of 
creating a fully developed personality. 

The motor abilities of a human being are the abilities which help him perform the motor tasks and 
enable the action of movement (Stanković, 2001). These motor abilities of children, young people and 
humans in general, are affected by different structural parameters that label a human being as an 
integrated bio-psycho-social person. In order to achieve the overall potential for motor development, it is 
necessary to be acquainted with the fundamental elements of the physical activity realization which are 
amendable (Mišigoj-Duraković, 2006). Especially important for physical education and professional and 
scientific research are those (co-) relations, which are more liable to change and which generate power, 
strength, endurance and flexibility (Kukolj, 2006). 

The term movability or flexibility implies the ability to perform a certain movement with high 
amplitude (Stojiljković, 2003), while the term balance implies the ability to maintain the disturbed 
posture, or to oppose the force of gravity (Koslanac, 2009). 

The aim of this paper is to determine the difference in flexibility and balance, between high-school 
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students who are actively involved in sport clubs programs apart from their regular physical education 
(athletes), and students who only participated in the regular physical education classes (non-athletes). 

 
Methods 
The Sample of Subjects 

The sample of subjects consisted of 85 high-school students of High School of Economics in Niš, 
Serbia, aged between 16 years ± 6 months. There were sub-samples of athletes (N=40) and non-athletes 
(N=45) of both sexes (25 male students, and 60 female students). Athletes participated in following 
sports: footbal, volleybal, basketball, tennis, folklore, handball, judo, swimming, karate, aikido, tae-bo, 
water polo, gymnastics, athletics, health club, table tennis. The participants' parents met the requirements 
and gave their written consent for their children to participate in study, approved earlier by the Ethical 
Committee and school authority. In the selection of athletes the criterion has been applied according to 
which an athlete is a child who is an active member of sports association/club, and who, systematically 
and in continuity, performs sports activities for 6 to 7.5 hours a week, for one or more years before the 
beginning of study. Current study derived from the national project № 179024, supported and financed by 
the Ministry of Education, Science and Technological Development of the Republic of Serbia. 
 
Variable Sampling 

Balance Assessment Tests are: 1) Standing on one leg on a balance beam, perpendicular to the beam 
with eyes open (variable PerSEO in s); 2) Standing on one leg on a balance beam, parallel to the beam 
with eyes open (variable ParSEO in s); 3) Standing on one leg with eyes closed – The Flamingo Balance 
Test (variable FLAM in s). All values were determined by the use of stopwatch in tenths of a second. 

Flexibility Assessment Tests are: 1) Deep Forward Bend on the Bench (variable DFBB in cm); 2) 
Wide-Legged Forward Bend on the Mat (variable WLFB in cm); 3) Shoulder Flexibility with a Bat 
(variable SFB in cm). 

All values were determined by the use centimeter tape. 
 
The Methods of Data Processing: 

The data processing was performed using software for statistical analysis SPSS Statistics 11. The 
information calculated for all the data is given as follows: the probability distribution was determined by 
The Kolmogorov-Smirnov Test; the difference in flexibility and balance between athletes and non-
athletes was determined by the use of the Univariate and Multivariate Analysis of Variance 
(ANOVA/MANOVA). The significance level was set at sig<0.05. 

 
The Results 

The results of the Kolmogorov-Smirnov Test indicate that there are no significant deviations of the 
test particles from the normal Gaussian distribution; that is, mostly all parameters have normal 
distribution, except for the parameters: PerSEO and ParSEO (sig<0.05). The use of parametric methods 
can be justified by the high number of participants (over 30) in both sub-samples. 

 
Table 1 - The results of probability distribution by Kolmogorov-Smirnov Test 

 
ATHLETES/ NON-
ATHLETES   SFB 

(cm) 
WLFB 
(cm) 

DFBB 
(cm) 

PerSEO 
(s) 

ParSEO 
(s) 

FLAM 
(s) 

NON-ATHLETES 
N 45 45 45 45 45 45 
Sig. 0,504 0,843 0,232 0,185 0,06 0,179 

ATHLETES N 40 40 40 40 40 40 
Sig. 0,847 0,82 0,794 0,007 0,008 0,369 

 
 

The Multivariate Analysis of Variance (MANOVA) is used to determine the difference between the 
groups’ centroids. The hypothesis that the group centroids are equal to the common centroid was tested 
by the Wilks’ Lambd method. When the results of Lambd and F-test show important values (Q=.00-.05), 
that is, when the differences between the centroid groups are important, it is necessary to determine which 
variables are mostly responsible for those differences.  
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In general, the results of MANOVA test are not statistically significant (sig=0.114), i.e., that there are 
no statistically significant differences between the athletes and the non-athletes obtained through the 
results of the executed tests. 

 
Table 2 - Multivariate Analysis of Variance (MANOVA) 

 
Effect Value F Hypothesis df Error df Sig. 

Pillai's Trace 0,12 1,780a 6 78 0,114 
Wilks' Lambda 0,88 1,780a 6 78 0,114 

Hotelling's Trace 0,137 1,780a 6 78 0,114 
Roy's Largest Root 0,137 1,780a 6 78 0,114 

 
 

The Univariate Analysis of Variance (ANOVA) is performed in order to determine the differences 
between the athletes non-athletes. The obtained results indicate that there are no statistically significant 
differences, except for the balance variable ParSEO (sig=3.031), in favor of the non-athletes. 
 
 

Table 3 - Univariate Analysis of Variance (ANOVA) 
 

Variable ATHLETES / NON-
ATHLETES N Range Mean SD F Sig. 

SFB ATHLETES 40 62 78,95 15,47 0,297 0,587 
NON-ATHLETES 45 90 76,91 18,62 

WLFB 
ATHLETES 40 46 54,9 11,25 

1,371 0,245 
NON-ATHLETES 45 52 52 11,53 

DFBB 
ATHLETES 40 39 36,35 8,43 

1,623 0,206 
NON-ATHLETES 45 38 34,07 8,09 

PerSEO 
ATHLETES 40 23 3,03 3,7 

0,785 0,378 
NON-ATHLETES 45 7,64 2,5 1,41 

ParSEO 
ATHLETES 40 3 0,98 0,77 

4,796 0,031 
NON-ATHLETES 45 5,83 1,38 0,92 

FLAM ATHLETES 40 55 30,6 20,26 0,017 0,898 
NON-ATHLETES 45 56,26 30,05 19,44 

 
 
Discussion 

Taking all the obtained results into account, it can be concluded that athletes had better results in 5 
out of 6 tested variables, but these differences are not statistically significant. A great number of authors 
have obtained similar results in their studies: Granić and Krstić (2006) determined no difference in 
flexibility between students who are active basketball players and non-athletes students. According to 
Bolanča, Čavala and Rogulj (2011), conducted training process in handball itself did not affect this 
particular motor ability, i.e., no difference is indicated in flexibility between the active handball players 
and non-athletes. According to Pekas, Sertić, Marić and Cvetković (2005), there are statisticaly 
significant differences in other motor abilities, but not in flexibility, between wrestles and non-athletes. 
According to Dopsaj (1994) flexibility is underdeveloped in active football players, and the reason for 
that should be searched in the training process itself. 

Opposing to the results of actual study, the investigation of Pržulj and Pelemiš (2010) showed 
statistically better results of flexibility assessment in students athletes and non-athletes (authors didn´t 
specify the sport (-s) which subjects practiced). Smoll and Shutz (1985) aimed to determine whether 
active athletes have better physical fitness than non-athletes, among 3000 students, aged 9, 13 and 17. All 
the motor skills results of athletes were better from  results of non-athletes. The results of Batričević 
(2008) indicate that athletes have better results in explosive strength, sprint and coordination than non-
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athletes. Džibrić, Huremović and Ahmić (2009) investigated differences in motor skills between the 
experimental group which in addition to regular program performed a specially designed physical 
education program suitable for preschool children, and the control group which performed only the 
regular exercise program of the preschool institution. Results were better in the group which participated 
both in regular and additional sport activities. Madić, Popović and Tumin (2009) compared the flexibility 
of trunk and lower extremities in girls, gymnasts and non-athletes. Suprisingly, the gymnasts had better 
results only in the oldest group aged 10-11, but not in gruop aged 7-8. 

Results in actual study showed a statistically significant difference between the athletes and the non-
athletes in one of the three balance assessment tests, in favor of non-athletes. These types of results are 
not surprising and should be expected if the heterogenity of the sports fields in which the athletes are 
active is taken into account.  

Flexibility and balance are very important in sports such as rhythmic gymnastics, gymnastics, 
dancing, ballet, etc. Of all the participants in actual study, only one of them is a gymnast and her results 
are above the average, while the other participants are active in the previously mentioned sports. The 
previous investigations published on this topic confirm that sports like dancing, ballet, rhythmic 
gymnastics and gymnastics provide different results of motor abilities between those who are actively 
involved in these sports, and those who are involved in other sports. Radaš and Trošt Bobic (2011) 
determined a statistically significant difference in flexibility and balance between the girls who are 
actively involved in rhythmic gymnastics and non-athletes. The same goes for the students who are active 
dancers. Srhoj, Mihaljević and Čavala (2010) showed the difference in flexibility, between students who 
are active dancers and the students who only participated in physical education classes in favour of 
dancers. 

 
Graphic 1 – The percentage of sports which are included in this investigation 

 

 
 

Conclussion 
Characteristic of flexibility and balance, is that, if the training program is not focused on the 

development of these particular abilities, the results outrun. The heterogenity of the sports included in 
actual study might be responsible for such obtained results. Almost all of the athletes who participated in 
this study are active in sports that do not necessarily need highly developed flexibility and balance.  
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Abstract: 
Work/life balance is at best an elusive ideal and at worst a complete myth, today’s will tell you. But by 

making deliberate choices about which opportunities they’ll pursue and which they’ll decline, rather than 
simply reacting to emergencies, leaders can and do engage meaningfully with work, family, and 
community. They’ve discovered through hard experience that prospering is a matter of carefully 
combining work and home so as not to lose themselves, their loved ones, or their foothold on success. 
Those who do this most effectively involve their families in work decisions and activities. They also 
vigilantly manage their own human capital, endeavoring to give both work and home their due—over a 
period of years, not weeks or days.When you are leading a major project, you determine early on what a 
win should look like. The same principle applies to leading a deliberate life: You have to define what 
success means —understanding, of course, that your definition will evolve over time.Several basket 
players (or other sports men) who admitted to spending inadequate time with their families consider 
absence an acceptable price for providing their children with opportunities they themselves never had. 
One of these men, poor during his childhood, said that his financial success both protects his children 
and validates his parental struggles. Another even put a positive spin on the breakup of his family: 
“Looking back, I would have still made a similar decision to focus on work, as I was able to provide for 
my family and become a leader in my area, and these things were important to me. Now I focus on my 
kids’ education and spend a lot more time with them over weekends.”This paper addresses the relevant  
 
Key Words: Sport, Work Life, Professional life, Generation, Human Resources 
 
Introduction 

The challenges related to professional orientation has made it particularly difficult to make decisions 
and choices related to family and proceeding a professional career path. Sport professionals even more so 
have the complex path of commitment and sacrifices in order to achieve outstanding results and make 
them self’s an household name within the sport industry. However engaging and commitment is just not 
enough nowadays, the fiercer the competitions is the more certain career managing is needed. Therefore 
we will look into the decision making process in a career crossroad of a Macedonian basketball player, 
taking into considerations all the aspect that would and could influence his present and future actions, and 
all the factors influencing his decision making related to his professional and private path. At this point it 
should be noted that there are many examples facing the issues, similar as those presented in this paper.  

Introducing Peter who is a basketball player. He is one of the best point guards in Macedonian 
basketball. He belongs to the so-called Generation Y. He is born in 1985. He is married and has a little 
girl of 6 years. In September his daughter starts school. His wife is a graduated psychologist working in a 
primary school in the city center. 

Peter gets an offer to continue his career by playing in one of the best and most attractive basketball 
clubs in the United Arab Emirates. The agreement includes playing for the club in the next four years. 
The amount of money he would receive is high enough to secure a comfortable and cozy living for the 
next 20 years if spent wisely. Further within the agreement provided is the possibility his family to join 
him, good accommodation for the whole family, but as a requirement rises that his wife will not work and 
his child would continue education at a school where the language of instruction is English and where the 
classmates are children of rich and famous residents in Emirates are studying as well. Furthermore, in the 
terms it is specified that his private life must be subordinated to the obligations of the club, which would 
mean a great absence from home, which includes at least two trainings per day, one in the morning the 
other one in the afternoon, absence during games which taking place every three days, where also long 
distances must be mastered to get to the location where games takes place. Also, as a large part of his 
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stay, he shall spend time travelling by plane and in hotel rooms in locations where the club is playing a 
match. So there are huge preconditions and probability for ending up with a low balance between 
professional and private life. 

On the other hand Peter is an interesting guy. He is well aware for the following two things: 
- That this kind of chance to go abroad under such conditions is once in a life opportunity. 
- That he is currently in a phase of life where most of the efforts should be made stretching his strength 

even more (physical and mental conditions are correlated), and that although this phase lasts for almost 
twenty years, nevertheless it should be noted that for athletes this phase is much shorter (larger effort, 
possible injuries and other unforeseen events). 

Furthermore, Peter, is an interesting guy due to some of its characteristics. The main feature is that he 
aims seeing and being present while his little daughter starts school, learns his first letters, make her first 
drawings.Peter has a lot of wishes. But most of all, Peter wants to strike a balance between his 
professional and private life. 

To help Peter to make a proper and most apparent decision, in our view the primary focus should be 
pointed towards the characteristics of his generation (which is typical for them), and then,  provide  
appropriate propositions what to do in order to ensure balance between professional and private life , 
based on the affiliation of the corresponding generation . 
 
The Generation 

In order to discover the characteristics of Peter as a member of one age group or generation, we 
believe it is necessary to do the following: 

- To define the concept of generation; 
- To recognize the relevant criteria determining the appropriate generation; 
- To determinate the appropriate generation based on the application of the relevant criteria 

determining the appropriate group;  
- To determine the characteristics of the members of Generation Y (the generation to which Peter 

belongs); 
When discussing the notion of generation, like any other concept in the literature there can be found 

many different attempts. Basically, they all have one thing in common which is that under the term 
generation it is considered a group of people who are born, live and work in approximately the same 
historical time. In addition, questions are raised , to determine the criteria which define the appropriate 
generation. Though the following factors are determined as more significant in defining the generation 
(Howe, Strauss, 2002): 

- Year of birth; 
- A sense of belonging; 
- Common beliefs and behaviors; 
- Sharing a common history. 
The sense of belonging means creating a perception of belonging to a generation that has its 

beginnings in the puberty stage and end at the stage of so called young adulthood. 
In terms of common beliefs and behaviors concerning the attitude  towards family and marriage, career 

, personal life , politics . 
Sharing a common history involves joint participation in common and significant events that 

characterize the time in which they are present. 
In terms of year of birth (which is usually considered as the fundamental criterion for determining the 

respective generation) different classifications could be pointed out. Belonging to  an appropriate age , is 
characterized by specific behaviors, as well as perceptions of reality . 

In this line considering one classification, the generations are divided into : 
- A group of employees until 1950 ; 
- Born between 1951 and 1960 ; 
- Born in the period between 1961-1970 ; 
- Born after 1971. 
According to another classification (Martin, Tulgan, 2002) , there are the following three groups ( with 

their " synonyms " ) ; 
- Baby Boom generation (born between 1946 and 1964 ) ; 
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- Generation X ( born between 1965 and 1977 ) ; 
- Generation Y ( born between 1978 and 2000 - the so-called millennium generation ) 

Generation Y ( the generation that belongs to Peter ) 
The first and main feature of members of this generation is that they are individuals who have never 

lived in a world without technology.That means that mobile phones , Internet , SMS , skype, facebook, 
twitter, etc., are an integral part of their lives. It is a generation that doesn’t know how to calculate at  
heart , but does that using the help of computers and mobile phones ; generation that does not know what 
it means to  have a film in the photographic camera; generation  where the  images of  Fiat 750 and a blue 
Skoda 110 L, are interesting , but unusual ( yes, they will indicate as members of this generation , that 
their  grandfather had this type of car , somewhere in the 60s , 70s of last century ), in the 80s , at a 
concert will during some slow songs lighter were lit and used , now in the air are risen Iphones’, tablets 
and so on. 

The organizational culture in which live, grow up and work ,the members of this generation, is 
characterized by high speed, uncertainty, turbulence and major changes. Reliability , inertia , slowness , 
low turbulence  were characteristics of the generations before.( baby boom and generation X-  as an 
example). 

Generation Y consists mainly, of the children of baby boomers, but their mindset, beliefs, values and 
attitudes are far more different than those of their parents . 

The members of the Generation Y,  have the following basic features : 
- Access to modern IT and other modern technology; 
- Participation in decision making; 
- The existence of feedback; 
- Teamwork ; 
- Flexible and unbalanced fees ; 
- Ready for equal negotiation. 
But also these members ( Generation Y), search for a proper career, balance between work and private 

life and independence . Finding the perfect career is more important for them than just finding work and 
job satisfaction is more important than the salary provided by an organization . 

So, Peter is a member of the Generation Y. One of the main features of these individuals is that they 
require a balance between the professional and private life. Plus, Peter is described as a person which 
despite everything is aiming to achieve that balance between professional and private life . Let's discuss 
how to help Peter to achieve that balance between professional and private life , and at the same time  
maximize achievements considering his career . 

 
 Establishing balance between professional life and private life 

In real life , there is a high degree of duality. For that Marks made some statements (" the struggle of 
opposites " ), and entries can be found in scenarios of old Macedonian tales. There is a number of 
different dimensions in which man's life is confronted the problem of duality . 

This duality is especially emphasized in ensuring a balance between professional and private life. It 
expresses in the existence of so-called "Parallel worlds " , i.e. the division of existence into two 
independent parts .This approach requires , first, sorting people into categories. People who belong to our 
inner circle (family,  friends , relatives ) and people who belong to our outer circle ( associates , 
customers , etc. ) . 

There can’t be a happy career if there is not a happy personal life and vice versa . We choose the inner 
circle , but we can not choose the outer circle .An active role in ensuring the balance between professional 
and personal life , has the organization where the individual is employed.  

In  the current case,  that is the Basketball club UAE . But the nature of the trainings ,matches , the 
very essence of the club does not allow ,a positive role of the club in terms of this issue. So here Peter 
must make the balance . 

The first activity that needs to be done by Peter  is the " management of his  priorities ." Peter must be 
a good, effective and efficient basketball playe , but also at a same time a good parent , husband , family 
man. If he wants to be fully involved in the life of his little girl and the family he must give up part of  his 
ambitions. On the other hand, if he puts professional  success first it is likely that he will have to give up 
some degree of involvement in the life of his little daughter and his family . 
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These priorities are, at the same time, the club priorities , and Peters’ priorities . How to manage? 
One priority for the club is achieving results. But the club also wants for Peter to be happy, if this 

means that the club will be getting also the most of the situation.  Of course , the club does not want Peter 
to drag their family problems in the atmosphere of the club. Therefore, whenever discussing the balance 
between work and private lif , remember what are your employer considerations, and it will bring success. 

The club is perfectly equipped to meet the challenges of balancing work and private life , if you 
deserve it with the results of their work . 

For setting priorities, in practice there are several possible strategies , including: 
- Finding courage to refuse demands that are beyond achieving balance between professional and 

private life ; 
- Requesting not to quit on ourselves when planning the balance between the professional and private 

life; 
- Self-management (recognizing the paradigm considering the "limitations of time and the inability to 

store and return back” ) ; 
- Time management (determining priorities, separating the important from the not important) ; 
- Stress management; 
- Change management 
But also the club and its management must secure: 
- The support of the club and its management to ensure a balance of professional and private life; 
- Determining the appropriate priorities for work ; 
- Identifying the signs of exhaustion and monotony ; 
- Seminars for balancing between professional and private life ; 
- Encourage programs for recreation and relaxation 
- Defining the occasions where the basketball players socialize with their families and with the 

management of the club (team-building); 
The results of the misapplication of the relevant policies for the company management balancing the 

workplace can be: 
- More frequent absences of the basketball players 
- Concealing the true reasons for absence 
- Reducing the morale of the basketball players 
- Increased stress 
- Abandoning the club 

 
Instead of a conclusion 
Stop . Enough text . We think it is not too hard to see what should Peter and his club should do. 
What do you think ? 
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Abstract:  

Because of obvious trend of decreased level of physical activity of the pre-school children, there is an 
imposed need for its intensifying in order to provide as optimal as possible influence on complete 
psychophysical development of children, especially in this, most sensitive period of their development. It 
is quite certain that contemporary life habits and lifestyles require adequate changes in aims, structure, 
contents and forms of teaching physical education in pre-school institutions. Modern system of pre-school 
education has a task, among other things, to provide for children suitable pre-conditions and stimulus for 
development of rich, various and creative mobile activities, necessary for proper growth and 
development, during which it should be especially indicated to importance of implying mobile games. 
More intensive implementation of mobile games is certainly the most efficient tool in realisation of that 
task in pre-school institutions that together with the most qualitative staff represents the place which has 
the greatest potential influence on quality, volume and content of physical activity of the pre-school 
children. For importance of physical activity optimisation of the pre-school children, a research was 
done at the Faculty of Sports and Physical Education in Niksic whose aim was to get directions for 
improvement of education in pre-school institutions and expert work through monitoring and insight into 
attitudes of teachers.  

 
Key words: physical activity, intensifying, research, education.  
 
Introduction  

The world scientific publicity is more and more occupied with the problem of insufficient physical 
activity of children, regarding noticeable undiminished trend of decreasing of its level at all ages. It is 
already quite certain that modern life habits and lifestyles require adequate changes in aims, structure, 
contents and forms of physical education at all levels and chronological ages. Modern system of pre-
school education, among others, has the task to provide children with suitable socially-materialistic 
preconditions and stimulus for development of rich, various and creative mobile activities, necessary for 
proper growth and development, during which it should be especially indicated to importance of implying 
mobile games.  

It is well-known that the main aims whose realisation should be strived for in pre-school physical 
education: healthy, physically well and properly developed child; comprehensive development of motor 
skills that is formation and strengthening of abilities to master space moving through it; co-ordinately, 
properly, graciously, balanced and rhythmically; development of psycho-physical abilities: speed, agility, 
pliability, strength, persistency, precision etc, mastering basic locomotors and manipulative moves and 
mastering fine motor skills-willingly orientation of moves, their coordination, rhythm, strength, precision; 
maintenance of normal state of moving apparatus, especially wrists, joints and muscles, which is reflected 
in their strength and mobility. Role of mobile games in realisation of the above mentioned goals in pre-
school education is very important. For those reasons, at the Faculty of Sports and Physical Education in 
Niksic a research was done at the sample of employed teachers-students of specialist studies, with the aim 
to get directions for improvement of education in pre-school institutions and expert work through 
monitoring and insight into attitudes of teachers. 
 
Material & methods 

For importance of physical activity optimisation of the pre-school children, a research was done at the 
Faculty of Sports and Physical Education in Niksic whose aim was to get directions for improvement of 
education in pre-school institutions and expert work through monitoring and insight into attitudes of 
teachers. Problem of this research is in attempt to use the given attitudes for estimation in which measure 
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the experienced teachers recognise the importance and role of mobile games in proper development and 
growth of the pre-school children.  

The goal of the research is in attempt to use the given attitudes of the experienced teachers to take 
certain measures on the base of which characteristics of pre-school children physical activity could be 
optimised.  
 
Sample of examinees  

The research was done at the Faculty of Philosophy in Niksic by anonymous questionnaire fulfilled by 
students of specialist studies employed in pre-school institutions or with suitable work experience. 

Sample of the examinees was made of 44 teachers, being at specialist studies at Department of 
Physical Education of the Faculty of Philosophy in Niksic.  
 
Sample of measuring instruments  

An anonymous questionnaire was used for the poll, which was especially structured for this purpose 
and in which the questions were made in order to estimate attitudes of the teachers on significance and 
role of mobile games in proper growth and development of the pre-school children.  
 
Statistic data processing  

Procedures of descriptive statistics were applied in the research, and the results were represented 
through numerical and graphical schemes.  
 
Results 

In the following tables the complete results were given numerically, percentage and graphically, for 
each question from the poll in purpose of estimating attitudes of teachers on significance and role of 
mobile games in proper development and growth of pre-school children.  
 
Poll answers: 
 
1.To the first question: “The pre-school children more and more need mobile games as a compensation 
for passive spending of time“,  the following answer was given:  
 
Table:1 

 1 2 3 4 5 

numerically 2 ----- 2 7 33 

 percentage  4.54% 0% 4.54% 15.92% 75% 

  
 

     Chart:1 

 

2. To the second question: “Television and computers occupy children too much, so it should be 
compensated by longer time spent in mobile games“, the following answer was given:  
 
 
Table:2 

 1 2 3 4 5 

numerically 1 ----- 3 6 34 

percentage  2.27% 0% 6.82% 13.64% 77.27% 

 

Chart:2 
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3. To the third question: ‘’Well organised mobile games are found more interesting than contents offered 
by television and Internet by the pre-school“, the following answer was given:  
 
 
Table:3 

 1 2 3 4 5 

numerically 1 ----- 7 10 26 

percentage  2.27% 0% 15.92% 22.72% 59.09% 
 

Chart:3 

   
 
 
4. To the fourth question: „I stimulate children to be more physically active and to play at home as much 
as possible“, the following answer was given:  
 
Table:4 

 1 2 3 4 5 

numerically 1 ----- ----- 9 34 

percentage  2.27% 0% 0% 20.46% 77.27% 
 

Chart:4 

 
 
5. To the fifth question: ''The parents playing with their children more often have a better contact and 
better educational influence on their children“, the following answer was given:  
 
 
Table:5 

 1 2 3 4 5 

numerically 1 ----- ----- 7 36 

percentage  2.27% 0% 0% 15.92% 81.81% 
 

    Chart:5 

 
 
6. To the sixth question: ''Of all activities organised in our pre-school institution, the children enjoy the 
most in mobile games'', the following answer was given:  
 
Table:6 

 1 2 3 4 5 

numerically 1 ----- 6 15 22 

percentage  2.27% 0% 13.64% 34.09% 50% 

       

Chart:6 

 

7. To the seventh question: '' I, as a teacher, often participate in mobile games with children'', the 
following answer was given:  
 
Table:7 

 1 2 3 4 5 

numerically 1 ----- ----- 9 34 

percentage  2.27% 0% 0% 20.46% 77.27% 
 

Chart:7 
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8. To the eighth question: ''The children spending more time in mobile games grow faster and develop 
more properly'', the following answer was given:  
 
Table:8 

 1 2 3 4 5 

numerically 1 ----- 1 10 32 

percentage  2.27% 0% 2.27% 22.73% 72.73% 
 

Chart:8 

 
 
9. To the ninth question: ''After they finish the mobile games, the children have better cooperation in 
other common activities as well'' ,  the following answer was given:  
 
Table:9 

 1 2 3 4 5 

numerically 1 ----- 1 14 28 

percentage  2.27% 0% 2.27% 31.82% 63.64% 
 

Chart:9 

 
 
10. To the tenth question: '' After they finish the mobile games, the children have better concentration for 
the following activities'', the following answer was given:  
 
Table:10 

 1 2 3 4 5 

numerically 1 ----- 6 17 20 

percentage  2.27% 0% 13.64% 38.64% 45.45% 
 

Chart:10 

 
 
 
11. To the eleventh question: ''Besides the mobile games, I apply the other forms of physical activity when 
I work with children'', the following answer was given:  
 
 
Table:11 

 1 2 3 4 5 

numerically 1 ----- 2 14 27 

percentage  2.27% 0% 4.54% 31.82% 61.37% 
 

  Chart:11 

 
 
 
 

12. To the twelfth question: ''In talk to teachers from our kindergarten we often emphasize the importance 
of mobile games in activities of pre-school children'',  the following answer was given:  
 
Table:12 

 1 2 3 4 5 

numerically 1 ----- 3 13 27 

percentage  2.27% 0% 6.82% 29.54% 61.37% 
 

  Chart:12 
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13. To the thirteenth question: ''For increased significance of mobile games in growth and development of 
pre-school children, I reckon that additional educational contents should be organised for the teachers'',  
the following answer was given:  
 
 
Table:13 

 1 2 3 4 5 

numerically 1 ----- 3 12 28 

percentage  2.27% 0% 6.82% 27.27% 63.64% 
 

  Chart:13 

 
 

 
14. To the fourteenth question: ``I would be happy to attend the seminars at which I could improve my 
knowlede in the field of organisation and realisation of mobile games in pre-school institutions``, the 
following answer was given:  
 
 
Table:14 

 1 2 3 4 5 

numerically 1 ----- 1 9 33 

percentage  2.27% 0% 2.27% 20.46% 75% 
 

Chart:14 

 
 
 
Discussion 

Although physical education in our pre-school system has a long tradition, contemporary life habits 
and lifestyles require adequate changes in aims, structure, contents and forms of teaching physical 
education, so Bjelica, D., Krivokapić, D.(2012) say: ``actual fond of classes and teaching with its form 
and content cannot completely respond the goals and tasks set in the contemporary life conditions in front 
of this subject. First of all, it refers to inadequate intensity, but above all the volume of work``.  

According to the same authors (2011), ``the need for physical activity with pre-school child is very 
strong. The mobile activities stimulate development of breathing organs, improve the blood, stimulate 
activity of marrowbone, and affect proper body posture``.   

These are the reasons for which a certain attention should be paid on intensifying physical activity of 
pre-school children, with accent on mobile games, especially now, when passive forms of spending free 
time, according to its durability and frequency, significantly surpasses the time that is filled with physical 
activity.  
 
Conclusion 

Because of obvious trend of decreased level of physical activity of the pre-school children, there is an 
imposed need for its intensifying in order to provide as optimal as possible influence on complete 
psychophysical development of children, especially in this, most sensitive period of their development. 
More intensive implementation of mobile games is certainly the most efficient tool in realisation of that 
task in pre-school institutions that together with the most qualitative staff represents the place which has 
the greatest potential influence on quality, volume and content of physical activity of the pre-school 
children. 
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Abstract: 

Purpose: To determine whether anthropometric parameters of growth and body mass index (BMI) 
vary by ethnic group in their distribution. Material and methods: This study included 384 female 
adolescents at the age of 13 to 17 years (209 Macedonian and 175 Albanian) from the city of Skopje, R. 
Macedonia. Body height, weight, circumferences: chest, waist and hip, elbow and knee diameter were 
measured using standard equipment and measurement technique. Body mass index (BMI) was calculated 
(kg/m2) as anthropometric indicator for evaluating nutritional status in adolescents. Results: Statistically 
significant differences within ethnic groups were found for anthropometric parameters in favour of 
Macedonian female adolescents for: body weight and BMI in 13-year-old adolescents and for body height 
in 14-year-old adolescents. Significant differences between ethnic groups were found for chest and waist 
circumference in 13-year-old adolescents in favour of Macedonian females. Statistically significant 
differences in measured transversal parameters in all age groups were found in favour of females from 
Albanian nationality. There were no substantial differences in the 50th percentile values for BMI-for-age 
except at the age of 13 years. Conclusions: Anthropometric parameters in female adolescents of 
Macedonian nationality were significantly different than those of Albanian nationality. There were no 
significant differences in nutritional status assessed by BMI-for-age. The obtained values in our study are 
recommended to be applied for better understanding of deviations in growth and nutrition in ethnic 
different 13 to 17-year-old Macedonian female adolescents. 

 
Key words: adolescents, ethnic groups, nutritional anthropometry, body height, body weight 
 
Introduction 

Anthropometric measurements of human body, especially in the period of childhood and adolescence 
are needed in clinical practise for evaluating the growth and development and they can be good indicators 
of health and nutrition of youth population [1,3,2]. Body height and weight are valid indicators of growth 
but changes that occur in body proportions and body composition are basic elements of growth and 
development. 

Distribution of body fat is currently of main interest of researchers and the main changes occur during 
the period of childhood and adolescence. Individual changes are associated with changes in hormone 
levels and metabolic processes in adipocytes especially in childhood and adolescent period. The most 
used and validated anthropometric indicator for evaluating nutritional status in children, adolescents and 
adults is body mass index (Quetelet index = weight/height2) [5,4].  It can be used as an alternative 
indicator for direct measuring of body fat. It is an easy and simple method for early detection of 
nutritional status in children and adolescents. BMI is sex and age specific and it is referred as BMI for age 
[6].  

Most studies that have evaluated nutritional status of adolescents using BMI, have not considered the 
possibility that the ethnic differences in body fatness may vary according to the BMI level [7]. Macedonia 
is a country in which a heterogeneous population composed of mixture of different religious and 
linguistic affiliations, lives on a small space with limited resources. Albanians are the largest ethnic 
minority in the Republic of Macedonia. Of the 2,022,547 citizens of Macedonia, 509,083, or 25.2%, are 
Albanian according to the latest national census in 2002 [8]. The Albanian population in the country is 
largely rural with ethnic Albanians forming a majority or plurality in only 3 of the country's 34 cities. 
There have not been enough studies on the health status of the Albanian adolescents and there is even less 
data on their nutritional status, which may be used as a guideline for an early detection in health 
deviations.  

The main objective of our study was to evaluate ethnic differences of anthropometric parameters of 
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growth in 13 to 17-year-old female adolescents, both Macedonian and Albanian. All of the participants 
lived in the capital town of R. Macedonia, Skopje. 
 
Material & methods  
Subjects 
Data were obtained from a cross-sectional sample of students of primary and secondary schools in 
Skopje, R. Macedonia. The sample included 384 healthy female students (209 Macedonian and 175 
Albanian) at the age of 13 to 17 years from selected schools and classes. Participants gave their consent 
for participation in the research. In order to avoid errors in the selection of the sample, volunteer students 
were not included. Subjects were grouped according to age and nationality.  
The total number of subjects was divided into five groups by age. A group of 13-year-old adolescents 
(range of age from 13 to 13.9 years, 88 students), group of 14-year-old adolescents (range of age from 14 
to 14.9 years, 85 students), group of 15-year-old adolescents (range of age from 15 to 15.9 years, 70 
students), group of 16-year-old adolescents (range of age from 16 to 16.9 years, 62 students) and a group 
of 17-year-old adolescents (range of age from 17 to 17.9 years, 79 students). Each group was divided into 
subgroups by nationality. The 13-year-old group included 46 Macedonian and 42 Albanian female 
students; 14-year-old group: 46 Macedonian and 39 Albanian students; the 15-year-old group included 40 
Macedonian and 30 Albanian students; 16-year-old group: 32 Macedonian and 30 Albanian  students and 
the 17-year-old group included 45 Macedonian and 34 Albanian students. The University Human 
Research Ethics Committee approved the experimental protocols.  

 
Anthropometry 

For evaluation of morphology of adolescents’ body the following anthropometric parameters were 
selected and measured with standard anthropometric instruments according to the International Biological 
Programme (IBP): body height (BH) and body weight (BW), chest (CHC), waist (WC) and hip 
circumference (HC) and two diameters, elbow (DE) and knee (DK). BMI was calculated as a ratio of 
body weight and height squared (kg/m2). Measurements were made during school hours, not interrupting 
the lessons. Every adolescent has his/her own anthropometric file with the following data: name, gender, 
date and place of birth, date of examination, nationality and measured anthropometric data.  

 
Nutritional status 

Anthropometric indexes were used for interpretation of the measurements. The following indexes 
recommended by the WHO expert committee were used: height-for-age, weight-for-age and BMI-for-age 
[9,10,11]. The assessment of the value of indexes was done in accordance with the recommended 
percentile charts for the appropriate age group. For the aim of categorization of the BMI values, the 
following percentile cut-off points were used: < 5th percentile for underweight; from the 15th to 85th 
percentile for normal weight; from 85th to 95th percentile for the category of overweight; and above the 
95th percentile for obese [11]. 
           
Statistics 

The data were analyzed with descriptive statistics presented by measures of central tendency and its 
deviation (arithmetic mean value ± and standard deviation) along with ranges expressed in percentiles. 
Testing of ethnic specific differences was done with independent t-test. Differences for p <0.05 were 
considered to be statistically significant. The statistical package for the social sciences (SPSS 17.0, Inc, 
Chicago, IL) was used for all statistical analysis. 
 
Results 

The study included 384 female healthy students (209 Macedonian and 175 Albanian) at the age of 13 
to 17 year from selected schools and classes, from the city of Skopje.  

Differences in mean values and standard deviations of the examined anthropometric parameters in 13 
to 17-years-old Macedonian and Albanian female adolescents and their age specific differences are 
presented in Table 1.  

The 13-years-old Macedonian females had body height of 160.80±5.73 cm, weight 51.89±7.37 kg and 
BMI 20.04±2.52 kg/m2.  In Albanian females at the same age the values were: 158.55±6.01 cm, 
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47.36±8.64 kg and 18.80±3.09 kg/m2 for BH, BW and BMI. In 14-years-old Macedonian females mean 
values were: 164.57±6.35 cm for BH, 56.31±7.50 kg for BW and for BMI 20.77±2.45 kg/m2, compared 
to values of Albanian females at the same age: 160.44±6.95 cm for BH, 54.89±13.46 kg for BW and for 
BMI 21.19±4.17 kg/m2. While in 13 and 14-year-old females the values were higher in Macedonian in the 
15-year-old Macedonian females mean values were more similar to those in Albanian adolescents: 
162.92±7.53 cm for BH, 55.4±6.97 kg for BW and for BMI 20.83±1.86 kg/m2, in Albanian females at the 
same age: 162.12±5.07 cm for BH, 56.93±11.44 kg for BW and for BMI 21.72±4.66 kg/m2. In 16-year-
old Macedonian females mean values were: 164.95±6.50 cm for BH, 55.81±6.24 kg for BW and for BMI 
20.51±1.97 kg/m2, compared to values of Albanian females at the same age: 162.28±6.85 cm for BH, 
52.9±8.36 kg for BW and for BMI 20.10±3.03 kg/m2. In 17-year-old Macedonian females mean values 
were: 163.49±6.58 cm for BH, 57,06±7.13 kg for BW and for BMI 21,34±2.30 kg/m2, compared to 
values of Albanian females at the same age: 162.95±5.65 cm for BH, 56,76±10.07 kg for BW and for 
BMI 21,32±3.75 kg/m2. 

Statistically significant differences within ethnic groups were found for anthropometric parameters in 
favour of Macedonian female adolescents for: body weight and BMI in 13-year-old adolescents and for 
body height in 14-year-old adolescents.  

Mean values of measured circular parameters presented in Table 1 in Macedonian females at the age 
of 13 years were as follows: 82.94±6.40 cm for CHC, 67.18±5.44 cm for WC and 90.31±7.14 cm for HC, 
and in Albanian females at the same age: 76.16±6.46 cm for CHC, 64.21±6.72 cm for WC and 
87.92±7.51 cm for HC. At this age as we can see from the obtained results all of the three circular 
parameters were with higher values in Macedonian female adolescents. At the age of 14 years the 
differences were not significant. Mean values for chest, waiste and hip circumference in Macedonian 
females were:  84.84±6.00 cm for CHC, 70.34±9.38 cm for WC and 94.77±9.02 cm for HC. In Albanian 
females the values were: 85.71±8.75 cm for CHC, 70.34±9.38 cm for WC and 94.77±9.02 cm for HC. 
Mean values for 15-year-old Macedonian females were: 85.67±4.87 cm for CHC, 68.68±4.71 cm for WC, 
93±4.57 cm for HC, compared to Albanian females at the same age: 88.09±8.30 cm for CHC, 
73.04±10.62 cm for WC and for HC 97.10±7.70 cm. At the age of 16 and 17 years the values were 
similar with those in 15-year-old adolescents with higher values for all three circumferences in favour of 
Albanian females. In 16-year-old Macedonian females the obtained values were: 83.84±4.31 cm for CHC, 
67.81±4.47 cm for WC, 93±5.44 cm for HC, compared to Albanian females at the same age: 85.55±7.23 
cm for CHC, 69.41±7.13 cm for WC and for HC 94.71±5.85 cm. Mean values for 17-year-old 
Macedonian females were: 86.66±5.17 cm for CHC, 68.35±5.68 cm for WC, 93.93±6.12 cm for HC, 
compared to Albanian females at the same age: 87.68±6.10 cm for CHC, 71.34±5.89 cm for WC and for 
HC 96.21±7.04 cm. 

 
Table 1. Comparison of body height, body weight, BMI, circumferences (chest, hip and waste) and significance of 

the differences among populations 

  Age/nationality                                 
 
     
n 

 
BH (cm)          BW (kg)           BMI (kg/m2) 
                        (X±SD) 

            Circumferences (cm) 
Chest                     Waist                   Hip 
                            (X±SD) 

13  Macedonian 46 160.80±5.73 51.89±7.37* 20.04±2.52* 82.94±6.40* 67.18±5.44*  90.31±7.14 
      Albanian 42 158.55±6.01 47.36±8.64 18.80±3.09 76.16±6.46 64.21±6.72  87.92±7.51 
14  Macedonian 54 163.88±6.04* 56.31±7.50 20.81±2.52 84.84±6.00 69.4±7.19  93.88±6.34 
      Albanian 39 160.44±6.95 54.89±13.46 21.19±4.17 85.71±8.75 70.34±9.38  94.77±9.02 
15 Macedonian 
      Albanian 

40 
30 

163.06±7.42 
162.12±5.07 

55.4±6.97 
56.93±11.44 

20.80±1.89 
21.72±4.66 

85.67±4.87 
88.09±8.30 

68.68±4.71 
73.04±10.62*  93±4.57 

97.10±7.70* 
16 Macedonian 
      Albanian 

32 
30 

164.95±6.50 
162.28±6.85 

55.81±6.24 
52.9±8.36 

20.51±1.97 
20.10±3.03 

83.84±4.31 
85.55±7.23 

67.81±4.47 
69.41±7.13  93±5.44 

94.71±5.85 
17 Macedonian 
      Albanian 

45 
34 

164.08±6.01 
162.95±5.65 57.06±7.13 21.18±2.28 86.66±5.17 68,35±5.68  93.93±6.12 

   56.76±10.07 21.32±3.75 87.68±6.10 71.34±5.89*  96.21±7.04 
* Significant differences within ethnic group (p<0.05) 

 
 
For circular parameters significant differences between ethnic groups were found for chest and waist 

circumference in 13-year-old adolescents in favour of Macedonian females. In 15-year-old adolescents’ 
significant differences were found for waist and hip circumference in favour of Albanian adolescents and 
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for waist circumference significant differences were in favour of Albanian adolescents at the age of 17 
years. 

Table 2 presents differences in mean values of measured transversal anthropometric parameters: elbow 
and knee diameters in both Macedonian and Albanian female adolescents aged 13 to 17 years. Mean 
values for elbow and knee diameters were higher in Albanian female adolescents. Values for the elbow 
diameter increased with the age in Macedonian females contrary to Albanian females. Statistically 
significant differences in measured transversal parameters in all age groups were found in favour of 
females of Albanian nationality (p<0.05). In 13, 15 and 17-year-old females’ significant differences were 
found for knee diameter, in 14-year-old females for elbow and knee diameters and in 15-year-old females 
for knee diameters. 

 
 

Table 2. Comparison of diameter values and significance of the differences among female populations 
 

  Age/nationality                                  
  n 

       Diameters (cm)                                                             
  Elbow               Knee               
             (X±SD) 

13 Macedonian 46 5.63±0.39 8.30±0.51 
     Albanian 42 7.13±7.88 8.88±0.47* 
14 Macedonian 54 5.76±0.34 8.48±0.69 
     Albanian 39 5.96±0.40* 8.81±0.53* 
15 Macedonian 
      Albanian 

40 
30 

5.72±0.37 
5.87±0.38 

8.26±0.44 
8.86±0.70* 

16 Macedonian 
      Albanian 

32 
30 

5.82±0.37 
6.02±0.32* 

8.34±0.37 
8.48±0.42 

17 Macedonian 45 6.78±7.20 8.38±0.41 
     Albanian 34 5.91±0.40 8.68±0.44* 

* Significant differences within ethnic group (p<0.05) 
 
 

Table 3. Percentile values for body height, weight and BMI in 13 to 17-year-old Macedonian female adolescents 
 

Age/y                                                                  Percentile 
                                 5         10          15            25          50           75         85           90         95 
     Female                                                           Height-for-age     
13 (n=46)        150.45    154.5     155.3      157          161.5      164.75      166         167        169.75     
14 (n=54)        155         156.2     157.1      159.25     164         167.5        169.9      172.6     175   
15 (n=40)        148.95    153.8     157         159.75     163.5      168           170.15    171        172.05 
16 (n=32)        157         158        158         160.75     164.75    168.5        170.35    171        175.7 
17 (n=45)        156         156.4     157         160          164         167           170.6      173.68   174.8    
                                                                        Weight-for-age 
13 (n=46)       40.65      42.9       43.37       47.25       52          55.6            57           60.5         64.62  
14 (n=54)       44.79      46          47.15       50            55           63               64          65            67.3  
15 (n=40)       44.95      47.9       48            50            55           59.25          63          63.1         64.35 
16 (n=32)       46           47.1       48.65       51.75       56.5        59               63.7       65            65.45 
17 (n=45)       47.2        49          50             52            56           60.5           65.8       68            70.6 
                                                                                 BMI 
13 (n=46)      16.56    16.83       17.19       18.43       19.78       21.88         22.99      23.23        23.98     
14 (n=54)      17.18    17.98       18.25       18.73       20.33       22.52         23.82      24.50        24.73 
15 (n=40)      18.04    19.04       19.13       19.60       20.62       21.72         22.88      23.13        23.85 
16 (n=32)      17.17    17.86       18.42       19.38       20.62       21.71         22.64      23.11        23.40 
17 (n=45)      18.18    14.44       18.59       19.46       21.50       22.46         23.47      24.16        25.40 
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Age percentile values for anthropometric parameters that are commonly used for assessment of growth 
and nutritional status in adolescents such as: indices height-for-age, weight-for-age and BMI for 
Macedonian and Albanian females are shown in Table 3 and Table 4, respectively. 

The 50th percentile for height-for-age index in Macedonian females had shown higher values in the 
age groups from 13 to 17 years (161.5 cm to 164 cm) than in Albanian females 158 cm to 164 cm. The 
50th percentile for weight-for-age index in Macedonian females was 52 kg to 56 kg in the age groups from 
13 to 17 years and in Albanian females they were 45 kg to 57 kg.  

The most used and validated anthropometric indicator for evaluating nutritional status in children, 
adolescents and adults is body mass index (Quetelet index = weight/height2). Percentile values for BMI 
for Macedonian female subjects are shown in Table 3 and for Albanian adolescents in Table 4. As we can 
see from the Tables 3 and 4, the values of the 50th percentile for BMI in Macedonian female adolescents 
at the age from 13 to 17 years were from 19.78 kg/m2 to 21.50 kg/m2 and from 17.96 kg/m2 to 21.71 kg/m2 
in Albanian females at the same age. There were no big differences in the 50th percentile values for BMI-
for-age except at the age of 13 years; the value for the 50th percentile was slightly lower in Albanian 
adolescents (17.96 kg/m2) than in Macedonian at the same age (19.78 kg/m2).  
 

 
Table 4. Percentile values for body height, weight and BMI in 13 to 17-year-old Albanian female adolescents 

 
Age/y                                                                  Percentile 
                            5           10         15            25          50           75             85            90               95 
      Female                                                           Height-for-age     
13 (n=42)         149         149.1     151.72    155         158        163         163.85     167.9       168 
14 (n=39)         149.7      150.7     155.55    158         159.5     162.75    167          171          171.9 
15 (n=30)         154.25    157        158         159         162        165.75    166.65     167          167 
16 (n=30)         152.45    153        155.35    156.12    162.5     166.75    169          169.3       172.55 
17 (n=34)         154.3      156        156         158.47    164        166.75    169.05     170          171.05 
                                                                        Weight-for-age 
13 (n=42)        36.05       38.1       39.15      40            45          52.75        54.85        56.85        59.9 
14 (n=39)        39.55       40.7       41.55      45.25       53          62.75        65.45        66.9          71.15 
15 (n=30)        45            45.9       46.35      47.25       54.5       60             67.25        74.5            81.75 
16 (n=30)        44.45       45          46           47.25       52.5       58.5          59.65        63.2            69.4 
17 (n=34)        39.3         44.3       45           49             57          65             65             65               66 
                                                                                 BMI 
13 (n=42         15.44       15.94     15.99      16.22      17.96        20.50       21.67          22.15       23.12 
14 (n=39)        15.44       16.09     17.74      18.48      20.48        23.32       23.99          25.35       28.50 
15 (n=30)        16.68       17.40     17.66      18.18      20.64        24.27       25.53          27.25       32.22 
16 (n=30)        16.28       16.67     16.98      17.81      19.71        21.97       23.14          23.77       25.51 
17 (n=34)        15.95       16.26     17.30      18.78      21.71        24.04       24.61          24.88       26.35 

 
 
Dicussion 

Ethnic diversity is always a significant factor that may affect the anthropometric data and the scopes of 
its applications. To apply effective strategies, a better understanding of morphology and its relationships 
with body composition in each ethnic group is essential. Pheasant suggested that the variations of body 
dimensions of different groups can be observed in terms of overall body size and bodily proportions [12]. 
The mean anthropometric dimensions, for example stature and sitting height, are the most typical 
distinctions among ethnic groups [13].  

The aim of this study was to assess the differences in anthropometric parameters of growth and 
nutritional status in female adolescents from Macedonian and Albanian nationality living in urban area in 
the city of Skopje, R. Macedonia. The study confirmed the differences in anthropometric parameters of 
growth between ethnic groups.  

Growth in height and increased body weight are treated as most valid indicators of physical growth. 
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Mean values of body height in all age groups from 13 to 17 years were higher in Macedonian female 
subjects (160.80 cm to 164.08 cm) than in Albanian females (158.55 cm to 162.95 cm). The mean values 
of body weight were also slightly higher in Macedonian females (51.89 kg to 57.06 kg) than in Albanian 
females (47.36 kg to 56.76 kg). From the obtained values for body height and weight in our study we can 
conclude that high increase of mean values of body height and weight can be seen between 13 and 14-
year-old females in both ethnic groups.  

The index height-for-age portrays the degree of linear growth of a child in correlation with his/her 
chronological age [14]. Low values of this parameter, <5th percentile, point out to long-term disordered 
nutrition [15,16]. The values of body height for the 50th percentile in female adolescents of Macedonian 
nationality at the age from 13 to 17 years were 161.5 cm to 164 cm, and in Albanian females from 158 cm 
to 164 cm, against 159.5 cm to 164 cm at the same age groups found in the NCHS reference population 
[17]. The obtained value for weight-for-age index for the 50th percentile in Macedonian females in the 13 
to 17-years-age groups were from 52 kg to 56 kg, and in Albanians from 45 kg to 57 kg, against 52.3 kg 
to 60.8 kg found in the NCHS reference population [17]. The results of our study have shown 
sstatistically significant differences within ethnic groups for anthropometric parameters in favour of 
Macedonian female adolescents for: body weight and BMI in 13-year-old adolescents and for body height 
in 14-year-old adolescents.  

The results also indicated possible ethnic differences in fat distribution patterns including visceral-
subcutaneous. For circular parameters significant differences between ethnic groups were found for chest 
and waist circumference in 13-year-old adolescents in favour of Macedonian females. In 15-year-old 
adolescents’ significant differences were found for waist and hip circumference in favour of Albanian 
adolescents and for waist circumference significant differences were found for waist circumference in 
favour of Albanian adolescents. Mean values for elbow and knee diameters were higher in Albanian 
female adolescents. Values for the elbow diameter increased with the age in Macedonian females contrary 
to Albanian females. Statistically significant differences in measured transversal parameters in all age 
groups were found in favour of females of Albanian nationality. In 13, 15 and 17-year-old females’ 
significant differences were found for knee diameter, in 14-year-old females for elbow and knee 
diameters and in 15-year-old females for knee diameters. 

Although BMI is a widely accepted measure of overall body mass, some findings suggest that 
measures of central adiposity have stronger associations with cardiovascular disease (CVD) [18]. Recent 
findings have not consistently shown a single indicator to be more highly associated with CVD risk, but 
the relationship is further complicated by the varying associations between adiposity measures and CVD 
risk by race/ethnicity [19]. Ambiguity remains about which adiposity measure optimally predicts CVD 
risk and is best suited for different racial/ethnic groups. In our study we used body mass index (Quetelet 
index = weight/height2) as the most used and validated indicator for direct measuring of body fat, and for 
early detection of nutritional status in children and adolescents [5,6].  In our subjects, there were no ethnic 
differences in mean values for BMI, except at the age of 13 years. Significantly specific difference was in 
favour of females of Macedonian nationality. The obtained value for body mass index for the 50th 
percentile in Macedonian females at the age of 13 to 17 years was 19.78 kg/m2  to 21.50 kg/m2, and in 
Albanians from 17.96 kg/m2 to 21.71 kg/m2, against 20.9 kg/m2 to 22.5 kg/m2 found in the NCHS 
reference population [17]. Further investigation with larger cohort group into the optimal adiposity 
measure to predict CVD risk across racial/ethnic populations may be warranted. 

Our study had a goal to approach one, until now not investigated area of determination of the 
anthropometric parameters and nutrition of the population of Albanian adolescents and to compare their 
anthropometric characteristics with those of adolescents of Macedonian nationality, both living in the city 
of Skopje, R. Macedonia. 
 
Conclusions 

We found differences in measured anthropometric parameters of growth between female adolescents 
from Macedonian and Albanian nationality. Due to the small sample size included, it is strongly 
recommended that future research should be conducted on a larger cohort with inclusion of more 
variables as well as social information for both ethnic groups for easier evaluation and understanding of 
differences in anthropometric parameters of growth and nutrition. The obtained values in our study are 
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recommended to be applied for evaluation and better understanding of deviations in growth and nutrition 
in 13 to 17-year-old female Macedonian and Albanian adolescents. 
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Abstract: 

The purpose of this research is to note the differences between students of urban areas from “Xhevdet 
Doda” Gymnasium in Prishtina and their peers from a rural area of “Ruzhdi Berisha” High School in 
Sharr [formerly Dragash], all aged 18 (± 6 months). Differences are measured in both spaces, the 
anthropometric and motional one. The anthropometric and motional spaces will be defined for both 
groups tested, and the relations between spaces among students in the urban area of Prishtina and those 
in the rural area of Sharr will be determined.Having in mind the anthropometric status of the students of 
the same age we might incorporate an elementary anthropometric system of their growth and 
development, as well as the influence of endogenous and exogenous factors, and in this case the two 
environments with different altitudes above sea levels, as well as the influence of the physical education 
class in schools.  
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Introduction 

The knowledge of human’s transformation process determines the knowledge of all influence caused 
by external or internal factors in human body. An important role in this transformative process is played 
by physical activities organized in schools, and particularly those which are widely spread within overall 
physical activities. The ways in which those activities are organized enable wider inclusion of population, 
with special emphasis on the youngsters in their early youth. The complexity of human’s 
multidimensional status expresses them particularly during the period of growth and development, where 
the relations between longitudinal and transversal dimensions, the fat tissue and volume, change 
constantly in parallel with the age. Thus, this determines a programmed process of physical education in 
schools and outside them, as the issue at hand is that of a complex human education, which is why one 
must understand this process as a fundamental planned and programmed concept which must be in the 
function of proper transformation of human structure that will present a high quality product of human 
values in the years to come.  

The fact that the highest transformational influence occurs in early ages, increases the need for a 
genuine professional scientific work based on the knowledge of relations within the human system, and 
above all the knowledge of factors and scale of their influence to these relations. The largest part of the 
youth population, excluding the active sportsmen, conducts the main physical activities in the class of 
physical education and sports in the regular educational process in schools.  

This brings the need to orient the research and scientific work upon this particular part of population in 
order to learn the laws and relations between dimensions of psychosomatic status, the level of their 
development, and particularly to find more efficient methods and ways to raise the transformative effect 
of the physical activity and sport in schools.  

Thus, through this paper we aim to research the relations between anthropometric and motional  
dimensions of students aged 18, in two different regions: one in the city and the other in the village, being 
aware that these will shed some light on the general transformational level, because a complete picture 
would need to include other dimensions and a larger number of candidates tested, adding other regions as 
to have a clearer picture on the level of growth and development among adolescents of this age and the 
influence of internal and external factors on the level of their growth and development. The methods and 
ways used in this research to understand the relations between these two dimensions provide important 
data for their very manifest and latent structures, as well as the relations among the two environments, the 
size of their influence in finding important transformational factors, as well as data on the level of their 
development compared to the same ages of younger generations of our country and those of other 
countries in the region. 
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The recognition of these data gives a clearer picture of the work conducted in our schools, and this is 
particularly emphasized in the topic researched, namely the subject of physical education and sport in 
schools. 

In the sample of entities for this project a total of 120 students are included of which 60 students from 
the ”Xhevdet Doda” Gymnasium in Prishtina and 60 from the “Ruzhdi Berisha” High School in Sharr. 
For the anthropometric tests 10 variables are measured whereas for the motional test 9 variables.  

The research includes only male students who were capable to conduct the subject of the 
physical education and sports. This also means that all of those who were subjected to research 
tests have no physical or psychological deficiencies in conducting the tasks and in terms of 
health were fully capable in the day of testing. Also, the research does not include students 
whose full age goes beyond the limit of plus/minus 6 months from the age of 18 at the day of 
testing.                
Material & methods 

In order to conduct this research and the results are processed with the statistical software SPSS 16.0 
for Windows and the relevant statistical methods. 

The basic statistical parameters: T-Test., Factorial analysis.  
 
Group of measuring instruments of anthopometric and motor variables:  

APESHA – Body weight, ALARTË – Body height , AGJASHP – Foot length, APEBEL – Waist 
perimeter, AGJAKË – Leg length, GJADOR – Arm length, AGJSHEP – Foot width, ADIGJU – Knee 
diameter,APEKOFS – Thigh perimeter,APGJOK – Chest perimeter  

MKGJAT – Distance jumped from a static spot, MHMEDC – Throwing the medicine-ball (2kg) from,  
a laying position, MM MVR20M – Running for 20 m, Holding the body in a laying position – belly 
facing ground, MMHORZS - Holding the body in a laying position – back facing ground, MB12KSH – 
Holding a weight of 12 kg arms laying down, MFMUSHP – The strength of back muscles, MPMBIK – 
Leaning on arms, MFMUBA – The strength of abdominal muscles.   
 
Results and Discussions 

T-Test for anthropometric and motional variables between the two groups of students in “Xhevdet 
Doda” Gymnasium of Prishtina and those of the “Ruzhdi Berisha” High School in Sharr. 

Statistical changes between the two groups have been presented through analysis of T-Test, (group 1- 
measures of Prishtina students, 2- measures of Sharr students). 

In order to show the statistical validity through this test the value of the T-Test must be known which 
is T > 1.96, at the level of statistical importance p < .05, we might say that the difference between those 
two groups in one variable is statistically valuable. Table no. 1 presents the data between the two groups 
which were processed with the T-Test. Based on the results presented on Table no. 1 we can see the 
differences for each variable separately and might conclude that valuable statistical anthropometric 
differences are present in variables APEGJO (with the value of T-Test at 4.30 and level of importance sig. 
000), APEKOF (with the value of importance of T-Test 2.71 and level of importance .008). Meanwhile in 
the motional space the differences between the two groups are presented with the variable: AGJERSHEP 
(with the value of importance of T-Test at 4.51 and level of importance .000) , MB12KSH (with the value 
of importance of T-Test at 2.36 and level of importance .020), MHMEDC (with the value of importance 
of T-Test at 3.94 and level of importance .000 ), MFMUBA (with the value of importance of T-Test at 
5.33 and level of importance .000 ) MKGJAT (with the value of importance of T-Test at 5.24 and - .000 ), 
MVR20M (with the value of importance of T-Test at 2.06 and - .042). 

Thus we maintain that se values shown of T-Test speak to the benefit of students of “Xhevdet Doda” 
Gymnasium, namely students of Prishtina, who have better working conditions, better living standard, 
better sleeping conditions, and another factor might be the migration of population from village to city 
knowing a large number se of students and particularly at this age require better conditions to study and 
work and therefore move from one place to the other, namely to urban places in search of better 
conditions, even if this implies coming from more remote areas of Kosova, or even places with the same 
altitude above sea level or better than the region with which comparisons – measurements are made. 
Though candidates were not preselected the data show that students of Prishtina are better in several 
fields which were highlighted above.  
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Table no. 1: T-Test between the measures in Prishtina and those in Sharr 
 

Variable Group N Mean t Sig. 

APTRUP 
1.00 60 66.91 -.09 .923 

 2.00 60 67.05 -.09 

ALTRUP 
1.00 60 1.77 1.77 

.079 
2.00 60 1.75 1.77 

APEGJO 
1.00 60 88.30 4.30 .000 

 2.00 60 83.75 4.30 

APEBEL 
1.00 60 74.31 1.01 

.314 
2.00 60 73.10 1.01 

APEKOF 
1.00 60 52.98 2.71 

.008 
2.00 60 51.03 2.71 

AGJASHP 
1.00 60 25.94 -.53 

.593 
2.00 60 26.05 -.53 

AGJAKËM 
1.00 60 1.06 -.27  

.788 2.00 60 1.06 -.27 

ADIGJU 
1.00 60 9.40 1.42 

.158 
2.00 60 9.27 1.42 

AGJKRAH 
1.00 60 74.73 -.81 

.419 
2.00 60 75.48 -.81 

AGJERSHP 
1.00 60 10.16 4.51 

.000 
2.00 60 9.75 4.51 

MMHORZB 
1.00 60 96.50 -.28 

.777 
2.00 60 98.94 -.28 

MMHORZS 
1.00 60 20.71 -.89  

.374 2.00 60 23.59 -.89 

MB12KSH 
1.00 60 48.60 2.36 

.020 
2.00 60 40.40 2.36 

MHMEDC 
1.00 60 10.85 3.94 

.000 
2.00 60 6.98 3.94 

MFMUBA 
1.00 60 23.57 5.33 

.000 
2.00 60 19.45 5.33 

MFMUSHP 
1.00 60 37.00 -.32 

.748 
2.00 60 37.93 -.32 

MPMBIK 
1.00 60 14.26 -1.16 

.247 
2.00 60 16.16 -1.16 

MKGJAT 
1.00 60 2.35 5.24 

.000 
2.00 60 1.95 5.24 

MVR20M 
1.00 60 3.52 -2.06 

.042 
2.00 60 3.63 -2.06 

 
 
T-Test between latent anthropometric and motional factors  

The methods show the statistical differences between the two groups (anthropometric and motional 
factors) for each variable is the T-Test. This method can show the differences, namely how many times 
bigger is the change between the two arithmetic means than their standard mistake. In order to show the 
statistical validity through this test we must know the value of the T-Test, which is T > 1.96, at the level of 
statistical importance p< .05. We can claim that the change between the two groups in one variable is 
statistically valuable. In Table no. 2 the data between the two groups in the latent space are presented, 
which are processed with the T-Test. Based on the results presented on Table no. 2 we can see the 
differences for each factor separately and can claim that important statistical changes in the latent space 
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were noticed in the circular dimension factor (fac 1 anthrop.) at the value of sig.015, while the first 
motional factor (fac 1 mot) at a value of: .000. 

 
Table. 2. T-Test of latent anthropometric and motional factors 

 
Variables Group N Mean Sig. 

fac.1 anthrop. 1.00 60 .232 .010 2.00 60 -.232 

fac.2 anthrop. 1.00 60 .001 .854 2.00 60 -.002 

fac. 1 mot. 1.00 60 .251 .005 2.00 60 -.251 

fac. 1 mot. 1.00 60 -.366 .000 2.00 60 .366 

fac. 1 mot. 1.00 60 .007 .387 2.00 60 -.007 
 
 

Conclusion 
Having in mind the importance of knowing the laws which determine the growth and development of 

humans in length, width as well as the importance which planned motional activities have within the 
educational process in schools and outside it, through this research we aimed to define the factual – 
somatic situation through understanding the latent structures in both environments and researching the 
relations between the two. 

The factorization of the spaces defines the latent structure of the factors, which in the two 
environments if 3-dimensional. The structure gained is similar to the majority of the results attained from 
previous research, with samples of the same age and similar or approximate tests. 

Applying the factorial analysis on the results attained we see that the system of anthropometric and 
motional variables is a good predictor in conducting most of the motional tasks, which is further proved 
with a valuable coefficient of influence. The greatest influence of the motional variables system is shown 
in conducting the tests of static and repetition force. It was not proven valuable when conducting the tests 
of the explosive force. 

Based on result analysis we might conclude that in general the aim of the research was met. The latent 
structure of the two environments was proved, as well as the important relations between them. Above all 
the data collected portray a picture of the level of development of these parameters. 

The results attained from this research are of practical importance, and therefore based on the results 
we might also determine the effects of the very harsh conditions of life and work, in the general 
development of morphological characteristics and motional capabilities among students of a certain age. 
The influence of harsh conditions is especially noted in the differences of body weight compared to the 
generations of 10 years ago. Likewise, with the motional abilities there is a difference noticed in 
particular in accomplishing the tests of a repetitive force. The research of such character with students are 
of special importance, given that the application of a reformed educational system in schools in the 
subject of physical education and sport highlights the optional and oriented subjects. Thus the results 
attained from such research provide scientific bass of the student orientation towards sports emphasizing 
their talents and affinities for sports and certain subjects. 
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Abstract: 
According to the sampling of 140 junior footballers of the first League of Kosovo, a research was done 

in two aspects:First: Anthropometric (8 variables) and second the specific motoric (10 variables), with 
the Intention to test the affect of the researched ascpects on sports success. With T-test method are proven 
systematic differences in favour of the players of the first group (4 teams advance)and make it better than 
the second group (10 other teams) in all of motor variables excluding specific and variable MR30M two 
anthropometric variables, respectively longitudinal dimensional skeleton.According to the factorial 
ANALYSES, two latent Anthropometric Factors have been found;1) The factor of longitudinal dimension 
of skeleton.2)The factor of capacity and Bodily measures, and two Latent Factors of the specific 
motoric:1)The factor of explosive strength, and the speed of foot movement with and without ball 
and,2)The factor of the foot preciseness with a ball.By regressive analyze 14 % of common variability 
was proved.Among the predictive system (excretive latent factor) and the criterion-sports success during 
the championship race.    Whereas the leftover part of 86% is under the influence of the other Factors, 
unknown and not included in this study research. Explosion factor of strength, and the speed of foot 
movement, with and without ball, and the factor of longitudinal dimension of skeleton.Have had very 
important statistical effect in the sportiv success of the football games. 
 
Key words: football game,success,anthropometry,motoric specific. 
 
Introduction 

Since the game of football is very complex many factors influence its outcome:psychomotor 
preparation, movements technical and tactical, external factors. Individual factors and many other factors. 
To better see the impact of factors on the outcome of the game of football sports Kosovo in this paper will 
only be explored in two important areas:Anthropometry and specific motoric of junior players age 17-18 
that are part of the first League of Kosova whgo take part in regular champion football games. The 
purpose of this research is to assess justification investigated the influence of space on the game's success 
juniors players First League championship. 
 
Material & methods 

The research included 14 junior clubs first League of Kosovo, aged 17-18 years, who have made 
racing championship. Each club is represented with 10 players better, so that samples of the tested-entities 
is a total of 140 players juniors cloudless League of Kosovo, 40 t h es footballer four teams before 
ranking table: (Drita, Prishtina, Vllaznimi, Keku) and 100 t, football teams other (Kosovo (P), Ferizaj, 
Getoari ,Trepca '89, Besa, Flamurtari, Drenica, Kosovo (V), Besiana Gjilane'95).The sample contains 
eight variables and anthropometric variables, AWEIGHT-body weight, height and body-Alar, 
AHEIGHT-body height, ALENGTH-length foot ankle-length, ALENGHTS soles, ACHEST-chest 
circumference, APBELLY - waist, APTHIGH - thigh circumference, ATHIGHBONE - calf 
circumference.And ten specific motor; M-JUMP length from the place, MR10m-“sprint test” Start by 
10m high, M-R30m- “sprint test” by senior fast start, M-R5x10m “shuttle running sprint Test”, M-R-
300m “Runing tempo test” sprint acyclic 2x10m, 2x20m, 2x30m, 2x40m and 2x50m. , = 300 (round - 
trip), T-ZHON ball juggling techniques, T-DRSLLA-slalom dribble the ball, T-PPASI-precision 
technique of dynamic passing the ball, T-PKROS-precision technique to cross the ball, T-SHOT-
precision technique of ball busting at the gate. 

Processing of results is refined SPPS statistical program with appropriate statistical methods:X-mid 
arithmetic, Ds - standard deviation, maximum score Max, Min-minimum score, test to verify differences 



Research in Physical Education, Sport, and Health, Ohrid, 2014.  

 Conference Proceedings 112 

between the two groups-factorial analysis (method of Hottelingut and Kaiser-Gutman criterion and 
transformation of key components with steep sulicions - directly "OBLIMIN") with porpuose are meant 
to extradition the factor, regression analysis to prove the influence of extradited sports success.    

 
Results and discussion 

 
Table 1. T-test for each specific motor and anthropometric variables. 

  GROUP N Mean Std. dev. T Sig 
A-WEIGHT 
  

1:00 40 682.6250 57.6793 .665 .507 
2:00 100 674.3000 70.2881 .723 

A-HEIGHT 
  

1:00 40 1780.7250 50.6623 2744 .007 
2:00 100 1750.2500 62.4743 3000 

A-LENGHTF 
  

1:00 40 1015.1750 35.2994 3284 .001 
2:00 100 992.0500 38.5155 3410 

A-LENGTHS 
  

1:00 40 270.2250 10.2194 .705 .482 
2:00 100 268.7600 11.4390 .740 

A-CHESTP 
  

1:00 40 855.7750 31.3004 - .406 .685 
2:00 100 858.6200 39.6308 - .449 

A-BELLYP 
  

1:00 40 749.8000 31.4840 1254 .212 
2:00 100 739.7500 46.5556 1475 

A-THIGHP 
  

1:00 40 533.7000 29.0589 .611 .542 2:00 100 530.0100 33.4542 .649 
A-THIGHB 
  

1:00 40 352.9000 21.9227 - .605 .546 
2:00 100 355.6900 25.6640 - .647 

M-JUMPL 
  

1:00 40 238.5750 12.0934 4545 .000 
2:00 100 228.2200 12.2108 4564 

M-RUN10M 
  

1:00 40 1.9313 .006 -3628 .000 2:00 100 2.0266 .1605 -4972 
M-RUN30M 
  

1:00 40 4.5605 .1855 -1651 .101 
2:00 100 4.6187 .1896 -1667 

M-R5X10M 
  

1:00 40 11.9320 .5078 -5442 
.000 

2:00 100 12.5562 .6499 -6042 
M-R300M 
  

1:00 40 61.0445 2.4482 -3893 .000 2:00 100 62.8236 2.4408 -3888 
T-ZHONGL 
  

1:00 40 47.2750 32.1909 2397 .018 
2:00 100 34.7200 26.1565 2194 

T-DRIBBLE 
  

1:00 40 28.4925 1.7150 -2150 .010 
2:00 100 29.5164 2.8060 -2624 

T-PPAS 
  

1:00 40 12.6625 .8645 -3402 .000 2:00 100 13.3486 1.1511 -3839 
T-PKROS 
  

1:00 40 3.4750 1.0619 4074 .000 
2:00 100 2.5800 1.2159 4317 

T-PSHOT 
  

1:00 40 3.6250 1.2129 2247 .023 
2:00 100 3.0900 1.2956 2312 

 
From table 1. Verify the first group and the second in the space anthropometric different statistically 

valid only on two variables: AHEIGHT and ALENGTH while specific motor space statistically valid 
differences between the first group and the second has not been in MR30M variable, while the 9 - the 
other variables (MJUMPL, MR10M, MR5X10M, MR300M, TDRSLLA, TPPAS, TPSHOT, TPKROS, 
TZHONGL) showed statistically significant differences in favor of the first group (4 teams before) to the 
second group (10 other teams ) of the juniors players Ligue Kosovo. 
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Tabela .2. – Factorization of anthropometric space-parallel projection 

Variable  Factor 1 Factor 2 
A-WEIGHT .668 .399 
A-HEIGHT -.003 .981 
A-LENGTHF -.007 .987 
A-LENGTHS .214 .707 
A-CHESTP .850 .003 
A-BELLYP .818 .007 
A-THIGHP .937 -.004 
A-THIGHB .886 -.106 

 
 

From table 2. in anthropometric factor, high projections have realized variables as A-WEIGHT .668, 
A-CHESTP .850, A-BELLYP .818, A-THIGHP .937, A-THIGHB .886 , bazed on these values we can 
define this factor as the factor of capacity and Bodily measures. In the second factor high projection have 
realized variables as  A-HEIGHT .981, A-LENGHTF .987 and A-LENGTHS .707, so we can define it as 
the factor  longitudional dimension of skeleton. 

 

Tabela .3. – Factorization of motoric specific space-parallel projection 

Variable  Factori 1  Factori 2 
M-JUMPL -.692 -.008 
M-RUN10M .579 -.200 
M-RUN30M .746 .233 
M-RUN5X10M .752 -.007 
M-RUN300M .708 -.004 
T-ZHONGL .005 .707 
T-DRIBBLES .466 -.128 
T-PPAS .561 -.007 
T-PKROS -.003 .637 
T-PSHOT -.006 .695 

 
 

From the table 3. above we can see that two factors are obtained: 
In the first factor high projections have realized variables as M-JUMPL .692, M-RUN10M .579 ,M-

RUN30M .746 , M-R5x1OM .752 ,M-R300M .708, T-PPAS .561 and T-DRIBBLES .446., bazed on 
realized projections this factor can be defined as factor of explosive strength, and the speed of foot 
movement with and without ball, in the second factor high projections have realized variables as T-
ZHONGL .707 ,T-PKROS .637 AND T-PSHOT .695. Bazed on realized projections this factor can be 
defined as a factor of foot preciseness with a ball. 
 
In the space regression analysis latency 

Table 4. Presents the results of regression analysis in latent space, which is taken as a criterion of 
success-sports score (which means that each player has success-result sports scores gathered during the 
team championship competitions which belongs), and forecast system (predictor) consists of four other 
factors extracted by factor analysis. 

Table 4. Presents the possibility of predicting sports success based on factors predictor system. On the 
basis of the multiple correlation coefficient (Ro = .41) can be explained 14% of the joint system 
variability and variable criteria predictor (athletic success). 

The remaining 86% is under the influence of unknown factors not included in this paper. Based on the 
values obtained is shown that the impact factor and longitudinal dimensional skeleton and explosive 
power factor and speed of movement of the legs with and without the ball. 
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Table  4. Regression of success (outcome) sports 
 

Model R R Square Adjusted R Square F Change Sig. 
1 .407 .165 .141 6.690 .000 

  
Model   Sum of squars Df Mean squars F Sig. 
1 Regression 842.342 4 210.586 6.690 .000 
  Residual 4249.801 135 31.480     
  Total 5092.143 139       

  
  B Std.Error Beta T Sig. 
(Constant) 16.643 .474   35.097 .000 
Factor of volum and body mass .103 .546 0.17 .188 .851 
Factor of longitudinal dimensional skeleton 1.164 .574 .192 2.126 .035 
Ekspl force factor and speed of foot movement 
with and without the ball -1650 .491 - .273 -3.358 .001 

Factor of foot preciseness work with a ball.  .852 .492 .141 1.731 .086 
 
Conclusion 

In This paper is treated samples of 140 players Ligue juniors to Kosovo in two spaces: antropometric-
through eighth-specific variables and motility through 10 variables. The main purpose of the paper has 
been proving the impact of the mapped areas in the success of the game of players juniors First League 
championship races in Kosovo during the fall 2003 season.M and T-test method are proven systematic 
differences in the best players of the first group (4 teams advance) to the second group (10 other teams) in 
all of motor variables excluding specific and variable MR30M two anthropometric variables, respectively 
longitudinal dimensional skeleton.The purpose of the acquisition of latent factors is using factorial 
analysis and latency are two factors won two factors anthropometric and motor latency. 

1.Factor of the longitudinal dimensional skeleton, 
2.Factor of volume and body mass 
1.Factor of explosive strength and speed of movement of the legs with and without the ball 
2.Factor of precision ball feet. 
The purpose of scientific research in physical culture is the extraction of latent factors and their impact 

on kineziology phenomena, in this case the success-scoring sport.Therefore, to ascertain the impact of 
athletic success factors in the regression analysis is applied. 

Through this statistical scientific method is the variable predicted success-sports players score in 
championship races, based on system latency predictor anthropometric factors and motility. 

On the basiscof the multiple correlation coefficient (Ro = .41) can be explained 14% of variability 
common predictor system (latent factors) and variable criteria (athletic success), while the remaining 86% 
is under the influence Other unknown and not included in this research.By variables predictore significant 
impact on variable criteria are: 

dimensionality longitudinal skeleton and explosive strength and speed of movement of the legs with 
and without the ball.Therefore, we can say that the success of the game's players Kosovo juniors had 
dimensionality longitudinal impact skeleton and explosive strength and speed of movement of the legs 
with and without the ball.The game of football is very complex and the achievement of success should 
not be overlooked also many other factors that affect the success of the game as groundsman, professional 
staff, traditions, sports, tactical movements, properties conative, cognitive, etc, which remains our duty to 
investigate in the future. 
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Abstract: 
The six-week programme for improvement of the elbow flexor muscles strength was carried out on 14 

subjects, divided into two experimental groups (E1 and E2) in order to assess the potential maximal 
strength changes. The first group worked according to the standard method of muscle contraction – 
entire amplitude in the elbow. The second experimental group worked according to the method of 
reduced angle of  muscle contractions within an amplitude of maximal extension and 30⁰ to flexion in 
conditions when the muscle shows greatest muscle load. Each of the subjects exercised 3 times a week, 
performing 3 series on the Scott bench with one-arm weight as external load and one to three repetitions 
in each series. The programme, according to which the trainings were carried out, was performed with 
individual approach. In each series, the weight with which each of subjects exercised, changed 
(increased) in reference with the number of repetitions in single series, but with no more than 3 
repetitions.Individual changes in each of the groups were analysed, as well as the inter-group differences 
for all tests. Results have shown a statistically significant increase of the maximum strength of the elbow 
flexor muscles of 32,1% after 3 weeks of exercises and 46,8% after six weeks of exercises in E1, and 
27.9% after the third, and 43.6% after the sixth week in E2 (tested with the 1RM test). The inter-group 
differences tested after the third, and after the sixth week, have shown no statistically significant 
differences, which means that although the subjects of both groups worked with different amplitudes of 
muscle contractions, they have still achieved statistically identical changes in the maximal strength 
component of the affected muscle groups.This individual approach method, as well as the reduced 
amplitudes of exercise of the maximal strength of the flexor muscles, enables a fast and efficient change 
of this capacity and may have an application in the field of sports, recreation or rehabilitation 
 
Key Words: muscular power, flexors of elbow, 6 weeks, individual  programme, short amplitude, elbow 
 
 
Introduction 

The maximal strength that humans can display in the individual movements presents the capability of 
the humans to employ all potentials they carry within, required for the purposes of overcoming certain 
external loads. The purpose of this research is the maximal strength component of the muscles in 
conditions of full and reduced amplitudes of contractions of elbow flexor muscles.  

The main question to be answered through the research realisation was whether the strength 
programme envisaged in the experiment shall have an impact on the improvement of the maximal 
strength capabilities of the treated muscles of the subjects. This is supplemented with the analysis of the 
exercises with modified movements (partial amplitudes) seen in the training methods of bodybuilding 
(Sessions; Alessi, Szczepanik.,Wilson, Sisco). The basis while exercising with such type of muscle 
contractions lies in the theory of physiological processes of the muscle contraction (sliding filament 
theory), located on the level of the “sarcomere” (Ronald,1993, Rassier, MacIntosh, Herzog). This theory 
explains the essence of the muscle contraction. The actomyosin filaments overlap in a different manner 
during the muscle contraction and in case of different angle positions of the moved elbow while 
performing a movement. The overlapping of the myofibril components in the sarcomere and the return 
into the initial position is actually the manner in which the muscle fiber contraction is carried out (Guyton 
1978).  
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Material & methods  
The group of 14 subjects, who were divided in 2 experimental groups (7 subjects per group), 

underwent an experimental procedure for transformation of the maximal muscular power of the elbow 
flexor muscles in a period of 6 weeks (Ramsay et all.,1990; Moss et al.,2004; Marx, et al. 1998). The 
strength capacity of the flexor muscles was estimated through the one-repetition maximum test 1RM 
performed on a Scott bench (Image No 1) 
 

 
 

Image No 1 at the beginning, after the third week and at the end of the programme (sixth week). The 
main principles of the experimental procedure consisted of exercising of the subjects three times a week 
(Monday, Wednesday, Friday) in a period of six weeks. The exercises were performed by lifting certain 
weight, with one-armed weight, on a Scott bench for the elbow flexor muscles, with the non-dominant 
arm. The main load of the flexor muscles was 90% of the value of one-repetition maximum (1RM). 
Direct assessment was applied for the intensity of each training day so as to verify whether the subjects 
actually worked within this zone (90% of 1RM). This assessment was performed through the number of 
repetitions in single series. The number of repetitions in each series, throughout the experimental period 
was “one to no more than 3 repetitions” (Becker, 2003). The number of series for both muscle groups was 
limited to 3 series per single training (Fleck&Kraemer1996). The break between series was limited to 3-5 
minutes (Zaciorski, 1975; Kukolj, 1996). The subjects that would exceed this number of three repetitions 
would increase the external load of the weight in the next series so as to keep the principle of the number 
of repetitions throughout the programme (one to three repetitions) (Jovanovski 2013). In that manner, 
continuous increase in steps was ensured for the muscle load which was always in the zone of 90% of 
1RM. The groups were different in terms of the manner of performing the muscle contraction. The 
subjects of the E1 group performed muscle contractions with an entire amplitude in the elbow. E2 group 
worked according to the method of reduced amplitude when the muscle shows the greatest muscle load 
(Zaciorski, 1975) (Верхошанский, 1977) and the muscle contractions started from the maximal elbow 
extension up to the limit of 30⁰ to flexion. 

The subjects of both groups were tested at the beginning, after 3 weeks and the end of the sixth week 
of the experimental programme. 
 
Results 

Results  should be presented precisely and should not contain material that is appropriate in the 
discussion. Units, quantities, and formulas should be expressed according to the International System (SI 
units). All measurements should be given in metric units. 

Figures and Tables should be numbered as follows: Fig.1, Fig.2, … etc Table 1, Table 2, ….etc. 
 

Table 1 Measures of the central and the dispersive statistical parameters for the maximum strength of the elbow 
flexors, estimated with the 1RMBI test for the first experimental group at the pilot, control and final testing 

 
1RMBI N Mean Median Min Max S.d Skew Kurt K-S Shapiro-Wilk
initial 7 13.04 13.00 12.00 15.00 1.19 0.83 -0.69 d=.23572, p> .20  W=.84460, p<.1120

control 7 17.21 16.00 12.00 27.50 5.28 1.38 2.01 d=.19272, p> .20 W=.88983, p<.2846
final 7 19.14 20.00 15.00 25.00 3.98 0.32 -1.51 d=.21393, p> .20 W=.89253, p<.2996  
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Table 2 Percentage differences in the 1RMBI test for the group E1 at the pilot, control and final testing. 
 

  % E1 group 
test pil-con% con-fin% pil-fin% 
1RMBI 32.1 11.2 46.8 

 
Table 3  Analysis of the variance of values of the test for one-repetition maximum 1RMBI, for the three time periods 

(pilot, control, final) 
 

 
 

Table 4 Wilcoxon (Post Hoc) test for the 1RMBI test 
 

 
 

Table 5 Measures of the central and the dispersive statistical parameters for the maximum strength of the elbow 
flexors, estimated with the 1RMBI test for the second experimental group at the pilot, control and final testing 

 
1RMBI N Mean Median Min Max S.d Skew Kurt K-S Shapiro-Wilk
пилот 7 13.18 13.00 12.00 15.00 1.31 0.83 -1.22 d=.26839, p> .20 W=.80049, p<.0413

контролно 7 16.86 17.50 13.00 20.00 2.12 -0.65 2.05 d=.23776, p> .20 W=.91870, p<.4769
финално 7 18.93 20.00 15.00 21.00 2.05 -1.38 1.60 d=.27082, p> .20 W=.85381, p<.1367  

 
  
 Table 6 Percentage differences in the 1RMBI test for the group E2 at the pilot, control and final testing. 

group test 
 

 
 

Table 7 Analysis of the variance of values of the test for one-repetition maximum 1RMBI, for the three time periods 
(pilot, control, final) 

 

 
 
 
 
 

test Chi Sqr. N df p-level 
1RMBI 11.31 7 2 0.004

Friedman ANOVA  -  E 1,  INI-CON-FIN 

test Chi Sqr. N df p-level
1RMBI 12.29 7 2 0.002

Friedman ANOVA  -  E2,  ini-con-fin

test pil-con % con-fin% pil-fin%
1RMBI 27.9 12.3 43.6

%  E2 group 

Wilcoxon Matched Pairs Test (phdv5ka.sta)
1RMBI N T Z p-level

pilot / control 7 0 2.20 0.028
pilot / final 7 0 2.37 0.018

control / final 7 3 1.57 0.116
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Table 8 Wilcoxon (Post Hoc) test for the 1RMBI test 
 

 
Table  9 Т-test for inter-group differences 

 

T-test for independent samples 

 
Mean 

E1 
Mean 

E2 t-value Df P 
Initial 13.04 13.18 -0.21 12 0.83 

control 17.21 16.86 0.17 12 0.87 
final 19.14 18.93 0.13 12 0.90 

 
Dicussion 

At the pilot testing, the subjects of the first experimental group (E1) in the test for the maximal 
strength of the elbow flexors have an average achievement of 13,04 kilograms (Sd=1,19) Table No 1. In 
this group, the lowest lifted weight was 12 kg, and the biggest was 15 kg. At the control test (after 3 
weeks) the average lifted weight (Hbar = H) is with value of H=17,21 kg (Sd=5,28) which is 32,1% 
(Table No 2) higher than the value noted at the pilot testing. At the final test (after 6 weeks of exercises 
since the programme commencement), the average lifted weight is H= 19,14 kg (Sd=3.98) which is a 
46,8% higher value compared to the pilot test and 11,2% higher compared to the control test. 

The analysis of the variance Table No 3 for the maximal strength of the elbow flexors for the E1 group 
has shown a statistically significant difference for the values of the three time periods at the level of 
p=0,004 (Chi Sqr.=11,31). The Post Hoc test (Table No 4) for the 1RMBI test is statistically significant 
(p=0,028) between the values obtained at the pilot and control testing, as well as between the pilot and the 
final testing (p=0.018). The maximal strength of the elbow flexors for the E1 group has no statistically 
significant increase in the second part of the experimental programme (from week 3 to week 6, р=0,116) 
although there is actual increase of the maximal strength of the subjects of 11,2% in terms of the average 
value of the lifted weight. 

At the initial test (Table No 5) the subjects of the E2 group, while testing the maximal strength of the 
flexors (1RMBI) have lifted in average (as a group) H=13,18 kg (Sd=1,31 kg). After 3 weeks of exercises 
(Table No 6), the value for the average lifted weight value increased by 27,9% (H=16,86; Sd=2,12). This 
change is significant at the level of р= 0,018 (Post Hoc Test Table No 38). In the second part of the 
programme (3 to 6 week), although increase was noted of 12,3% of the medium value of the lifted weight 
for this group, this positive change is statistically not significant (р=0,091). However, by reviewing the 
entire period of the experimental procedure (after 6 weeks of exercises) at the relation pilot-final testing, 
there is positive change of the results for the medium value of the lifted weight while performing the 
elbow flexion (with reduced amplitudes, as performed by the E2 group) by 43,6% (Hbar= 18,93; 
Sd=2,05) and this change is statistically significant р=0,018 (Table No 8).  

The T-test for the inter-group differences (Table No 9, between the two groups (E1 and E2) has not 
shown a statistically significant difference between the obtained data. 
 
Conclusions 

    The programming of the load intensity (in accordance with the realised programme) has enabled the 
occurrence of a relatively fast positive transformation of the maximal strength of the elbow flexors of the 
subjects performing entire amplitude of movements. A similar programme (Vuksanovikj, 2008), has 
enabled the transformations of the maximal strength, but not with that intensity of the increase in strength 
(after the third week, 6,64%, after the sixth week 22,44%). Moss B. M.,(1996) worked on the method of 

Wilcoxon Matched Pairs Test (phdv5ka.sta)
1RMBI N T Z p-level

pilot / control 7 0 2.366 0.018
pilot / final 7 0 2.366 0.018

control / final 7 4 1.690 0.091
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maximum repetitions and after 9 weeks of exercises has noted increase of the maximal muscle strength of 
the elbow flexors of 15,2%. Most probably, in this research, the increase of 32,1% after 3 weeks of 
exercises and  46,8% after 6 weeks of exercises for Е1 and 27.9% after the third and 43.6% after the sixth 
week for Е2, results from the individualised approach for weight modification which changes on a 
training-to-training basis (as explained in the programme). The continuous increase of the weight (in 
order to maintain the number of repetitions in a series of maximum 3 repetitions) at each training, has 
enabled the quality muscle stimulation, which has most probably mostly contributed to the increase of the 
strength capacities for the subjects of E1 group for a relatively short time and with quality positive 
transformation. 

The realisation of the reduced amplitudes in the exercise programme of the second experimental group 
has made that the 6-week period has an impact on similar strength changes compared to the first 
experimental group, thus becoming an equivalent method of transformation of the maximum strength 
potential of the relevant muscles. The interpretation of that change can be supported by data from other 
similar studies pertaining to such training programmes with reduced operational amplitude (Vuksanović 
V, Jovanovski J 2010, Vuksanović V). One can conclude from the analysis that the changes in this 
segment for the E1 and E2 experimental groups are not incidental, but that the same represent an effect of 
the realised strength experimental procedure. 

As a result of the previously obtained results for the inter-group differences, it can be concluded that 
the subjects of both experimental groups do not differ during the experimental procedure, tested at all 
control points (initial, control, final). Although the subjects in each of the groups pursuant to the designed 
and realised programme have realised their own manner of performance of the load movements, the 
experimental procedure had an equal impact on the researched segments for the subjects of the three 
experimental groups. 

This data shows that the manner in which the movements were performed in each of the groups 
(E1=entire amplitude; E2=amplitude in the zone when the muscle tissue is with maximum tension) was 
not crucial regarding the changes and achievements of the subjects in each researched segment in this 
paper. The most plausible key moment for the achieved results was the planned load system, designed in 
the exercise programmes. This load system represents an adaptation not only of the muscle but also of 
other functional levels (Jovanovski, 1988; Zatsiorsky&Kraemer, 2006) and the application and 
combination of various amplitudes of the elbow movements have shown not to be decisive for the muscle 
adaptation effects. 
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Abstract: 

A sample wih 108 members was realized with 16 and 17 year old female basketball players, members 
of the youth schools of FBC “Struga 2009”, FBC “Krosig” Skopje, and FBC“Bashkimi” Prizren, to 
determine the effects of sixteen-week practice process for developing explosive strength of the lower 
limbs. The sample was composed of three groups, realized by 36 female basketball players. The research 
applied a total of six (6) variables for the assessment of the general motor skills: Jump from place/JFP/, 
Vertical jump from place – Sargent test/SART/,Running 20 m from high start /R20MHS/, Test of agility 
4x10m/АGT/, Т-Test /ТТ/, and Zig-zag movement in racket/ZZMR/. Based on the results obtained we 
came to a conclusion that both experimental models applied improve explosive power of the lower limbs. 
The first experimental model causes significant positive changes and is more efficient than the second 
one. Both models can be realized by 16 and 17 year old female basketball players. The survey has a 
theoretical and practical importance especially in the area of program applications, sport and sport 
science. 
 
Key words: experimental program, explosive power, univariate, variance, regressive analysis, motor 
abilities. 
 
Introduction 

The main purpose of this research is to find the important elements for achieving success in basketball. 
Physical preparation (explosive power of lower extremities) of the basketball players in the final decade is 
becoming more and more important as the contemporary basketball game requires maximal prepared 
players. There has been made an effort through testing of some motor characteristics in 3 female teams in 
order to get relevant data about the success in basketball. The methods of explosive power development 
(plyometric - isometric) are being successfully adopted for many years in the technology of sport 
preparation in all types of sport. Such trainings, despite the fact that affect the muscle quality, also 
increase the importance of the results of the main skills, such as muscle stiffness. In this research it is 
noticed that the young basketball players, when under the influence of the programmed training process, 
usually achieve better results in the final measurement rather than in the initial one. This research gives 
answer to the following questions and dilemmas: where should the plyometric training be placed in the 
training programme, which exercises are more efficient for basketball players, how long it is necessary to 
train, with what workload intensity and in which period of training process should the analysed 
experimental program be applied.  
 
Material & methods  

The examinees were young basketball players aged 16 and 17, who had been trained at least 4 years. 
The examinees in question are members of the following young schools of basketball clubs: “FBC Struga 
2009” from Struga, "FBC Krosig” from Skopje, “FBC Bashkimi” from Prizren. This model of research in 
total includes 108 examinees who were divided in 3 sub-models, with 36 examinees in each of them. The 
first experimental group E-1 realized 16 week-experimental program for improvement of the explosive 
power of lower extremities with plyometric training in FBC “Struga 2009” from Struga. The second 
experimental group E-2 realized 16-week experimental program for improvement of the explosive power 
of lower extremities with exercises of general character for development of the explosive power called 
“Chess table” in FBC “Krosig” from Skopje. Control group K-1 realized technical-tactical elements as 
provided with the trainer program of the club FBC “Bashkimi” from Prizren. During this research there 
were executed two measurements: initial and final measurement. In the research in question there were 
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applied in total 6 variables for assessing the general motor space: Jump from place in distance /JFP/, 
Vertical jump from place – Sargent test /SART/, Running in 20 metres from high start /R20HS/, Agility 
test 4 x 10 m /AT4x10/, T-Test /TT/ and Zig-zag movement in racket /ZZMR/.  
 
Results and dicussion 

 In table no.1 there are presented the results of T-test for motor variables between initial and final 
measurement at the first sub-model examinees. From the table analysis it is easily noticed that there have 
been confirmed big statistical differences in arithmetic means of initial and final measurement at all of the 
studied variables, and the examinees achieved better results in the final measurement. This means that the 
applied experimental program (the applied experimental model) for this sub-model significantly 
contributed in the improvement of general motor skills, respectively, explosive power of the lower 
extremities. The highest percentage increase of the final measurement, as expected, was achieved at the 
variables JFP (16.4%) and SART (13%), because in the applied experimental model there was given 
special emphasis to the exercises for development of the explosive power of the lower extremities. If we 
look at the remained results, we can easily notice that at the variables left, in which the results are 
measured with seconds, the time is improved from 7 - 9%. The obtained results are satisfactory enough if 
we take into account the fact that the experimental program was realized in a period of 4 months.  
 

Table 1. T-test for motor variables between initial and final measurement at the first sub-model examinees 
 

Variables Mean Mean    Growth 
in % 

Std.Dev. Std.Dev. 
 G – 1 G - 2 t-value df P G – 1 G – 2 

JFP 153.033 178.166 -6.145 70 .000000 16.4 16.04193 15.63833 
SART 31.6000 35.7333 -3.530 70 .000822 13.0 4.31197 4.74838 
R20MHS 4.2377 3.8967 5.642 70 .000001 -8.04 .21720 .24979 
AGT4Х10 11.6793 10.5827 6.831 70 .000000 -9.38 .59038 .65175 
Т-ТЕST 11.2730 10.4743 4.788 70 .000012 -7.08 .66020 .63166 
ZZMR 7.5707 6.9733 7.316 70 .000000 -7.89 .30060 .33108 

 
The results from T-test related to motor variables between initial and final measurement at the second 

sub-model examined group are presented in table no.2. In the table it is noticed that there is confirmed 
statistically significant difference between arithmetic means of initial and final measurement in all applied 
variables. From all the variables studied, examinees achieved better results in the final measurement. This 
means that the applied experimental program (the applied experimental model) for this sub-model 
significantly contributed in the improvement of general motor skills, respectively, the explosive power of 
the lower extremities. In contrast to the first one, the percentage increase in this sub-model, although 
being significant, is lower in all the variables in question. Highest percentage increase is noticed at the 
following variables: JFPD (9.5%) and SART (9.8%). However, it may be freely said that even this second 
experimental model gives good results, improves the explosive power of the lower extremities, but with a 
lower percentage increase when compared to the first experimental model. The reasons for the differences 
between values may be searched even in the different morphological characteristics and motor skills at 
the examinees. At the remaining variables the values of the achieved results of the final measurement are 
higher than 4 - 6 % , with regard to the results of the initial measurement.  

 
Table no.2. T-test for motor variables between initial and final measurement at the second sub-model examinees 

 
Variables Mean Mean    Growth in 

% 
Std.Dev. Std.Dev. 

 G – 1 G - 2 t-value Df P G – 1 G - 2 
JFP 157.23 172.20 -4.757 70 .000013 9,52 11.781 12.573 
SART 32.300 35.466 -2.882 70 .005520 9,82 4.3719 4.1334 
R20MHS 4.1663 3.9843 3.2166 70 .002123 -4,37 .20767 .23003 
AGT4Х10 11.651 11.067 4.0313 70 .000164 -5.01 .51042 .60749 
Т-ТЕST 12.245 11.469 5.1340 70 .000003 -6,33 .55033 .61801 
ZZMR 7.5807 7.1347 4.7596 70 .000013 -5,87 .38566 .33865 
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The results of T-test for motor variables of initial and final measurement at the third sub-model 
examinees are presented in table no.3. From the table analysis one may easily notice that there isn´t any 
statistically significant difference between arithmetic means of initial and final measurement in all the 
variables studied. The percentage increase in motor variables in this sub-model is minimal and it moves 
around the limits of 1.9% for JFPD up to 3.9% for SART. The said experiment lasted 4 months and 
during this period it was noticed a minimal move of the motor skills of the examinees. This shows 
the need for application of one of the proposed experimental models.  

 
Table 3. T-test for motor variables between initial and final measurement at the third sub-model examinees 

 
Variables Mean Mean    Growth 

in % 
Std.Dev. Std.Dev. 

 G - 1 G - 2 t-value Df P G - 1 G - 2 
JFP 155.96 159.03 -.8940 70 .375036 1.96 13.41765 13.152 
SART 29.866 31.033 -1.411 70 .163464 3.90 3.03694 3.3577 
R20MHS 4.2623 4.1980 1.3015 70 .198245 -1.50 .19769 .18500 
AGT4Х10 11.998 11.854 .8124 70 .419909 -1.20 .69429 .67547 
Т-ТЕST 11.729 11.590 .7903 70 .432551 -1.18 .71115 .65662 
ZZMR 8.3653 8.2227 .6251 70 .534372 -1.70 .93147 .83376 

 
Conclusions 
    This research was conducted in order to confirm the effect resulting from the application of two 
experimental models for the development of explosive power of the lower extremities, lasting 16 weeks. 
The obtained values of the t-test related to motor variables in the first and second sub-model examinees 
show that there exists a statistically significant effect in all variables studied so far. Based on the obtained 
results we may conclude that both applied experimental models do improve the explosive power of the 
lower extremities. The first experimental model causes more significant positive changes and is more 
efficient when compared to the second experimental model. The increase of the results at the examinees 
of the first sub-model is significantly higher when compared to the second and third sub-model. Both 
models can be applied at the basketball players of 16 and 17 years of age.  
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Abstract: 

The research has been carried out on a sample of 54 table tennis players (male), competing in the 
Macedonian First and Super League, in order to determine the asymmetry of anthropometric 
characteristics and motor efficiency between the dominant and non-dominant arm. Out of 54 respondents, 
50 played with the right hand and 4 with the left one, and their results are shown separately. The total 
sample of applied variables was 18, out of which 12 variables for assessing anthropometric 
characteristics and 6 variables for assessing motor skills. The asymmetry was estimated from the 
differences between the arithmetic mean values as well as the differences between the arithmetic mean 
values expressed in percent, while the asymmetry coefficient of hand strength was calculated according to 
the formula of Bragina and Dobrokhotova, 1988.The obtained results and the analysis made show that 
there are differences in the anthropometric characteristics and motor efficiency between the dominant 
and non-dominant side. In the anthropometric measurements (paired segments), the morphological 
asymmetry was observed on the upper part of the body that is distinguished by better results of the 
dominant hand (the hand that holds the paddle), and it is reflected in percentually greater arm’s length, 
wrist width, upper arm circumference and smaller percentage of subcutaneous adipose tissue. 
Insignificant difference was found only in the legs’ volume variable indicating that table tennis players’ 
structure of leg movements and their engagement is approximately the same in both legs. Asymmetries 
were determined in motor efficiency where the better results are in favor of the prevailing side, both in 
the tests for assessment of arm muscles and in the tests for assessment of velocity of frequency 
movements, and no significant differences were observed between the left and right side when conducting 
the test for assessment of the manner and direction of movement. 

 
Key Words: anthropometry, motor, asymmetry, table tennis players, dominant side, non-dominant side 
 
 
Introduction 

Table tennis is an acyclic and situation sport where automation of strokes reaches 40 %. Table tennis 
is also an asymmetric sport and with the different engagement of the dominant (active) arm in relation to 
the non-dominant (passive) one it leaves consequences that increase the asymmetry of the whole body, in 
both biomotor tasks and anthropometric parameters. According to (N.N. Bragina, T.A. Dobrokhotova, 
1988) asymmetry of arms can be changed with long workouts. For example, with the increase of years of 
tennis experience, a coefficient of right-handedness in right-handed tennis players has been shown to 
increase, i.e. the coefficient on left-handedness in left-handed. Therefore, the aim of this study was to 
determine the biomotor and morphological asymmetries of table tennis players in Macedonia competing 
in the First and the Super League. 
 
Material & methods  

The sample of respondents for this survey was comprised of 54 active table tennis players (male) who 
competed with their teams in the Super and the First League of the Republic of Macedonia in the 
competition season 2008/09. The respondents are members of the following teams: PPK Rabotnicki, PPK 
Vlae-Farmahem, PPK Vardar, PPK Floraskop and PPK Gorce Petrov from Skopje, PPK Kriva Palanka 
and PPK Kriva Palanka 2007 from Kriva Palanka, PPK Bregalnica and PPK Philip II from Stip, PPK 
Strumica from Strumica, PPK Mladost and PPK Mladost 96 from Prilep and PPK Ohrid from Ohrid. 

In this research, a total of 18 variables were applied on the selected sample of respondents, out of 
which 12 for assessment of the anthropometric area and 6 for assessment of the biomotor space. Out of 12 
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anthropometric variables, 6 were measured according to the International Biological Program (IBP), 
while the remaining 6 measures, due to research tasks (determining the asymmetry), were measured 
according to the IBP, but to opposite segments of the body. The biomotor variable MTLRA was 
measured following the recommendations of Kurelič, Momirovič, Stojanovič, Šturm, Radojevič, Viskič - 
Štalec (1975), whereas the MTDRA variable was measured by the same methodology as MTLRA. The 
variables: MONLS and MONDS were measured according to the recommendations of Metikoš Protas, 
Hoffman, Pintar, Oreb (1989), while the variables MDLRA and MDDRA were measured by a mechanical 
Tiedemann dynamometer with the accuracy of 1.14 kg. 

The measurement was carried out in January and February 2009, during the break between the autumn 
and spring competition season of 2008/09. It was completed in one day for a Ping-Pong Club, with 
previously determined program identical for all clubs, taking the anthropometric measurements first, and 
then the biomotor tests. All measurements were taken by bachelors in physical education, who were 
previously instructed and trained in the manner in which the anthropometric measurements and biomotor 
tests were executed, as well as in the assessment and recording of the results. Some of them had already 
participated in similar measurements. The same test for all respondents was measured by the same 
examiner. 

Basic descriptive analysis was obtained for the purposes of this research, while the asymmetry 
between the dominant and non-dominant hand was calculated by the percentage difference of the 
asymmetric mean values. The asymmetry coefficient of hand strength was determined according to the 
formula (Bragina and Dobrokhotova, 1988): A = S / D  
 
A - coefficient of arms’ asymmetry   
S - strength (muscle) of the left hand  
D - strength (muscle) of the right hand 
 
 
Results 
 

Table 1. Asymmetry of anthropometric variables in right-handed table tennis players N = 50 
 

Variable Arithmetic mean 
Difference 
between right and 
left side 

Difference between 
right and left side in % 

Arm length L.        739.91  mm 15.82 mm 2.09% R.        755.73  mm 

Upper arm circumference L.        269.45  mm 19.27 mm 6.67% R.        288.75  mm 

Upper leg volume L.        527.18  mm 1.85 mm 0.35% R.        529.04  mm 

Wrist width  L.         56.01   mm 1.38 mm 2.40% R.         57.39   mm 

Upper arm skinfold 
L.         13.51   mm 

0.20 mm 1.45% 
R.         13.71   mm 

Back skinfold  L.         17.95   mm -0.47 mm -2.61% R.         17.48   mm 
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Table 2. Asymmetry of anthropometric variables in left-handed table tennis players N = 4 

 

Variable Arithmetic mean Difference between 
right and left side 

Difference between right 
and left side in % 

Arm length L.          747.5  mm 22.5 mm 3.01 % R           725.0  mm 

Upper arm circumference L.          282.0  mm 14.5 mm 5.14 % R.          267.5  mm 

Upper leg volume L.            525   mm 10.0 mm 1.9 0 % R.            515   mm 

Wrist width L.           58.25 mm 0.75 mm 1.28 % R.           57.50 mm 

Upper arm skinfold L.           12.15 mm -1.15 mm -8.60 % R.           13.30 mm 

Back skinfold L.           19.75 mm -0.27 mm -1.35 % R.           20.02 mm 
 

Table 3. Asymmetry of biomotor variables in right-handed table tennis players. N = 50 
 

Variable Arithmetic mean Difference between 
variables 

Difference between 
variables in % 

Eights by tilting  L.       20.18  sec. 0.20  sec 0.98 % R.       20.38  sec. 

Finger tapping  L.       40.60  points 5.68  points 12.27 % R        46.28  points 

Dynamometry  L.       31.91  kg. 5.3 kg 14.24 % R.       37.21  kg. 
  
 

Table 4. Asymmetry of biomotor variables in left-handed table tennis players. N = 4 
 

Variable Arithmetic mean Difference between 
right and left side 

Difference between 
variables in % 

Eights by tilting L.        19.17 sec. 0.50 sec. 2.60 % R.        18.67 sec. 

Finger tapping L.        49.75 points 5.5 points. 11.05 % R.        44.25 points 

Dynamometry L.        36.75  kg. 9.5 kg. 25.85 % R.        27.25  kg. 
 
 
Dicussion 

The results obtained from the tested anthropometric indicators included in this study showed that the 
results of the dominant side (the hand holding the paddle) in all variables are higher compared to the non-
dominant side (Table 1 and 2), except for the back skinfold variable, i.e. upper arm skinfold of left 
handed table tennis players (Table 2). 

Percentually, the largest differences between the dominant and non-dominant side of table tennis 
players, who play with the right or the left hand, are observed in the variables of the upper part of the 
body, i.e. arms and back. The greatest difference was observed in the variable for assessment of the 
circular dimension - upper arm circumference with 6.67 % in right-handed table tennis players and 5.14% 
in those who play with the left hand. This difference is due to the characteristics of the table tennis game, 
where the engagement between the active and passive hand is different. In this case, the right hand has a 
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larger volume, as a direct consequence of its intensive use in the game. 
In the variables for assessment of the longitudinal and transverse dimensions, differences were also 

registered in the upper part of the body that was in favor of the dominant side. In the arm length variable, 
the dominant arm of the right-handed was longer for 15.8 mm or 2.09%, and in left-handed 22.5 mm or 
3.01%, while in the palm width variable those differences were 2.40% for right-handed and 1.28% for 
left-handed. Smallest and insignificant difference was found in the leg volume variable of only 0.35%. 
This indicates that the structure of table tennis players’ leg movements is approximately the same in both 
legs. 

Smaller values between dominant and non-dominant side were observed only in the variables for 
assessment of subcutaneous adipose tissue. Among the right-handed, in the back skinfold variable there 
was a difference of 2.61 %, and among the left-handed 1.35%, while among the left-handed there was a 
difference in the upper arm skinfold variable of 8.60 %. Hypothetically, the difference is due to the 
greater activity of the active arm (arm that holds the paddle), which entails greater appropriate activity in 
upper segments of the body, which means less deposition of fat in the more active segment. 

The results of the applied biomotor tests included in this study (in both groups, right-handed and left-
handed) showed that in all variables the results of the dominant side (the hand holding the racket) is 
higher compared to the non-dominant side ( Table 3 and 4 ). The greatest difference was observed in the 
variable for assessment of the grip strength - grip strength dynamometer of 5.3 kg or 14.24% in right-
handed and 9.5 kg or 25.85% in left-handed, which arises as a result of the strong grip of the paddle when 
performing strokes after long practicing of table tennis. 

In the variable for assessment of hand movement velocity as a key biomotor ability, characteristic for 
table tennis game, measured through finger-tapping tests, there was a difference of 12.17% in right-
handed and 11.05% in left-handed in favor of the active arm relative to the passive one. 

 Smallest and insignificant difference was observed only in tilt test on the right and the left side of 
only 0.20 seconds or 0.98% in right-handed and 0.50 seconds or 2.60% in left handed. This variable, 
which serves to estimate the fast-agile running, favors table tennis game where the movements, without 
priority to the left and right leg, are performed in different ways and directions. 

Among right-handed table tennis players the asymmetry coefficient is equal to 0.85 while among the 
left-handed this coefficient is 1.34.  

This ratio is less than 1 in right-handed, and higher than 1 in left-handed players, and it is equal to 1 in 
ambidextrous (Bragina and Dobrokhotova, 1988). 
 
Conclusions 

Anthropometric measurements (paired body segments) revealed morphological asymmetry of the 
upper part of the body. In relation to the non-dominant hand, the dominant hand (the hand holding the 
paddle) achieved better results. The dominance of the dominant hand is reflected in percentually greater 
arm’s length, wrist width, upper arm circumference and a lower percentage of subcutaneous adipose 
tissue in relation to the non-dominant hand where all values of the arithmetic mean are percentually 
smaller. Only the measurement for assessment of the subcutaneous adipose tissue, i.e. the variable of back 
skin fold on the active arm has smaller values in relation to the skin fold on the passive side of the body. 
Significant difference was observed in the upper arm circumference in favor of the dominant hand. There 
was the lowest and insignificant difference in the leg volume variable of only 0.35%. This indicates that 
the structure of table tennis players’ legs movements and their engagement was approximately the same 
in both legs. As a result of biomotor asymmetry, differences were determined only on the upper segments 
of the body, where the tests realized with the dominant hand show better results (dynamometry test to 
assess the palm muscles, and finger-tapping test to assess the speed of movement frequency). The volume 
and the length of the hand that is bigger than the non-dominant hand contributes to the biomotor 
dominance of the dominant hand. The speed of  finger movement frequency as a key biomotor ability, 
characteristic for table tennis game, measured through the finger tapping tests, manifested a difference of 
12.17% in right-handed and  05.11% in left-handed respondents, in favor of the dominant hand.  In the 
variables for rapid assessment of the manner and direction of movement-coordination (MONLS and 
MONDS) no significant differences were observed between the left and right side when conducting the 
test. 
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Abstract: 
 Street dance is a common term for different dance styles and techniques that arose in the USA's hip 
hop culture from the late 60's throughout early 2000's. A few studies were made regarding street dances, 
which makes the construction of tests for evaluating level of performance in any street dance an original 
contribution to kinesiological sciences. The aim of this research was the construction of tests for 
evaluating level of performance in Hip hop dance. 46 female dancers (12 – 25 years of age) participated 
in this study. Three tests were constructed (Brooklyn, Party Machine and Roger Rabbit) which were 
divided into seven fragments each. Evaluation scale for complex motor tasks was used. The data was 
collected by using a video camera. Three judges evaluated each fragment (starting position, body, head, 
shoulder, arm, leg position and rhythm) with scores from 0 to 2. Statistical analyses in all three tests 
showed high or good level of correlation between the judges. The tests were found to be reliable, with 
Cronbach's alpha values ranging from 0.88 to 0.95. A factor analysis  results showed one significant 
factor with all three tests significantly projected. In conclusion, all three tests are reliable for evaluating 
the level of performance in hip hop dance. 
 
Key words:  street dance, expert evaluation, metric characteristics  
 
Introduction 

Dance is a kinesiological activity that affects the whole anthropological and aesthetical growth of a 
person, especially children and youth. Street dance is a common name for different dance styles and 
techniques that arose in USA’s hip hop culture from the late 60’s throughout the early 2000’s. According 
to the movement structure and execution time, it can be assumed that street dances should impact the 
children’s growth and motor development, especially coordination, rhythm, agility, strength, flexibility 
and speed, although there are no researches that acknowledge these assumptions. There are no essential 
tools for the analysis of any kind of kinesiological transformation in motor learning and dance 
improvement, namely tests for evaluation of technical level in performing basic techniques in street 
dances. The non-existence of those tests in today’s kinesiological practice makes their construction an 
original contribution to kinesiology. Hip hop is a dance style that arose in the beginning and mid eighties 
of the last century as a combination of social and party dances – rocking, popping and locking. The 
original name for hip hop dance is freestyle hip hop, because it is based on improvisation. It is also 
known under names old school hip hop, new style, hype or new jack swing. The characteristic move of 
freestyle hip hop is the so-called bounce. Today’s hip hop dance is combined with different styles of 
popping, while retaining typical groove of rocking, and it can also be choreographed. Hip hop is both a 
competitive and recreational discipline and there is a clear necessity for kinesiological research. This new 
constructed test will have a practical purpose in practical training and educational processes in modern 
dance. Learning new dance structures means learning new motor skills, and it is crucial to know about 
these processes in order to improve them. 

The aim of this research was to evaluate the level of technique in hip hop dance through the 
construction of new tests.  
 
Methods 
Participants 

The subjects were 46 female dancers (21 senior, 25 junior, aged 12 to 25 years, average body height: 
166.39±5.21, average body weight: 56.30±8.02), who have been training hip hop dance at least 3 times a 
week. Only those subjects who have been training for 2 years and more were included in the research. 
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Measurement 

The measured variables were Brooklyn, Party Machine and Roger Rabbit, which were chosen as the 
representatives of the Hip hop dance style. The scale for evaluation of complex dance structures based on 
Bozanic & Miletic (2011.) was used for the evaluation of the level of dance knowledge. The data was 
collected by using a video camera. Three judges evaluated the technique with scores from 0 to 2 for each 
of the 7 fragments of performance. If the fragment was incorrectly performed it was scored with a 0 and if 
it was performed partially correctly it was scored with a 1. Correctly performed fragment was scored with 
a 2. The whole performance could have been graded from 0 to 14, which actually represents the range of 
our theoretical scale. 

Each subject was tested during one session. Every test was performed in a dance studio. A specific hip 
hop music mix was made for the tests - it lasted 15 seconds and started with 4 counts of rhythm that 
served as a preparation for the execution of the dance moves. The execution of Brooklyn, Roger Rabbit 
and Party Machine began from a wide stance. 

1. Brooklyn starts by interchangeably crossing the legs. Both legs move at the same time in the 
opposite direction (left leg to the right side and right leg to the left side). The knees are slightly bent and 
the weight is shifted to the toes. One leg is in front of the other. The knees and the toes are positioned 
facing the outside, while the heels are positioned facing the inside. The arms are bent at the elbows and 
the shoulders are slightly moving upwards. The body is bending at the chest area and moving to the side. 
The head is relaxed and following the body movement. Legs, body, head and hands are returning to the 
starting position and the subject repeats the movement, but this time starting first with the other leg. After 
repeating the task and returning to the starting position, the subject repeats the task with the leg that was 
in the front first, but now for two consecutive times.  

2. Roger Rabbit starts by lifting one leg, slightly bent at the knee, and moving it backwards. When it 
touches the floor, the other leg moves to the front from heel to toe, bending at the knee while moving 
upwards. The arms are bending at the elbows with forearms and shoulders moving upwards. The body is 
slightly bent at the chest area. The head is relaxed and moving back and forth. While the leg bent at the 
knee stretches backwards, the forearms and shoulders are moving downwards. The body and the head are 
returning to the starting position. When the bent leg touches the floor, the subject repeats the task with the 
other leg. Arms, shoulders, body and the head are moving the same way as before. Instead of switching 
the legs, the leg in the back is moving upwards, while the leg in the front moves to the floor. Forearms 
and shoulders are moving downwards. The body and the head are returning to the starting position. The 
leg in the back is returning to the floor and the other leg moves to the front from heel to toe, bending at 
the knee while moving upwards. Arms, shoulders, head and the body are moving the same way as the first 
time. 

3. Party Machine starts by moving one leg upwards and bending it at the knee, so that the feet are in 
the level of the other leg’s knee. Arms are bent at the elbows with palms crossed in the chest area. Bent 
leg is being extended to the side, not touching the floor, while at the same time the other leg hops on the 
toes to the opposite side. Arms are moving sideways in a 45 degree angle. The body is slightly declining, 
moving towards the hopping leg. The shoulders are slightly bent. The head is relaxed and is following the 
body movement. Weight is then being lifted to the extended leg, which is now on the floor, while the 
other leg is being bent at the knee, so that the feet are in the level of the other leg’s knee. The body and 
the head are returning to the starting position, arms are bending at the elbows with palms crossed in the 
chest area. Previously executed task is then repeated with the other leg and after that repeated two times 
with the leg that started the task first. 

Statistical analysis 
Descriptive statistical parameters, means and standard deviations, were calculated for all the variables 

of all tests. Average inter-item correlation coefficients (IIR), intercorrelation matrices and Cronbach’s 
alpha (α) were used to determine the reliability between the subjects. To determine the factor validity of 
the test, the intercorrelation matrix was factorized with the principal components factor analysis. We used 
Statsoft’s Statistica (ver. 11) for all the calculations. 
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Results 
Analysis of means of all tests showed that the subjects attained highest scores in the Brooklyn step 

(Table 1.) and the lowest in the Roger Rabbit step (Table 3.). The strictest criterion had the third judge. 
The reliability of the tests measured with Cronbach’s alpha showed results ranging from 0.81 to 0.91 (for 
Broooklyn step). Inter item correlations values were lowest for Party Machine step (0.73)      (Table 2.) 
and the highest for Brooklyn step (0.87). All three tests were significantly correlated with the principal 
component, with total proportion of explained variance of 91% for the Brooklyn test, 83% for the Roger 
Rabbit test and 81% for the Party Machine test 
 
Table 1.(Brooklyn step) Intercorrelation matrix of judges scores (J), Inter-item correlation (Iir), Cronbach's alpha 

(α), Mean (M), Standard deviation (SD), Principal components factor analysis (F) for PT (0,91) 
 

 J1 J2 J3 IIr α M±SD F 
J1 
 1,00 0,92 0,85   10,28±3,1 -0,97 

J2 
 0,92 1,00 0,81 0,87 0,95 9,87±3,2 -0,96 

J3 
 0,85 0,81 1,00   9,59±3,4 -0,93 

 
Table 2.(Party Machine step) Intercorrelation matrix of judges scores (J), Inter-item correlation (Iir), Cronbach's alpha (α), 

Mean (M), Standard deviation (SD), Principal components factor analysis (F) for PT (0,81) 
 

 J1 
 J2 J3 IIr α M±SD F 

J1 
 1,00 0,84 0,57   8,43±3,3 -0,90 

J2 
 0,84 1,00 0,74 0,73 0,88 9,76±3,1 -0,96 

J3 
 0,57 0,74 1,00   6,24±2,8 -0,85 

 
Table 3. (Roger Rabbit step) Intercorrelation matrix of judges scores (J), Inter-item correlation (Iir), Cronbach's 

alpha (α), Mean (M), Standard deviation (SD), Principal components factor analysis (F) for PT (0,83) 
 

 J1 J2 J3 IIr α M±SD F 
J1 
 1,00 0,80 0,69   7,17±4,0 -0,91 

J2 
 0,80 1,00 0,73 0,74 0,89 9,17±3,8 -0,93 

J3 
 0,69 0,73 1,00   6,78±3,3 -0,88 

 
 
Discussion 

In the terms of results, the Brooklyn step proved to be the most simple and most basic step, which, in 
the terms of motor learning, should be acquired first. In the terms of gradualness, learning process should 
be directed from simple to more complex dance structures. 

After analyzing the correlation of judges’ scores, the conclusion can be made that the high agreement 
was achieved in Brooklyn variable and somewhat lower agreement in the Party Machine and Roger 
Rabbit variables. It is a known occurrence in today’s literature that the objectivity of simple tests of the 
same motor structure is usually higher than that of complex tests that estimate the same motor dimension 
or structure. This occurs because the parameters that judges are evaluating in simple skills are not as 
numerous, therefore are easier to follow and evaluate. Complexity of the structure regularly means the 
increase in numbers of parameters that a judge has to evaluate. In all variables, the highest correlation was 
between the first and the second judge, and the lowest between the first and the third judge, especially in 
complex tests (Party Machine and Roger Rabbit). Therefore, and in terms of judges’ objectivity, we can 
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conclude that the first test - Brooklyn - has an unmistakably satisfying characteristic of objectivity, while 
the criteria for the Party Machine and Roger Rabbit tests can perhaps be discussed with other experts for 
Hip hop dance style. Consequentially, that could result with better definition of criteria for the tests. 

Factor analysis showed that all the items are evaluating the same object of measurement and that the 
satisfying homogeneity was achieved in tests. The third judge had the lowest projections on the same 
measured objects therefore, in terms of the results, the same judge can be defined as the strictest. But it 
does not necessarily mean that the strictest evaluations are worthier for that matter. Overall, all three tests 
showed that satisfying homogeneity was achieved. 
 
Conclusion 

The new constructed tests applied in this experiment, showed good metric characteristics and a 
conclusion can be made that they are applicable for evaluating the level of technique in hip hop dance. 
Hip hop dance is a complex style of dance and has a large number of parameters to evaluate. Our results 
indicate that the most simple structures are easier to attain, while the complex ones are a somewhat 
difficult to adopt. Therefore, it is important to develop, create and apply more experiments, not only for 
Hip hop dance, but for all the other Street dances, which will evaluate the level of motor knowledge and 
its efficiency more objectively. Also, the focus should be on the other age groups and experiments about 
how Hip hop dances (and all other Street dances by that matter) influence motor and functional abilities. 
We should also focus on creating tests for the evaluation of success in execution of street dance 
choreography and parameters that influence situational efficiency in street dance battle. 
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Abstract: 

Anthropological characteristics of the children often have been subject of researching in the 
kinesiology, but still there is a small number of researches that studied the influence of the residential 
status among the physical fitness and anthropometrical characteristics, especially in our state. The 
theoretical and empirical research was conducted on a sample of 2199 participants, drawn from 9 
primary schools from the Municipality of Strumica, Republic of Macedonia, from which 5 are situated 
in rural and 4 in urban environment. The differences in the variables between the participants with 
various residential statuses are analyzed with multivariate and univariate analysis of variant 
(MANOVA and ANOVA). The results point to that boys from middle school age who are studying in 
rural areas have lower average values of the systolic pressure, lower height, lower weight, lower body 
fat, body mass index and they show better results in endurance in pull-ups, pin running 4x10 meters 
and three minute step test. Boys from the middle school age who are studying in rural areas show 
better results in the tests: flamingo, tapping with hand and raising the trunk in 30 seconds. Girls from 
the middle school age who are studying in rural areas  have higher average values of the systolic 
pressure, lower height, lower body fat and show better results in fitness tests: flamingo, tapping with 
hand and raising the trunk in 30 seconds. On the basis of the achieved results it could be assumed that 
the environmental factors in different environments contribute for differences in the anthropological 
characteristics of the participants. 
 
Key words: Adolescent, Rural,  Urban, Anthropometry, Physical fitness, Measurements 
 
Introduction 

Concept of physical fitness is as old as humankind. Through out the history of mankind physical 
fitness has been considered an essential element of every day life. The ancient people were mainly 
dependent upon their individual strength, vigor and vitality for physical survival. This involved mastery 
of some basic skill like strength, speed, endurance, agility for running, jumping, climbing and other skills 
employed in hunting for their livings.  

The physical fitness is connected to the health condition during the childhood and adolescence 
(Myers J, et.al. 2002; Andersen LB, et.al 2006). Even among children, fitness is inversely associated 
with cardiovascular risk factors for chronic disease such as high blood pressure (Sallis JF, et. al. 1998; 
Ruiz JR, et. al. 2006), total fatness (Ruiz JR, et. al. 2006), hyperinsulinemia (Gutin B, et. al. 2004), 
abdominal adiposity (Brunet M, et.al. 2006), atherogenic lipid profile (Mesa, J.L, et. al. 2006) insulin 
resistance (Gulati M, et. al. 2003), and clustering of metabolic risk factors (Brage S., et. al. 2004; Ruiz 
J.R, et. 2007). Unfortunately, in the last two decades we have witnessed more evident tendency of 
decreasing of the physical activity among children, that happens not only in our state, but also in the 
countries nearby (Šiljeg, Zečić,  Mrgan and  Kević, 2008; Strel, Bizjak, Starc and Kovač, 2009), as well 
as in the developed countries (Janz, Dawѕon & Mahoney, 2000; Tomkinson, Olds & Gulbin, 2003; 
Wedderkopp, Froberg, Hansen & Andersen, 2004). 

Huge number of the environmental factors such as: socio-economic status, cultural influence, life 
style, health condition and many others factors have influence upon the level of physical activity 
among children and at the same time there is also an indirect influence upon the anthropological 
characteristics of the children. Both, children and youngsters differ at the level of physical fitness 
regarding the socio-economic characteristics, as well as the living environment and that’s because they 
depend on the economic and cultural potentials of their family. 

The parents and the environment have great influence on the development of the abilities and 
characteristics at most of the adolescent, whereby they have big responsibility for their proper psyche-
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physical development, education and development of the total abilities, which influence is especially 
important for the sport results that are achieved by the children. 

The first assumption of this research is that the students from different residential status have 
different level of the physical fitness. In our state, there are no researches for the physical fitness 
among the students, regarding different residential status, whereas many foreign authors dealt with this 
matter during the last few years  (Loucaides, Chedzoy, & Bennett, 2004; Eiben, Barabás, & Németh, 
2005;  Badrić  i Petračić,  2007; Bathrellou et al., 2007; Petrić, 2009; Tinazci & Emiroğlu, 2010). 

 
Methods 

The research is conducted on a sample of 2199 participants, which is 97% from the total population of 
students at the researched age, at the primary schools in the Municipality of Strumica, Republic of 
Macedonia. In the Municipality there are 9 primary schools from which are in rural environment and 4 
are in urban environment. The sample is divided into two subsamples according the gender as it: 1124 
participants are male (684 from urban and 371 from rural) and 1075 participants are female (665 from 
urban and 363 from rural). The average age of the participants from both genders is 12,31 years. 

In the sample all the students who participated, obtained consent from their parents that they allow 
them to participate in the project and were psycho-physically healthy and regularly attended classes of 
physical and health education. The participants were treated pursuant to the Helsinki Declaration. 

The measuring was realised in March, April and May, 2012, in standard school conditions during 
the regular classes of physical and health educaton. he measuring was conducted by professionals from 
the area of kinesiology and medicine,which were previosly trained for measuring of the determined 
tests and measurements. 
 
Anthropometric measurements  

Anthropometric measurements were taken according to standard methodology of International 
Biological Program (IBP) and according to the recommendations of  World Health Organisation (WHO) 
and  Weiner-Lurie (Weiner JS, Lourie JA., 1981). 

Weight was measured in underwear and without shoes with an medical decimal weight scales, to the 
nearest 0.1 kg, and height was measured barefoot in the Frankfort horizontal plane with a telescopic 
height measuring instrument (Martin’s anthropmeter) to the nearest 0.1 cm.Body mass index was 
calculated as body weight in kilograms divided by the square of height  in meters. 

The components of the body composition are determined by the method of bioelectrical impedance 
(measuring of electrical conductivity - Bioelektrical Impedance Analysis - BIA). The measuring was 
realised by the Body Composition Monitor, model "OMRON - BF511", by which the body weight, the 
percentage of body fat, percentage of muscular mass and the index of body mass were measured (BMI). 

Before the measuring in the Body Composition Monitor the following parameters were being 
entered: gender, ages and height of the participant. 

In order to achieve maximally precise results during the measuring i.e. evaluation of the body 
composition, preconditions which are recommended by ACSM (2005) and Heyward (2006) were 
fulfilled before every measuring. 
 
Evaluation of Physical Fitness 

Prior to starting the study, the researchers involved in the project undertook training sessions in order 
to guarantee the standardization, validation, and reliability of the measurements (Moreno  LA,  et. al. 
2003).  Seven tests, forming part of the EUROFIT battery, validated and standardized by the European 
Council, were applied in the following order: 

1. Sit and Reach test. With the subject seated on the floor and using a standardized support,  the 
maximum distance reached with the tip of the fingers by forward flexion of the trunk is measured. 
Test indicative of amplitude of movement or flexibility. 

2. Falamingo. Balancing on one leg as long as possible while standing on the preferred foot. This 
test measures general balance. 

3. Plate Tapping. Test Rapid tapping of 2 plates alternately with the  preferred hand. The  subject 
performed  25 cycles for 2 times, and the better result was the score. 
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4. Hand Grip test. With the use of a digital Takei TKK 5101 dynamometer (range, 1-100 kg), the 
maximum  grip  strength  was  measured  for  both hands. 

5. Standing broad jump test. The maximum horizontal distance attained, with feet together, was 
measured. This test evaluates lower limb explosive-strength. 

6. Bent Arm Hang test. A standardized test was used to measure the maximum time hanging from a 
fixed bar. This test estimates the upper limb endurance- strength. 

7. Sit-ups 30 sek. Maximum number of sit ups achieved in 30 seconds. This test measures the 
endurance of the abdominal muscles 

8. Shuttle run: 4×10 meters. This test provides an integral evaluation of the speed of movement, 
agility and coordination. The subject does four shuttle runs as fast as possible between 2 lines 10 
meters apart. At each end the subject places or picks up an object (a sponge) beside the line on 
the floor. 

9. The three-minute step test. The aerobic capacity has been estimated by means of a 3-minute step 
test. The respondent had a task, for 3 minutes, to get up and get down of a bench 30,5 cm high, in 
four cycles (up, up, down, down), with standardized rhythm of 96 beats in a minute (bmp), which 
was dictated by the metronome. Before beginning of the test we have measured the heart 
frequency, whereas the adolescent, even in the stand-by state had sub maximal value in terms of 
the age, were not exposed to burdening. The heart rate was measured by means of the monitor 
Polar RS800 for registration of the heart frequency. The average of the heart rates measured 
immediately after taking the test and a minute after that make up the test result.  

 
Blood Pressure 

Measuring of blood pressure (systolic and diastolic) and heart rate were realised by professionals in 
the area of medicine, doctor- specialist in sport’s medicine. The measurements were performed in 
special premise with optimal ambiental conditions in relaxed condition of the participant, where the 
relaxation was performed at least one minute before the measuring. The measuring was realised on the 
forearm above the wrist of the palm, with a clinically tested electronical digit device for measuring of 
the blood pressure by the firm „Omron”. The measuring was performed on the left hand and before it 
was taken into consideration for the cuff to be properly set, the hand to be on the same height as the 
heart and the participant to sit upright, not to move or talk. The blood pressure was measured for three 
times in the interval of 60 seconds and as a result was considered the average value of the three 
measuring. 
 
Statistical analysis 

The data are presented mean (SD) for continuous variables. The differences in the variables 
between the participants from different residential status  are  analyzed  with  the  multivariable   and 
univariable analysis of variant (MANOVA and ANOVA). The normality  of  the  distribution  of 
changed variables is tested with Kolmogorov-Smirnov’s  method.All  the  analyses  were  performed 
using the Statistical Package for Social Sciences software (SPSS, v.16.0 for  WINDOWS; SPSS Inc., 
Chicago, IL, USA) and values of  p < 0.05 were considered statistically significant. 

 
Results 

The testing of the normality of the distribution with Kolmogorov-Smirnov’s procedure showed that 
most of the variables among the participants from both genders do not deviate from the normal 
distribution (податоците не се прикажани). 

In the Table 1 and 2 are shown the average values, standard deviations and the values of the 
multivariate and univariate analysis of the covariate of the parameters for evaluation of the blood 
pressure, anthropometrical measurements, body composition and tests for evaluation of the level of 
physical fitness after the partition of the ages among the participants from both genders. 

From the analysis of Table 1. we can see that are determined statistically significant differences on 
multivariate level in the system variables for assessing blood pressure, anthropometric measures, body 
composition and physical fitness levels among boys who are studying in urban and rural environment. 
The value of the F test for the whole system analyzed variables is statistically significant at the level of 
assessment Q < 0.00. 
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From the analysis of the Table 1 results we can see that univariate level exist on  statistically 
significant differences in the variables diastolic pressure (p < 0.01), body height (p<0.04), body weight 
(p<0.00), percentage of body fat (p<0.01), body mass index (p<0.04), as well as the tests for assessing the 
level of fitness: flamingo (p<0.01), plate tapping (p<0.01), raising the trunk in 30 seconds (p<0.00), 
endurance in pull-ups (p<0.05), pin running 4x10 meters (p<0.00) and three minutes step test (p<0.00). 

Boys from the middle school age who are studying in rural areas have lower body fat, body mass 
index and show better results in the tests: endurance in pull-ups, pin running 4x10 meters and three 
minute step test. Boys from the middle school age who are studying in urban areas show better average 
results in the tests: flamingo, palm tapping and raising the trunk in 30 seconds. Statistically significant 
differences between the boys who are studying in urban and rural areas are not defined in systolic 
pressure, percentage of muscle mass and fitness tests: standing broad jump test, hand dynamometry and 
sitting hamstring stretch.  

 
Table 1. Differences between urban and rural male adolescent 

 
Wilks'Lambda Rao's R df 1 df 2 Q 

0,84 12,00 16,00 1037,00 ,00 
 

Varijable 
Urban Rural 

F p 
Mean SD Mean SD 

Systolic pressure (mmHg) 113,91 8,74 114,64 8,10 1,91 ,17 
Diastolic pressure (mmHg) 71,53 8,05 70,38 7,82 5,14 ,02 
Height (cm) 157,51 10,86 156,40 10,10 4,33 ,04 
Weight (kg) 52,39 14,31 50,00 13,71 8,19 ,00 
Body fat (%) 20,64 8,54 19,30 8,17 6,35 ,01 
Muscular mass (%) 36,49 3,36 36,76 3,42 2,00 ,16 
BMI (kg/m2) 20,78 4,04 20,25 4,07 4,07 ,04 
Flamingo (s) 3,19 2,13 2,59 1,61 22,95 ,00 
Standing long jump (cm) 161,75 27,99 162,16 29,08 ,06 ,81 
Plate Tapping 13,81 2,46 14,48 2,55 20,10 ,00 
Sit-ups 30 sek.  (n) 19,29 4,25 18,34 4,35 12,18 ,00 
Bent arm hang (s) 10,24 11,06 11,63 11,13 3,93 ,05 
Handgrip (kg)  43,00 18,43 44,81 17,67 3,52 ,06 
Sit and reach (cm) 15,39 6,65 16,02 6,99 2,09 ,15 
Shuttle run 4x10 m 12,31 1,19 11,85 0,97 44,16 ,00 
Three-minute step test (bmp) 113,79 20,01 108,29 19,22 18,55 ,00 

 
 

From the review of Table 2 we can see that among girls who are studying in urban and rural areas are 
defined statistically significant multivariants differences for the whole system of analyzed variable 
(Q<0.00). On the univariant level statistically significant differences between girls who are studying in 
urban and rural areas are determined in functional measures of the systolic pressure (p<0.01), body height 
(p<0.04), percentage body fat (p<0.01) and the fitness tests> flamingo (p<0.00), standing broad jump 
(p<0.01), palm tapping (p<0.01), raising the trunk in 30 seconds (p<0.00), endurance in pull-ups 
(p<0.01), hand dynamometry (p<0.00), pin running 4x0 meters (p<0.00) and three minute step test 
(p<0.04). Girls from the middle school age who are studying in rural areas have higher average values of 
the systolic pressure, lower height, lower weight, lower percentage of body mass and show better results 
in fitness tests: standing board jump, endurance in pull-ups, hand dynamometry, pin running 4x10 meters 
and three minute step test.  

Girls who are studying in urban environment show better results in fitness tests: flamingo, palm 
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tapping and raising the trunk in 30 seconds. Statistically significant differences between girls who are 
studying in urban and rural environment are not determined in the diastolic blood pressure, body weight, 
percentage of body fat, body mass index and fitness test: sitting hamstring stretch.  

 
Table 2. Differences between urban and rural female adolescent 

 
Wilks'Lambda Rao's R df 1 df 2 Q 

0,81 14,42 16,00 1010,00 ,00 
 

Varijable 
Urban Rural 

F p 
Mean SD Mean SD 

Systolic pressure (mmHg) 113,78 8,35 115,11 7,48 6,59 ,01 
Diastolic pressure (mmHg) 72,30 7,63 72,43 7,62 ,07 ,79 
Height (cm) 156,85 7,49 155,95 7,70 4,24 ,04 
Weight (kg) 51,91 11,96 50,53 11,83 3,49 ,06 
Body fat (%) 25,68 7,69 24,39 7,91 6,74 ,01 
Muscular mass (%) 32,95 2,36 33,07 2,70 ,56 ,46 
BMI (kg/m2) 20,96 4,01 20,90 4,38 ,05 ,82 
Flamingo (s) 2,55 1,40 2,28 1,15 9,77 ,00 
Standing long jump (cm) 130,84 20,57 134,24 22,55 6,03 ,01 
Plate Tapping 15,06 2,87 15,53 2,90 6,88 ,01 
Sit-ups 30 sek.  (n) 15,70 3,86 14,92 4,15 9,14 ,00 
Bent arm hang (s) 3,47 4,82 4,31 4,90 7,11 ,01 
Handgrip (kg)  33,19 11,97 35,34 12,26 9,04 ,00 
Sit and reach (cm) 19,71 6,72 20,24 6,78 1,51 ,22 
Shuttle run 4x10 m 13,52 1,15 12,87 1,10 78,14 ,00 
Three-minute step test (bmp) 131,17 18,65 128,67 19,28 4,22 ,04 

 
Discussion 

Physical fitness is fundamental to public health. This has an influence on the risks of morbidity and 
mortality, and therefore can reduce these risks. Disease prevention and health promotion should be 
implemented as early as possible both in childhood and adolescence. Previous studies have focused on 
specific health behavior (Yen et al. 1997; Chen et al. 2003). 

The results of our research point out that students from different residential status significantly 
differ in anthropometric measures, body composition and physical fitness levels. Male students who are 
studying in rural areas have lower systolic pressure, lower weight, lower percentage of body fat, body 
mass index and achieve better results in fitness test for assessing the strength and endurance of the arms 
and shoulder girdle, agility speed and have better cardiorespiratory capacity. Male students who are 
studying in urban environment show better results in fitness test for assessment of balance, speed of 
alternative movements and strength of the anterior stomach wall. 

Female students who are studying in rural areas have higher average values of the systolic pressure, 
lower height, lower weight, lower percentage of body fat and show better results in fitness tests for 
assessing the explosiveness of the lower extremities, strength and endurance of the arms and shoulder 
girdle, strength of the palm grip, agility and speed and have better cardiorespiratory capacity. Female 
students who are studying in urban environment show better results in fitness tests for assessing the 
balance, speed of alternative movements and strength of the muscle of the anterior stomach wall.  

The results from the previous researches that were conducted in Europe point that the children who 
live in urban environments are higher regarding their peers from the rural environments, while in many 
countries these differences stay in the mature age. The changes in the public health, nutrition and the 
life conditions which are connected to the urbanization are determined as reasons for the above mention 
(Bielicki, 1986). 
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The researches of Sandhu (Sandhu, 1983) in which there is comparison of the level of physical 
fitness in urban and rural environments at the district of Amritsar, point that the girls from the rural 
areas are superior at the physical fitness regarding the girls from urban area. 

Mehtap and Nihal, have conducted research in which they compared the level of the physical fitness 
in rural in relation to the urban children in Turkey and they found that the children who live in urban 
environment are higher, thicker and physically more inactive in relation to the children who live in 
rural environment (Mehtap and Nihal, 2005). 

Tinazci and Emiroğlu explored the differences in the level of physical fitness among students from 
primary schools in urban and rural environment, between the ages of 9 and 11 years (Tinazci & 
Emiroğlu,  2010). The results from the research showed that the students from rural environments have 
better results in the tests for evaluation of the flexibility, endurance and strength. Badris and Petračias 
explored the level of physical fitness among students, both from urban and rural environment in 
Croatia. The analysis of the results of the students from different residential status in Croatia, show that 
the students in rural environments achieve better results in the tests for flexibility, whereas in the other 
tests there are no significant statistical differences  (Badrića  &  Petračića 2007). Eiben and the 
collaborators explored the influence of socio-economic status upon the phenomena of the biological 
acceleration among children in Hungary at the age of 3-18 years. The explorers came to a finding that 
the number of the members of family and the living place has influence onto the anthropometrical 
measurements. The children, who belong to families with larger number of members, were shorter, 
thinner and have lower percentage of body fat - in average values. Unlike them, the children from the 
urban parts of Budapest were higher, thicker, have larger thorax and shinbone and larger percentage of 
body fat (Eiben et. al. 2004).The research, which was conducted in Berlin (Pfister, G, & Reeg, A. 2006) 
on a sample of students at third and fourth grade from different social environment and different social 
inheritence, point that the level of physical fitness is somehow conditioned by the social factors. The 
different social environment is stipulated as a reason for the differences in the level of fitness, but still 
it should be considered that the differences might be consequence of the differences in the offered 
content.  

The larger presence of the sedentary way of life, especially among children who live in urban 
environment, decreases the total physical activity and at the same time it decreases the level of physical 
fitness and accomplishments. The results of our research show that adolescents who are studying in the 
rural environment achieve better results in tests for assessing physical fitness in which dominate the 
energy component, while adolescents from the urban environment achieve better results in the fitness 
tests in which dominate the information component (flamingo and palm tapping).   

The assumption that the adolescent from rural environment have more spontaneous physical 
activities in open area and they use the external terrains more often, unlike the children who live in 
urban areas which is probably the reason because the first ones achieve better results, especially at the 
abilities in which the energetic componenet is dominant. Certainly, despite the stipulated factors for the 
differences in the level of physical fitness among children, the teacher of physical education, the 
organization at the school and the education by the parents have great influence and are very important 
for the physical activity, their personal example and home education. 
 
Conclusion 

The results point to that boys from middle school age who are studying in rural areas have lower 
average values of the systolic pressure, lower height, lower weight, lower body fat, body mass index and 
they show better results in endurance in pull-ups, pin running 4x10 meters and three minute step test. 
Boys from the middle school age who are studying in rural areas show better results in the tests: 
flamingo, tapping with hand and raising the trunk in 30 seconds. Girls from the middle school age who 
are studying in rural areas  have higher average values of the systolic pressure, lower height, lower body 
fat and show better results in fitness tests: flamingo, tapping with hand and raising the trunk in 30 
seconds. On the basis of the achieved results it could be assumed that the environmental factors in 
different environments contribute for differences in the anthropological characteristics of the participants. 

The reason for that is probably due to the fact that the children who are educated in rural 
environment have better conditions for games in open area, thereby they have larger spontaneous 
physical activity.  
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Abstract: 

The dehydration is a common weight-manipulating technique in boxing, which is already known as a 
serious health-threatening behavior. Investigations confirmed urine-specific-gravity (USG) as the most 
reliable and applicable indicator of the body hydration status. In this study we have investigated 
reliability and concurrent validity of the reagent strips Medi – Test Combi 10 (RSC) as a method for the 
evaluation of hydration in elite junior boxers. As a gold standard refractometric measurement (RF) is 
used. The sample of subjects comprised 14 male junior boxers from Croatia and Germany (all national 
team members; 16,57±1,15 years; 67,33±14,97 kg and 176,14±7,98 cm). The RSC measurement was 
done by two examiners, while the urine sample was simultaneously used for RF analysis. The Sperman 
range correlations between evaluators was high for three variable BLR, pH SPU of the 10 parameters 
evidenced by RSC, namely RSC-SPU (r = 0.92). Since RSC-SPU was highly correlated to RF (0.85 and 
0.84 for first and second examiner, respectively), this study confirmed appropriate concurrent validity of 
the RSC-SPU measurement in evidencing the dehydration-status of the junior boxing athletes.  
 
Key words: hydration status, body weight manipulation, weight category, concurrent validity, golden 
standard 
 
Introduction 

Amateur boxing is Olympic sport in which athletes compete in a weight class categories defined by 
maximum allowed body mass during the competition (M. S. Smith, 2006). Currently ten weight 
categories in amateur boxing opens wide spectra of opportunity for the manipulation with body mass. 
Traditionally boxers try to achieve fast body mass reduction using several harmful methods (Artioli et al., 
2010). The basic intention is to classify in a lower weight category in attempt to get a psychological and 
physiological advantage over the lower, lighter and consequently weaker rivals (Franchini, Brito, & 
Artioli, 2012).  

Acute dehydration assumed to be a major adverse effect associated with rapid loss of body mass in 
amateur boxing (Reljic, Hassler, Jost, & Friedmann-Bette, 2013). It is common known weight-
manipulating technique already emphasized as a serious health-threatening behavior. 

Although there is no clear consensus the findings about the effects of acute dehydration on sport's 
performance, as far as health aspect is concerned, dehydration status is claimed a serious health-
threatening behaviour, especially with adolescence athletes. Dehydration has been proven to negatively 
affect numerous of health-related parameters. Briefly, it can lead to acute cardiovascular dysfunction, 
negatively influence on androgen hormones, development and growth, reduced cognitive abilities, 
reduced bone density, development of intake disorders and bad nutritional status and negative mood 
influence (Hall & Lane, 2001; Roemmich & Sinning, 1997; M. Smith et al., 2001). Because of all 
mentioned health-threatening issues, there is a need for practical, confident, accurate and fast field test 
that will highlight health- threatening methods used in body mass manipulation.  

Previous reports indicate refractometry measurement (RF) as a gold-standard in determination of the 
hydration status (Stuempfle and Drury 2003). Urine specific gravity (USG) is a measure of the ratio of 
urine density (concentration) according to density of distilled water. Urine specific gravity measurement 
normally range from 1,002 to 1,040 and it is used as an indicator of the hydration status among athletes 
(Stuempfle & Drury, 2003). It was included into NCAA university rules as a result of three tragic death 
cases in 1997 caused by dehydration (Stuempfle & Drury, 2003). Beside from the usage RF in the 
hydration status assessment, reagent stripes (RSC) were also used. The results of research considering 
reliability and validity of (RSC) are controversial (Brandon, 1994; Guthrie, Lott, Kriesel, & Miller, 1987).  

The purpose of this research is to assess reliability and concurrent validity of RSC compared with RF, 
for elite junior amateur boxers in a pre competitive period. 
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Material & methods  
Participants  
Fourteen elite amateur boxer, junior national team members of Croatia and Germany (age16,57±1,15; 
67,35±14,95 kg ;176,14±7,98 cm, experience; 5,28±1.4) agreed to participate in our survey. All of them 
were national champions, and they participate regularly at international competitions. All participants 
were kindly asked not to consume medications or dietary supplements within 24 hours before 
measurement. Team managers of both national teams gave written acceptance for implementation of this 
study that was previously approved by Ethical Committee of Kinesiology Faculty of University of Split. 
 
Variables 

Besides anthropometric variables and sport experience, two methods for evaluation of hydration status 
were analysed : 

(1) measurement method USG via RF- Atago Pal 10s Tokyo, Japan (automatically integrated air 
temperature compensation);  

(2) method of evaluation USG via (RSC) producer Medi- Test Combi 10 SLG Machery- 
Nagel,Germany. 
 
Experimental procedures  
Measurements were carried out as a part of preparation match between national teams of Croatia and 
Germany, thirty days before official World Junior Championship opening in Sofia, Bulgaria.  Two 
professors of kinesiology with previous experience in field testing, and student of kinesiology as a clerk, 
collected and analysed data. Athletes didn't train 24 hours before sampling and they were asked not to 
consume any medications or some other dietary supplements. Body mass was measured by official Tanita 
scale BC 520 (correctness of results is 0,1 kg), body height was measured by anthropometer according to 
Martin. Urine sample of 60 ml was collected in appropriate plastic container for urine between 8:00 and 
8:30 a.m., before food and drink intake. RF read urine specific gravity in a range from 1,000 to 1,040, and 
deflection in a scale was 0,001. RF was calibrated with distilled water before usage. RSC contains 
variable of specific urine gravity distributed on a scale from 1 to 7 with coloured square and deflection of 
0,005. While testing stripes (RSC) were dipped in urine, and values are read within 45-60 seconds. RSC 
values were firstly read by two examiners and individually written, and after that they have taken RF 
finding. Urine sample is inflicted by a glass dropper on the instrument RF Atago Pal 10s and values were 
digitally read after that.  After values were written on the data sheets, the urine sample was regularly 
deposited. 
 
Statistical analysis 

Descriptive statistic parameters were calculated (the arithmetic mean and standard deviation). For 
determining reliability among evaluators for reagent stripes (RSC) Sperman range of correlation was 
used. Concurrent validity was analysed through the Sperman’s range of correlation between RSC and RF 
findings. 
 
Results 

Table 1. Analysis of reliability measured by reagent stripes – The Spearman’s correlation among evaluators 
 

 BLO2 URB2 BLR2 PROT2 GLU2 pH2 SPU2 LEUK2 
BLO1  1.00        
URB1  -0.11       
BRL1   0.72*      
PROT1s    0.41     
GLU1     0.68*    
pH1      0.73*   
SPU1       0.92*  
LEUK1        0.68* 

Legend 1: BLO-blood; UBR-urobilinogen; BLR-bilirubin; PROT- protein; GLU- glucose; pH; STU-specific urine gravity; 
LEUK –leukocytes; 1 – the first evaluator; 2 – the second evaluator;  
* Significant values at level p < 0.05;. 
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The analysis of reliability among evaluators via Spearman’s range indicates on statistically significant 
correlation in variables: BLOOD; BILIRUBIN, PROTEINS, GLUCOSES; pH; USG; LEUKOCYTES. 
Only measurements of BILIRUBIN, pH and USG (correlation higher than 0.71) can be considered as 
reliable (1.Table). 

In the 2.Table as descriptive data was shown; the results on RSC for both measurers. The mean results 
on RF were 1,025±0,007.  

 
Table 2.Descriptive statistic among evaluators (AS – arithmetic mean; SD –standard deviation) 

 
  EVALUATOR 1 EVALUATOR 2 
 AS SD AS SD 
BLO 1.07 0.27 1.07 0.27 
URB 1.07 0.27 1.14 0.36 
BLR 1.86 0.53 2.07 0.83 
PROT 1.50 0.52 1.14 0.36 
NIT 1.00 0.00 1.00 0.00 
KET 1.00 0.00 1.00 0.00 
GLU 1.07 0.27 1.14 0.36 
pH 2.00 0.78 2.21 0.70 
SPU 5.14 1.17 5.29 1.27 
LEUK 1.07 0.27 1.14 0.36 

Legend 2: variables  RT Medi –test Combi 10m BLO-blood; UBR-urobilinogen; BLR-bilirubin; PROT- proteins; NIT-nitrite; 
KET-ketones; GLU- glucoses; pH; STU-specific urine gravity; LEUK –leukocytes 
 
Table 3.Analysis of concurrent validity of reagent stripes (RSC) compared to RF finding – Correlation of Spearman 

analysis 
 

VARIJABLES  REFRAKTOMETER 
GLU1 0.07 
GLU2 0.25 
USG 1 0.85* 
USG 2  0.84* 

Legend 3: GLU1- 1.evaluator in glucose variables; GLU2 – 2. evaluator in glucose variable; PROT1- 1.evaluator in protein 
variable; PROT2- 2. evaluator in protein variable; SPU1- 1.evaluator in variable of SPU; USG2- 2.evaluator in variable of SPU; 
* Statistically significant ranges of Spearman correlation on the level  p < 0.05 
 
 

Concurrent validity was satisfying for variable SPU, because the Sperman range correlation of both 
evaluators with RF finding was high (73 % common variance) (3. Table). 
 
Discussion 

Reliability of measurements RSC in variable of SPU relates strong agreement between evaluators. 
Because of categorical nature of collected data, Spearman’s range of correlation was used as a measure of 
reliability. Studies done so far have shown contradictory research findings in relation to RSC reliability as 
measure of specific urine gravity. Earlier studies emphasized high correlation coefficient between 
evaluators RSC ( r =0,90; r =0,88), (Gounden & Newall, 1983), (Guthrie, 1987). Recent researches 
reported poor or  medium correlation coefficient (r =0.72 ; r=0.66; r =0.51), and low intraclass correlation 
coefficient (ICC=0,57) between evaluators that evaluated specific urine gravity via RSC (Brandon, 1994). 
As the main reason of relatively poor reliability, authors emphasize visual analysis and subjective 
interpretation of changes in coloured RSC during chemical reaction with urine (Stuempfle & Drury, 
2003). They also underline lack of extremely dehydrated participants witch reduced variability of results 
(Stuempfle and Drury 2003). In our research, extremely dehydrated participants were evaluated (RF 
1,025±0,007) and consequently the high level of reliability is shown. The possibility of technology 
improvement shouldn’t be excluded in produce of RSC, because referent studies are between ten and 
twenty years old.  
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Even there are a lot of papers about reliability of RSC; studies which dealt with concurrent validity 
RSC in relation with RF are rare. Authors who have researched this problem have established weak or 
average validity RSC in relation with RF finding (Stuempfle & Drury, 2003). Data in our study have 
shown satisfactory concurrent validity in variable SPU. The causes of the contradictory research findings 
of our study compared to results of previous studies may be partly speculated, but it is probably caused by 
magnitude and prevalence of variability among results in variable SPU in our research (considering 
extreme dehydration), which was not the case in previous study (Stuempfle & Drury, 2003) 

Measure’s scale of RSC stripes is from 1 to 7 (deviation 0,005; RT), while RF digitally shows result 
(deviation 0,001; RF). Recent researches (mentioned in the discussion) about establishment of reliability 
of RSC are omitted in differences between ratio (RSC) and interval (RF) measurer’s scales in which 
collected data are read. The differences between methodologies – statistical approach in data processing 
may also be one of the reasons for disharmony of researches’ findings.  
 
Conclusion  

The results of these analyses hypothesis about appropriate reliability and concurrent validity of RSC in 
the field testing of the hydration status. Undoubtly, there is a need for fast, cheap, reliable and valid field 
test of boxer's hydration status.  RSC can be used in a practice, especially because of health threatening 
issue caused by uncontrolled reduction of a body weight during the competitive season.  
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Abstract: 

The development and the trial testing of Program for students with health problems in all of the 
Faculties in the Medical University in the subject of Sport is the answer of our long lasting researches on 
the approach for optimization of the training process for students with permanent health disorders or 
temporary such caused during their study in the University.We believe that the training of the students 
under this specialized Program would put them in equal position towards the other students and would 
help them enrich their knowledge in the promotion of the health stabilizing physical activity. 

 
Key Words: students, training process, physical education, sports 
 
Introduction 

According to a number of authors, enrichment of knowledge and skills of students in the field of 
physical culture and sport, through development of contemporary and adapted programmes, influences 
favorably the preparation for realization of the future expert (Димитров et al., 1988; Дякова & Божкова, 
2011; Желева, 2009; Иванова, 2005).  To this effect, according to the author - Ms. Иванова (2006), the 
significance of the organized physical culture and sport in the stage of education in a higher school, 
including the one on medicine, is expressed as follows: 

- development of the motivation of the student for an active, motive and cognitive activity for regular 
sport trainings, for achievement of the aims of the physical education and sport – health, vitality, well-
being - now and in the future; 

- optimization of mastering of knowledge, skills, habits and ways of their application in the field of 
physical culture and sport, their application in connection with the future professional realization; 

- gaining of valuable personal qualities and behavior models for action at various conditions, for self-
manifestation and self-control. 

There are numerous unsolved problems existing in organizing the physical culture and sport (PhCS) 
in the higher schools, including the University of Medicine – Sofia (UM), one of them being the covering 
of students with existing, or appeared during the education health problems. Usually, these students are 
not motivated to visit the trainings on PhCS, with the argument that they have temporary or durable 
injuries, or it is on physician’s recommendation.  
Deviations in the health status with students hinder their participation at the regular trainings on Sport 
subject. In order to overcome this problem, the Center on Language education and Physical culture and 
sport, with the UM – Sofia, is a significant factor in the care and protection of public health.  
The aim of the development is the preparation and application of the programme SPORT WITH 
STUDENTS WITH HEALTH PROBLEMS, creating through it, equal possibilities for participation of all 
students in the sport trainings, and getting of knowledge regarding the promotion of gaining in health 
physical activity.  
 
Results 

The carried out advance investigations have established that in the practice of the Center on Language 
education and Physical culture and sport, on the Sport subject, each year there is a significant number of 
students with temporary and durable health problems with physician’s opinion for release from the 
regular sport trainings (Bozhkova & Vasilev, 2013). Diagnostic analysis has been made of the documents 
presented (Disease Epicrisis or other medical document), for qualification of the health problems of 
students from all faculties of the University of Medicine – Sofia, and their distribution per groups of 
diseases.  

The prepared educational programme comes into force from the educational year 2013/2014, 
discussed on a meeting of the Sector Council (Record No.1/19.11.2013) and confirmed on a meeting of 
the Management Council of the Center on Language education and Physical culture and sport (Record 
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No.1/05.12.2013). It is included in the educational plan of students with health problems of all faculties of 
UM – Sofia and crediting is according to the specialty of the student. On Table 1, an excerpt is presented 
from the educational plan. Ass. professor Anna Bozhkova from the Center on Language education and 
Physical culture and sport, with the University of Medicine – Sofia, has prepared the programme, heading 
the subject.  
     

Table 1: Excerpt from the educational plan 
 

TYPE OF 
TRAININGS Semester 

Educational hours 
attended – 

hours/weekly 

Educational hours 
attended  – 
Total hours: 

Lectures 1 1 15 

Practical exercises 
1 1 15 
2 2 30 

Total hours:  2 60 
Form of control: 2  Examination and test 

 
 

In the programme, theoretic preparation and exercise complexes with motive and health effect have 
been included for increasing the quality of life of students. 

In the future health experts, competences are built on issues for using the motive complexes in their 
professional realization, as motivation consulting, regarding the role of physical activity for the diseases 
prophylaxis purposes, specific of the particular work positions and treatment. 

Prior the inclusion in the trainings, an inquiry and a detailed discussion has been held with each 
student concerning his health state and abilities to do physical exercises. 

Content of educational programme includes lectures – 15 h. (Table 2) and exercise (Table 3). 
 

Table 2: Subject distribution of lecture course 
 

No SUBJECT HOURS 

1.  

Motive activity – component of healthy way of life: 
 essence of the motive activity as specific necessity of human being ; 
 functions, principles and organization of motive activity of students as future 

medical experts too. 

3 

2.  

Classification of physical exercises: 
 per type and character of exercises; 
 per physiological indication; 
 as per their therapeutic purposes. 

2 

3.  Theoretic principles of sport trainings of persons with health problems. 2 

4.  Methodic requirements at carrying out sport trainings (organized and independent) with 
persons with health problems.  2 

5.  Independent trainings – self-control, report and results. 2 

6.  Most often harmful habits met as factors for injury of health and deterioration of 
physical fitness. 2 

7.  Rational using of natural steeling factors, gymnastics, applied exercises, games, dances 
and etc., with persons with health problems. 2 

 
 

In the process of practical trainings, morphologic and functional perfection is realized of organism of 
both male and female students, development and maintaining of physical qualities, forming of skills and 
habits, through specialized exercise complexes with motive and healthy effect.  
The form of control envisaged is: examination on one of the subjects of the subject plan and a test (Table 
3).  
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Table 3: Semester distribution of educational material 

 

Period Winter semester  Summer semester  

Months ІХ Х ХІ ХІІ ІІ ІІІ ІV V 

Weeks (n.) 1 2 3 4 5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

15
 

1 2 3 4 5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

15
 

Lectures/ 
Group  
trainings 
 (n.) 

Duration 
 (min.) 

Л 
 

Л 
 

Л 
 

Л 
 

Л 
 

Л 
 

Л 
 

Л 
 

Л 
 

Л 
 

Л 
 

Л 
 

Л 
 

Л 
 

Л 
 

Х 

2х
45

 
2х

45
 

2х
45

 
2х

45
 

2х
45

 
2х

45
 

2х
45

 
2х

45
 

2х
45

 
2х

45
 

2х
45

 
2х

45
 

2х
45

 

Х 

Х 

1х
45

 

1х
45

 
1х

45
 

1х
45

 
1х

45
 

1х
45

 
1х

45
 

1х
45

 
1х

45
 

1х
45

 
1х

45
 

1х
45

 
1х

45
 

Х 

In-out going 
test (n) 1 Х Х Х Х Х Х Х Х Х Х Х Х Х 2 1 Х Х Х Х Х Х Х Х Х Х Х Х Х 2 

 
 
Dicussion 
Subject would give the following basic competences to the students:   

 Theoretic preparation and mastering of exercise complexes with motive and healthy effect, 
leading to increasing the quality of life of students;              

 Increasing of motive activity and forming of better value orientation towards the physical culture 
and sport; 

 Gaining of skills and habits for independent trainings with motive activity and sport, self-control, 
report and results; 

 Consulting regarding the role of physical activity for diseases prophylaxis purposes, specific for 
the particular work positions and treatment; 

 Knowing the meaning and role of physical culture and sport for the successful professional 
realization. 

 
Conclusions 

Creation of the specialized programme SPORT WITH STUDENTS WITH HEALTHY PROBLEMS, 
with theoretic preparation and specific exercises has the following priorities: 

 increases the level of academic programme of students, making their abilities equal; 
 increases the motive activity and quality of life of students; 
 binds their training with treatment and diseases prophylaxis; 
 forms better value orientation towards physical culture and sport. 
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Abstract:            

The athletes use a different means and methods, in order to prepare for the activities or contests that 
follow. Different methods of warm-up, in the form of static and dynamic stretching, increase the 
amplitude range of motion, reduce muscle tension, are used for the prevention of injury and improve 
circulation. On the sample of 25 adult males, students of the Faculty of Sport and Physical Education, 
age 19 ±6 month,  the effects of different warm-up methods were investigated. Manifestation of  flexibility 
measured with a 6 motor tests. The aim of this study was to determine differences in the manifestation of 
flexibility depending on the applied static and dynamic methods of preparation for the work. The 
differences were determined by t-test for paired samples. The results show a statistically significant 
difference in range of motion after the static and dynamic stretching, and observed acute effects on 
increasing flexibility. There was no statistically significant difference in range of motion of joints after 
application of static and dynamic stretching methods on the sample. 
 
Key Words: static stretching, dynamic stretching, range of motion of joints 
 
 
Introduction 

Flexibility is a basic motor skill and represents an ability of a man to perform motion with full 
amplitude of movement in joints. It can be said that it depends on the mobility of the joints and the 
elasticity of the muscles. A range of factors affect the level of flexibility, such as: age, time of day, 
temperature, fatigue, fitness, sex, while influence of warm-up is of a particular interest for this study. 
Warming-up aims at increasing the temperature of muscles which will be engaged in physical activity. 
Stewart & Sleivert (1998) found that skin temperature increases rapidly after 5 to 10 minutes of warm-up. 
According to this, it is assumed that warm-up exercises increase the temperature of the skin, as well as 
body temperature, and thereby increase the effect of the muscle stretching. 

Performing stretching during warm-up represents preparing of the body for the activities that follow. 
Stretching is commonly used to increase the range of motion in the joints (Ferber, Ostering & Gravelle, 
2002; Harvey, Herbert, & Crosbie, 2002). There are various speculations regarding when to implement 
the stretching within the musculature warm-up. Maffetone (1999) states that stretching should be carried 
out during the main part of the training, while O'Connor & Hurley (2003) conclude that it should be 
carried at the end of the training, because it causes a state of relaxation which is not desirable at the 
beginning of a training. 

The combination of warm-up and static stretching at the beginning of training significantly increases 
the mobility of knee joint for 10.3° (extension of knee in straight-leg forward), ankle (plantar flexion of 
foot is increased) and lumbar spine (De Weijer, Gorniak, & Shamus, 2003; Beedle & Mann, 2007). Static 
stretching as an independent method of warm-up at the start of training produces statistically significantly 
better effects on the mobility of joints than dynamic stretching (O'Sullivan, Murray, & Sainsbury, 2009). 
Opposite results were obtained by Aguilar et al. (2012). Authors suggest that the dynamic method of 
warm-up at the start of training achieved better effect on the mobility of joints compared to static warm-
up. Different results suggest that further analysis is needed. 

Subject of research are the effects of different warm-up methods (static and dynamic stretching) in the 
introductory part of the class on the flexibility of the participants. The aim of the study was to determine 
the acute effects of different warm-up methods (static and dynamic stretching), the maximum range of 
motion (ROM) in certain joints (hip, shoulder, hands and feet) in participants. Then, to determine whether 
there is a difference between the ranges of motion after application of static and dynamic stretching. 
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Material & methods  
Participants 

The sample consisted of 25 male students of the Faculty of Sport and Physical Education in Novi Sad, 
aged 19 years ± 6 months. Testing took place during regular school classes on the course of 
Anthropomotorics in the hall of the Faculty. Microclimate suited test conditions. All participants agreed 
to voluntarily participate in the experiment and were informed in advance of the experimental protocol 
described below. 
 
Procedure 

Static stretching as a form of warm-up (SS) consisted of 6 exercises. The exercises focused on muscle 
groups that comprise the joint for which the maximum range of motion was measured. Each exercise took 
1 x 30 seconds. Exercises performed were: 1) Lifting right leg on the bench, arms up; 1-lateral circle 
forward, deep forward bend; 2) Perpendicular position with both feet, arms up; 1-deep forward bend; 3) 
Small straddle position, forearms leaned against a wall, dorsal flexion of the foot; 4) Front lying position, 
arms against the body; 1-arms behind the body; 5) Sitting with both feet, arms forward (bat in hands), 
palms placed slightly wider than shoulder width; 1-arms up; 6) Kneeling with hands on the ground, 
fingers facing knees, thumbs out ; 1-leaning backward, keeping your palms on the ground. 

Dynamic stretching as a form of warm-up consisted of the same exercises. Each exercise was repeated 
12 times. 
 
Test protocol 

Maximum ranges of motion (ROM) in certain joints (hip, shoulder, hands and feet) was measured in 
students at the beginning of the class, and then again immediately after static stretching as warm-up 
method. After 5 days, the same procedure was applied, but the participants practiced dynamic stretching 
method. 
 
Instruments 

Flexibility of the participants was measured by motor tests: straight-leg forward from lying on the 
back (SFB) – hip joint; forward bend on the bench (DB); dorsal flexion of the foot (DFF); lying anterior 
on the Swedish box, arms behind the body (ABBL); sitting on both feet with arms up (AUS); dorsal 
flexion of wrist (DFW). The maximum range of motion of the wrist, which was manifested in motor tests, 
was measured by goniometer except in the case of forward bend on the bench. 
 
Statistical analysis 

Kolmogorov-Smirnov test for normality of the distribution shows that the results at the initial 
measurements, after static and dynamic stretching are normally distributed (p>0.05). The differences 
between the initial and final measurements (after static and dynamic stretching) were determined by T-
test for dependent samples. The difference between the final measurements (after static and dynamic 
stretching) was also determined by T-test for dependent samples, and also between the differences 
obtained. 

 
Results 

Table 1 shows the results of the differences between the initial measurements and immediately after 
static stretching as a method of warm-up. 

Table 2 shows the results of the differences between the initial measurements and immediately after 
dynamic stretching as a method of warm-up. 

Table 3 shows the results of the differences between static and dynamic stretching as a method of 
warm-up in participants. 

Table 4 shows the differences between the obtained differences between the initial measurement and 
after static stretching, and also between the initial measurement and after dynamic stretching. For each 
participant the difference was calculated by subtracting the results obtained at the initial measurement of 
the results achieved after static or dynamic stretching. 
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Table 1 The difference between the initial and final measurements (after static stretching) 

Variables AS1 AS2 r t p 
SFB (°) 
DB (cm) 
DFF (°) 
AUS (°) 

ABBL (°) 
DFW (°) 

84,68 
48,24 
47,32 

195,88 
82,80 

108,24 

91,31 
51,96 
53,00 
206,28 
93,36 
109,68 

0,00 
0,00 
0,00 
0,00 
0,00 
0,03 

-5,31 
-5,43 
-4,42 
-4,44 
-6,77 
-0,61 

0,00 
0,00 
0,00 
0,00 
0,00 
0,54 

Legend: AS1 - arithmetic mean of the initial measurement; AS2 - arithmetic mean after static stretching, r - the statistical significance of the 
Pearson correlation coefficient (p<0.05), t - value of t test; p - statistical significance of the t - test (p<0.05) 

 
Table 2 The difference between the initial and final measurements (after dynamic stretching) 

Variables AS1 AS2 r t p 
SFB (°) 
DB (cm) 
DFF (°) 
AUS (°) 

ABBL (°) 
DFW (°) 

84,68 
48,24 
47,32 

195,88 
82,80 

108,24 

91,56 
52,08 
51,72 
201,80 
93,50 
110,24 

0,00 
0,00 
0,00 
0,25 
0,00 
0,20 

-6,46 
-6,13 
-3,58 
-2,52 
-6,35 
-0,78 

0,00 
0,00 
0,00 
0,01 
0,00 
0,44 

Legend: AS1 - arithmetic mean of the initial measurement; AS2 - arithmetic mean after dynamic stretching, r - the statistical significance of the 
Pearson correlation coefficient (p<0.05), t - value of t test; p - statistical significance of the t - test (p<0.05) 

 
Table 3 The difference between the results of static and dynamic stretching 

 
Variables AS1 AS2 r t P 
SFB (°) 
DB (cm) 
DFF (°) 
AUS (°) 

ABBL (°) 
DFW (°) 

91,32 
51,96 
53,00 

206,28 
93,36 

109,68 

91,56 
52,08 
51,72 
201,80 
93,52 
110,24 

0,00 
0,00 
0,00 
0,00 
0,00 
0,00 

-0,22 
-0,27 
1,59 
1,81 
-0,58 
-0,13 

0,82 
0,78 
0,12 
0,08 
0,56 
0,89 

Legend: AS1 - arithmetic mean after static stretching; AS2 - arithmetic mean after dynamic stretching, r - the statistical significance of the 
Pearson correlation coefficient (p<0.05), t - value of t test; p - statistical significance of the t - test (p<0.05) 

 
Table 4 The difference between the obtained differences at the initial and final measurement (after static and 

dynamic stretching) on a given sample 
 

Variables AS1 AS2 r t P 
SFB (°) 
DB (cm) 
DFF (°) 
AUS (°) 
ABBL (°) 
DFW (°) 

6,24 
3,68 
5,68 
10,40 
10,56 
1,44 

6,88 
3,76 
4,40 
5,92 

10,72 
2,00 

0,00 
0,00 
0,00 
0,00 
0,00 
0,00 

-0,61 
-0,17 
1,59 
1,81 
-0,13 
-0,58 

0,54 
0,86 
0,12 
0,08 
0,89 
O,56 

Legend: AS1 - arithmetic mean after static stretching; AS2 - arithmetic mean after dynamic stretching, r - the statistical significance of the 
Pearson correlation coefficient (p<0.05), t - value of t test; p - statistical significance of the t - test (p<0.05) 

 
Discussion 

The analysis of Table 1 shows that there is a statistically significant difference (p<0.05) between the 
initial measurement and after static stretching as a form of warm-up, in the ROM at the hip, shoulder and 
ankle joint. Regarding wrist, no statistically significant difference was obtained between the initial 
measurement and after static stretch. By interpretation of the t-test it can be observed that in all the 
variables (SFB, DB, DFF, ABBL, AUS and DFW) better results were obtained during the second 
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measurement (after static stretching). ROM of the hip joint after static stretching was increased in average 
for 6.63º. These results are in line with the results obtained by Harvey, et al. (2002); Davis, Ashby, 
McCale, McQuain, & Wine (2005). The authors believe that static stretching for 30 seconds significantly 
increases the range of motion of the knee joint and the hip in a short period of time. Harvey, et al. (2002) 
in a review of the literature suggest that ROM in joints increases after static stretching by 8°. Opposite 
results were obtained by Aguilar, et al. (2012) who concluded that static stretching does not show 
significant acute effects on increasing ROM at the hip joint. Their experimental protocol, and the method 
of testing is different from the procedure specified in this document, and it is difficult to compare the 
results. Radford, Landorf, Buchbinder, & Cook (2007) reported that static stretching of muscles at the 
beginning of training increases flexibility of dorsal flexion of the ankle joint, which is contrary to the 
results obtained in our study (p>0.05). 

The analysis of Table 2 shows that there is a statistically significant difference (p<0.05) between the 
initial measurement and after dynamic stretching as a method of warm-up regarding the maximum range 
of motion in the hip, shoulder and ankle joint. Regarding the wrist joint no significant difference was 
obtained between the initial measurement and after dynamic stretching (p>0.05). Dynamic stretching is 
observed to increase ROM in the hip, shoulder, ankle and wrist joint. Samson, Button, Chaouachi, & 
Behm (2012) explored the dynamic and static stretching during warm-up and the results show that the 
dynamic method increases flexibility by 4.27° but not as good as static method, where the increase is 
11.42°. Turki-Belkhiria, et al. (2014) found that there is a lack of research on the dynamic stretching and 
its acute effects on the ROM of the joints. The authors used two methods of stretching: active dynamic 
stretching (ADS) and passive dynamic stretching (PDS) in an experiment that lasts 8 weeks. The results 
show that ADS and PDS cause similar effects in improving flexibility (ADS 45, 1 %, PDS 57, 6 %).  

Interpretation of Table 3 shows that there is no statistically significant difference in the ROM of the 
hip, shoulder, wrist and ankle joint between static stretching and dynamic, as warming-up methods. 
Results coincide with the results obtained by Beedle & Mann (2007); Perrier, Pavol, & Hoffman, 2011. 

By analyzing Table 4 it can be seen that there is no difference between the obtained differences 
between the initial measurement and after static stretching or after dynamic stretching, regarding the 
maximum range of motion of joints. 
 
Conclusions 

Stretching (static and dynamic) as a method of warming-up leads to an increase in the maximum 
range of motion in certain joints (hip, shoulder, ankle and wrist joints). When warming-up at the 
beginning of the class, it is not essential which method of stretching (static or dynamic) will be practiced 
because both methods generate the same acute effect on the mobility of the joints. Since we have obtained 
the same acute effects on the flexibility of the participants, it is necessary to pay attention to how 
stretching as a warming-up method affects the activities that are practiced in the main part of the class or 
training. Static stretching as a method of warming-up leads to passive muscle relaxation due to reduced 
neural activity, resulting in a decrease of physical activities in which muscular strength, speed and power 
are exhibited (Evetovich, Numan, Conley, & Todd, 2003). In contrast to the static, dynamic stretching 
during warm-up causes an increase in body temperature along with greater neural activity. Muscles are 
warmed-up through movement, which will allow better demonstration of skills during the activity that 
follows. Fatigue must be avoided during dynamic stretching, as it will affect the ability of the muscle to 
generate sufficient force during the relevant activities, and will cause reduction of the elastic capabilities 
of muscle. New research and results dealing with stretching and warm-up are necessary so through 
implementation in the form of the periodization plan of sport training and competition, expected results 
could be reached. 
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Abstract 

Today in sport practice are present conflicting views on the safety of the exercise squat for the knee 
joint and its internal structures . Very often is thought that deep squattingis harmful to the knees, and 
therefore many coaches avoid to engage this exercise in their training sessions with recreational and 
professional athletes. This paper is a review of relevant studies that treat this problem. From their 
analysis of the resulting it can not be certainly argued whether deep squat is risky for the knee joint, but 
significantly larger number of studies emphasize the opposite , that deep squat  is safe , especially if those 
who practice this exercise do not have some serious health knee problems and the exercise is performed 
properly and under the technical supervision of an expert . 
 
Key Words: exercise, biomechanics, risk, joint. 
 
Introduction 

Squatting  or exercise known as " Squat " represent one of the most common and basic in conditioning 
, whose primary goal is to strengthen the muscles of the thigh (extensors in the knee joint) and gluteal  
muscles ( extensors in the hip joint ). Often in the literature are seen diverse views and conflicting 
arguments about “squat” exercise. Some experts believe that squatting especially deep is not safe for the 
knee, while others believe that this kind of exercise is safe. 

Biomechanical science within its methods of research uses computer simulation and modeling for 
obtain information that can not easily be obtained from experiments. The information relating to the 
strength of the muscles , ligaments , the strength of the joint, joint reaction force are just some of the 
information needed for the study of human movement (Abernethy et al. 2013) . 

In this paper is made a review of the exercise squat through review of literature which treats the risk of 
injury to structures in the knee. 
 
Dicussion 

In terms of range of motion in the knee joint the squatting is divided into partial squat  (Figure 1a ) - 
when the joint angle of the knee is 110 to 140 degrees , parallel squat (Figure 1b ) - when the angle of the 
knee joint in a 80 to 100 degrees and deep squat (Figure 1c ) - when the joint angle of the knee is 40 to 45 
degrees (Hartmann, 2013) . 
 

   
a b c 

Figure 1.  Squat range of motion 
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The claim that "deep squatting is not safe for the knees " stems from research at the University of 
Texas, stating that weightlifters who often practiced deep squat have problems with stability of the knee 
ligaments ( CL collateral and anterior cruciate ligament ACL ) compared with the control group (Klein, 
1961). The author concluded that under the parallel squat has a significant impact on the stability of 
ligaments and therefore should be avoided . 

In the next period, a number of studies show something else or that deep squat increases the stability 
of the knee joint (Soleyn, 2013 ; Chandler et al. 2001 ; Meyers, 1971 ; Panariello et al. 1994 ; Steiner et 
al. 1986) . Contrary to the claim of Klein the forces in the anterior cruciate ligament ( ACL) and the 
posterior cruciate ligament ( PCL ) decreases with increasing of the angle of flexion in the knee joint . 

The reducing of forces in anterior cruciate ligament ( ACL ) and posterior cruciate ligament ( PCL) is 
presumed as a result of the influence of the rear - upper part of the tibia with the posterior femoral 
condyles and the compression of the soft tissue structures including the meniscus, capsule , muscle , fat 
and the skin (Zayontz et al. 2004) . Thus, it can be concluded that the risk of injury to the ligaments in the 
knee is higher in parallel squat , given that in this case , the forces in posterior cruciate ligament  (PCL ) 
culminate . 

As conclusion we can say that deep squatting is contraindicated for those who have health problems 
with the knee. Those who have problems with the posterior cruciate ligament (PCL) should not be 
squatting lower than 50-60 degrees, until the complete recovery (Schoenfeld, 2010 ) . For problems with 
anterior cruciate ligament (ACL) the squat should not be lower than 50 degrees (Escamilla, 2012) . More 
in the practice of surgeons and physical therapists present  application of exercises in a closed kinematic 
chain , as squatting which aims to strengthen the muscles of your thighs , after injury to the anterior 
cruciate ligament (ACL) (Abernethy, 2013) . Deep squatting is contraindicated in disorders like 
chondromalacia , osteoarthritis , osteochondritis. 

In one of the studies was made a review of 164 scientific papers published in the period 2011 to 2013, 
was aimed among other things to be determined whether partial squatting  is safer for the musculoskeletal 
system in terms of deep squatting  (Hartmann et al. 2013) . The authors concluded that it is not found 
degenerative changes in patelo-femoral complex or a high risk of chondromalacia, osteoarthritis and 
osteohondritis in deep squatting . Contrary to claims, the deep squatting does not contribute to increased 
risk of injury to the passive tissues. Also, it was established that if the deep squat is technically performed 
properly under control of expert, with progressively increasing load , then it is an effective exercise for 
injury prevention and strengthening of the lower extremities . 
 
Conclusions 

Security in exercises is of primary importance in planning, programming and implementation of the 
training. The answer to the question " Is deep squatting risky for the knees " is important for every athlete, 
coach and recreational people, given that the knee joint frequent injuries occur . 

However, although some may claim this is already a "myth", it can not be confidently said that deep 
squatting  is absolutely safe for your knees , keeping in mind that the research methods that biomechanics 
involve computer simulation and modeling are complex and not a simple and quick way to answer the 
questions that have complex character, such as determining the intensity of the internal forces and their 
impact on soft and hard structures in the knee . 

Considering the research results that were previously mentioned, it can be concluded that if squatting 
or deep squatting is technically performed properly under control expert with gradually increasing load, 
then it should not cause risk of an injury to the structures knee. 
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Abstract: 

The purpose of this research is to highlight the changes in anthropometric dimensions and the basic 
movements and with a particular emphasis on space in situational movements between students as 
football players and non-football players 13- years old,(± 6-months).It will be defined anthropometric 
and motor space of the two tested groups, and will be assigned relations between spaces to the students of 
football players and students of non-football players.Taking into account the anthropometric status of 
students as football players and those non-football players of the same age is meant with a certain basic 
system of anthropometric latent dimensions which are developed with the influence of endogenous and 
exogenous factors (hours of physical education and various extercises). Meanwhile in motor space 
research is defined in basic movement and sitiational ones, where in some of them plays an important 
role genetic factor, whereasto others, work which students have worked in schools during the physical 
education classes, whereas had a possibility that except physical education classes to work during 
training held 3 to 4 times during the week in football school. Taking into account th anthropometric and 
motor status of this research, measuring instruments and some anthropometric and motor dimensions 
used in this research, as well as methods which are used for processing the results, we can define the 
objectives of the research are defined in this way:The main goal of this research is verification of 
differences of anthropometric and motor dimensions in space manifesto, especially in particular way to 
the situational movements, which is expected to be verified differences between students as football 
players and non-football players.  
 
Key Words: Anthropometric and motor dimensions, Football players, 
 
Introduction 

When it comes to transforming processes, general kinesiology activities are those that posess a 
dominant role for human anthpological status. 

Knowing the dimensions of psychosomatic status is being explored with the aim of selecting and 
implementing kinesiology operators.  

Football as a sport is a specific branch of poly-structural movements, even more complex, which 
besides being used for recreational purposes, entertainment, competitive, rehabilitation, presents a high 
degree of transformation of sportsman in psychosomatic aspects and at the same time is a base for 
scientific research. 

 The game of football is one of the most popular sports in the world, so including here in our country. 
Contemporary football possesses complex movements both in technical and tactical aspects, as well as in 
the high physical preparation, with fluent and fast actions, then with perfect effective shots.At certain 
situational moments these give to the game of football a dynamic and glow that awakens the curiosity of 
sportsman and great interest among young age groups.      

Even scientific researchers are looking for tools and more professional methods and optimal loads so 
for children from a young age to be given more accurate kinesiology information, that in sport, 
respectively in Kosovo football are few, and they should be given special treatment and work with young 
age groups in a professional way. 

Taking in consideration the importance of anthropometric and motor parameters, there should be 
adequate operator choices in order for transformation and right orientation of the realization of qualitative 
results in football, respectively sport in general.  

Creativity and professional-scientific ability are guideline for the implementation and evaluation of 
the results achieved in sport. Based on this, the aim of this paper is based on empowerment and 
confirmation of scientific legalities in the achievement of qualitative results in football, as well as in 
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chabges in anthtropometric, motor dimensions and situational movements. It will also be reflected the 
creativity and the work of teachers from the subject of physical education in primary schools. In other 
words, I think that will be reflected valuable statistical differences between students who have attended 
football school with those who have not attended this school, but have attended the subject of physical 
education during learning process. 
                    
 Material & methods 

The sample of the tested students in this research was chosen as a population of males,  13 – years old, 
± six months . The total number of the tested students is  142 entities, 71- are students from 13 - years ± 6 
months, of the elementary school „Vëllëzerit Frashëri „ from Lypjan, that attended only regular hours of 
physical education at the school,whereas other group of the tested students 71- are regular students of the 
football school at the football club „ULPIANA“ from Lypjan. But the majority of students gravitate from 
villages of the Lypjan Municipality, that besides the hours of physical education have attended 3-4 
trainings during the week and one full year have attended football school.  

In this research were applied 10- anthropometric variables which are considered to cover enough space 
for this research work: evaluation dimension of volume and body mass, definition of longitudinal 
dimension of skeleton and definition of transversal dimension of skeleton:APESHA – Body 
weight,ALARTE – Body height,AGJAKË - Length of the leg,AGJASHP - Length of the foot,APEGJO  -  
Chest perimeter ,APEBEL - Waist perimeter ,APEKOF - Thigh perimeter,APEKËR - Shinbone perimeter 
,ADIGJU - Knee diameter, ADIZOG - Ankle diameter. 

     According to the movement variables the subjects are treated with 7 movement variables, 3 basic 
variables movement tests and 4 situational movement tests. MVR 20m -  Running on 20 meters, high 
start,  MKGJV    -   Long jump from the place, MTAPKË  -   Taping legs, MPUTOP  -   Work with the 
ball,MUSLLA  -  Ball leading in “slalom” 10m,MUGJRR  -  Ball leading in half a circle,MUTK 20m - 
Ball leading in the hall 20m.  

In order of possible interpretation of the results, they were processed with the program SPSS, for 
Windows. The research wasn conducted as part of anthropometric and motor space. Applied methods 
enable us to realize the purpose of this scientific work. Processing of these methods is made with these 
statistical methods:  T- Test for anthropometric and motoric variables between two groups, 
Discriminatory analysis between two groups. 
 
Results and discussion 
 
Differences in manifestos space 
T – Test  for anthropometric and motor variables between two groups 

Method with which is done verification  of statistical differences between two groups (group 1- futball 
players, 2- non-football players) in every difference is  T- Test. With this method we can verify the 
differences that how many times is bigger the diference of two arithmetic averages than is their standard 
error.In order to show the statistical validity by this test we must know the value of T-Test, which is   T > 
1.96 , in the level of statistical significance p < .05. We can say that the difference between these two 
groups in a variable is statistically valid.  

 In table  1 are shown data between two groups that are processed T-Test. On the basis of the results 
shown in table 1 we can see the differences for every variable one by one and we can conclude that there 
was valuable statistical differences in anthropometric space only in the variables ADIGJU dhe ADIZOG, 
whereas in motor space valuable statistical differences are shown in situational movement tests  
MUSLLA, MUGJRR and MUTK 20m. With these results we can say that it is verified that will have 
important statistical differences in both spaces, especially in situational movement tests, which was the 
main purpose of this research paper. 

By discriminatory analysis basic problem lies in the fact that to differentiate the factors between two 
groups, under the influence of any kinbesiology treatment, with what we can verify the differences 
between these two groups, in this case in Discriminatory analysis in anthropometric space between two 
groups. 

By discriminatory analysis basic problem lies in the fact that to differentiate the factors between two 
groups, under the influence of any kinbesiology treatment, with what we can verify the differences 
between these two groups, in this case between football players and non-football players. 
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In order to notice differences between football players and non-football players in morphological 
space is used precisely the discriminatory analysis presented in Table 2 , which has the following data:     
Func.-  Number of discriminatory functions,λ  -  Characteristic root,Rc.- Canonical Correlation,Var% - 
Explains certain percentage of the variability in discriminatory space, Wiks’λ – Determines the criteria 
for discriminating force of variables,X² - Bartlett test which tests the statistical significance of the 
discriminatory function,Df – Stairs of freedom,Sig. – Level of significant change of the discriminatory 
function. 
 
 

Table 1.  T-Test between  the two groups,1- futball players, 2- non-football players 
 

 Group N Mean Sig. 

APESHA 1 71 424,1408  

 2 71 433,8592 0,74 

ALARTE 1 71 1539,69  

 2 71 1564,352 0,63 

AGJAKE 1 71 897,6761  

 2 71 898,831 0,32 

AGJASH 1 71 246,1549  

 2 71 248,0986 0,59 

APEGJO 1 71 734,8873  

 2 71 739,493 0,91 

APEBEL 1 71 631,2817  

 2 71 624,0423 0,68 

APEKOF 1 71 434,5211  

 2 71 434,3944 0,92 

APEKER 1 71 309,9577  

 2 71 308,9155 0,45 

ADIGJU 1 71 92,98592  

 2 71 81,26761 0.00 

ADIZOG 1 71 67,01408  

 2 71 62,12676 0,00 

MKGJAT 1 71 182,493  

 2 71 166,6761 0,77 

MTAPKË 1 71 28,56338  

 2 71 26,49296 0,14 

MVR 20m 1 71 3,732394  

 2 71 3,999437 0,75 

MPTOP 1 71 8,422535  

 2 71 7,042254 0,29 

MUSLLA 1 71 12,6438  

 2 71 15,02915 0,00 

MUGJRR 1 71 15,36563  

 2 71 16,39042 0.00 

MUTK 20m 1 71 4,139718  

 2 71 5,150141 0,00 
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Discriminatory analysis between two groups  
Discriminatory analysis in anthropometric space between two groups 

In table 2 are given the results of discriminatory analysis between these groups, football players and 
non-football players in anthropometric space.  It is seen that the differences between the tested groups in 
ten anthropometric variables is gained one discriminatory function.  

Significant changes  between these two groups are presented through the characteristic root λ .98. 
Canonical correlation showed fairly large  value Rc .704, with variability of Var% 100, whereas criteria 
for discriminatory force of morphological variables applied  Wilks’λ  .505,that is tested through Bartlett 
test X²  92.26, for Df 10  stairs of freedom. The level of importancy of this fuction Sig. .000 indicates 
statistical validity of the discriminatory function. 

 
Table 2.  Discriminatory Analysis of anthropometric variables 

 

Function λ Rc. Var% Cumul% Wilk’ λ X-2 Df Sig. 

1 .981 .704 100 100 .505 92.26 10 .000 

 
In order to know the structure of discriminatory function we must observe structural matrix presented 

in Table 3, in which case were shown correlations between anthropometric space and discriminatory 
function. Significant correlation with discriminatory function are showing variables ADIGJU and 
ADIZOG, in which case we can define this function as: circular dimensionality of the body.  

In table 4 are presented centroid of groups that can do better discrimination of groups. The 
concentration of centroid of groups in discriminatory function is divided in two parts, the first group of 
football players has greater value of centroids .983, whereas on the other part where is the group of non-
football players has smaller value of centroids -.983.             

     
Table 3. Discriminatory function of anthropometric variables 

 
Variables Function 1 
ADIGJU ,878 
ADIZOG ,551 
ALARTE -,147 
APEBEL ,081 
APESHA -,070 
AGJASH -,069 
APEGJO -,048 
APEKER ,021 
AGJAKE -,011 
APEKOF ,002 

 
 

Table 4.Centroids of anthropometric groups 
 

 Function 

groups 1 

1,00 ,983 

2,00 -,983 
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Discriminatory analysis in motor space between two groups  
In table 5 are given the results of discriminatory analysis between these two groups in motor space. It is 

seen that the differences between the tested groups in seven motor variables,is gained one discriminatory 
function. Significant changes between groups are presented through the characteristic root λ 1.33,  

Canonical correlation showed fairly large value Rc .756,with variability of Var% 100, whereas criteria 
for discriminatory force of morphological variables applied Wilks’λ  .429,which is tested through Bartlett 
X²  115.53, for Df 7 stairs of freedom. The level of importance of this function Sig. .000 indicates  
statistical validity of the discriminatory function.  
 

Table 5 Discriminatory analysis of motor variables 
 

Function λ Rc. Var% Cumul% Wilk’s λ X-2 Df Sig. 

1 1.33 .756 100 100 .429 115.53 7 .000 
 
 

In order to know the structure of discriminatory function we must observe structural matrix presented 
in Table 6, in which case were shown correlations between motor space and discriminatory function. 
Significant correlation with discriminatory function are showing variables  MUSLLA,MUTK 20m, MVR  
and  MKGJV.On the basis of structure of  discriminatory function, this function we can define as   
dimensionality of explosive force and speed. 

In table 7 are presented centroids of groups that do better discrimination of the groups.The 
concentration of centroids of groups in discriminatory function, in which are in two parts divided the first 
group of football players has smaller value of centroids  –1.15, whereas on the other part where is the 
group of non-football players has greater value of centroids 1.15 
 
 

Table 6.   Discriminatory function of motor variables 
 

 Variables Function 1 
MUSLLA ,735 

MUTK20m ,701 
MVR 20m ,361 
MKGJV -,341 

MUGJRR ,298 
MTAPKË -,230 
MPTOP -,152 

 
Table 7. Centroids of motor groups 

 
Function 

groups 1 
1,00 -1,146 
2,00 1,146 

 
 
Conclusion 

The purpose of this research was verification of anthrpometric and motor changes of situational 
movements between students of football players anf non-football players of 13 years old  ± 6 months. In 
which case was treated the sample of 142 entities, 71  students of elementary school “Vëllëzërit Frashëri” 
in Lypjan and 71  applicants of football school from Lypjan Municipality. 

On the basis of presented results, of T-test and discriminatory analysis in manifestos space, we have 
verified that are shown statistrical valuable changes only in those parameters that are specific for the 
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game of football eventhough time period of the students as football players  that are attending football 
school is only one year.But we can say that it was realized the purpose of this research paper which 
verifies changes of manifestos space, to the situational movement tests that are in favor of students as 
football players, in which case  their one year work at the football school helped them  to be distinguished 
from the people of same age and to transform in morphological  aspect of various specific movements in 
the game of football. 

We can say that the value of this work can be in the function of  the information for the development 
of morphological and motor characteristics as for students in the process of physical education in 
elementary schools also  attendants of football schools.  

Such works are good predicators and should be considered especially  during the selection of children 
and young people for football school, for orientation and selection for various sports activities, in the 
function of training  process programming,in working research methodology and of creation professional-
scientific strong bases. 

For the end we can conclude that on the basis of gained results,the goal of this research was realized 
completely, not with significant results  in favor of students as football players but with one valid 
statistical difference,that gives us to understand that with professional –scientific work, in the clubsnë, 
and especially in football schools,where is done a permanent school of young people from young age  can 
be raised quality and level of football game in our country, and this sport to be raised in the level and 
quality what is contemporary football today.  
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Abstract 

A set of 10 morphological and 7 motor tests was applied on a group of seventy two Croatian soccer 
players, with the aim of determining the relation between morphological characteristics and motor 
abilities. The predictor group of variables consisted of 10 measures of morphological characteristics 
evaluation: 5 body mass and volume evaluation tests, 1 longitudinal skeleton dimensionality evaluation 
test and 4 subcutaneous fat tissue evaluation tests. After the preliminary processing procedures, the 
relations between the predictor and the criterion set of variables were determined, with the help of series 
of regression correlation analysis. Significant and positive relations between some morphological 
characteristics and motor abilities were determined, with the p<0.05 level of significance. The obtained 
result confirmed the findings of previous studies about the negative influence of body mass and volume on 
motor abilities of soccer players. Also, the conclusion was that the morphological structure slightly 
influenced the motor success in the analysed sample of young Croatian soccer players of young cadet 
age. 

Keywords: soccer, kinanthropological status, regression analysis 

Introduction 
Soccer is one of the most popular games of contemporary world. According to the structural 

complexity of the sport classification, soccer belongs to the group of complex sport activities, implying 
different technical performances in the conditions of mutual cooperation of all team members within the 
agreed tactics, i.e., strategy of confronting the rival team (Erceg, Laštre & Lisica, 2006; Erceg, Grgantov, 
Rađa & Milić, 2013a). 

The efficiency of the game is influenced by different factors, such as morphological characteristics, 
motor abilities, functional abilities, technical-tactic knowledge, psychological (conative and cognitive), 
but also a factor of sports luck. The most important factors are the situational-motor abilities, represented 
by a combination of motor and functional abilities with technical-tactic knowledge. They are the 
prerequisite for solving the game situations. A soccer player today has to have extraordinary motor 
abilities, especially speed, explosive power and speed endurance. Modern soccer requires specific soccer 
intelligence from the soccer player, meaning that they have to think fast, cope with different situations 
and have the ability of fast decision making (Erceg, Milić & Živković, 2013b; Rađa, Erceg & Grgantov, 
2013). 

Morphological characteristics are very important in realization of motor structures in which they are 
the real biomechanical basis, either as the facilitating factors, or the ones that make the performance 
harder. Besides this, morphological characteristics are very important for the realization of all the motor 
tasks in which one’s own body, or part of the body, is moved, or the determined body position is 
maintained, whether the task is strength, speed, flexibility, coordination or balance. However, the need of 
knowing the laws of relation between morphological characteristics and motor abilities is extremely 
important because motor abilities can be manifested only through something that characterizes the 
morphological entity’s (examinee) structure. Therefore, the efficiency of motor manifestation directly 
depends on anthropometric dimensions, as the previous research showed (Reilly, Bangsbo, & Franks, 2000; 
Erceg, Zagorac, &Katić, 2008). 

Following from the cited, the aim of this study was to determine the relation between certain 
morphological characteristics and motor abilities in young Croatian soccer players of young cadet age.  
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Material and methods 
The subject sample included 72 Croatian soccer players whose average chronological age was 

14.18±0.60 years (young cadet age group) and whose average training experience was 3.1±0.7 years.  
Average body height of all the examinees was 168.59±9.07 cm and average body mass was 

52.98±8.97 kg.  
The variable sample was represented by a group of 10 morphological measures and 7 motor abilities 

tests. 
The used morphological measures were: Body height (cm), Body mass (kg), Upper arm circumference  

extended (cm), Forearm circumference (cm), Thorax circumference (cm), Calf circumference (cm), 
Triceps skinfold (cm), Back skinfold (cm), Abdomen skinfold (cm) and Calf skinfold (cm). Seven tests 
were used to check the motor abilities: 5 m run (s), 20 m run (s), Sargent test (cm), 60-second sit-ups 
(freq), Push-ups until exhaustion (freq), Running 9-3-6-3-9 (s) and Bip test (level). 

Methods of data processing included the calculation of basic descriptive indicators: arithmetic mean 
(M), standard deviation (SD), minimum (Min) and maximum (Max) result, with the aim of describing the 
motor-functional and morphological status of the examinee. Normality distribution was tested by the K-S 
test.  

The stability of the partial relation between the morphological characteristics and motor abilities of 
young Croatian athletes was determined by linear correlation analysis. In determining the global relation 
between the morphological characteristics and motor abilities the series of regression analysis was used. 
The data was processed by Statistica Ver. 12.00. computer program.  
 
Results 

Table 1 shows descriptive statistics parameters of the variables applied on the total sample of Croatian 
soccer players of younger cadet age group, N=72. Regarding the fact that the central and dispersive 
parameters were not the aim of this work, they are shown because the sample of examinees was relevant – 
young athletes, because they can serve in further result comparisons. It is obvious that all the used 
variables do not exceed the critical value of the K-S test, i.e., they do not significantly deviate from 
normal distribution and further parametric result analysis is allowed.  
 

Table 1 Descriptive statistics parameters of the applied variables in Croatian soccer players 
 of young cadet age, N=72. 

Variables M Min Max SD KS 

Body height (cm) 168.59 150.00 181.00 9.07 0.09 
Body mass (kg) 52.98 37.60 73.60 8.97 0.11 
Upper arm circumference (cm) 24.01 21.20 28.40 1.89 0.11 
Forearm circumference (cm) 23.15 20.10 27.80 1.87 0.12 
Thorax circumference (cm) 75.28 66.30 84.30 5.36 0.13 
Calf circumference (cm) 34.55 31.00 38.50 2.12 0.10 
Triceps skinfold (cm) 8.92 7.10 15.40 2.04 0.16 
Back skinfold (cm) 6.18 4.80 9.80 1.17 0.16 
Abdomen skinfold (cm) 7.61 4.60 18.00 3.02 0.15 
Calf skinfold (cm) 10.17 7.00 18.00 2.71 0.15 
5 m run (s) 1.21 1.11 1.49 0.10 0.12 
20 m run(s) 3.35 3.09 3.63 0.15 0.11 
Sargent test (cm) 39.20 30.00 49.00 4.79 0.12 
60-sec  sit-ups (freq) 53.00 47.00 64.00 4.61 0.11 
Push-ups until exhaustion (freq) 24.90 8.00 49.00 11.38 0.13 
Running 9-3-6-3-9 (sec) 9.91 8.72 11.77 0.81 0.14 
BIP test (level) 11.87 8.40 13.20 1.24 0.14 

Border value of KS test for N=72 is 0.16 
Legend: M – arithmetic mean; Min – minimum result; Max – maximum result; SD – standard deviation; KS – Kolmogorov-

Smirnov normality distribution test 
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Table 2 shows the results of linear correlation analysis, which determined the relationship between the 
motor and functional abilities evaluation variables on one side and morphological characteristics on the 
other side. Out of the 70 correlations coefficients, 21 were significant, which indicates the relatively good 
connection of these sets of variables. 

It is interesting to sort out 7 significant correlation coefficients (out of the 10 possible) which connect 
the 20 m run variable and 6 significant correlation coefficients that connect the Sargent test variable with 
the morphological variables. This relation is firstly determined by significant positive influence of all 
voluminosity and longitudinality variables on these motor manifestations.  

The Body height and Body mass predictor variables were significantly correlated with Running 9-3-6-
3-9 and Bip test variables as well. Also, all the Circumference variables (upper arm, forearm, thorax and 
calf) had significant correlation with BIP test variable.  

The sign in front of the correlation coefficient indicates the inversely scaled variable.  
 
 

Table 2 Correlation matrix of morphological and motor set of variables of Croatian soccer players  
of young cadet age, N=72 

 

Variables 
5 m 

run(s) 

20 m 

run(s) 

Sargent 

Test(cm) 

Sit-ups 

 (freq) 

Push-ups 

exh. (freq) 

Running 

93639(s) 

BIP 

Test(level) 

Body height (cm) 0.27 -0.55* 0.45* -0.16 -0.31 -0.54* 0.65* 
Body mass (kg) 0.15 -0.49* 0.55* 0.02 -0.14 -0.45* 0.57* 
Upper arm circumference (cm) 0.11 -0.45* 0.64* 0.09 -0.04 -0.17 0.51* 
Forearm circumference (cm) -0.03 -0.49* 0.66* 0.03 -0.03 -0.21 0.47* 
Thorax circumference (cm) 0.18 -0.46* 0.39 -0.06 0.06 -0.18 0.49* 
Calf circumference (cm) -0.12 -0.45* 0.49* 0.12 -0.10 -0.15 0.45* 
Triceps skinfold (cm) 0.12 0.60* -0.40 0.00 -0.30 0.39 -0.06 
Back skinfold (cm) 0.01 0.12 -0.20 -0.23 -0.33 0.31 0.13 
Abdomen skinfold (cm) 0.00 0.20 -0.28 -0.09 -0.38 0.25 0.18 
Calf skinfold (cm) -0.03 0.21 -0.48* -0.10 -0.23 0.35 0.07 

*- correlation coefficients significant at the p<0.05 level; # - inversely scaled variable 

 
The multiple regression analysis of 7 variables of the criterion set, with the predictor set of 

morphological variables, was significant in 3 variables, and the obtained values are shown in Table 3 (R – 
multiple correlation coefficient, R² - determination coefficient, p – significance level and BETA – beta 
ponder of predictor variable). 

The speed variable, 20 m run, is explained by the predictor set on the satisfactory level of significance 
with 76% of the explained variance. This is related to general connection between voluminosity and test 
results. Taller and heavier examinees with lesser amount of subcutaneous body fat achieved better result 
in this test.  

In prediction of Sargent test variable, the highest global relation was noticed for the set of variables 
that described the voluminosity and subcutaneous fat tissue, explaining in total 79% of criterion variance. 
The examinees with higher volume values and lower subcutaneous fat tissue achieved better results in this 
test.  

The Push-ups until exhaustion variable was explained by the predictor set on the satisfactory level of 
significant, with 65% of explained variance. The highest global relation was again noticeable in the set of 
variables that describe the voluminosity and subcutaneous fat tissue. This is related to negative influence 
of adipose voluminosity (subcutaneous fat tissue), while the influence of non-adipose voluminosity was 
positive. The examinees with higher volume values and lower subcutaneous fat tissue values achieved 
better results in this test. Also, Body height had a negative, and Body mass a positive influence on the 
results of this test. The remaining criterion was not significantly connected to morphological predictors.  
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Table 3 Multiple regression analysis – significant criteria regression with the set of predictor variables in Croatian 
soccer players of young cadet age, N=72 

Criteria 
20 m run 

(s)# 
 

Sargent test 
(cm) 

Push-ups until  
exhaustion (freq) 

  Beta p-level Beta p-level Beta p-level 
Body height (cm) -0.38 0.48 -0.17 0.73 -1.29 0.07 
Body mass (kg) -0.48 0.60 -0.09 0.92 0.70 0.53 
Upper arm circumference (cm) -0.55 0.46 1.34* 0.05 -0.18 0.84 
Forearm circumference (cm) 0.04 0.95 0.06 0.93 0.40 0.62 
Thorax circumference (cm) -0.18 0.67 -0.02 0.95 1.18* 0.04 
Calf circumference (cm) 0.05 0.90 0.40 0.32 -0.68 0.20 
Triceps skinfold (cm) 1.05* 0.05 0.10 0.83 -0.01 0.98 
Back skinfold (cm) -0.07 0.86 -0.70 0.09 -0.53 0.29 
Abdomen skinfold (cm) -0.02 0.96 -0.30 0.54 -0.24 0.70 
Calf skinfold (cm) 0.60 0.09 -0.41 0.20 0.22 0.59 

R 0.87  0.89  0.81  
R² 0.76  0.79  0.65  
p 0.05  0.04  0.05  

Legend: R – multiple correlation coefficient; R² - determination coefficient; p – level of significance; BETA – beta ponder of 
predictor variable; * - correlation coefficients significant on p< 0.05 level; # - inversely scaled variable 

 
Discussion 

The highest global relation was noticed in the set of variables which describe the voluminosity and 
subcutaneous fat tissue, caused by the negative influence of adipose voluminosity (subcutaneous fat 
tissue), while the influence of non-adipose voluminosity was positive. 

The descriptive parameters of analysed values of total sample were similar to previous research on 
young Croatian soccer players (Erceg et al., 2006; Erceg et al., 2008; Erceg et al., 2013a; Erceg et al., 
2013b; Grgantov, Rađa, Erceg, Kujundžić & Milić, 2013; Marov, Grgantov, Milić, Erceg & Sivrić, 2013; 
Rađa et al., 2013). 

The criterion variables 20 m run, Sargent test and Push-ups until exhaustion explained the predictor 
set with a satisfactory level of significance, while the explained variance was from 65% to 79% of the 
criteria. It is interesting that multiple regression analysis “recognised” the suppression influence of body 
height and body mass on the motor manifestation of 20 m run variable, which almost surely indicates the 
fact that voluminosity variables represent real predictors of 20 m run. Meaning, taller and heavier 
examinees with less subcutaneous fat tissue achieved better results in this test. 

Similar discussion was confirmed in prediction of Sargent test variable, the highest global value was 
observed in the set of variables which describe voluminosity and subcutaneous fat tissue, completely 
explaining the highest value of 79% of the criterion variable. This means that the examinees with higher 
volume values and lower subcutaneous fat tissue values achieved better results in this test (it can be 
assumed that the examinees with greater volume had more muscle mass). 

Significant correlation of the criterion variable Push-ups until exhaustion with the predictor set can be 
explained by the assumption that the examines with greater volume values and lower subcutaneous fat 
tissue values achieved better results in this test. It is interesting to notice that Body height had a negative, 
and Body mass a positive influence on the results of this test. Shorter examines with greater thorax 
volume had shorter extremities (shorter hands-shorter lever), what facilitates the performance of the test. 
The remaining criterion was not significantly related to the morphological predictors, what can be 
probably explained by the mentioned influence of the specific motor knowledge. 
 
Conclusions 

The aim of this paper was to determine the relation between morphological characteristics and motor 
abilities in young Croatian soccer players of young cadet age group. The conducted analysis determined 
that morphological stature slightly determines motor success in the analysed set of examinees. The reason 
was probably the fact that the examinees (in early puberty) did not reach the period of rapid growth and 
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development, and therefore the differences in their morphological stature could not represent a significant 
factor in motor view, or any other. Besides this, is it very possible that the specific motor knowledge 
significantly influenced the performance of certain tests, and since they tested specific motor abilities, it is 
probable that the mentioned influence overcame the significance of morphological characteristics factor.  

Further research should determine the relation between these anthropological dimensions for older age 
categories of examinees, where a greater influence of morphological characteristics on motor success 
should be expected. 
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Abstract: 

During a considerable percentage of the class the children run, play games and ski and the conduct of 
these activities offers opportunities to improve cardiorespiratory fitness rather than improving the motor 
skills especially those related to coordination. In this review we will take into account the issues about 
literature based on PE school intervention in children. If we take a closer look at a football or basketball 
game, it can be noticed that a couple of children with good physical parameters can play, and the others 
simply run after them all over the field/court and does not have any opportunity to improve those skills, 
except building aerobic capacities. Still it is not known whether longer and more intense physical activity 
interventions that target young children are beneficial. It is clear that longer follow-up periods are 
advisable (Sachdev et al., 2005). Summerbell et al. (2005) in their Cochrane review highlighted the need 
for more cost- effectiveness data on intervention aiming on increasing physical activity. Data from the 
review raised lots of question for the appropriateness of development, design, duration and intensity of 
the interventions in the battle against obesity in childhood. A problem at the local and state level is the 
weekly increased hours of physical education lessons that is contrary to the trend of today. Today is a 
battle between the hours of physical education and academic subjects where as we can see this war is on 
the side of academic subjects (Armstrong, 1997). Data from an intervention study of Kriemler et al. 
(2010) showed that multi component school based program (lasted one academic year) would have a lot 
of benefits on improving fitness components in school children. As supported by the literature therefore 
can be puzzled the effectiveness of the implementation of quantitative programs in physical education. 
 
Key Words: children, PE intervention, fitness, coordination abilities 
 
Introduction 

Already in childhood, there is a prevalence of intervention studies centered on physical activity (PA), 
overweight/obesity and physical fitness outcomes (Stone et al., 1998; Serbescu et al., 2006; Zahner et al., 
2006), whereas investigations focused on the development of coordinative abilities and motor skills 
through manipulation of qualitative parameters of physical activity are less frequent (McKenzie et al., 
1998; Theodorakou and Zervas, 2003; Di Cagno et al., 2006). During this last decade, the interest of the 
international scientific literature has focused on the problem of obesity and on loss of aerobic 
performance capacity, representing the major risk factors for health. Still are very scarce and 
geographically limited surveys on development of fundamental motor skills especially on development of 
coordination abilities in children and youth. School is the place where almost all children and adolescents 
spend most of their days (Van Sluijs et al., 2008; Salmon et al., 2007), and the low level of physical 
activity and fitness to children can be improved through school based intervention. Still, there is a lack of 
studies and unstable conclusions for the optimal strategy to intervene (Kriemler et al., 2011). The goal of 
physical education class is to improve children’s skills and offer the possibility for the participation of all 
children. Physical education place must provide an opportunity for a long-term perspective for physical 
activity in children. The aim of this literature review is to find out critical issues of the school based 
intervention in children regarding motor skills, cardio respiratory fitness and coordination abilities. 
 
Material & methods  
Types of studies 
 

Prospective, randomized controlled trials. 
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Types of participants 
Studies that included school-attending children and adolescents between the ages of 6 to 12 were 

included in this literature review with no exclusion regarding being overweight or obese. We excluded 
studies where participants received diet during physical education intervention.  
 
Databases 

The following databases were searched: Google Scholar, MEDLINE,EMBASE and JSTOR. 
Additional key words of relevance were detected during initial electronic searches. 
 
Results 
PE intervention effects on cardiorespiratory fitness in children 

In their review on the intervention effect on cardiorespiratory fitness in children, Kriemler et al. (2011) 
found eleven studies which assessed cardiorespiratory. Significant intervention effect on cardiorespiratory 
fitness were observed in six studies (Kriemler et al., 2010; Naylor et al., 2008; Resaland et al., 2011; 
Schneider et al., 2007; Sollerhed and Ejlertsson, 2008; Walther et al., 2009). To be noticed in this 
interventions were those program (weekly) taught by the physical education specialist (five sessions- 45 
minutes). The same conclusion was attained by Resaland et al. (2011) finding improvements in 
cardiorespiratory fitness in children when examining the effect of a school-based physical activity (PA) 
intervention in 259 children (9 years). The children exposed to the intervention group participated in a 
two year daily program (weekly- each 45 minutes) while the control group children received usual 
physical education classes (twice weekly- each 45 minutes). The results of this study suggested that 
children who participated in a daily physically activity program experience an increase in their mean 
cardiorespiratory fitness (95% confidence interval) 3.6 (2.5-4.6) mL/kg/min more than the children from 
the control school. The intervention, primarily carried out at a moderate intensity, had the biggest impact 
in children with low initial cardiorespiratory fitness levels. Dobbins et al. (2009) review five studies that 
evaluated impact on cardiorespiratory fitness. In this review only three studies reported statistically 
significant positive effects on cardiorespiratory fitness (Eliakim et al., 1996; Fardy et al., 1996; Treviaso 
et al., 2004), demonstrated a greater increase in cardiorespiratory fitness from baseline to follow-up for 
those in the intervention group compared to the control group. The three studies implemented the 
program by the teacher, but the duration of the intervention different in the studies. The intervention study 
of Eliakim et al. (1996) lasted five weeks, while the study of Fardy et al. (1996) had duration of eleven 
weeks and the last intervention lasted to seven months (Treviaso et al., 2004). Interventions of (Eliakim et 
al., 1996; Treviaso et al., 2004) included: changes to school curricula and printed educational materials, 
physical activity sessions, and educational sessions and only the study of Eliakim et al. (1996) included 
school curricula.  
 
Intervention effects on motor and coordination skills in children 

A study was conducted by Walther et al. (2009) to determine the effects of additional exercise based 
PE lessons on gross motor coordination, cardiovascular fitness (treadmill exercise test), and body mass 
index on 182 eleven years children (7 classes) divided into two groups (four classes exposed to daily 
school exercise intervention and three classes with regular PE lesson twice weekly). The results of this 
study revealed that the children participated in daily regular exercise school based physical activity had 
increased cardiorespiratory fitness by (3.7 mL/kg per minute; 95% confidence interval, 0.3 to 7.2). There 
was a positive trend in body mass index-standard deviation score reduction and motor ability 
improvement but statistical significance of the treatment effect was not achieved . The results of this 
study demonstrated that increasing physical activity should start in childhood. To further support and help 
define the effectiveness of a school based physical activity programme during one school year on physical 
and psychological health in young school children, Kriemler et al. (2010) conducted an intervention study 
on 15 elementary school divided in; intervention (n=16) and control group (n=12) in first and fifth grades. 
540 children were enrolled in this intervention study. The intervention consisted on adding two additional 
lessons a week, daily short activities and structuring the three existing lesson per week that were 
mandatory in PE school system. The three compulsory weekly physical education lessons were given by 
the usual classroom teachers according to the specified curriculum, whereas the two additional weekly 
lessons were taught mostly outdoors by physical education teachers. In addition the children participated 
in the intervention program received daily physical activity homework of about 10 minutes duration. The 
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control group received that traditional PE lessons (three lessons a week). The results of this study 
revealed that an school based multi-component physical activity intervention including compulsory 
elements improved physical activity and fitness and reduced adiposity in children. This suggests that 
multi component school based program can have a lot of benefits on improving fitness components in 
school children. Chiodera et al. (2008) conducted a quality 1-year intervention study without changing the 
duration of PE per week, implemented in 24 elementary schools in Parma, Italy. The intervention 
consisted of three lessons of physical education per week taught by a physical education teacher. Physical 
education program aimed at developing coordinative and conditional abilities and several tests were 
performed; 20m (speed), sit and reach (flexibility), standing long jump, body mass index and two tests to 
measure coordination abilities. The participants were 4500 children (boys=2207, girls=2293) from first to 
fifth grade. The results of the study revealed that children in the end of the intervention reported lower 
values on speed test, and improvement in standing long jump where boys ran faster and jumped longer 
than girls. It was not found any improvement in flexibility. Both boys and girls significantly improved 
their coordinative abilities after the intervention period. The results of this study demonstrate that a PE 
school-based intervention, can be successful at increasing the level of coordination and conditional 
indicators among elementary school aged children. Karabourniotis et al. (2002) conducted an intervention 
study to investigate the effect of self-testing activities on the development of fundamental movement 
skills in first-grade children in Greece. The intervention group children received a 12-wk. skill-oriented 
program while the control group children received the regular 12- wk. physical education school program. 
The results of this study revealed that the enhanced motor skills curriculum was related to improvements 
in gross motor development of the children. A quasi experimental design (EPEC) was conducting on 
fourth- and fifth-grade students, involving 16 schools (Boyle-Holmes et al., 2010). The aim of this study 
was to compare cohorts of fourth- and fifth-grade students receiving EPEC to those receiving a variety of 
other PE curricula. The results suggested that EPEC was more effective than standard PE curricula at 
improving motor skill performance (fourth- and fifth-grade cohorts). Also, this study provides evidence 
that a school-based PE curriculum can improve motor skill- specific efficacy and proficiency without loss 
of fitness levels compared to standard PE curricula requiring similar amounts of class time. 
 
Discussion 

School is an institution and the ideal place to promote studies without having to stigmatize or 
discriminate against children and is the place where children are not dependent on their families and 
surrounding environment. As stated in IASO (1st Stock Conference and consensus statement), school and 
kindergarten are critical settings in which exercise interventional programs can best be implemented 
(Saris et al., 2003). Kriemler et al. (2011) on their review of reviews found methodological limitations in 
the studies such as the lack of valid PA measures, lack of data on overall PA and compliance, and the lack 
of studies with long-termfollow-up or clear implementation strategies. They found different effects 
among age groups by the intervention process and reported that the results from the studies did not 
provided a clear picture of effective strategies in order to increase PA and/or fitness in youth. There was 
found no conclusive finding from the review of controlled trials (Van Sluijs et al., 2007) for the best 
strategy in children. The reviewers concluded that the interventions seemed to be more effective in 
adolescents than in children. 
Still it is not known whether longer and more intense physical activity interventions that target young 
children are beneficial. It is clear that longer follow-up periods are advisable (Sachdev et al., 2005; 
Robert, 1999).  

A problem at the local and state level is the weekly increased hours of physical education lessons that 
is contrary to the trend of today. If we take into account the study of Resaland et al. (2011) on two 
consecutive year school based intervention with daily 60 min PA, we will notice that 15 min on daily 
basis is assigned to high intensity exercises, like racing and 20% of the program is assigned to ball games 
(football, basketball), 12% to fun activities and games and 11% to skiing and the remaining percent to 
other programming. It goes without saying that looking at program quality there can be assumed 
improvements of cardiorespiratory fitness to children where even the study itself accepts this hypothesis 
(assumption) at the end of the program. During a considerable percentage of the class the children run, 
play games and ski and the conduct of these activities offers opportunities to improve cardiorespiratory 
fitness rather than improving the motor skills especially those related to coordination. 
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During a considerable percentage of the class the children run, play games and ski and the conduct of 
these activities offers opportunities to improve cardiorespiratory fitness rather than improving the motor 
skills especially those related to coordination. If we take a closer look at a football or basketball game, it 
can be noticed that a couple of children with good physical parameters can play, and the others simply run 
after them all over the field/court and does not have any opportunity to improve those skills, except 
building aerobic capacities. 
 
Conclusions 

Data from the review raised lots of question for the appropriateness of development, design, duration 
and intensity of the interventions in the battle against obesity in childhood. A problem at the local and 
state level is the weekly increased hours of physical education lessons that is contrary to the trend of 
today. As supported by the literature therefore can be puzzled the effectiveness of the implementation of 
quantitative programs in physical education. Data from an intervention study of Kriemler et al. (2010) 
showed that multi component school based program (lasted one academic year) would have a lot of 
benefits on improving fitness components in school children. Today is a battle between the hours of 
physical education and academic subjects where as we can see this war is on the side of academic 
subjects (Armstrong and Aestrand 1997). 

Quality of physical education curriculum had to be a key national strategy in every country to promote 
the physical activity and health of children and youth. However, within a PE curriculum the optimal 
balance between motor skill instruction, physical activity level and fitness that would enable youth to 
meet physical activity recommendations and obtain health-enhancing fitness levels has not been 
established (Trost, 2004). 
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Abstract: 

The explosive strength is the capability to perform a jump, to perform a hard blow, and to perform and 
to create one fast and strong movement, which is momentary. The aim of research was to determine 
differences in the explosive strength, jump performance and speed between football players with different 
levels of competition (aged 10 to 12 years). The sample of research were 20 football players of federal 
level (age 11,31±0,62; height 153,93±7,94 cm; weight 43,18±6,91 kg) and 20 football players of regional 
level (age 11,05±0,49; height 150,39±8,14 cm; weight 43,13±7,72 kg). The sample of the variables 
represented six tests of explosive strength - jump performance: long jump out of spot, triple jump, 
Countermovement Jump and speed: sprint on 10m, 20m and 30 m. The results were determined by T-Test 
for small independent causes. Based on the results, we conclude that there are significant differences 
between football players with different levels of competition in all variables, and this difference is defined 
a significantly better results in all tests in favor of the football players with federal level of competition. 
After processing and the data obtained it can be concluded that the federal league coaches pay more 
attention to the development of explosive strength and speed than regional rank coaches. 

 
Key Words: explosive strength, federal league, regional rank, football players, the difference 
 
 
Introduction 

Soccer is one of the most widely played and complex sports in the world, where players need 
technical, tactical, and physical skills to succeed (Joksimović et al., 2009). Soccer is an anaerobic-aerobic 
sport with alternating phases of high loads such as sprints, quick change of direction, jumping, and 
sudden stops. Football is characterized by a continuous course of activities with intermittent intensity of a 
game and a very low success ratio (the number of achieved goals) according to a possession of a ball 
(Reilly et al., 1993). Research indicates that performance in soccer depends on various physical qualities 
and skills including tactical and technical skills as the two most import factors affecting performance in 
soccer (Bangsbo, 1994; Reilly, Bangsbo, & Franks, 2000). Some exposure to games skills is necessary at 
an early age, since Elliott et al., (1980) reported that movement and muscle activity patterns in young 
soccer players were evident by age 11 years. The period of life before adolescence is critical for the 
acquisition by young soccer players of many physical and technical features. During the course of 
prepubertal development, running speed, resistance and strength improve (Armstrong & Welsman, 2001; 
Beunen et al., 2002). Research on talented young athletes often focuses on comparisons between youth 
and professional players and players classified by competitive level or expertise at a certain stage of 
development (Reilly, Williams, Nevill & Franks, 2000). Remarkable changes are occurring on the 
skeletal and muscular apparatus of the lower limbs, which is related to the specificity of the load it puts 
on players. Football players are therefore characterized by strong leg and lower leg bones. Other studies 
not only support this assumption but also claim that physical capabilities such as strength and running 
speed must be well developed to reach a high performance level in soccer (Hoff, 2005; Little & Williams, 
2005). During a soccer match, lower body power is important for executing different activities as 
stopping and changing running speed as well as direction (Hoff & Helgerud, 2004; Thorlund, 2009). In 
particular, muscle strength of the lower limbs is significantly associated with vertical jump height and 
sprinting performance (Wisløff, Castagna, Helgerud, Jones & Hoff, 2004). Vertical jumps, hops, and/or 
bounding movements are often used to increase explosiveness and strength of the lower extremities 
(Ebben, 2005; McNeely, 2005). The Countermovement Jump (CMJ) represents a plyometric exercise for 
the lower body. In terms of lower body exercises, vertical jump movements have been systematically 
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used in order to explain sprint performance (Cronin & Hansen, 2005; McBride, Triplett-McBride, Davie 
& Newton, 2002). Soccer game analyses on male elite players indicate that the players sprint between 1–
11% of the total game time on high speed (Stølen, Chamari, Castagna & Wisløff, 2005). Furthermore, the 
duration of the sprints is normally between 2 and 4 seconds, but the duration varies according to the role 
and position of the player (Reilly, Bangsbo, & Franks, 2000; Vanderford et al., 2004). The aim of 
research was to determine differences in the explosive strength, jump performance and speed between 
football players with different levels of competition (aged 10 to 12 years). 
 
Methods 

The sample of research were 20 football players from the football club "Radnički" from Niš competes 
in the federal level (age 11.31±0.62; height 153.93±7.94 cm; weight 43.18±6.91 kg) and 20 football 
players from the football club "Palilulac" from Niš, who compete on the Serbian regional level (age 
11.05±0.49; height 150.39±8.14 cm; weight 43.13±7.72 kg). All the players had more than 2 years of 
experience. The players were fully-informed of all the experimental procedures. All subjects agreed to the 
trial and during this period were clinically healthy. All tests were performed on an outdoor grass pitch. 
Each player performed a standardized 15-minute warm-up consisting of general movements and dynamic 
and static stretching. After the general warm-up, the players performed all required test. The sample of 
the variables represented six tests of explosive strength - jump performance: long jump out of spot, triple 
jump, Countermovement Jump and speed: sprint on 10m, 20m and 30 m. 
Long jump out of spot (LJ) - The standing long jump assessed explosive leg power. It was performed as a 
two-foot takeoff and landing. The takeoff was from behind a line on the grass. The subjects jumped as far 
as they could and they were allowed the use of countermovement with the arms and legs. The distance 
from the takeoff to the point where the nearest heel touched the grass was measured in centimetres, and 
the better of three jumps was recorded, with a recovery of approximately 3 minutes between trials. 
Triple jump (TJ) -  The takeoff was from behind a line on the grass. The players reflect both feet first, 
lands on one foot, then the other leg and finally lands on the grass with both feet. Three trials were 
completed for each participant, separated by a 3 min rest interval. The distance from the takeoff to the 
point where the nearest heel touched the grass was measured in centimetres. Тhe better of three jumps 
was recorded. 
Countermovement Jump (CMJ) - The participants were asked to perform five vertical jumps (CMJ), with 
their hands placed on their hips in order to minimize arm contribution to leg extensor assessment. The 
CMJ was measured by a wireless accelerometer Myotest (Sion, Switzerland), positioned safely on a belt, 
which the participants carried around their lower trunk. The CMJ protocols included the following 
technique: from the initial position, normal standing position (on both legs) and hands placed on their 
hips, through the flexion in the knee joints up to 90º, after the audio signal from the device, the 
participants performed the maximum vertical take-off, and landed with affable flexion (up to 110º) in the 
knee joints and finally, went back to the starting standing position, while waiting for the new sound 
signal, when the specified jump technique was repeated. The device tested different variables that are 
important determinants of explosive strength performance. For the purposes of our study, we took the 
variable Height (expressed in cm) as the most competent parameter. 
Speed - sprint on 10m, 20m and 30m - The sprint performance of players was evaluated from a standing 
start over distances of 10, 20 and 30m. On command, subjects sprinted from a standing position. Three 
trials were completed for each participant, separated by a 3 min rest interval, and the best trial was used 
for the subsequent statistical analysis. Speed was measured to the nearest 0.01 second. The tests were 
performed from a standing start and measured by means of infrared photocells Uno Lux (The Republic 
Institute for Sports, Belgrade, Serbia).  

All results have been analyzed in the statistical program Statistics 20.0. For all variables basic 
parameters of the descriptive statistics were calculated: the minimum score (Min), maximum score (Max), 
mean (Mean), standard deviation (Std. deviation). To determine a statistically significant difference 
between the groups for each variable was used a T - test, where for the statistical significant difference the 
value of the significance level to 0.05 (p ≤ 0.05) was taken. 
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Results 
 

Table 1 - Descriptive Characteristics of performance - federal level 
 

  Min Max Mean Std. deviation 
LJ  0.84 1.50 1.158 .116 
TJ  4.87 6.13 5.450 .376 

CMJ  28 33 31.33 2.082 
10m 2.22 2.76 2.517 .134 
20m 3.53 4.45 4.037 .211 
30m 5.1 5.89 5.554 .193 

 
Table 2 - Descriptive Characteristics of performance - regional level 

 
  Min Max Mean Std. deviation 

LJ 0.7 1.45 1.025 1.015 
TJ 4.22 5.52 4.845 .395 

CMJ 22 29 25.77 2.619 
10m 2.35 3.45 2.822 .313 
20m 3.89 5.12 4.475 .407 
30m 5.45 6.7 5.958 .358 

 
 
In tables 1 and 2 are given descriptivecharacteristics of performance for the regional and federal 

players. Analyzing both tables, it can be observed that the value of basic, central and dispersion 
parameters in the intervals of minimum and maximum results, do not contain five or more standard 
deviation (STD) for any of the variables, based on which their sensitivity can be noticed. 
 
 

Table 3 - The significance of the differences between groups - jump performance 
 

  Mean Std. deviation t p  

LJ 
federal 1.158 .116 

2.320 .026 regional 1.025 1.015 

TJ 
federal 5.450 .376 

4.962 .000 
regional 4.845 .395 

CMJ 
federal 31.33 2.082 

3.408 .004 
regional 25.77 2.619 

 
 

Table 4 - The significance of the differences between groups - speed 
 

  Mean Std. deviation t p 

10m 
federal 2.517 .134 -4.000 .000 

regional 2.822 .313 

20m 
federal 4.037 .211 -4.267 .000 

regional 4.475 .407 

30m 
federal 5.554 .193 -4.434 .000 

regional 5.958 .358 
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The results of the T-test in tables 3 and 4indicate a statistically significant difference between the 
federal league and regional rank players aged 10 to 12 years in six tests of explosive strength, thereby, the 
difference in all tests is in favor of the federal level players. The biggest difference between the players is 
in all speed test 10m (.000), 20m (.000), 30m (.000) and jump performance triple jump TJ (.000). 
 
Discussion 

Muscle strength and speed are important physiological characteristics of soccer players needed to 
perform sprinting, jumping, tackling, and kicking in a soccer game (Reilly, Bangsbo & Franks, 2000). 
The results of this study show that federal level young soccer players presented higher results in long 
jump out of spot, triple jump, Countermovement Jump and speed time on 10m, 20m and 30m than 
regional level young soccer players. The current research showed a statistically significant difference 
between the federal league players and regional rank players in jump performance. To the same 
conclusion also came Gravina at al., 2008. The jumping ability of federal level soccer players is 
significantly higher than the ability of the soccer players of regional levels (Gissis at al., 2006). Vertical 
jump tests can determine muscle power of the lower limbs (Cronin & Hansen, 2005; Reilly, Williams, 
Nevill, & Franks, 2000). A previous study has shown significant differences in vertical jump height 
among soccer players of different competition levels (Reilly, Williams, Nevill & Franks, 2000). In our 
study federal level players were faster than regional level players in all speed tests. In fact, although 
sprinting time in a soccer match only represents 8-13% of the whole time (Vaeyens, Philippaerts & 
Malina, 2005), these high-intensity runs may be decisive for winning the match. According to Valquer, 
Barros & Sant’Anna (1998) 96% of the sprint bouts performed during a soccer match are shorten than 30 
m, with 49% being shorter than 10 m. Stølen, Chamari, Castagna & Wisløff (2005) stated that 10-m time-
trial performance should be used as a relevant evaluation in modern soccer. Federal young soccer players 
also run faster over 10 m than regional soccer players. Reilly, Williams, Nevill & Franks (2000) have 
reported significant differences in sprint performance between soccer players who played for international 
clubs and local clubs. The improvement in the speed of athletes is very difficult yet possible and running 
speed is related to power (Cardinale & Wakeling, 2005; Delecluse, Roelants & Verschueren, 2003). 
Results of the present study suggest the possibility that regional coaches choose players for immediate 
competitive needs and not necessarily for eventual success at higher levels of competion. 

 
Conclusion 

The results of our study support previous investigations indicating differences in the explosive 
strength, jump performance and speed between football players with different levels of competition. In 
conclusion, the findings of the present study suggest that the federal young soccer players can be 
distinguished from regional young soccer players in strength and speed characteristics. These strength and 
speed measures may provide useful information for attaining high soccer level and designing and 
evaluating training programs. This information could be useful for practitioners to monitor their strength 
training programs in order to improve jump and sprint performance at young football player age 10-12 
years. Training in Serbian soccer clubs has the same universal goal as everywhere else: to maximize the 
performance level of each individual player, regardless of their predictable potential in the future. The 
future researches should be based on the differences between young football players of federal and 
regional level of competitions with different ages, but also on the positions in the team. 
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Abstract: 
 The basic object of research was to identify the elements which  represent the attack in handball game. 
Starting from the main object of this research, we ve identified the main goal of this research and that's 
examining a influence of some variables from attack in handball to final result of the match.As example 
were teaken the best 16 national teams participating in Europen Championship held in Austria 2010. In 
the reseach eleven (11) variables which  represent the attack in handball game were token as a predictor 
system and (one) criterum variable Goal diference at the end of the game.The intercorelation analizes 
shows  that the coefficient of the correlation between the variables are relatively low and very low, except 
in the variables ASS and AFHG (.38) , ASS and HG6M (-.38) and AFHG and HG6M (.49).That tell us of 
the fact that chosen variables are relatively independent from one of another that justify future use of the 
regress analyze.The Regression analyses indicates  that there is a statisticly significant influence by the 
whole system of variables to criterium variable. By the same analyses we can see that nidher of 11 
variables which  represent element of the attack in handball game alone, doesen't have significant  
influence to criterium variabl In the practice that would mean that none of these elements doesn’t deserve 
special treatment in the training, in the sense of more or less dedication of attention, and with objective to 
gain a final success. 
 
Key words: /handball/, /atack/, /variables/, groups/, /shot on goal/,, /Regresion analysis/, 

 
Introduction 

There are a lot of trainers and professionals in the handball that consider  the elements of the attack in 
the play of the handball have main role in defining the final score at the end of the game. The main 
objective in this paper work is to define is that really truth, in same time to define the influence of each 
element from the attack under the final score therefore measure (Goal difference at the end of the game) 
at the played games of the Male European Championship in Austria 2010 . 
 
Material & methods  

The research is made at the male handball players, participants in the European Championship in 
Austria 2010. For the participants of the examinations were taken best 16 national teams in the end of the 
championship. 

It’s made an analyze of 47 games. At this examples were chosen 11 variables which are represent the 
elements of the attack:  1. Attacks finished with  hit on the goal (AFHG), 2. Hits on the goal from 6 
meters (HG6M),3. Hits on goal from left wing (HGLW),4. Hits on goal from the right wing (HGRW),5. 
Hits on goal from the left back  (HGLB) , 6.Hits on goal from the middle back  ( HGMB),7. Hits on goal 
from the right back n (HGRB), 8.Hits on goal from 7 meters (HG7M) , 9. Hits on goal from contra attack 
(HGCA), 10. Assistances (ASS) , 11. Gain goals with player superiority (GPS) and one criterya variable 
Goal difference at the end of the game (GDE). 

 In view of the only objective of this research, first of all are taken the basic methods. The 
interconnection of the taken variables was defined with matrix of intercorelation, and the influence under  
the criteria was checked with method of the Regress analyze. 
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Results 
 

Table 1. 
 

 N Mean Min Max Std.Dev. Skewn. Kurtos. CV% K-S 
1.AFHG 94 50,45 36 73 6,19 0,35 1,20 12.2 p>.20 
2.HG6M 94 6,28 1 12 2,73 0,35 -0,59 43.4 p<.20 
3.HGLW 94 3,80 0 8 1,88 -0,07 -0,75 49.4 p<.05 
4.HGRW 94 3,88 0 12 2,35 0,94 1,40 60.5 p<.15 
5.HGLB 94 5,78 0 14 2,92 0,44 -0,09 50.5 p<.20 
6.HGMB 94 11,74 0 23 4,30 0,38 0,25 36.6 p>.20 
7.HGRB 94 5,65 0 15 2,92 0,43 0,58 51.6 p>.20 
8.HG7M 94 4,46 0 10 2,12 0,41 -0,19 47.5 p<.05 
9.HGCA 94 3,83 0 14 2,54 1,13 2,05 66.3 p<.01 
10.ASS 94 10,96 2 23 4,50 0,41 -0,10 41.0 p<.15 
11.GPS 94 4,76 0 12 2,53 0,39 -0,06 53.1 p<.20 
12.GDE 94 0,00 -12 12 4,57 0,00 0,01 / p>.20 

 
 

Table 2. Intercorelation matrix 
 

  1 2 3 4 5 6 7 8 9 10 11 
1.AFHG 1                     
2.HG6M 0.49 1                   
3.HGL

0.06 -0.07 1                 
4.HGR

0.23 0.14 0.01 1               
5.HGLB 0.25 0.03 -0.09 -0.21 1             
6.HGM

0.32 -0.17 -0.09 -0.11 -0.01 1           
7.HGRB 0.4 0.14 -0.14 -0.15 0.13 0.1 1         
8.HG7M -0.06 -0.03 -0.03 0.07 -0.04 -0.23 -0.26 1       
9.HGCA 0.38 0.12 0.17 -0.05 0.02 -0.25 0.03 0.02 1     
10.ASS 0.2 0.38 0.09 0.34 -0.05 -0.38 -0.2 0.3 0.22 1   
11.GPS 0.09 0.22 0.02 0.16 -0.09 -0.08 -0.05 0.22 0.07 0.34 1 

 
 
 

Table 3.  Results of the regress analyze 
 

  Value 
Multiple R 0.224995 

Multiple R2 0.050623 

Adjusted R 0.040304 
F(14,79) 4.905.640 
p 0.029238 
Std.Err. of 
Estimate 6.062.137 
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Table 4. Results from the separate influence of the pre dictatorial variables under the criteria GRKN  
 

  Beta Std.Err. B Std.Err. t(79) p-level 
Intercept     -12.31 4.44 -2.78 0.00 

NZUG -0.12 0.28 -0.09 0.21 -0.42 0.67 
UGPV -0.14 0.16 -0.23 0.27 -0.87 0.39 
UGLG 0.00 0.11 0.01 0.26 0.02 0.98 
UGDK 0.12 0.14 0.23 0.27 0.86 0.39 
UGLB -0.03 0.13 -0.05 0.20 -0.25 0.80 
UGSB 0.10 0.19 0.11 0.20 0.54 0.59 
UGDB 0.00 0.15 -0.01 0.23 -0.03 0.98 
UG7M 0.05 0.12 0.11 0.25 0.42 0.67 
UGKN 0.05 0.15 0.09 0.28 0.32 0.75 
ASS -0.01 0.14 -0.01 0.14 -0.08 0.94 
PGCP 0.05 0.11 0.09 0.20 0.48 0.63 

 
 
Dicussion 

From table 2 we can see that the coefficient of the correlation between the variables are relatively low 
and very low, except in the variables ASS and AFHG (.38) , ASS and HG6M (-.38) and AFHG and 
HG6M (.49).That tell us of the fact that chosen variables are relatively independent from one of another 
that justify future use of the regress analyze. 

From the preposition from the table 3. We can note that there exists statistic significant influence p< 
.02 between the systems of the pre dictatorial variables and the criteria. Multi pay correlation R= .22 and 
the coefficient of the determination R²=.05 which means that this system of pre dictatorial variables 
explains criteria only with 5%. The one that remains 95% belongs to some other elements from the 
handball games which are not part of this research. 

With analyze of the Table4 which show us the separate contributions of each variable separately in the 
influence under the criteria, we can see that none of the 11th variables separately doesn’t have any 
influence under the criteria. 
   
Conclusions 
From the received results we can note this: 

The chosen variables which defined the attack in the handball play are relatively independent one from 
another, which was expected in the case that every variable represent element from the game different 
from all the rest by the structure of the motorized representation or as technical tactical influence. 

 All the elements which define attack in the hand ball play are equally important in their own influence 
on the final score. In the practice that would mean that none of these elements doesn’t deserve special 
treatment in the training, in the sense of more or less dedication of attention, and with objective to gain a 
final success. 
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Abstract: 

The level of quality of the individual coordination skills often decides on the efficiency of solving game 
situations in the match. The purpose of this study was to figure out the influence of the 12-week training 
program, in order to develop kinetic differentiation ability in the category U13 in soccer. Group of 32 
boys from SC Slovan Bratislava team U13 (calendar age 11.8 ± 04 years, sports practice 6.1 ± 1.3 years, 
height 155.9 ± 6.3 cm, weight 44.0 ± 7.0 kg) and SC SFM Senec (calendar age 11.6 ± 0.5 years, sports 
practice 6.3 ± 1.4 years, height 153.9 ± 6.7 cm, weight 44.0 ± 7.0 kg) participated in this research 
Motoric test "Long jump from place focused on accuracy" was used to determine the level of kinetic 
differentiation ability in non-specific form (without ball). Control exercise "Pass accuracy" was used to 
determine the level of kinetic differentiation ability in specific form (with ball). Results of input and 
output measurements showed that the experimental sample had achieved significantly higher level of 
kinetic differentiation ability both in its non-specific (p ≤ 0.05) and in its specific form (p ≤ 0.05). 
Increases in the level of kinetic differentiation ability in the non-specific and specific form were 
significantly higher in experimental sample (p ≤ 0.01) in comparison to control sample. 
 
Key Words: soccer coordination ability, kinetic differentiation ability 
 
Introduction 

Mastering the development of coordination skills for coaches and soccer players is considered to be an 
important task and it is necessary to take into account the close relationship between coordination skills 
and playing skills (Holienka, 2010). Coordination skills are the prerequisites which enable to manage and 
regulate the movements precisely, and master rational technique more or   less perfectly. They make 
higher demands on analysers, CNS and lower on the energetic system (Šimonek et al. 2003). Bauer 
(1990) defines coordination as ability of a player to deal with specific and non-specific situations in 
soccer by safe, economic and quick movement. Ljach & Witkowski (2010) state that the training of the 
development of coordination skills in team sports, including soccer, is one of the most important modern 
concepts of improvement of the technical skills and sport achievements, which has been demonstrated 
during the past two to three decades. The importance of individual components of coordination skills 
differs when solving different game situations. Their importance and contribution to an individual game 
performance is determined by variety of game situations (Holienka, 2010). This contribution deals with 
development of kinetic-differentiation ability in soccer, which is defined as an ability to master and 
differentiate mainly the movements of the hands and legs when coordinating strenuous task in time, space 
and power parameters (Kasa et al., 2007).  Zaal (2005) states that the practical importance of this ability 
increases in different power operations, in precise movements in space and time (e.g., passing the ball to 
running teammates) and in more efficient muscle contraction and during relaxation (e.g., martial arts like 
judo). To diagnose coordination skills according to different components are relatively complicated 
(Holienka, 2010). It is not possible to set the level of coordination skills when taking into account one 
test. When applying particular tests it is possible to cover just some forms of coordination abilities. It is 
important to know that any physical ability has its optimal (sensitive) period of development (Strešková, 
2005). In the process of sports training of children and youth the phase of development should be used to 
maximal level and do not miss it. The appropriate use of sensitive periods during this process the higher 
level of motor skills is reached and the training process is much more effective as well but on the other 
hand long-term stabilization of the relevant physical ability is noticed. Optimal predispositions to develop 
coordination skills are at the age of 5 - 16/17 years (Holienka, 2010). The highest effectiveness is 
achieved at the age of 7-12 years. This aspect was the reason for our decision to choose the category U13.  
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Material & methods 
In this contribution we used method of two-group parallel (parallel time) pedagogical experiment. 

Experimental sample (VE) consisted of SC Slovan Bratislava team U13 (n = 19, calendar age 11.8 ± 0.4 
years, sport practice 6.1 ± 1.3 years, height  155.9 ± 6.3 cm, weight 42.5 ± 6.5 kg). Control group (VK) 
consisted of SC SFM Senec U13 (n = 13, calendar age 11.6 ± 0.5 years, sport practice 6.3 ± 1.4 calendar 
age, height 153.9 ± 6.7 cm and weight  44.0 ± 7.0 kg). In both groups the time of monitoring (testing) 
(Δt1) was the same - 12 weeks. The most decisive factor showing the difference between experimental 
and control group was the preference of the (with ball) during the development of kinetic differentiation 
ability in the content of the sport training structure. This fact as a part of sport training of experimental 
group took significant role of play training within training process. Training program in experimental 
group was realized in the period from 27th of August to 18th of November 2012. Applying an 
experimental factor was realized 3 times a week. Of the total amount of play training (1655 minutes) in 
experimental group, 1050 minutes (63 %) has been spent to develop kinetic differentiation ability. For 
this purpose we have chosen different methodological forms - which represent our experimental factor. 
This meant in reality 35 training units (TU) with duration of 30 minutes in the main part of TU. The 
factor to check this experiment was the program consisting of 12 weeks training cycle in control group 
which was based on recommended standards for the training process of U13 in soccer (Kačáni et al., 
1989). To develop kinetic differentiation ability in control group coaches used non specific stimuli. 
 

 
 
Fig. 1 Proportionality of the parts in the training process 
 
 
 

To obtain empirical data we have applied measuring as the main method of testing. At first we tested 
groups in motoric tests "Long jump from place focused on accuracy", which in general is used to evaluate 
the level of kinetic differentiation ability in its non specific form (without ball). Subsequently control 
exercise has been applied aiming at specific target (with ball) - "Pass accuracy", which was drawn up by 
soccer coaches from Manchester United Soccer School and has been modified for the need of our 
research. 
Testing methodology: 
 
 Motoric test  
Name: “Long jump from place focused on accuracy” 
Objective: Evaluation of the level of kinetic differentiation ability of lower limbs. 
Description: The player jumps two standing long jumps from the take off board with a maximum effort. 
When measuring the length of the jump a rule of the last contact with the ground is applied. Then 75% of 
the best attempts are marked and the task of the player is to land on with his heels as close as possible 
behind the line. The player has three subsequent attempts focused on accuracy. The result is the average 
distance of three attempts jumped.  
Equipment and accessories: measuring tape, cones (2 pieces), skipping rope to mark the lines. 
Evaluation: Measure the average length of three attempts (in cm). 
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Fig. 2 Motoric test "Long jump from place focused on accuracy" 
 
 Control exercise 
Name: "Pass accuracy" 
Objective: Evaluation of the level of kinetic differentiation ability of lower limbs. 
Description: The player´s position is backing to the balls, which are placed in one row on the end line. 
There are 10 balls to use. On the sound signal the player has to turn round and face the balls. Then one by 
one after short time of dribbling performs a chip pass leading the ball to the centre of the circle as close as 
possible (con - max 50 cm high). The player is gaining relevant number of points for each pass according 
to its accuracy. The drill starts with sound signal and ends with the last ball in marked space. The aim of 
this drill is to gain the highest number of points in one minute limit. If the player fails to meet the time 
limit, his trial is not valid. 
Points score: 
Passing: (targeted) in the white circle - radius 1 meter   3 points 
Passing: (targeted) in the yellow circle- radius 2 meters   2 points 
Passing: (targeted) in the red circle - radius 3 meters   1 point 
Passing: (targeted) out of circle      0 points 
Maximum of points scored in one attempt (10 passes) is 30 points 
Equipment and accessories: cone (max.50cm high), tie with marked circles, 10 balls, measuring 
equipment (stopwatch), spray to mark the lines, measuring tape. 
Evaluation: The player is allowed two attempts. The highest scored points in two completed trials are 
taken into account. Rest interval between attempts is 5 minutes. 
 
 
  
 
 
 
 
 
 
 
 
 
Fig. 3 Control exercise "Pass accuracy" 

 
When elaborating the results we have used comparative method based on the data obtained in this 

exercise. The basic mathematic and statistic characteristic were used when processing and evaluating the 
research data followed by using non-parametric statistic method. Monitoring was carried out on small 
samples n < 25 using two non-parametric tests of statistical significance: Wilcoxon T-test for dependant 
samples and Whitney U-test for non dependant samples. On the basis of calculated values T and U, which 
are the test criteria and comparing them to critical values we have found out whether the differences were 
significant on the 1% or 5% of the level of statistical significance. Evaluating and analyzing the content 
of the program and stating conclusion we used basic logical processes (analysis, synthesis, induction, 
deduction).  
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Results  
Based on the input and output measurements we can assess the level of kinetic differentiation ability in 

its non specific and specific form and to interpret differences arising between the investigated samples. 
Motoric test "Long jump from place focused on accuracy" in experimental sample comparing input and 
output values we have recorded statistically significant increase in the level  p ˂ 0.05. When comparing 
an average values (input - 4.56 cm, output 3.37 cm) we found out an average increases of 1.19 cm.  Out 
of the total number of players in experimental group, 14 players achieved improvement (it means 74%). 
One player achieved the same value (3 cm) and 4 players gained worse results. When comparing input 
and output data in control sample the results did not reach any statistically significant improvement. 
Average input values were 4.17 cm (median - 4.30cm), and output 4.49 cm (median - 4.33). During the 
course of experimental period we have recorded in control sample an average decrease of 0.32cm. Out of 
total number 13 players, during monitored period only 4 players (it means 31% of all) achieved better 
results.  
 
Table 1 Changes in the level of kinetic differentiation ability in its non specific form 
 

Long jump from place focused on accuracy VE VK 
Dt0 (cm) Dt1 (cm) Dt0 (cm) Dt1 (cm) 

Arithmetic mean  4.56 3.37 4.17 4.49 
Standard derivation 1.20 1.38 1.00 0.93 

Median 4.67 3.00 4.30 4.33 
Minimum 3.00 1.67 2.30 3.33 
Maximum 7.00 6.33 5.70 6.33 

Variation margin 4.00 4.66 3.40 3.00 
Wilcoxon T-test 2.330* 0.943 

 p ˂ 0.05 
 

Control drill "Pass accuracy" was aimed at monitoring the level of kinetic differentiation ability in its 
non specific form (without ball). Comparing input and output data statistically significant improvement in 
the level p ˂ 0.01 was recorded. An average score achieved in input measurements was 13.89 p. (median - 
15 p) and output 16.11 p. (median -17 p). During the course of experimental period in experimental 
sample an average increase by 2.21 p. Out of total number 19 players 14 players achieved improvement 
(it means 74%). Comparison of input and output  measurements we have found out statistically 
significant decrease in the level p ˂ 0.05 An average score achieved in input measurements was 15.46 p. 
(median -15 p) and output 12.69 p (median -13 p). We have recorded an average decrease by 2.77 p too. 
10 players in control sample decreased their level performance (it means 77% of all). 
 
Table 2 Changes in the level of kinetic differentiation ability in its specific form 
 

Pass accuracy VE VK 
Dt0 (p) Dt1 (p) Dt0 (p) Dt1 (p) 

Arithmetic mean 13.89 16.11 15.46 12.69 
Standard derivation 4.01 3.13 4.14 2.69 

Median 15.00 17.00 15.00 13.00 
Minimum 4.00 9.00 10.00 9.00 
Maximum 20.00 20.00 22.00 19.00 

Variation margin 16.00 11.00 12.00 10.00 
Wilcoxon T-test 2.700** 2.157* 

 p ˂ 0.01 p ˂ 0.05 
 
Base on the results we can compare the acquired increases in the level of kinetic differentiation ability 

in its non specific and specific form in both samples and then point out statistical significance between 
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them. Comparing the values gained in motoric test "Long jump from place focused on accuracy" the 
results showed statistically significant increase in performance at the level of p ˂ 0.01 in favour of 
experimental sample. Looking at an average growth in experimental sample (1.193 cm) and worsening in 
control sample (-0.315 cm) it is obvious that experimental sample achieved higher values (1.508 cm) in 
kinetic differentiation ability in its non specific form than control sample. 

 
Table 3 Comparison of increased values in kinetic differentiation ability level in its non specific form and 
statistical significance between them 

 Increase 
Long jump from place focused on accuracy VE (cm) VK (cm) 

Arithmetic mean  1.193 -0.315 
Standard derivation 2.019 1.362 

Median 1.000 -0.330 
Minimum -2.670 -2.370 
Maximum 5.330 2.370 

Variation margin 4.660 4.000 
Mann-Whitney U-test 4.723** 

 p ˂ 0.01 
. 

Comparing the values gained in control exercise "Pass accuracy" (specific form) we have pointed out 
that experimental sample achieved statistically significant improvement at the level p ˂ 0.01. Average 
increased values in experimental samples (2.211 p) and worsening in control sample show that 
experimental sample during the course of experiment had achieved higher level of (4.980 p) in kinetic 
differentiation ability in its specific form than control sample.   
 
Table 4 Comparison of increased values in kinetic differentiation ability level in its specific form and 
statistical significance between them. 

 Increase 
Pass accuracy VE (p) VK (p) 

Arithmetic mean  2.211 -2.769 
Standard derivation 2.879 3.539 

Median 2.000 -3.000 
Minimum -2.000 -8.000 
Maximum 8.000 3.000 

Variation margin  11.000 10.000 
Mann-Whitney U-test 4.731** 

 p ˂ 0.01 
 
Discussion 

Coordination skills in the play itself rarely appear isolated. They introduce "mosaic" of different, 
interconnected skills. Wide diapason of coordination skills increase the level of technical side of playing 
activities and support the opportunity to promote variable solutions of game situations in soccer. We are 
aware of the fact that the issue of development of coordination skills via specific means (with ball) in the 
training process of youth is not clear enough. It is complicated to eliminate, for example to develop just 
one specific coordination skill during play training. From this point of view the players of experimental 
group were strongly and clearly explained what is the aim of chosen methodological-organizational forms 
(specific training stimuli) which were used as an experimental factor. If we consider the progress and 
tendency in training process in soccer where specific features began to prevail then according to this fact 
it is necessary to take into account not only development but diagnostics of an individual locomotion 
abilities in specific conditions. The issue of testing coordination skills is rather demanding and it is 
influenced by large number of factors. Some thesis  deal with the influence or effectiveness of training 
programs focused on the development of coordination skills but mostly with non specific motoric tests 
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(without ball). Then the question is: "What is the affinity like using motoric tests focused on revealing the 
level of coordination skills in player's performance according to player´s performance itself?"  Situation 
itself is considered to be very important indicator of the match and stems from countless number of 
variable game situations which are difficult and complicated to solve (Peráček et al., 1993). The players 
have to respond to an object of the match - a ball and deal with different complicated game situations - to 
solve them the player uses particular coordination skills (Holienka, 2010). It is obvious that the issue of 
testing coordination skills using control exercises (with ball) gives us a lot of unanswered questions. One 
of them is the relationship of coordination skills to playing skills. Performance in control exercise is to 
some extend conditioned by the level of playing skills which are seen in playing activities of an individual 
player. The level of development coordination skills influences speed and mastering of sport technique, 
its stabilisation and adequate use in different situations. There are a lot of studies showing the direct 
influence of the development of coordination skills on sports technique (Šimonek et al., 2008).  
 
Conclusions  

Based on the results obtained, we came to the following conclusions:  
 It was proved that proportionality of the parts in the training program chosen by us reflects the 

positive influence on the changes in the level of kinetic differentiation abilities players in 
experimental sample. 

 Under the influence of experimental factor the level of kinetic differentiation ability was significantly 
increased both in non specific and specific sample. 

 Changes in the level of kinetic differentiation abilities in its non-specific form were significantly 
higher in experimental sample in comparison to control group. 
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Abstract: 

The research covers 60 athletes – judokas at the age of 15 to 17. Total of 18 motoric tests as a 
predictor variable set were applied to the respondents. They were hypothetically used for evaluation of 
the motor abilities: segmental speed, flexibility, explosive strength, repetitive strength, balance and 
coordination. Yoko tomoe nage technique was applied as criterion variable. The aim of the research was 
to determine the prediction of the criterion system of motor variables on specific situation-motor variable 
yoko tomoe nage. Obtained results are processed and basic statistical parameters and linear regressive 
analysis is given. The conclusion based on the obtained results is that high and statistically significant 
prediction is determined between the predictor set of motor variable and specific situation-motor variable 
yoko tomoe nage. Partial impact on prediction of criterion variable yoko tomoe nage is determined 
among the representatives for assessment of: shoulder flex, explosive strength of lower limbs and 
explosive strength of upper limbs. 
 
Key words: motor abilities, specific motor abilities, prediction, judokas. 
 
Introduction 

In the early 20th century, judo in Japan became fundamental and compulsory in physical education. In 
a very short time period, sensei from Japan spread the judo throughout the world, and it became very 
popular, especially in Europe and USA. The founder of judo, Jigoro Kano, claimed that judo would not be 
complete without the two basic axioms: 1. Maximum efficiency with minimal effort and 2. Mutual 
welfare and benefit. Practicing these two basic axioms leads to the true values of judo. Connection 
between basic-motor tests and specific situation-motor tests has been researched by many authors: Sertic, 
H., Vuleta, D. (1997); Zeljkovic, i sar. (2012); Krstulović, S. (2012); Mickoski, G., Kostovski, Z. (2013); 
Mickoski, G., Kostovski, Z. (2014). Other authors in their research compared the results obtained from 
the basic-motor tests and specific situation-motor tests among two groups of respondents. One of them is 
the research of Kostovski, i sar. (2012).  

Based on the previous conclusions, the aim of the research was to determine the prediction of criterion 
system of motor variables on specific situation-motor variable yoko tomoe nage. 

 
Methods 

The research covers 60 judokas at the age of 15 to 17, judokas with competitive experience in cadet 
category at the national competitions. Respondents included in the sample are judokas from the following 
10 judo clubs in the Republic of Macedonia: JC Ipon – Skopje, JC Kodokan – Skopje, JC Mioki – Skopje, 
JC Ilinden – Skopje, JC Seishin – Prilep, JC Prilep – Prilep, JC Proleter – Prilep, JC Pelister – Bitola, JC 
Sensei – Radovish and JC Kozhuvchanka – Kavadarci. In the research, total of 18 motoric tests as a 
predictor variable set and Yoko tomoe nage technique as criterion variable were applied to the 
respondents. 

Predictor variables were hypothetically used for evaluation of the motor abilities of the athletes – 
judokas and three tests by the methodology of Kurelić, i sar. (1975), Metikoš, i sar. (1989) and Kostovski, 
R. Z. (2004) per each motor space were used: 

For the segmental movement speed assessment: Hand Tapping for 10 seconds (MTAPR10), Foot 
Tapping for 10 seconds in a frontal plane (MTAPNFR10) and Foot Tapping for 10 seconds in a sagittal 
plane (MTAPNSR10).  

For the flexibility assessment: Deep forward bend on a bench (MPRKL), Shoulder flex with bat 
(MISP) and Man split (MSHPM). 
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For explosive strength assessment: Standing long jump (MSDM), High jump from a spot (MSVM) 
and Throwing a medicine ball forward in a supine position (MFMLGN). 

For repetitive strength assessment: Raising body from a back lying position (MPTLG), Raising body 
from lying on stomach (MPTLS)  and Push-ups on the floor (MSKP). 

For balance assessment: Balance on inner hemisphere (MRPTV), Balance on external hemisphere 
(MRPTN), Balance on external hemisphere with eyes closed (MRPTNZO). 

For coordination assessment: Agility in the air (MOVV), Agility with a bat (MOSP) and Agility on the 
ground (MOKTLO). 

While specific situation-motor variable Yoko tomoe nage was applied as criterion variable. (Kudo, 
1976). 
 
Results and Discussion 

The first table (Table 1) shows basic descriptive statistical parameters among judokas-respondents 
(N=60). For the purpose of this research, the following parameters were calculated: arithmetic mean 
(Mean), minimal result (Min), maximal result (Max), standard deviation (Std. Dev.).  
 

Table 1 – Descriptive statistical parameters of Basic-motor abilities 
 

  Mean Min Max Std.Dev. Skew Kurt max D K-S - p 
MTAPR10 22,63 17,00 31,00 3,17 0,43 -0,27 0,13 p > .20 
MTAPNFR10 13,73 10,00 19,00 1,84 0,41 0,12 0,12 p > .20 
MTAPNSR10 11,42 8,00 15,00 1,67 -0,02 -0,59 0,12 p > .20 
MPRKL 28,23 15,00 44,00 6,80 0,10 -0,55 0,08 p > .20 
MISP 82,30 50,00 129,00 15,51 0,56 0,24 0,10 p > .20 
MSHPM 178,08 148,00 203,00 11,44 0,11 -0,09 0,08 p > .20 
MSDM 199,39 146,00 250,00 27,63 -0,12 -0,81 0,11 p > .20 
MSVM 37,38 20,00 65,00 7,64 0,77 2,21 0,13 p > .20 
MFMLGN 6,48 4,35 9,50 1,18 0,26 -0,52 0,08 p > .20 
MPTLG 34,63 8,00 80,00 17,30 0,74 0,19 0,11 p > .20 
MPTLS 43,37 6,00 101,00 23,33 0,54 -0,41 0,12 p > .20 
MSKP 24,63 6,00 100,00 14,98 2,45 10,08 0,14 p < ,20 
MRPTV 7,18 0,00 27,00 6,12 1,05 0,66 0,18 p < ,05 
MRPTN 6,53 0,00 27,00 6,97 1,49 1,40 0,23 p < ,01 
MRPTNZO 18,79 2,00 44,00 10,84 0,25 -0,95 0,11 p > .20 
MOVV 5,19 3,37 7,57 0,96 0,52 0,17 0,10 p > .20 
MOSP 10,13 5,10 20,10 3,04 0,89 2,07 0,09 p > .20 
MOKTLO 18,97 12,00 33,00 4,71 0,94 0,49 0,13 p > .20 

 
 

For testing normal distribution of results, were shown: the coefficient of asymmetry results (Skew), 
coefficient of elongation (flatness) of results (Kurt) and the Kolmogorov and Smirnov Method (maxD). 

By analyzing the results obtained in this research and compering them to the previously conducted 
researches, it can be concluded that obtained results are within the expected frames. The asymmetry of 
the results values (Skew) has statistically significant deviations in variables: Push-ups on the floor 
(MSKP, Skew = 2,45), Balance on inner hemisphere (MRPTV, Skew = 1,05) and Balance on external 
hemisphere (MRPTN, Skew = 1,49). Flatness, that is the degree of the curvature of the top curve (Kurt), 
has statically significant deviation in the variable Push-ups on the floor (MSKP, Kurt = 10,08). Based on 
the results obtained by the coefficient of normal distribution of results (max D), it can be concluded that 
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statistically significant deviation at the level of p < ,01 can be noted in the variable: Balance on inner 
hemisphere (MRPTN). 

 
 

Table 2  Regressive analysis of the specific situation-motor variable Yoko tomoe nage and Basic-motor abilities 
 

   
r Beta Std.Err. 

- of b* t(41) p-value 

Intercept      0,36 0,72 
MTAPR10 0,21 0,19 0,14 1,33 0,19 
MTAPNFR10 0,08 0,09 0,17 0,55 0,58 
MTAPNSR10 0,09 -0,12 0,17 -0,71 0,48 
MPRKL 0,11 -0,22 0,14 -1,58 0,12 
MISP -0,31 -0,30 0,12 -2,51 0,02 
MSHPM 0,14 0,22 0,13 1,64 0,11 
MSDM 0,41 0,57 0,15 3,67 0,00 
MSVM 0,14 -0,10 0,13 -0,80 0,43 
MFMLGN 0,05 -0,33 0,15 -2,24 0,03 
MPTLG 0,27 0,14 0,20 0,68 0,50 
MPTLS 0,10 -0,32 0,19 -1,75 0,09 
MSKP 0,13 0,09 0,13 0,65 0,52 
MRPTV -0,29 -0,17 0,17 -1,03 0,31 
MRPTN -0,40 -0,21 0,18 -1,21 0,23 
MRPTNZO -0,16 0,01 0,21 0,04 0,97 
MOVV -0,29 -0,21 0,14 -1,55 0,13 
MOSP 0,04 0,20 0,13 1,51 0,14 
MOKTLO -0,26 -0,12 0,17 -0,69 0,49 

 
 

 

For this research, the Pearson correlation coefficients of applied motor variables were calculated for 
respondents judokas and specific situation-motor variable Yoko tomoe nage and are presented in Table 2. 

The analysis of relations between the applied variables can lead to the general conclusion that a slight 
correlation is noticed between the predictor variables and criterion in relations between: Yoko tomoe nage 
(SMYTN) and Hand Tapping for 10 seconds (MTAPR10), Yoko tomoe nage (SMYTN) and Shoulder 
flex with bat (MISP), Yoko tomoe nage (SMYTN) and Raising body from a back lying position 
(MPTLG), Yoko tomoe nage (SMYTN) and Balance on inner hemisphere (MRPTV), Yoko tomoe nage 
(SMYTN) and Balance on external hemisphere (MRPTN), Yoko tomoe nage (SMYTN) and Agility in 
the air (MOVV) and Yoko tomoe nage (SMYTN) and Agility on the ground (MOKTLO).  

Real significant correlation is determined between Yoko tomoe nage (SMYTN) and Standing long 
jump (MSDM), whereas high or very high correlation has not been registered. 

The same table shows regressive analysis of the variable Yoko tomoe nage (SMYTN) as a criterion 
and motor system motor system of variables as predictors with respondents judokas. According to the 
obtained results it can be noted that the multiple correlation coefficient is 0,77, and the explained 
variability of the common variance is 59%. The correlation between the criterion variable and the system 
of applied predictor variables is statistically important at the level of p=0,01. Significant coefficient of the 
partial regression at the level of p=0,01 has been established for the variable Standing long jump 
(MSDM) 0,01. Significant coefficients of partial regression at the level of p=0,05 have been established 

R= ,77 R²= ,59 F(18,41)=3,22 p<,01 
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for the variables:  Shoulder flex with bat (MISP) 0,02 and Throwing a medicine ball forward in a supine 
position (MFMLGN) 0,03. 

Similar research was conducted for the paper of Mickoski, G., Kostovski, Z. (2013). The same system 
of predictor motor variables was used in that research. The regressive analysis of the obtained results also 
shows statistically significant impact of predictor system of motor variables on specific situation-motor 
variable uchi mata, but partial participation in that research can be noted in four predictor variables which 
do not coincide with the variables which have partial impact on this research. 
 
Conclusions 

Based on the obtained results from the research conducted on 60 athletes – judokas aiming to 
determine the impact of criterion system of motor variables on specific situation-motor variable yoko 
tomoe nage, the following can be concluded:  

1. High and statistically significant prediction is determined between the predictor set of motor 
variable and specific situation-motor variable yoko tomoe nage. 

2. Partial impact on prediction of criterion variable yoko tomoe nage is determined among the 
representatives for assessment of: shoulder flex, explosive strength of lower limbs and explosive 
strength of upper limbs. 
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Abstract: 

Accordingly with the challenges of modern football game, from one side, and necessity for prevention 
of the illness and injuries, on other side, the importance of appropriate health care and its organization is 
an imperative. Although FIFA and UEFA provide continuous education and actions in this directions, 
especially in prevention of sudden death on international football competitions and antidoping rules, the 
health care and health organization in lot of national football clubs are still subject matter of 
improvisation.The main role in organization and realization of health care in football clubs should have 
an educated physician-specialist of sports medicine. If we look only simplistically in field of interest of 
sports medicine (exercise physiology, laboratory and filed testing, following the effects of training 
process, nutrition, supplementation, prevention and diagnosis of sports injuries and illness, doping etc), it 
is obvious that specialist of sports medicine is the best solution of a leader of medical staff in a football 
team. Providing all previous mentioned activities, his main job should be a continuous education of 
players, coaches, and with a specially accent, of sports management and owners of the clubs.This is a 
personal overview and statement based on a lot of examples from own experiences with recommendations 
built up from the science of sports medicine. 

 
Key Words: football, health organization, sports medicine, education 
 
Introduction 

Accordingly with the challenges of modern football game, from one side, and necessity for prevention 
of the illness and injuries, on other side, the importance of appropriate health care and its organization is 
an imperative. The health care in football clubs mainly depends on four factors: owner, sport manager, 
coach staff and medical staff. There are five possibilities connected with these factors due to educated 
level. The most frequent possibility and critical missing link in our country is the lower level of education 
of coach and medical staff. On the other side, the greatest chance to provide appropriate medical care is 
the educated level on the same level of all previous mentioned factors. 

Although FIFA and UEFA provide continuous education and actions in this directions, especially in 
prevention of sudden death on international football competitions and antidoping rules, the health care 
and health organization in lot of national football clubs are still subject matter of improvisation. 

Our main aim in this paper is to show through several  medical cases and examples that specialist of 
sports medicine should be a medical manager and chief of medical staff in football clubs. 
 
Material & methods  

The first two medical cases in this paper are connected with isokinetic testing on Boidex pro 4 where 
one operated football player are tested 10 months after arthroscopic surgery of right LCA and second one, 
who had no medical problems. 

The third medical case has hamstring strain, proved by MRI, complicated after inadequate health care 
in hamstring tear. 

The forth medical case is typical case of a football player with hypertrophic cardiomoipahty, 
diagnosed by ECG on prepraticipation  examination, signed by a football clubs without any knowledge of 
medical staff and sports manager about this problem, although the football player had a medical history 
and documents about this problem. 

The fifth case is namely a doping scandal history of a football club connected with the work and 
responsibility of medical staff. 

The last one is namely a medical research that is connected with the training process in a football club. 
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Results 
All the results are medical documents and investigations (isokinetic tests, MRI, ECG, etc) supported by 
medical comments and comments from coach staff. All the necessary issues for health care in these clubs 
(exercise physiology, laboratory and filed testing, following the effects of training process, nutrition, 
supplementation, prevention and diagnosis of sports injuries and illness, doping etc) were provided by 
doctors of general medicine, orthopedist, specialist of sports medicine etc. In all of these cases, the 
football clubs did not have a specialist of sports medicine 
 
Fig.1. Profesional football player – without health problems, in preparation period of training process, 
regularisokinetic testing - Doctor of the club was physician on first year of specialisation of orthopedy. 
 

 
Fig.2. Profesional footbal player,10 months after  reconstruction of right LCA, in regular  training process 
with painful and swollen knee – surgeon advised him that this is normal situation, he could train and if the 
problem exist in the future he will put an injection in the knee 
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Fig.3. Left part of figure is MRI before a training – aductor strain; right part is after the training – 
adductor tear) - after 10 days of injury the coach forced the player to have a fotball training a day before 
the match wihout a permison from the doctor (left part of figure is before a training – aductor strain; right 
part is after the training – adductor tear) 
 

  
 
Fig.4. Hypertrophic cardiomyopathy of 28 years old football player – he came back to Maceodnia, signed 
with a football club and after that sport manager sent him on prepraticipation examination.This gootball 
player had whole medical documantation provided in other country with explained situation for him. His 
profesional engagment as a football player in other country was not alown. This was the reason why he 
went back in Maceodnia. Doctor of the club was not informed about this.   
 

 
 
Discussion 

This is a personal overview and statement based on a lot of examples from own experiences with 
recommendations built up from the science of sports medicine. 

 If we look only simplistically in field of interest of sports medicine (exercise physiology, laboratory 
and filed testing, following the effects of training process, nutrition, supplementation, prevention and 
diagnosis of sports injuries and illness, doping etc) and the obtained results and data form this study, it is 
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obvious that specialist of sports medicine is the best solution of a leader of medical staff in a football 
team. He should have the main medical responsibility, and , through cooperation and communications 
with other doctors, main role in making final medical decision. 
 
Conclusions 

The main role in organization and realization of health care in football clubs should have an educated 
physician-specialist of sports medicine. Providing all medical issues of interest of sports medicine, his 
main job should be a continuous education of players, coaches, and with a specially accent, of sports 
management and owners of the clubs. 
 
References: 
C Barcelona Medical Services. Clinical practice guide for muscular injuries. Epidemiology, diagnosis, treatment and 

prevention. Apunts Med Esport 2009; 164:179-203. 
Ekstrand, J, Hägglund, M, Waldén M. Epidemiology of muscle injuries in professional football (soccer). Am J 

Sports Med 2011; 39:1226-1232. 
Maron B.J., Pelliccia A., Spirito P.Cardiac disease in young trained athletes: insights into methods for distinguishing 

athlete's heart from structural heart disease, with particular emphasis on hypertrophic 
cardiomyopathy. Circulation1995;91:1596-1601. 

 Pelliccia A.What constitutes adequate and cost-effective cardiac screening prior to vigorous activity for collegiate 
athletes and older adults? Dialogues Cardiovasc Med 2002;7:165-171. 

A. Gioftsidou, I. Ispirlidis, G. Pafis, P. Malliou, C. Bikos, G. Godolias. Isokinetic strength training program for 
muscular imbalances in professional soccer players. Sport Sciences for Health 01/2008; 2(3):101-105.  

 
Corresponding Author 
Ass prof Zoran Handziski PhD, MD 
Faculty of medical sciences, University of Goce Delcev,Stip 
Skopje, Republic of Macedonia 
E-mail:zoran@kineticus.com.mk 
 



 First International Scientific Conference  

Conference Proceedings 205

EXPLORATIVE STUDY TO ESTIMATE MUSCLE LENGTHS TO BE USED 
DURING SINGLE JOINT SPASTICITY ASSESSMENTS 

 

UDC:796.034-056.26 
 

Samire Deliu1, Arbnore Ibrahimaj2 
1Catholic University of Leuven, Faculty of Kinesiology and Rehabilitation Sciences, Leuven, Belgium  

Ss. Cyril and Methodius University in Skopje, Macedonia 
2University of Prishtina, Republic of Kosovo 

Abstract: 
In children with Cerebral Palsy (CP), spasticity is one of the most frequent and disabling problems. 

Spasticity is described as a velocity-dependent increase in tonic stretch reflex. Although often measured 
by passively stretching a muscle during a single joint (SJ) movement, spasticity can also be assessed 
during gait. An accurate method to link SJ spasticity assessments to gait is to identify those common 
muscle lengthening velocity thresholds at which spasticity is elicited in both conditions. This method 
requires highly accurate muscle length estimations. The primary goal of this explorative study was 
therefore to compare different muscle length estimation methods during SJ movements.In eight children 
with CP, muscle lengths derived from musculoskeletal models (direct method) were compared to muscle 
lengths derived from regression models (indirect method). Estimated muscle lengths of the gastrocnemius 
(GAS) and medial hamstrings (MEH) were compared during gait analysis and during SJ movements, 
using Root Mean Square error (RMSE) calculations. For both muscles, RMSEs were significantly larger 
for the direct versus indirect comparison during SJ movements than during gait (MEH: 12% vs. 3.7% 
respectively, p=0.012; GAS: 4.7% vs. 2.1% respectively, p=0.012). This discrepancy was largely caused 
by a lack of proper fixation of the proximal joint during the SJ movements.Indirect method to estimate 
muscle lengths do not provide accurate results when applied during SJ movements. Furthermore to 
accurately determine spastic threshold velocities during such SJ movement, the joints not under 
examination must be properly fixated. 

 
Key Words: Cerebral Palsy, Dynamic spasticity, Muscle length, Muscle lengthening velocity, gait 
analysis, Musculoskeletal modeling, Medial Hamstrings, Gastrocnemius 
 
Introduction 

Cerebral palsy encompasses a group of permanent disorders of the development of movement and 
posture, causing activity limitation, that are attributed to non-progressive disturbances that occurred in the 
developing fetal or infant brain. The motor disorders of CP are often accompanied by disturbances of 
sensation, perception, cognition, communication, behaviour, by epilepsy and by secondary 
musculoskeletal problems’. The incidence of CP is approximately two to three cases per one thousand 
live births in Western Europe. Among the different types of CP, spastic paresis is the most common 
(85%). 

In CP, spasticity is one of the most present and disabling problems, caused by the brain lesion, 
affecting motor ability. Although there is no definite explanation of spasticity, the most widely accepted 
definition describing its clinical characteristics is the one compiled by Lance (1980): a ‘motor disorder 
characterized by a velocity dependent increase in the tonic stretch reflex (muscle tone) with exaggerated 
tendon jerks, resulting from hyper excitability of the stretch reflex, as one component of the upper motor 
neurone syndrome’. 

According to a review on available clinical assessments of spasticity, the most commonly used 
methods could be summarized as the ‘Ashworth-like’ and ‘Tardieu-like’ scales. These scales are based on 
the principle of grading muscle group resistance, using a 5-point ordinal scale, caused by passively 
stretching it in the course of its range of motion (ROM) by the examiner. The Ashworth-like scales use a 
non-specified velocity, whereas the Tardieu-like scales use three different velocities. According to 
Scholtes et al. (2006), the original Tardieu Scale is the only method that takes into account the velocity-
dependent aspect of spasticity, but its shortcoming is the fact it might fail to leave out other associated 
clinical phenomena such as clonus, spasm etc. Moreover, the Tadieu scale is still based on a subjective 
feeling of resistance. Biomechanical approaches may overcome the limits and uncertainties of the clinical 
grading scales. 
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Biomechanical instruments, using isokinetic dynamometers, are superior to clinical grading methods 
as they enable standardization of exerted passive stretch velocity and acquired ROM, and provide the 
quantification of velocity dependent muscle resistance. Reliability and validity of isokinetic 
dynamometers have been confirmed to measure values of resistive force in subjects with CP for both low- 
and high-angle velocities. However, the data obtained from resistance to passive movement do not relate 
to spasticity, except when used in combination with neurophysiological measurements, such as 
electromyography (EMG). 

Neurophysiological methods are most reliable for defining a stretch reflex threshold and thus crucial to 
further explore spasticity pathophysiology. However, in order to make a distinction between neurogenic 
and non-neurogenic components of muscle resistance to passive stretch, EMG alone is also not sufficient. 
It needs to be combined with biomechanical measures. We can conclude that the ‘gold standard’ for 
spasticity assessment should incoporate neurophysiological measurements to evaluate the stretch reflex 
threshold and biomechanical instruments to determine the stretch velocity and produced reactive 
resistance. 

Since spasticity is defined as a velocity-dependent hypertonic reflex, spasticity threshold velocity 
needs to be accurately defined, i.e. the minimum velocity at which a spastic response is observed during 
controlled, passive, open-chain measurements. Damiano et al. (2006) and Tuzson et al. (2003) used 
spasticity thresholds to correlate angular velocity with muscle activity in children with CP and typically 
developing children. The spasticity threshold velocity defined during passive muscle stretches to the 
hamstrings and quadriceps with an isokinetic device were correlated to knee angular velocity during gait. 
The subjects in the study of Damiano et al.  walked at a self-selected speed, while the subjects of Tuzson 
et al. walked at a fast speed. Their results showed a very high correlation of faster spastic threshold 
velocity with faster knee angular velocities during gait. 

The approach developed by Damiano et al. and Tuszon et al. is an indirect approach to spasticity 
measurement, because isokinetic devices explain spasticity as a function of joint angles, instead of 
describing it as a function of muscle length. Since both authors studied biarticular muscles (hamstrings 
and quadriceps) that cross both the hip and knee joints, knee angular velocity alone may not have 
adequately represented the functional constraint. Due to the fact that spasticity is elicited by stretching a 
muscle, a more correct assessment incorporates the comparison of muscle lengthening velocity during 
passive measurements to the muscle lengthening velocity during gait. 

In order to compute muscle lengthening velocity, i.e. the change in muscle length with respect to time, 
an adequate estimate of muscle lengths is necessary. These estimations require specific musculoskeletal 
models. Such a model has been developed by Delp et al. Using such models, Jonkers et al (2006) and 
Agarwal-Harding et al calculated both muscle lengths and muscle lengthening velocities in subjects with 
CP. Van der Krogt et al. (2010) investigated dynamic spasticity by correlating muscle-tendon lengthening 
velocity to muscle activity using EMG in spastic calf muscles of children with CP during gait. 

Knowing that spasticity has an impact on several joints simultaneously and that it affects all 
measurement signals at the same time, it is obvious that there is a need to combine and compare objective 
measurements during controlled, passive, single joint evaluations (stationary conditions) with objective 
measurements during function (dynamic spasticity). One method to link dynamic spasticity findings 
during gait to spasticity assessments during stationary measurements is to determine spastic muscle 
lengthening velocity thresholds in both conditions. 

The overall aim of this exploratory study was to try to find a way to estimate muscle length in both 
single joint stationary measurements and multiple joint gait analysis (combine these two methods of 
measurement). The primary goal was to develop and compare different approaches for muscle lengths 
estimations for gastrocnemius (GAS) and medial hamstrings (MEH) that can be applied during single 
joint (SJ) spasticity assessment in stationary conditions. Two approaches were adopted: (1) the direct 
approach, in which outcome parameters of the SJ spasticity assessment were used as direct input for the 
musculoskeletal model for muscle length estimation; (2) the indirect approach, in which muscle lengths 
were estimated by regression models developed from gait analysis data. Therefore, SJ spasticity 
assessments were combined with three dimensional gait analysis (3DGA). The secondary goal of this 
study was to evaluate the accuracy of the indirect approach to estimate muscle length in different test 
conditions, including (1) SJ motions during stationary spasticity assessment; (2) 3DGA; and (3) analysis 
of SJ motions in the 3DGA laboratory. 
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Material & methods  
Subjects 

Children with CP receiving treatment at the multidisciplinary CP reference centre, and being tested at 
the Laboratory for Clinical Motion Analysis of the University Hospital Pellenberg, were included in the 
study if they met following criteria: (1) clinical diagnosis of predominantly spastic type of CP; (2) age 5 
to 18 years; (3) able to walk; (4) absence of severe muscle weakness (manual muscle test <2+); (5) able to 
understand and perform the test procedure. Children were excluded in case of an intrathecal baclofen 
pump, a history of lower-limb orthopedic surgery, or if they had received botulinum toxin-A within 6 
months prior to measurement. Ethical approval was obtained from the Ethics Committee of the University 
Hospital Pellenberg and informed consent was obtained from all childrens’ parents. 
 
Test procedures and kinematic data acquisition 

Three test conditions were applied: (1) passive SJ spasticity assessments using the specific stationary 
set-up for instrumented spasticity assessment; (2) 3DGA; and (3) passive SJ movement analysis in the 
gait laboratory (moving only one joint, similar as during spasticity assessments). 

Eight patients were assessed with the passive SJ spasticity assessments of the medial hamstrings 
(MEH) and gastrocnemius (GAS) and a 3DGA. Four of these patients were re-tested with 3DGA within 4 
weeks. An independent group of five patients received 3DGA, as well as passive SJ movement analysis in 
the gait laboratory. 

All participants additionally underwent a full lower limb clinical assessment, including the Modified 
Ashworth Scale (MAS) for GAS and MEH, and measurements of height, weight and full-leg length (from 
the superior iliac spine to the medial malleolus). 
 
a. SJ SPASTICITY ASSESSMENT: 

SJ spasticity measurements were carried out for the MEH and GAS. As part of the standard set-up of 
the instrumented spasticity assessment, joint kinematics were collected using inertial measurement 
sensors. In addition to kinematic data, reactive torque and muscle activity were also measured during the 
passive SJ spasticity measurements. However, these two latter data sources were not included in the 
current study. The movement was repeated four times, with an interval of 7 seconds of rest in between 
stretch repetitions. 
 
b. 3DGA: 

During the 3DGA, children were instructed to walk barefoot down a 10-meter walkway at self-
selected speed. Gait analysis was performed with a 16-camera VICON system. The 3D motion of fifteen 
retro-reflective markers, placed on both lower limbs following the lower limb PlugInGait marker 
configuration, was registered during at least three gait trials. The 3D marker motion was transformed into 
3D kinematics of lower limb segments and joints), including the 3D orientation of the pelvis, and 3D 
angular motion of the hip, knee and ankle. 
 
a. DIRECT APPROACH TO ESTIMATE MUSCLE LENGTHS DURING SJ SPASTICITY 
ASSESSMENT 

Data analysis of the kinematics derived during SJ spasticity measurement using the IMUs was carried 
out using custom-made software (MATLAB 7.6.0 R2008a: MathWorks. Subsequently, muscle lengths of 
the GAS and MEH were calculated based on a 4-scaled segment musculoskeletal model introduced by 
Delp et al., and calculated in OpenSim. The resulting muscle lengths, which were expressed as a 
percentage of the muscle length in the anatomical position are referred to as the ‘OpenSim-muscle-
lengths’ for GAS and MEH. 
 
b. INDIRECT APPROACH TO ESTIMATE MUSCLE LENGTHS DURING SJ SPASTICITY 
ASSESSMENT 

As muscle lengths are routinely used in 3DGA, an indirect approach was adopted in which muscle 
lengths were estimated by regression models developed from the 3DGA data. These muscle length 
estimations during 3DGA are referred to as the ‘PlugInGait-muscle-length’. This relative muscle length 
was estimated during six gait cycles (three trials, 2 gait cycles per gait trial) from the GA. For children 
who had unilateral involvement, the affected side was selected. For children who had bilateral 
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involvement, the most involved side was tested (based on the average MAS score for the MEH and GAS). 
Next, the kinematic data and corresponding PlugInGait-muscle-lengths were imported into a custom-

made software program (MATLAB 7.6.0 R2008a: MathWorks) to develop subject-specific regression 
models for muscle lengths. These linear regression equations expressed muscle length as a linear function 
of the involved joint kinematics (motion of proximal and distal joints covered by the biarticular muscle), 
resulting in ‘Regressed-muscle-lengths’.  

Finally, the developed regression equations for estimating muscle lengths as a function of joint angles 
were applied for the SJ spasticity assessment. 
 
c. OVERVIEW OF COMPARISON OF DIRECT AND INDIRECT APPROACH TO ESTIMATE 
MUSCLE LENGTHS 

First (COMPARISON 1), PlugInGait-muscle-lengths during gait and Regressed-muscle-lengths 
during gait were compared for all subjects involved in the study. 

Secondly (COMPARISON 2), for each of the eight subjects who underwent 3DGA as well as SJ 
spasticity measurements, the OpenSim-muscle-lengths and Regressed-muscle-lengths were compared 
during SJ spasticity assessments. 
 
Statistical analysis 

Per subject, all measured muscle lengths (PlugInGait or OpenSim) and all predicted muscle lengths 
(Regressed-muscle-lengths) were visualized as continuous waveforms per gait cycle or per SJ movement. 
For every muscle, the waveforms obtained from both methods were compared by calculating the squared 
difference (error) between the measured and the predicted muscle lengths at every 2% of the gait or the SJ 
cycle. For the SJ spasticity assessments, the error was calculated at every 0.005 seconds of the SJ 
movement. Next, the square root of the average of the errors per cycle (mean square error) was taken to 
calculate the Root Mean Square Errors (RMSE). The RMSE represents the square root of the variance 
between each muscle length comparison and is expressed in the same unit as the muscle lengths, i.e. a 
percentage of the muscle length in the anatomical position (% ML). 
Wilcoxon Signed Rank Test was used to carry out a group analysis on the RMSE values for Comparison 
1 versus Comparison 3. This was carried out for both muscles. Significance was set at p<0.05. 
 
Results 
Subjects 

Thirteen subjects were included in the study. Characteristics of the subjects are summarized in Table 2. 
 

Subject 
Age 

(years) 

Gender(M

/F) 
Diagnosis Side tested Modified Ashworth Score GMFCS score 

     MEH GAS  

1 15 F Hemiplegia Right 2 3 I 

2 10 F Hemiplegia Left 1 1.5 I 

3 7 M Hemiplegia Right 1 1 I 

4 12 F Diplegia  Left 1.5 1 I 

5 9 F Hemiplegia Right 2 1.5 I 

6 10 M Hemiplegia Left 1.5 1.5 I 

7 11 F Diplegia Right 1.5 1.5 I 

8 13 F Diplegia Right 2 2 III 

9 11 M Diplegia Right 1 1.5 I 

10 6 M Diplegia Left 2 2 II 

11 6 M Diplegia Right 1.5 1.5 II 

12 6 F Diplegia Right 1.5 2 I 

13 12 F Hemiplegia Right 2 2 II 

M: male. F: female, MEH: medial hamstrings; GAS: gastrocnemius; GMFCS: Gross Motor Function Classification System. 
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Direct versus indirect approach to estimate muscle lengths during SJ spasticity assessments 
Fig. 1. (a) shows an example of a representative subjects’ PlugInGait-muscle-lengths versus 

Regressed-muscle-lengths during one gait cycle for the GAS and MEH. Fig. 1. (b) shows the same 
subjects’ Regressed-muscle-lengths versus OpenSim-muscle-lengths during SJ spasticity assessments for 
bothmuscles. During gait, the waverforms differed the most at the start, end and around 70% of the gait 
cycle for both muscles. During the SJ spasticity assessments, the largest differences appeared at the start 
of the movement for both muscles. 

 
 
 
 
 

 
 

Fig. 1. Example of measured versus 
 predicted  muscle lengths of the  medial 

 hamstrings (MEH) and gastrocnemius 
 (GA):  

(a) PlugInGait-muscle-lengths 
 (measured) versus 

 Regressed-muscle-lengths 
 (predicted) over one gait cycle during 

 3DGA;  
(b) OpenSim-muscle-lengths 

 (measured)  versus 
 Regressed-muscle-lengths 

 (predicted) during one 
 SJ spasticity assessment. 
 
 
 
 

 
 
 
Fig. 2. shows the calculated median RMSE values for Comparison 1 and for Comparison 2. For 

Comparison 2, the Regressed-muscle-lengths were calculated considering only the movement in the distal 
joint and assuming that the proximal joint was fixed. The results of Comparison 1 were added as a 
reference to judge the results of Comparison 2. 

Overall, the RMSE values and the range between the subjects were higher in Comparison 2 versus 
Comparison 1, except for subject 2. This difference was more pronounced for MEH than for GAS. For 
both comparisons, the error was always lower for GAS than for MEH. 

The group analysis showed that for the MEH, Comparison 2 RMSE values were significantly larger 
than Comparison 1 RMSE values (12% vs. 3.7% respectively, p=0.012). Similarly for the GAS, 
Comparison 2 RMSE values were significantly larger than the RMSE values of Comparison 1 (4.7% vs. 
2.1% respectively, p=0.012). 

  
Fig. 2. The Root Mean Square Errors (RMSE) between PlugInGait-muscle-lengths and Regressed-muscle-lengths for subjects during 3DGA 
(Comparison 1), and between Regressed-muscle-lengths and OpenSim-muscle-length during SJ spasticity assessments (Comparison 2) for the 
medial hamstrings (MEH) and gastrocnemius (GAS). 

(a

(b
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Direct versus indirect approach to estimate muscle lengths during repeated 3DGA 
In order to understand the source of inaccuracies in predicting muscle lengths using an indirect 

method, four children underwent repeated 3DGA with an average of 10.50±7.85 days between sessions. 
Fig. 3. (a) shows an example of a representative subjects’ PlugInGait-muscle-lengths versus Regressed-
muscle-lengths during one gait cycle of the first session of 3DGA using the regression equation 
developed in the first 3DGA session. Fig. 3 (b) shows an example of the same subjects’ PlugInGait-
muscle-lengths versus Regressed-muscle-lengths during one gait cycle of the first session of 3DGA but 
using the regression equation developed in the second 3DGA session. The curves appeared very similar 
for both muscles. 

 
 
 

 
 

Fig. 3. Example of the measured 
versus the predicted muscle lengths 

of the medial hamstrings (MEH) 
and gastrocnemius (GAS) during 
one gait cycle of the first 3DGA 

using the regression equation 
developed in (a) the first 3DGA 

session and (b) the second 3DGA 
session. 

 
 
 
 
 
 

Fig. 4. shows the calculated median RMSE values for Comparison 1 during the first session of 3DGA 
for the 4 subjects who underwent repeated 3DGA. In Comparison 1a, the Regressed-muscle-lengths are 
based on the regression equation developed in the first 3DGA session. In Comparison 1b, the Regressed-
muscle-lengths are derived using the regression equation developed in the second 3DGA session. In 
general, differences between PlugInGait-muscle-lengths versus Regressed-muscle-lengths were similar 
for both sets of Regressed-muscle-lengths. RMSE median values for Comparison 1a vs. Comparison 1b 
for the GAS were 1.83% vs. 1.90% and for the MEH 3.84% vs. 3.83% respectively. The RMSE values, 
ranging from 1.60 to 4.22, were also quite similar between subjects for both muscles. In general, the error 
was always lower for GAS than for MEH. However, the inter-subject variability was more pronounced in 
GAS versus MEH. 

 
 
Fig. 4. The Root Mean Square Errors (RMSE) between PlugInGait-muscle-lengths and Regressed-muscle-lengths for 4 subjects during their first 
session of 3DGA for the medial hamstrings (MEH) and gastrocnemius (GAS). In Comparison 1a, the Regressed-muscle-lengths are based on the 
regression equation developed in the first 3D GA session. In Comparison 1b, the Regressed-muscle-lengths are derived using the regression 
equation developed in the second 3DGA session. 

(

(
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Dicussion 
The primary goal of this explorative study was to develop and compare direct and indirect methods to 

estimate the muscle lengths of the gastrocnemius (GAS) and medial hamstrings (MEH) during single 
joint (SJ) spasticity assessments in a stationary condition.  

In the current study, the procedure for PlugInGait-muscle-length estimation was successfully 
implemented to directly measure muscle lengths during 3DGA. Furthermore, the procedure for OpenSim-
muscle-length estimation was also implemented to directly measure muscle length during SJ spasticity 
assessments. Regression equations were applied as an indirect method to estimate muscle lengths in gait. 
During SJ spasticity assessments, the muscle lengths derived from OpenSim were compared to the muscle 
lengths derived from regression equations, whereby a large discrepancy was found. Using Comparison 1 
as a reference to interpret this discrepancy, it was found that RMSE values were significantly smaller 
during 3DGA than those acquired during the comparison of OpenSim muscle lengths to regressed muscle 
lengths, during SJ spasticity assessments (MEH: 3.7% vs. 12.0%, p=0.012 respectively. GAS: 2.1% vs. 
4.7%, p=0.012 respectively).  

Therefore, the accuracy of the indirect method to estimate muscle lengths during SJ spasticity 
assessment can be questioned.    
 
Conclusions 

The indirect approach for the patient-specific estimation of muscle length can be a potential substitute 
to the direct method for 3DGA analysis. The large errors when applying the indirect method during SJ 
spasticity assessments could not be accounted for on the base of inaccuracies of the regression equations 
to estimate muscle length within a multiple joint condition. The inaccuracy was therefore related to the 
different testing conditions, i.e. SJ movements versus gait. 
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Abstract: 

A modern disease like metabolic syndrome increases the risk for cardiovascular disease and type 2 
diabetes. Recovery and prevention of this syndrome contemporary should be focused on: reducing caloric 
intake, physical activity and through drugs. The purpose of this research is to ascertain the impact of 
physical activity in the treatment of metabolic syndrome during a period of three months. The research 
included 54 male with metabolic syndrome. As  diagnostic criteria  for metabolic syndrome is applied 
NCEP ATP III criteria (Third Adult Treatment Panel), where metabolic syndrome should present at least 
three of the symptoms listed below:  PEB - waist circumference > 102 cm; TRG - triglycerides ˃1, 69 
mmol/L;  HDL - (IPTV lipoprotein <1.03 mmol/L; TAS - Systolic blood pressure > 130  mmHg;  TAD – 
Diastolic arterial pressure > 85 mmHg;  GLU - Blood sugar (fasting) > 6.10 mmol/L and BMI/kg/m2 . 
The research lasted three months, by exercising three times per week for one hour, with total 48 hours of 
cardiorespiratory exercises, during the period March-April-May 2013. Cardiorespiratory exercises 
included walking on Treadmill “Thrace – HAMMER – Walk-runner RPX” speed 4 km/h at slope 50. 
Results indicate that treatment with exercises cardiorespiratory reduction has affected the values of all 
indicators of metabolic syndrome, but not in normal ones, and the difference is statistically significant at 
p=0,05. Besides cardiorespiratory exercises, metabolic syndrome treatment requires lifestyle change.  

 
Key Words: metabolic syndrome, cardiorespiratory exercise, treadmill, lifestyle.         
 
Introduction 

Modern living is characterized by excessive consumption of energetic nutrient and low 
physical activities.  It disables these excess calories taken to be spent. Such a lifestyle leads to 
increased body weight and this also precipitated the growth of various risk factors that lead to the 
cardiovascular system disease and diabetes type 2. Increased body weight in most cases followed 
by increasing the size of the abdominal subcutaneous adipose tissue, increased triglycerides, 
HDL values decrease, increasing arterial pressure and increased insulin resistance (Nikolic et al. 
2007).  Lately, more and more it comes to naming disorders with metabolic syndrome (Avogaro 
et al .1967). There is no consensus on the definition of metabolic syndrome but although some 
metabolic changes that lead to the thickness of the abdomen, insulin resistance and type 2 
diabetes, dyslipidemia and hypertension are characterized to a significant number of patients a 
few years ago (Reaven, 2005) . Previously proposed several manifestations of the metabolic 
syndrome disorders that involve vascular diseases, hypercoagulability, hyperuricemia and 
microalbuminuria (Reaven, 2004). The national program of education for cholesterol - Panel III 
treatment of adults (PTMP National Cholesterol Education Program - Adult Treatment Panel III 
NCEP - ATPIII) has recognized and defined metabolic syndrome as a group of abnormal 
conditions which increases the risk for cardiovascular disease as well as the sugar disease type 2 
(NCEP , 2002). In the NCEP - ATP program III also emphasizes the role and influence of 
abdominal subcutaneous adipose tissue in the manifestation of metabolic syndrome. Fatty tissue 
in the abdominal parts so-called visceral fatty tissue and cells in the fatty tissue called 
(adipocytes), those compared with other cells secrete fatty substance called inflammatory 
cytokines to worsen insulin resistance (Haner, 2006; Carr, Brunzell, 2004). Research has shown 
that sports and recreational sports activities is one of the most effective factors for human 
adaptation in society, social environmental changes, existential problems of life, etc. Current 
studies has shown that cardiorespiratory exercise and recreational sports prevents metabolic 
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syndrome and many other illnesses such as depression, anxiety, social alienation, various sports 
injuries etc. and it develop a sense of self-confidence, skills to communicate to other (Aquatias, 
2000; Grundy et al. 2005). 

 
Material & methods  

The research included 62 male patients with metabolic syndrome and for the purposes of this research 
were obtained the results of 53 patients, age group 25 till 60. As  diagnostic criteria  for metabolic 
syndrome is applied NCEP ATP III criteria (Third Adult Treatment Panel), where metabolic syndrome 
should present at least three of the symptoms listed below:  PEB - waist circumference > 102 cm; TRG - 
triglycerides ˃1, 69 mmol/L;  HDL - (IPTV lipoprotein <1.03 mmol/L; TAS - Systolic blood pressure > 
130  mmHg;  TAD – Diastolic arterial pressure > 85 mmHg;  GLU - Blood sugar (fasting) > 6.10 mmol/L 
and BMI/kg/m2. 

Diagnosis of patients with metabolic syndrome is made in Family Medicine Center in Gjilane.  
Evaluations were done at beginning and after completion of laboratory blood tests as by criteria of  NCEP 
ATP III. All patients were voluntary and have singed the consent forms that have accepted to be part of 
this research. The research lasted three months, by exercising three times per week for one hour, with 
total 48 hours of cardiorespiratory exercises, during the period March-April-May 2013. Cardiorespiratory 
exercises included walking on Treadmill “Thrace – HAMMER – Walk-runner RPX” speed 4 km/h at 
slope 5°. To all parameters have been calculated arithmetic average (mean) and standard deviation (Std. 
Dev). The difference between the arithmetical averages of parameters applied  is confirmed by t-test for 
dependent variables and the reliability of p<0,005.  

 
Results 

Basic statistical parameters before and after three months of treatment with cardiorespiratory exercises 
are presented in Table 1. Arithmetic average of waist circumference before treatment with 
cardiorespiratory exercise is 103.83 cm and standard deviation of arithmetic mean is 13.04. But after 
treatment, the average quarterly waist circumference was 95.75 cm and standard deviation 12.05 (Table 
2). 

Results of body mass index (BMI) before treatment priory with cardio respiratory exercise is 28.81 
and the standard deviation of the arithmetic mean is 3.72, and after three months treatment with 
cardiorespiratory exercises average BMI was 26.21 and the standard deviation 3.40 (Table 2). 

 
 

Table 1. Basic statistical parameters of metabolic syndrome before and after cardiorespiratory exercises 
 

Before the cardiorespiratory exercise treatment After the cardiorespiratory exercise treatment 

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

PEB 53 78.30 120.00 103.8321 13.04200 71.90 113.60 95.7519 12.05325 

BMI 53 24.00 37.00 28.8177 3.72537 20.90 33.90 26.2147 3.40707 

TRG 53 2.00 4.20 3.1377 0.77676 1.55 3.75 2.6594 0.73766 

HDL 53 0.50 1.30 0.9245 0.19991 0.79 1.99 1.2428 0.22351 

TAS 53 130.00 165.00 148.8170 12.58289 120.00 155.00 138.1189 12.09159 

TAD 53 80.00 110.00 91.1757 8.12413 70.00 105.00 86.6981 7.90225 

GLU 53 4.80 9.40 6.7225 1.24838 4.61 8.71 6.3323 0.95777 
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Table 2. Differences between arithmetic average values of metabolic syndrome before and after cardiorespiratory 
exercises 

 
  Mean Std. Dev. SEM t df 

Pair 1 PEBI - PEBF 8.08019 4.04632 0.55581 14.538 52 

Pair 2 BMII - BMIF 2.60302 1.29366 0.17770 14.649 52 

Pair 3 TRGI - TRGF 0.47830 0.25823 0.03547 13.484 52 

Pair 4 HDLI - HDLF -0.31830 0.20667 0.02839 -11.212 52 

Pair 5 TASI - TASF 10.69811 3.66157 0.50296 21.270 52 

Pair 6 TADI - TADF 4.47755 3.37089 0.46303 9.670 52 

Pair 7 GLUI -GLUF 0.39019 0.60617 0.08326 4.686 52 

 
 
The average value of diastolic blood pressure (TAD) before treatment with cardiorespiratory exercises 

was 91.17 mmHg, standard deviation 8.12, while after treatment with cardiorespiratory exercises was 
86.69 mmHg, standard deviation 7.90 (Table 2).  

The average level of blood glucose at the beginning, before treatment with cardiorespiratory exercises 
was 6.72 mmol/L, standard deviation 1.24, and finally 6 months after treatment with diet and physical 
activity was 6.33 and standard deviation 0.95 (Table 2). 
 
Discussion 

There are many researches that address various forms of physical activity impact on the treatment of 
metabolic syndrome. But still not known enough of research that address the impact of cardiorespiratory 
exercises over a period of three months three times per week in Thrace treadmill walking speed 4 mph 
slope 5°. Application of treatment with cardiorespiratory exercise (walking) in improving the symptoms 
of metabolic syndrome in this study is shown as a successful method for the treatment of metabolic 
syndrome by other authors' studies that shown as the best method (Ginsberg, 2003) . 

Changes obtained from three month treatment with cardiorespiratory exercises have resulted to reduce 
all parameters of metabolic syndrome symptoms. Therefore it may be pointed toward the high waist 
circumference (abdominal) and high BMI are two key indicators of overweight body and also are among 
the primary indicators of syndrome identification and diagnostics of metabolic syndrome by other authors 
(Keller et al . 2003). Reduction of abdominal fatty tissue and their adipocytes (which today are considered 
active endocrine cells) in such percentage reduces cardiorespiratory risk as lipid profile (as a source of 
free fatty acids), insulin resistance, glucose intolerance, inflammation and hemostasis disordered (Keller 
et al . 2003) . 

Regarding to fatty indicator into metabolic syndrome as a disease, namely triglycerides and HDL 
cholesterol, many authors use the label dyslipidemia (Keller et al . 2003), for more reliable described the 
complexity of this disorder. Dyslipidemia means increasing the level of triglycerides 
(hypertriglyceridemia), reduced levels of HDL cholesterol, increased LDL cholesterol level, LDL 
reduction proportionality / HDLC, increasing the level of free fatty acids (Keller et al . 2003). Treatment 
with cardiorespiratory exercise significantly influenced to reduce the level of triglycerides in the blood by 
3.13 mmol /L to 2.65 mmol /L and HDL cholesterol values increasing in blood from 0.92 mmol/L to 1.24 
mmol/L. Similar values were obtained by research of other authors (La Londe et al, 2008). 

Obtained values of blood pressure, systolic blood pressure and diastolic blood pressure after treatment 
with cardiorespiratory have been decreased. The research results show that with decreasing values of the 
parameters of the metabolic syndrome have been reduced also systolic and diastolic blood pressures. 
Treatment by cardiorespiratory exercises indicates that the level of glucose in the blood is reduced by 
6.92 mmol/L in 6.33 mmol/L. 

The research results match the one that has given by NHLBI (National Heart, Lung, and Blood 
Institute), AHA (American Heart Association) and ADA (American diabetic Association) as a legitimate 
activity for some disease prefers regular medium intensity; at least 30 minutes (preferably ≥ 60 min), 
every day or at least 5 days per week. We can highlight that additionally to cardiorespiratory exercises 
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most important therapeutic intervention is to change the habits of living with special emphasizing on 
body weight reduction, increased physical activity and change in feeding manners. 
 
Conclusions 

Metabolic syndrome as a contemporaray disease appears gradually over a period of time, and that 
along with increased caloric intake with food and reducing physical activity. Results indicate that 
treatment with exercises cardiorespiratory reduction has affected the values of all indicators of metabolic 
syndrome, but not in normal ones, and the difference is statistically significant at p=0,05. Besides 
cardiorespiratory exercises, metabolic syndrome treatment requires lifestyle change.  

To achieve the best results in terms of recovery of metabolic syndrome should have in mind the 
definition of the World Health Organization (WHO) for the quality of life which takes into consideration 
the views of the individual and his report to the district. " Quality of life is defined as the perception 
(view) of the individual to his position in life in the context of cultural and value system in which he 
lives, as well as to the goals, hope,standards and interests". 
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Abstract: 
The research was conducted with the aim of determining the influence of motor abilities on the result 

efficiency of high jump in cadet attendants of school of athletics in Split.The predictor group of variables 
was represented by 8 motor tests. The sample of examinees was represented by the attendants of school of 
athletics, of cadet age. In total, 31 examinees were measured. The attendants of school of athletics were 
included in the training process for 6 months and had the same program, based on the versatile athletic 
preparation (development of the basic motor abilities, and learning the techniques of several athletic 
disciplines).The regression analysis was used to determine the influence of predictor variables on the 
criterion, while the significant multiple correlation between the two groups of variables was realized. The 
following tests showed the highest regression influence: agility evaluation test, explosive power 
evaluation test, trunk repetitive strength evaluation test.The achieved results were logical, in concordance 
with the previous research and would undoubtedly serve as one of the selection procedures in athletics. 
Key Words: high jump, female cadets, motor abilities, agility, explosive and repetitive power 

Introduction 
The athletics is considered to be the queen of sports because it is one of the most complex sports, with 

a great diversity of movement activities as a base. 
It is known that the success in most sports today is achieved by correct modes of running, jumping, 

walking, throwing etc. (Winfried, 1997). Athletics, as a queen of sports, influences such modes of 
movement, develops them, perfects them and enables everyone to achieve good basis of movement 
activities, which are important in almost all the sports (Željaskov, 2004). 

The motor ability of explosive power, which is a good base for every sport, is necessary for achieving 
success in jumping disciplines, but besides this, speed, strength and coordination are necessary as well. 
Based on the quoted facts, it can be concluded that vaults are very difficult and complex disciplines, and 
it is necessary to influence many factors to achieve success and elite results (Tončev, 2001). Motor 
abilities are complex and very elaborate, genetically conditioned, with high coefficients of innateness 
(speed, coordination, balance,precision), and one has to be well acquainted with them to be able to work 
on their increase (Nićin, 2000). 

Motor abilities are those modes of motor activity that appear in movement structures which can be 
described by equal parametric system, measured by the same set of measures and in which the analogue 
physiological, biological and physical processes, or mechanisms, appear. Because of this, the motor 
abilities were a subject of many researches (Hofman, 1975, 1980; Nićin, 2000; Rakovac et Heimar, 2003; 
Pržulj, 2007; Pavlović 2010). 

High jump consists of several phases: 
1. Run-up phase 

Run-up phase is a cyclic part of the high jump movement, usually with 7-9 or 9-11 steps. 
Still, the length of the run-up can vary, depending on the jumper, from 6 to 17 steps. 
Run-up phase consists of two sub-phases: 

a) Running in a straight direction 
b) Approaching the bar in a 90° angle direction, in relation to the bar 

2. Take-off phase 
The take-off phase consists of two characteristic sub-phases: 

a) Amortization 
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b) Active take-off 
3. Flight phase 
4. Landing phase 

Since the basis of achieving good results in many athletic disciplines is speed and strength, it is even 
harder to perform the selection of young athletes for each discipline. This paper will serve as a help in 
better selection procedures. The aim of this research was to determine which basic motor abilities mostly 
influenced the result success of high jump in female attendants of athletic school. 

Work methods 
Sample of examinees 

The sample of examinees consisted of 31 young athletes, attendants of athletic school in Split, aged 14. 
All the examinees were included in the athletic school training program during 6 months before the 
testing. The training program of athletic school attendants was based on multiple developments of basic 
motor abilities, and the learning of techniques of several athletic disciplines. 
Sample of variables 

The sample of variables consisted of 8 basic motor tests as predictors: 
1) Backwards obstacle test (MBOT), After the “now” signal, the examinee`s task was to, walking on 

all fours backwards, cross the length of 10 meters with obstacles. The first obstacle had to be 
mastered by climbing, the second one by pulling through. During the task the examinee should 
not turn her head. The task was repeated 3 times. Between the attempts examinees paused. 

2) Side steps (MSST). After the “now” signal, the examinee had to move sideways as fast as 
possible (side step-shift sideways), without crossing the legs, all the way to the second line. When 
the examinee stepped with the outer leg on the line or crossed it, she stopped and, without 
changing the body position, came back to the first line, which had to be touched by the foot or 
crossed. This was repeated 6 times in a row. 

3) Hand tapping (MTAP). After the “now” signal, the examinee alternatively touched the two plates 
on a board with the right arm fingers, as fast as possible, during the 15 seconds period. The task 
was repeated three times, with a pause for a recovery. 

4) Foot tapping (MTAPF). After the “now” signal, the examinee moved her right leg as fast as 
possible from one side of the divider to the other, touching with a front part of the foot (or a 
whole foot) the horizontal board of the stand (left-handers performed the task with the left foot). 
The task was performed during 15 seconds, and repeated 3 times with a pause for a recovery. 

5) Standing long jump (MSLJ). The examinee had to jump forward with both feet as far as possible. 
The task was repeated 3 times without a pause.  

6) Running 20 m from standing start (M20H). The task of the examinee was to run 20 meters as fast 
as possible, after the start sign. 

7) Trunk lifting with bent legs (MTLC). The examinee laid on her back, with the knees bent in 90° 
angle, the feet were apart (the width of hips), hands were crossed on the chest with palms on the 
opposite shoulders (everything was demonstrated), the helping examiner fixated the examinee`s 
feet. After the “now” sign the examinee performed the lifting into the sitting position. The elbows 
had to touch the thighs, and the examinee had to lay down on her back, the duration of the task 
was 60 seconds. 

8) Height endurance (MHE). The examinee was in the high pull-up position so that her chin was 
above the height of the bar, while the body was straight. The examinee had to climb the chair and 
grab the bar with her arms, shoulder width apart. Then the chair was removed, and the task of the 
examinee was to remain in that position as long as possible. 

High jump from run-up (HJ) was used as a criterion variable. After the run-up, the examinee jumped over 
the bar using the scissors or flop technique. 

Data processing methods 
The STATISTICA 11 Software was used for data processing. The descriptive statistics and regression 
analysis was used as data processing method. 
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Results  
Table 1, Basic descriptive statistic parameters 

Variable N AM MIN MAX SD Skew Kurt 
MBOT 31 10.85 6.80 15.20 2.25 0.59 -0.47 
MSST 31 9.87 8.00 12.40 0.97 0.66 0.58 
MTAP 31 36.81 31.00 43.00 2.99 0.57 -0.06 
MTAPF 31 21.29 16.00 25.00 2.18 -0.65 0.06 
MSLJ 31 196.71 140.00 241.00 27.44 -0.05 -0.95 
M20H 31 3.36 3.00 4.00 0.26 0.75 0.50 
MTLC 31 23.97 18.00 35.00 3.69 0.88 1.36 
MHE 31 22.19 5.20 40.00 9.40 0.39 -0.76 
HJ 31 125.68 110.00 148.00 10.14 0.32 -0.40 

AM (arithmetic mean), MIN (minimum result), MAX (maximum result), SD (standard deviation), 
Skewness (asymmetry measure), Kurtosis (elongation measure). 

 
Table 1 shows the basic descriptive statistic parameters for all the studied variables, arithmetic mean 

(AM), minimum (MIN) and maximum (MAX) result, standard deviation (SD), curvature measure (Skew) 
and flattening measure (Kurt). The Kolmogorov-Smirnov test showed normal distribution in all the 
variables. The comparison of the results of this research with some other researches (Pavić, 2012) showed 
that these examinees achieved better results, especially in the following tests: side steps (MSST), standing 
long jump (MSLJ), trunk lifting (MTLC) and backwards obstacle test (MBOT). 

The obtained regression analysis results indicated a significant amount of mutual information for the 
set of 8 predictor variables and the high jump results. The 80% of the explained variance, with the 
coefficient of multiple correlation of R=0.89, was isolated (table 2). 
 

Table 2, Regression analysis 

Variable b* t p-value 
MBCT  - 0.050 -0.226 0.823 
MSST  - 0.453 -2.283 0.032 
MTAP  - 0.017 -0.140 0.890 
MTAPF    0.066  0.384 0.705 
MSLJ    0.355  2.100 0.047 
M20H    0.219  1.461 0.158 
MTLC    0.276  2.329 0.029 
MHIGP    0.100  0.826 0.418 

R = 0.89; R2 = 0.80; Adjusted R2= 0.73; F(8.22) = 11.13; p < 0.00; Std. Error of estimate: 5.2685, 
b*-unstandardised regression coefficient, t – value of testing the significance of regression coefficients, p – significance level 

The following tests had the highest influence on the criterion variable: side steps with b= - 0.45, 
followed by standing long jump with b = 0.35, and trunk lifting test b = 0.27. The obtained results were 
logical and in concordance with previous research (Zagorac, 1984). 

Discussion 
The obtained results are the first guideline for better selection in athletics. The dominant participation 

of the agility tests, explosiveness and the repetitive strength in the high jump success is conditioned by 
the dynamic and kinematic characteristics of this very complex discipline. 

Athletes need diverse physical preparation for the successful realization of this motor activity. The 
run-up and take-off are the most important components of high jump and greatly determine the height of 
the jump. The efficient mastering of these phases of the jump is the main task during training and 
perfecting the high jump. During the run-up, the lower extremities, or the power of the leg extensor 
muscles, have the most important role. The high level of running speed in the run-up phase is conditioned 
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primarily by the active take-off of the dominant leg, followed by the fast retreat of the swing leg, bent 
forward and upward at the knee. The ability that enables the manifestation of the intensive muscle power 
is responsible for this, as well as the efficient performance of standing long jump test (with a significant 
predictor importance in the high jump prognosis), designated for the evaluation of explosive power. 
Therefore, the same motor abilities participate in take-off of both activities. The resistance that is present 
during the take-off is significant and considerable strain of the locomotor apparatus is necessary to 
overcome that resistance, so this short phase of the jump could be realized as efficiently as possible, with 
the least loss of energy. It is understandable that agility, as a factor with the strongest influence on the 
result, is interesting because of the very high jump performance, and especially during the take-off phase. 
During the performance of the side steps test, the sudden change of movement is emphasized, with a fast 
exchange of agonist and antagonist work. Also, in the take-off phase, a fast exchange of the concentric 
and eccentric contraction happens. 

During the work of the swing leg in the take-off phase a strong and fast contraction of the trunk and 
thigh flexor muscles is necessary, so as to most efficiently lift the center of weight upwards. 

During the bar crossing, the body of the jumper is in the twisted position and after that, the hips 
immediately have to lower towards the “sitting position”, so as to lift the legs and cross the bar. The trunk 
flexor muscles participate in this action. This way it is possible to explain the predictor role of the motor 
test of trunk lifting on the high jump success. 

Based on the obtained results, the further optimum planning and programming of the training process 
is possible, that should be conceived in the way that the basic motor abilities are further developed, as 
well as the emphasis on the technique learning, with greater emphasis on the high jump. A special 
emphasis should be given to the development of those motor abilities that are necessary for the successful 
realization of the high jump. 

The future testing of the motor abilities of the athletes are indispensable, as well as the control of the 
training process, so as to direct the whole process at the right time in the right direction. High jump is a 
technically demanding discipline and precisely these parameters, independently on the achieved result in 
the high jump test, should be the first guidelines for the further selection. 

The achieved results of the young female athletes, and the achieved differences compared to the 
population of peer students of eighth grade that were not included in the organized kind of kinesiologic 
activity, indicate the growing trend of hypokinesia and the sedentary lifestyle. 

Conclusions 
The research was conducted on the sample of 31 female athletes, attendants of athletic school in Split, 

all the attendants were include in the kinesiologic treatment during 6 months prior to testing. The aim was 
to determine which one of the applied motor abilities tests had the greatest influence on the high jump 
result success. The regression analysis showed that the agility, explosiveness and repetitive strength tests 
had the greatest influence on good high jump results. The obtained results indicated the indispensability 
of well-timed testing, with the purpose of further improvement of the training process and the selection 
methods. 
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Abstract: 
The aim of this research was to evaluate the morphological characteristics of female students of 

Faculty of Kinesiology, and to ascertain possible differences between the mentioned population of 
students and the students of other study groups, in the area of morphological characteristics. 
With this aim, a group of 20 morphological measures was applied on the sample of 115 female students 
of first and second year of Faculty of Economics at the University of Split, and the mentioned measures 
were used to determine the somatotype, according to the Heath-Carter method, while the body mass 
index and subcutaneous fat tissue percentage were calculated as well. The factor analysis of 
morphological variables isolated four latent dimensions, in both groups of examinees likewise. 
The results of variance analysis and discriminant analysis showed that the students of Faculty of 
Kinesiology had lower amount of subcutaneous fat tissue, expressed in percentage (%), especially in the 
area of lower leg, thigh and upper arm. Also, the students of Faculty of Kinesiology differed from the 
students of Faculty of Economics in higher voluminosity values (thigh, lower leg and upper arm volume). 
According to the body type (somatotype), the endomorph component was more expressed in the students 
of faculty of Economics, in relation to mesomorph component, compared to the students of Faculty of 
Kinesiology. Based on the obtained results, it is possible to conclude that the bodily activity during 
college significantly influences the morphological characteristics of students who study at the Faculty of 
Kinesiology, while the bodily inactivity, especially sedentary lifestyle favor the occurrence of increased 
values of subcutaneous fat tissue and the decrease of muscle mass. 

Key Words: morphological characteristics, female students, fat tissue, somatotype 

Introduction 
The lifestyle of every individual greatly influences one`s morphological characteristics. Unfortunately, 

sedentary life is common today, characterized by the decrease of necessity for movement, increased input 
of calories and greater exposure to stress. The consequences of such lifestyle are primarily the increase of 
cardio-vascular diseases, diabetes and some types of carcinoma. The cause for the increase of number of 
people inflicted by these diseases is primarily excessive body weight in all age groups (Vieno, 2005). 
This is caused by the increased input of calories, especially fats and carbohydrates and the insufficient 
usage of calories because of the decreased need for movement (Periskova, 1996). The difference between 
the consumed and used calories is stored in body fat cells. The result analysis of morphological 
characteristics of female students of two faculties can show us the possible changes, when compared to 
previous researches (Mišigoj-Duraković et al., 1998). 

During growth and development the condition changes under the influence of genetic and social 
factors. The high quality conditions of life influence faster growth, in which the average body height in 
adult age increases, compared to previous generations, the so called phenomenon of “biological 
acceleration” or, the secular trend. The secular trend is the phenomenon of increase of body 
height and mass in children and young people and their faster maturation, compared to previous 
generations of same age. According to M. Mišigoj-Duraković, 2008, the causes of secular trend are in 
better life and habitation conditions, vaccination, urbanization, medical advances, increase of food 
availability, increase of population mobility, reduction of family size and other. 

While during the evolution of man the height measures were significantly lower, today, besides the 
characteristic of higher height values, we also find the problem of higher values of body mass that is 
unfortunately not caused by powerful musculature, but due to hypokinesia in great number of young 
people it is caused by the so-called ballast mass (or, subcutaneous fat tissue). 
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The morphological characteristics, whose evaluation was based on the anthropologic measures, are 
subject to changes during growth and development and are influenced by different endogenous (genetic 
and endocrine) and exogenous factors (nutritive, sociologic, economic, geographic, climate influences 
and the level of bodily activity). The changes of morphologic characteristics during growth and 
development, the processes of biologic acceleration and the diseases of modern society such as obesity 
emphasize the need of systematic observance. The model of latent morphologic characteristics was 
defined based on the results of numerous researches during the seventies and was defined by four latent 
dimensions: longitudinal skeleton dimensionality, transversal skeleton dimensionality, body volume and 
mass, fat tissue (Momirović et al., Kurelić et al.). 

The determination of the differences between the examinees with increase amount of bodily activity 
and the examinees with lower amount of kinesiological activity can serve as further guideline, in 
changing or introducing new contents in classes of Physical culture at colleges. The aim of this research 
was to determine the differences in morphological characteristics between two groups of female students 
at different universities. 

Research methods 
The sample of examinees consisted of two groups of female students. The first group consisted of 60 

first and second year students of Faculty of Economy in Split, second group consisted of 55 female 
students of Faculty of Kinesiology in Split. The age of students was 18-20 years. 

Sample of variables 
Twenty-one morphologic measures were measured on the sample: measures for longitudinal 

dimensionality, transversal dimensionality, body volume and mass and subcutaneous fat tissue. 
For the longitudinal skeleton dimensionality: AHEI- body height, ALL- leg length, AAL- arm length, 

ABIACRO- biacromial span, AFL- foot length. 
For body volume: ABW- body weight, ATHOV- thorax volume, AUPAV-EXT- upper arm volume in 

extension, ATHV- thigh volume, AABV-1- abdominal volume, ALOWLV-FLE- lower leg volume in 
flexion. For subcutaneous fat tissue: AUPASF- upper arm skin fold, ABACSF- back skin fold, AABSF-
1- abdominal skin fold,  ATHSF- thigh skin fold, ALOWLSF- lower leg skin fold, ASUPILSF- 
suprailiocristal skin fold. For the transversal skeleton dimensionality: AFOOTW- foot width, AELBDIA 
– elbow diameter, AWRIDIA – wrist diameter, AKNEDIA – knee diameter. 

The somatotype was determined using the listed measures, according to Heath-Carter method, the 
body mass index has been calculated, as well as the percentage of subcutaneous fat tissue. 

Data processing methods 
The STATISTICA 11. Software was used in data processing. In data processing method we used 

descriptive statistics, factor analysis, univariate variance analysis and discriminative analysis. 

Results 
The results of descriptive parameters of anthropometric measures for female students of Faculty of 
Economy , and the parameters of female students of Faculty of Kinesiology are presented in table 1. 

Arithmetic mean, standard deviation, minimum and maximum result, were calculated. All the 
variables had normal distribution. The detailed inspection of the descriptive parameters of the 
morphological measures showed that the female students of the Faculty of Economy had higher values of 
subcutaneous fat tissue. Comparison of these results for the female students of Faculty of Economy with 
the examinees from the research (Caput, 2007) showed that the examinees of this research were 3 kg 
heavier and 4 cm taller, and they also had more subcutaneous fat tissue on the upper arm. This 
information is interesting since it indicates the specific characteristics of this geographical area 
(alimentary habits, climate, Dinarid type etc.). 

Based on the GK-criteria, four main components were isolated, explaining 71% of morphological 
variables variance. After the Varimax rotation of the main components, a clearer structure of the isolated 
dimensions was achieved (table 2). The first latent dimension was under a strong influence of the volume 
and body height measures, and it could be defined as factor voluminosity saturated by subcutaneous fat 
tissue, primarily from the trunk. The second latent dimension was also influenced by voluminosity, but 
that of lower extremities, which was saturated by subcutaneous fat tissue (lower leg and thigh skin fold), 
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knee diameter and somewhat lower projection of the measure of elbow diameter. The third latent 
dimension was influenced by measures for evaluation of longitudinal skeleton dimensionality. Leg length 
most successfully determines the skeleton longitudinality, and is followed by body height and arm length. 
The fourth latent dimension bore least information and was highly saturated by the measures of 
abdominal, upper arm and back skin fold, and it could be defined as a factor of subcutaneous fat tissue of 
the trunk and the extremities. 
 

Table 1, Basic descriptive parameters 
Variable AM (FE) MIN MAX SD AM(FK) MIN MAX SD 
AHEI 170,15 153,00 185,00 5,64 170,11 157,00 183,50 5,48 
ALL 96,55 87,00 107,00 3,80 95,36 85,50 103,30 4,18 
AAL 73,30 63,50 79,50 3,04 73,18 67,70 84,50 3,37 
AFL 25,02 22,50 27,00 1,11 24,77 19,80 28,10 1,51 
ABIACRO 36,90 33,00 41,00 1,98 37,19 29,80 41,50 1,97 
AELBDIA 6,07 4,60 7,10 0,51 6,14 5,20 7,20 0,41 
AWRDIA 5,08 4,60 5,50 0,22 5,09 4,80 5,50 0,17 
AKNEDIA 9,22 7,60 11,00 0,63 9,23 8,30 10,60 0,52 
ATHOV 87,68 76,00 100,00 5,53 88,04 69,50 101,00 5,65 
AUPAV-EXT 25,66 19,90 33,00 2,66 26,67 23,30 32,30 2,12 
ATHV 53,95 47,00 64,00 4,11 56,80 49,00 66,00 3,96 
AABV-1 72,28 60,00 89,00 7,31 72,14 63,80 88,00 6,52 
ALOWLV-FLEX 35,46 30,00 44,00 2,80 36,73 31,50 41,00 2,23 
AUPASF 18,45 7,80 26,00 3,99 14,60 6,80 24,40 3,97 
ABACSF 13,25 6,80 34,00 5,29 11,68 6,00 23,00 3,87 
AABSF-1 19,52 9,40 28,00 4,06 15,67 8,00 28,00 5,45 
ATHSF 21,87 8,20 36,00 5,97 12,67 6,80 22,00 3,77 
ALOWLSF 16,33 9,00 28,00 4,17 14,62 5,40 23,80 4,48 
ASUPILSF 13,98 8,00 25,00 4,30 12,53 4,80 27,00 4,66 
ABW 62,75 48,40 82,00 7,61 61,85 51,00 86,00 7,58 

AM (arithmetic mean), minimum (lowest result), maximum (highest result), SD (standard deviation) 

Factor analysis of the morphological area of female students of Faculty of Economy (Table 2). 
 

Table 2, Factors structure determined by Varimax rotation 
Variable Factor 1 Factor 2 Factor 3 Factor 4 
AHEI 0.0787 0.2181 0.8551 0.0818 
ALL -0.0492 0.0814 0.8877 0.0553 
AAL 0.1953 0.0184 0.8351 0.1399 
AFL 0.1267 0.1126 0.7501 -0.2339 
ABIACRO 0.4435 0.1542 0.3492 0.3418 
AELBDIA 0.1700 0.4774 0.5538 0.2741 
AWRIDIA 0.1519 0.3780 0.2758 0.1748 
AKNEDIA 0.3700 0.7173 0.1964 -0.1264 
ATHOV 0.8320 0.3487 0.1083 0.1405 
AUPAV-EXT 0.7074 0.4676 -0.0187 0.2663 
ATHV 0.6799 0.5793 0.1180 0.0008 
AABV-1 0.8221 0.1653 0.3201 0.0610 
ALOWLV-FLEX 0.4272 0.7102 0.2200 0.0728 
AUPASF 0.1975 0.5501 0.1956 0.5840 
ABACSF 0.7948 0.0971 -0.1375 0.4049 
AABSF-1 0.3223 0.0687 -0.0205 0.8747 
ATHSF 0.2687 0.7438 0.0714 0.2585 
ALOWLSF 0.0883 0.8799 0.0466 0.0947 
ASUPILSF 0.5984 0.2332 0.1314 0.5181 
ABW 0.6541 0.4222 0.4184 0.2757 
Expl.Var 4.6022 4.0607 3.7565 2.1124 
Prp.Totl 0.2301 0.2030 0.1878 0.1056 
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Factor structure of the morphological area of the female Kinesiology students (table 3). 
 

Table 3, Factors structure determined by Varimax rotation 
 

Variable Factor 1 Factor 2 Factor 3 Factor 4 
AHEI 0.0235 0.9033 0.1748 -0.0103 
ALL -0.3086 0.7047 0.0608 0.2672 
AAL 0.1631 0.8653 0.1686 -0.1301 
AFL 0.0379 0.6748 0.1378 0.3950 
ABIACRO 0.1614 0.3255 0.5427 0.0624 
AELBDIA 0.0068 0.0710 0.7749 0.0576 
AWRIDIA -0.0772 0.1173 0.6907 0.3235 
AKNEDIA 0.5074 0.1093 0.6646 -0.1176 
ATHOV 0.1777 0.2148 0.1789 0.6092 
AUPAV-EXT 0.4542 0.1463 0.5907 0.4091 
ATHV 0.6207 0.1482 0.3410 0.3143 
AABV-1 0.2557 0.1968 0.2511 0.8176 
ALOWLV-FLEX 0.5067 0.1500 0.4026 0.1014 
AUPASF 0.8343 0.0822 0.1927 0.1751 
ABACSF 0.5798 -0.1065 -0.0637 0.4907 
AABSF-1 0.6616 -0.0597 -0.0724 0.4773 
ATHSF 0.6990 0.0900 0.0209 0.1023 
ALOWLSF 0.8313 -0.0777 0.1090 -0.0151 
ASUPILSF 0.5493 -0.2656 0.0861 0.4493 
ABW 0.4973 0.5303 0.3666 0.3700 
Expl.Var 4.5572 3.1916 2.8182 2.5350 
Prp.Totl 0.2279 0.1596 0.1409 0.1267 

 
 

Table 4, Discriminative analysis results 
Variable AM (FA) AM (FK) DF FA pA 
AHEI 170.15 170.11 0.002 0.001 0.973 
ALL 96.55 95.36 0.092 2.545 0.113 
AAL 73.30 73.18 0.011 0.039 0.843 
AFL 25.02 24.77 0.058 1.020 0.315 
ABIACRO 36.90 37.19 -0.045 0.601 0.440 
AELBDIA 6.07 6.14 -0.051 0.784 0.378 
AWRIDIA 5.08 5.09 -0.009 0.022 0.882 
AKNEDIA 9.22 9.23 -0.006 0.009 0.923 
ATHOV 87.68 88.04 -0.020 0.118 0.732 
AUPAV-EXT 25.66 26.67 -0.128 5.007 0.027 
ATHV 53.95 56.80 -0.217 14.320 0.000 
AABV-1 72.28 72.14 0.006 0.012 0.912 
ALOWLV-FLEX 35.46 36.73 -0.153 7.126 0.009 
AUPASF 18.45 14.60 0.297 26.831 0.000 
ABACSF 13.25 11.68 0.104 3.274 0.073 
AABSF-1 19.52 15.67 0.248 18.644 0.000 
ATHSF 21.87 12.67 0.561 95.527 0.000 
ALOWLSF 16.33 14.62 0.121 4.467 0.037 
ASUPILSF 13.98 12.53 0.100 3.017 0.085 
ABW 62.75 61.85 0.036 0.397 0.530 

AM (arithmetic mean), DF (discriminative function), FA (F-test for ANOVA), pA (significance for ANOVA) 

Four latent dimensions were isolated as well. The first dimension was subcutaneous fat tissue, 
although relatively high projections showed some volume measures, especially thigh, upper arm and 
lower leg. The second isolated dimension was defined by longitudinality measures. The third latent 
dimension was mostly influenced by the following measures of transversal dimensionality: elbow 
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diameter, wrist diameter, knee diameter, and it could be defined as a factor of transversal skeleton 
dimensionality. The fourth latent dimension was mostly influenced by the abdominal volume and thorax 
volume and it could be called voluminosity factor. 

Based on the univariate analysis of the variance between the students of Faculty of Kinesiology and 
Economy (table 4), significant differences in the values of the subcutaneous fat tissue tests were obvious 
(upper arm, thigh, lower leg and abdomen), in which the students of Faculty of Economy had higher 
values, as well as in voluminosity measures: upper arm, thigh and lower leg volume, where students of 
Faculty of Economy had higher values. The discriminative analysis confirmed the differences in the 
morphological area between the two groups of examinees. Discriminative function was bipolar, 
differentiating students of Faculty of Kinesiology on one pole, with higher volume and less subcutaneous 
fat tissue (upper arm, abdomen, thigh and lower leg) in relation to students of Faculty of Economy, who 
had higher values of subcutaneous fat tissue and lower values of volume in the thigh volume and 
somewhat lower values of upper arm and lower leg. The Heath-Carter software was used to calculate the 
somatotype of the examinees for both groups. The examinees of Faculty of Kinesiology belonged to the 
central somatotype with values of 3.92, 3.7, 3.17, while the students of Faculty of Economy belonged to 
the meso-endomorph type with values of 4.56, 3.55, 2.86. The BMI value for the examinees of Faculty of 
Kinesiology was 20.27, while for the students of Faculty of Economy it was 21.66, what was a normal 
value. The % value (percentage) of fat tissue showed that the students of Economy had higher values 
(22%) than the students of Kinesiology, who had 16% of subcutaneous fat tissue. 
 

Table 5, Somatotype and BMI 
 

 ENDOMORPH MESOMORPH ECTOMORPH BMI 
Faculty of Economy 4,56 3,55 2,86 21,66 
Faculty of Kinesiology 3,92 3,70 3,17 20,27 

 
 
Discussion 

In the qualitative sense of the determined morphological structures, the differences were more clearly 
differentiated on the dimensions of the students of Kinesiology, with emphasized mesomorph 
characteristics, longitudinality and transversal dimension. These characteristics were integrated into three 
morphological sets. On the other hand, the values of voluminosity were emphasized in students of 
Economy, saturated by the measures of subcutaneous fat tissue, transversality and longitudinality 
measures. The inactivity of the students of Economy influenced body structure, in the sense of increased 
amount of subcutaneous fat tissue in the trunk, lower extremities and abdominal area. The sedentary 
lifestyle greatly influences the morphological characteristics of each individual. Although numerous 
researches prove that that kind of lifestyle was a great risk to the health, it is unfortunately becoming 
more common and the consequences of such lifestyle are present in younger age categories. The 
unhealthy lifestyle, more precisely, the increasingly present hypokinesia in very young children, reflects 
their morphological status as adults. The lack of movement in childhood leaves consequences in later life, 
primarily in the definition of morphological characteristics in the sense of increased amount of 
subcutaneous fat tissue. The population of female students of Faculty of Economy had normal BMI 
values, but the values of subcutaneous fat tissue were increased, compared to those of female students of 
Faculty of Kinesiology. The students of Economy have Physical Education classes once a week, for two 
hours, while the Kinesiology students, because of the very structure and program of the faculty, have five 
and more kinesiological activities a week. Mesomorph characteristics are desirable, because of the very 
characteristics of the kinesiological profession. 

Conclusions 
The overall sample of 115 female students of first and second year of Faculties of Economy and 

Kinesiology was divided into two subsamples, and the set of 20 morphological measures, chosen with the 
aim of covering the existing models of the morphological areas, was applied. 

The factor analysis extracted 4 factors in each group of examinees. Variance analysis and 
discriminative analysis showed significant differences in the area of subcutaneous fat tissue and body 
volume, what coincides with the extracted factors and latent dimensions which we determined in the 
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factor analysis. The BMI, somatotype, and subcutaneous fat percentage results also support the mentioned 
results that indicate the differences in the morphological structure of female students of Faculties of 
Kinesiology and Economy in the sense that the students of Kinesiology had lower amount of 
subcutaneous fat tissue and higher voluminosity. The determined differences are a new guideline for the 
improvement of quality of faculty classes. 
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Abstract 

In artistic gymnastics selection, specialization and training process begins earlier than in other sports 
disciplines, usually around the age of 5. Selection is important process of recognizing young talents, 
based on their anthropological status, which makes children from average to a top athletes.To be able to 
follow advanced gymnastic programs and elements, it is necessary to have well-developed basic motor 
abilities. The main aim of the current study was to determine the effects of anthropological status on 
success in artistic gymnastics, to see are there any differences between higher and lower ranked 
gymnasts.26 young gymnast participated (girls, mean age 7±1). Seven basic motor skills tests (each area 
individually) were predictors of success on bar routine, assessed by 3 independent judges, following the 
rules of National Code of Points for that age. Based on scores, young gymnasts were divided into 2 
groups: higher and lower ranked. Significant difference occurred only in 2 out of 7 tests: polygon 
backward and flexed chin-up endurance test, based on the results of analysis of variance. The 
participants demonstrated the highest level of basic motor skills in test long jump. On the other hand, 
polygon backward was the most difficult task for the children in general.Results of regression analyses 
showed significant influence of basic motor abilities on bar routine of young gymnasts, especially flexed 
chin-up endurance test. This research showed that the young gymnast in this age should improve their 
static strength (power) in order to be more success in bar routine. 
 
Key words: selection, basic motor abilities, differences, influence, bar routine 
 
Introduction 

Sports gymnastics is a sport in which the progress of the initial participation to the higher level of 
gymnastics is extremely complex. Because the sports gymnastics is sport where sports maturity and 
culmination occur much earlier than in other sports, it results in a complexity that is very early in the age 
group achieved an art movement, the development of complex motor skills and a high degree of 
flexibility. In order to achieve the same, it is required a certain period of time, So in this sport, selection, 
specialization and training process begins earlier than in other sports disciplines. (Kvasina, Delaš 
Kalinski, 2013). The process of learning gymnastics skills, with respecting the didactic principles, usually 
begins around the age of 5. The learning of their most complex forms and variations should be completely 
or mostly over by the time of reaching puberty - the latest by the age of 14 (Erceg, Delaš Kalinski i Milić, 
2014). 

To be able to follow advanced gymnastic programs and elements, it is necessary to have well-
developed basic motor abilities. Only those children (young athletes) who have a strong command of 
various exercises and who have extensively developed speed, agility, strength and endurance, whose 
internal organs are functionally adapted to more stress, sooner they will, easier and more successful 
achieve a higher level of mental and physical abilities crucial for chosen sports before and with less effort 
learn the technique and tactics of the sports field, achieve better results in sports (Kvasina, Delaš Kalinski, 
2013). 

Based on the findings described above, we can assume that children who performed better in tests of 
motor skills, achieve better results in artistic gymnastics. Therefore, the aim of this study is to establish 
whether the claim is true. 
 
Material and methods 
This research was conducted over 26 of selected gymnasts, „C“ contestants of the National program, the 
age of 6-8 years. During the observed period, the subjects were clinically healthy. Weekly, they practiced 
four times by 2.5 hours, for a total of 10 hours per week. 
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Gymnasts presented uneven bars exercise, prescribed for that age category of the Croatian Gymnastics 
Federation (HGS). Each exercise is recorded and afterwards assessed by 3 independent judges, following 
the rules of National Code of Points for that age. There were also conducted measurements which were 
used to determine motor characteristics. Variables that were used in order to determine the basic motor 
abilities were selected from a battery tests of Gredelj, Metikoš, Hošek, Momirović, 1975.; and Metikoš, 
Prot, Hofman, Pintar, Oreb; 1989. The following hypothetical motor areas were evaluated: coordination, 
flexibility, realization of rhythmic structure, frequency of motion and strength. 
To assess coordination was applied the test polygon backwards (POL). For assessing the flexibility test 
was applied bend astride (RDP). To assess the realization of rhythmic structures were applied following 
tests: hand tapping (TAP). To estimate the frequency of motion and strength were applied following tests: 
long jump (SDM), the sprint from a standing start (20 m), flexed chin-ups endurance, trunk curls – 
crunches. 
Data were analyzed using the Statistica for Windows 11.0 package and statistical significance was set at p 
< 0.05. Basic descriptive statistics were calculated for all variables and for every judge individually 
(mean values and standard deviations). For determining the reliability of the specific gymnastics routine 
on uneven bars Cronbach’s alpha coefficients (CA) were calculated. Finally, for influence of basic motor 
abilities on success in uneven bars routine we used regression analysis and to differ better and lower 
ranked gymnasts in mentioned variables we used analyses of variance.  
 
Results 
 
Table 1. Descriptive statistics for all measured variables (Mean; SD – Standard Deviation); reliability analysis (CA 

– Cronbach Alpha coefficient);  (Ske – Skewness coefficient;  Kurt – Kurtosis coefficient) 
 

CA=0,98 
 N Mean Min Max SD Ske Kurt 

SDM-NR 13 158,88 101,00 196,50 23,94 -0,92 1,96 
S20 13 4,31 3,76 5,23 0,43 0,88 0,09 

IZD.VIS 13 53,69 20,69 88,29 20,55 0,20 -0,98 

POD.TRUP 13 43,46 34,00 56,00 6,55 0,38 -0,68 
TAP-NR 13 27,46 24,00 31,00 2,37 0,15 -1,21 
POL-NR 13 9,63 6,71 12,20 1,59 -0,14 -0,40 
PRETRA-NR 13 66,88 55,50 77,00 6,94 0,05 -1,02 

 
Table 2, Descriptive statistics for all measured variables (Mean; SD – Standard Deviation); reliability analysis (CA 

– Cronbach Alpha coefficient);  (Ske – Skewness coefficient;  Kurt – Kurtosis coefficient) 
 

CA=0,98 
  N Mean Min Max Std.Dev. Ske Kurt 

SDM-NR 13 161,65 108,00 197,00 21,13 -1,15 3,13 
S20 13 4,47 4,03 5,25 0,37 0,90 0,27 
IZD.VIS 13 27,58 7,60 44,09 10,08 -0,52 0,10 
POD.TRUP 13 38,69 26,00 48,00 7,22 -0,49 -1,06 
TAP-NR 13 26,00 22,00 29,00 2,74 -0,37 -1,56 
POL-NR 13 11,55 8,94 20,15 2,85 2,54 7,67 
PRETRANR 13 66,81 54,50 77,50 7,28 -0,31 -0,84 
 

The results of the reliability analysis revealed high reliability in bar routine execution according to CA 
coefficients. Children performed the long jump test on the highest level, while polygon backward was the 
most difficult task. For the lower ranked gymnast, polygon backward  test, seemed to be the hardest task, 
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where results were generally saturated on the right side of the distribution, according to results of 
Skewness and Kurtosis coefficients.  

 Considering the mean values separately by ranking (Table 2) better ranked outperform lower ranked 
in practically all tests.  

 
Table 3, Analysis of Variance, marked effects are significant at p < ,05 

 
 F p 

SDM-NR 0,10 0,76 
S20 1,07 0,31 
IZD.VIS 16,92 0,00 
POD.TRUP 3,11 0,09 
TAP-NR 2,12 0,16 
POL-NR 4,53 0,04 
PRETRA-NR 0,00 0,98 

  
Table 4, results of regression analysis (Multiple R = ,78; =  ,61; df=  7,18; F=3,95; p=0,00) 
 

variables b* p-value 
SDM -.10 .57 
S 20 .08 .70 
IZD.VIS .43 .03 
POD.TRUP .27 .28 
TAP-NR .10 .60 
POLNATR -.29 .13 
PRETRANR -.01 .94 

  
 
Significient difference occured in 2 out of 7 tests: flexed chin-up endurance test and polygon backward, 
according to results of analyses of variance. Flexed chin-up endurance test significantly influenced on bar 
routine. 
 
Discusion and conclusion 

To be able to follow advanced gymnastic programs and elements, it is necessary to have well-
developed basic motor skills. Only those children who have a strong command of various exercises and 
who have extensively developed speed, agility, strength and endurance, whose internal organs are 
functionally adapted to more stress, sooner they will achieve better results in sports (Kvasina, Delaš 
Kalinski, 2013). 

High values of CA coefficients demonstrated a high reliability of the tests. Normally authors 
investigating qualitative performance (assessed by independent judges) register somewhat lower 
reliability coefficients (Miletić, 2003) than those gained by this research. Considering that the 
performance of bar routine was assessed by licensed judges, high values of between-subjects reliability 
coefficients demonstrate well-set criteria. Results of regression analyses showed significant influence of 
basic motor skills on success in uneven bars. Flexed chin-up test significantly influenced on success 
probably because whole bar routine for gymnast of that age is fulfilled with elements of static strength 
(power). It demands good whole body and shoulder static power, as a good base to learn and improve 
further elements on bars. Young gymnasts significantly differ also in flexed chin-up and polygon 
backward tests. We can conclude that improving static strength is very important for a gymnast of that 
young age as much as coordination in this extremely complex sport.  Those children who have 
extensively developed basic motor skills,  sooner they will, with less effort learn the technique and tactics 
of the sports field and achieve better results in sports. 



Research in Physical Education, Sport, and Health, Ohrid, 2014.  

 Conference Proceedings 232 

This research showed that the young gymnast in this age should improve their static strength (power), 
to keep good relation between all basic motor abilities in order to be more successful in bar routine. 
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Abstract 
Olympic Weightlifting is the number one sport in Albania considering the numerous medals won in 

international events, such as the European and World Championships; however, we do not have a 
biomechanical model of technique performance of our elite lifters. Thus, the objective of this study was 
biomechanical description of the clean and jerk style, during performance of the elite athlete (EQ), the 
champion of 77 kg (Body mass) in last European Weightlifting Championships (2014). He was observed 
during his performance in clean and jerk style, just one month before the event with 194 kg. Three digital 
cameras were used, and the recorded material was processed by the System for Biomechanical Analysis 
(Ariel Performance Analysis System - APAS). Among the others we found the trajectory of the barbell, the 
vertical velocity of the barbell and displacement of the barbell. These results showed that the vertical 
displacement of the barbell during the first phase (F1) was 103.63 cm, the maximal velocity, which was 
attained during the second pull was 1.61 m/s, the time from the starting position until the barbell on the 
chest in the squat position was 0.8 sec, the dip before the jerk (F6) was 14.6 cm, the velocity of the 
barbell – 0.53 m/s. The results revealed that in the category of 77 kg body mass for men, the Albanian 
weightlifters have the same biomechanical parameters as the best lifters in the world. These findings can 
help weightlifting coaches to use these data as a model for other lifters. This study is limited to the 
analysis of the biomechanical parameters only to 75 % of his best results (194 kg, gold medal in 
European Weightlifting Championship - 2014). 
 
Key Words: Olympic Weightlifting, Clean and Jerk, Velocity, Displacement. 
 
Introduction 

The Olympic Weightlifting sport today is widely used not only in competitions, but in fitness and 
other sports (Chiu, 2007). Both muscular strength and optimal techniques are important determinants to 
reach high performance in weightlifting. The weightlifting coaches claim that the winner belongs to the 
one with the best technique during a competition of the same strength. Other studies have examined the 
kinematic and kinetic parameters of weightlifting exercises (Hakkinen et.al, 1984; Escamilla and 
Garhammer, 2000). Different weightlifting technique changes have occurred over the years. The 
prevailing theory, more than 60 years ago, was based on the idea that the shortest pathway is a straight 
line. Thus, the vertical displacement of the barbell, from the starting position, the pull, and until moving 
under the barbell to catch it and place the bar on the chest, was a straight line. This theory was modified 
over the years, thanks to the biomechanical analyses, to improve the weightlifting technique, and another 
trajectory in S shape was applied from the Russian weightlifters. The natural alignment of different parts 
of the body were the prerequisites for these changes, for example, the knees position in the start and in 
front of the bar are over, and the straight pull in these conditions is impossible (Carr, 2004). Therefore, 
the lifter has to free the vertical path for the bar, raising the hips as the bar is close to knee level. When 
the bar passes the knee, which is the most delicate phase, the lifter performs the so called double knee 
bend, which is a natural reflex, such as when somebody jumps upward. Hence, just before the second 
pull, the position of the knees is about 10-20 degree downward. This is the first part of trajectory of the 
bar, which surpasses the vertical line. Of course, these updated techniques were applied by other lifters of 
the world, including Albanian lifters. In addition to the trajectory of the bar, other elements are important, 
such as the vertical and horizontal displacement of the bar, the velocity of the barbell and different 
angular joint displacement. The importance of the optimal technique performance in the Olympic 
Weightlifting results is well documented in many studies.  
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Methods 
The elite Albanian weightlifter (E.Q., body weight 81.5 kg, height 169 cm), performed the lift in Clean 

and Jerk Style with 75 % of his maximal result. This study is an analysis performed during the 
performance in Clean and Jerk Style of the best lifter of Albania (E.Q. - European Champion - 2014), just 
a month before the event with 194 kg. was performed. The main goal was to determine some kinematic 
parameters. Three digital cameras were used, and the recorded material was processed by the System for 
Biomechanical Analysis (Ariel Performance Analysis System - APAS). The measurement included the 
vertical displacement of the barbell, the linear velocity, and the time for each phase performance. Among 
others is found the trajectory of the barbell.  
 
Results and Discussion 
 

Table 1 shows the values of the vertical displacement of the barbell (VDB), the maximal velocity of 
upward and downward movement of the barbell (MVMB), and the time for each phase performance 
(TEPP). 
 

Table 1. The characteristics of the barbell movement in clean and jerk style 
 

The characteristics of the barbell movement in clean and jerk style 
 
Phases of 
the lift Movement VDB (cm) MVMB (m/sec) TEPP (sec) 

F1 The Clean 103,63 1,61 0,8 
F2 Catch in squat position 27,79 -0,950,46 ٭ 
F3 Standing from squat  66,6 0,99 0,99 
F4 Gravity  9,08 -0,410,35 ٭ 
F5 Stabilization 2,81 0 1,47 
F6 Dip of the knees 14,6 -0,530,4 ٭ 
F7 Jerk 49,91 1,36 0,7 
F8 Final position 18,13 0,39 1,21 

Table Notes:   
 Vertical negative displacement of the barbell (downhill)٭

 
 

 
 

Figure 1. Position of the bar during phases 
 
The analysis of the movement (Figure 1) shows that, during the clean phase (2-4), the bar trajectory is 
very close to the vertical line. This is due to the strong quadriceps muscles involved in the first pull (take 
off). The highest point at the end of explosive extension (3), correspond to the highest velocity of the 
barbell (1,61 m/sec). Shortly after this point, the gravity force pulls the barbell downward in 27.79 cm (4-
5), because during this very short moment (0.48 sec), the lifter is without support (jumping phase). Hence, 
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the lifter catches the barbell in half squat position (5), and with the barbell loaded on his chest the lifter 
stands up (5-7) for 66.6 cm, for less than 1 sec. In the recovery phase (6-7), the barbell has a low negative 
velocity (- 0.41 m/sec) because of the stabilization movement of the lifter. With the barbell on his chest 
(8) over clavicle and front deltoid, the lifter deeps his knee in an attempt to execute the final movement, 
the jerk (9). The jerk movement is in the best optimal condition. The shin is almost vertical to ground (see 
Fig. 1), and the knee of behind leg is in optimal angle. The recovery phase corresponds to the position 10. 
 

 
Figure 2. Phases of the lift and time of technique execution 

 
The barbell begin to move upward in a liftoff phase (start of F1). The distance 25 cm corresponds with 

the vertical distance from the bar to the platform. The most complicated element from the weightlifting 
coaches is the so called the double knee bend, which corresponds to F2, and reflects negative vertical 
displacement of the barbell due to gravitational forces (Garhammer, 2001). It is precisely this double knee 
bend where the lifter takes advantage to finish the most important phase, the explosive pull or second pull 
(F3). At the end of F3, the trajectory of the barbell gets down again, and at this moment, the lifter moves 
under the bar. Now, it is the moment when the lifter prepares to push up the barbell and at this phase the 
bar is on the clavicula of the lifter. At the end of F5, the lifter dips his knee in an attempt to perform the 
jerk (F7). During phase (F6) it is noticed the negative vertical displacement (14,6 cm), and the negative 
(downhill) velocity of the barbell (-0,53 m/sec). Immediately afterwards, at the end of F6, the lifter 
pushes the barbell up with the vertical displacement (49.91 cm) with 1.36 m/s. 

The optimal jerk technique model of the best lifters in the world (Figure 3) is very important for the 
lifter to feel in the vertical line, the hand, the elbows, the shoulder and ilio femoral joints. Some lifters fail 
in this style for a slight mistake, where the center of gravity of the barbell does not fit the COG of the 
lifter body. In addition, the placement of the feet is of great concern. The right (or left foot should be in 
the position where the shin is vertical to the platform, and the behind leg (left or right) should be very 
little bend (Kipp et al., 2011). In some cases, where the bend is more than optimal, the lifters fail to stand 
with the barbell upward, while in the case where the leg is straight, the chances are the barbell will drop 
forward. 

                                
    a)       b) 
Figure 3.  a). The trajectory of the barbell of an elite Albanian weightlifter, b). The optimal model of jerk technique 

by the best lifters in the world 
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Conclusion 
The biomechanical parameters of clean and jerk lift of this elite lifter were similar with those of best in 

the world. The Maximum Velocity during the pull (1.61 m/sec) was lower in clean than the best lifter of 
the Olympic Games (1.72 m/sec). The change of velocity of the barbell in different phases of the lift is 
caused by different factors, such as the strength exerted, the length of the limbs. It is in the interest of the 
lifter not to use extra energy during the lifts. Thus, the concept, such as the attempts to minimize the loss 
of energy is to minimize the use of energy that is not related to performance. In clean performance the 
lifter should not execute an unnecessary movement. The results of this study are with the alignment of 
recent literature concerning the importance of power output during the explosive phase of the clean, 
where the forces applied from the lifter on the barbell are quite large, but only for a brief moment. The 
application of this phase movement is crucial not only in Olympic weightlifting, but in other sports as 
well, because of the so called triple extension that occurs (ankle, knee and hip joint) regarding the 
biomechanical parameters of optimal level in clean and jerk (Waller et al., 2007). Identifying these 
generic characteristics may help coaches in training weightlifters to overcome shortcomings in their 
performance (Carr, 2004). 
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Abstract 

The basic aim of this research was to determine the differences in spirometric parameters between 
Croatian taekwondo competitors, medal winners at the state, European and World championships, and 
those competitors who did not win a medal at the mentioned competitions.The research was conducted on 
54 (32 female, 22 male) Croatian taekwondo competitors. Besides the basic morphological measures, 
chronological age and training experience, the forced vital capacity (FVC) was measured, as well as 
forced expiratory volume in the first second (FEV1), Tiffeneau index (FEV1/FVC), medium part of the 
expiratory curve (FEF25-75) and forced expiratory flows at 50 % FVC (FEF50) and 25% FVC 
(FEF25).The differences between the groups of examinees were determined using the independent 
samples t-test.Statistically significant differences in spirometric parameters were obtained in the 
taekwondo competitors subsamples, and the differences were strongly emphasized in male competitors. 
The training process strengthens and causes the hypertrophy of the breathing muscles, as well as the 
increased conductivity of the airways, i.e., the increased ventilation function of the lungs.The mentioned 
differences are related to the growth of the total organism. As the size of the body increases, its need for 
oxygen increases, manifested by the increase of the size and the functions of the lungs.Since the medal 
winners were older, taller, heavier and had significantly longer training experience, the obtained results 
were expected. 
 
Keywords: function of the lungs, men, women, taekwondo, Croatia 
 
Introduction 

Taekwondo is a polystructural acyclic sport dominated by fast techniques of kicks of the legs into the 
body and head of the opponent, while the hand kicks are allowed only towards the head of the opponent. 
The movements are performed in all three planes (Vučić, Čular, Milić, 2014). 

According to the domination criteria of the energetic processes, taekwondo belongs to the group of 
high intensity anaerobic sports, characterized by fast and short actions. From the aerobic aspect, special 
energetic demands are set before the competitors by the need of participating in 4 or 5, and sometimes 
even more fights in one day of competition, with the aim of winning the gold medal (Čular, Krstulović, 
Tomljanović, 2011).  

Aerobic abilities are the key to fast recovery between the rounds and matches at competitions. The 
high aerobic capacity positively influences faster recovery during and after the training, i.e., competition. 
Regarding the different energetic needs, the training process is conceived with the aim of developing all 
the energetic systems.  

Research and studies related to taekwondo mostly cover the area of injuries, while the area of lung 
ventilation and functional diagnostics is barely covered. From the scientific point of view, the training of 
taekwondo athlete represents a great challenge to trainers, since taekwondo is, from the kinesiologic point 
of view, still a relatively unexplored area. In lack of relevant scientific research and cognitions, while 
planning and conducting training processes coaches still greatly depend on their own experience and 
traditional, unsubstantiated methods of preparing the competitors for the competition.  

Based on the cited facts, the basic aim of this research was to determine the existence of differences in 
spirometric parameters between Croatian taekwondo competitors, winners of medals at state, European 
and World championships and those competitors who did not win a medal at the mentioned competitions. 
 
Material and methods 
The research was conducted on 54 Croatian taekwondo competitors. From the total number of examinees, 
32 were women, and 22 men. Additionally, the examinees were divided into two groups: winners of 
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medals at state, European and World championships and those competitors who did not win a medal at 
the mentioned competitions. 

Except for the body height, body mass, chronological age and training experience, the following 
spirometric parameters were measured: forced vital capacity (FVC), forced expiratory volume in the first 
second (FEV1), Tiffeneau index (FEV1/FVC), medium part of the expiratory curve (FEF25-75) and 
forced expiratory flows at 50 % FVC (FEF50) and 25% FVC (FEF25). 

The dynamic spirometric examination was conducted in concordance with the recommendations of the 
American Thoracic Society (ATS, 1994), using the portable spirometer – microQuark PC Based 
Spirometer (Cosmed, Rome, Italy). The examinees sat with their nose clogged, and they performed three 
forced expiratory manoeuvres, as recommended by American Thoracic Society-ATS and European 
Respiratory Society-ERS.  

The best of the three repeated forced expiratory measurements was used for the analysis. The results 
were expressed in relative values (percentage) in relation to the predicted values (Miller et al., 2005). 

The data processing methods included the calculation of basic descriptive indicators: arithmetic mean 
(M), standard deviation (SD), Minimum (Min) and Maximum result (Max). Distribution normality was 
tested by the KS-test. The stability of the differences between the competitors who won the medals and 
those who did not was determined using the t-test for independent samples, and the data was processed by 
Statistica Ver. 12.00 computer programme. 
 
Results 

Table 1 shows basic anthropological indicators of the examinees. It is obvious that there was a 
significant difference in all the measured parameters between the examinees who won the medal and 
those who did not win the medal at the competitions. 
 
 

Table 1 Basic anthropological indicators of female competitors (N=32) 
 

             Medalists (N = 10)            No medal (N = 22) 

Variables M Min Max SD M Min Max SD 
Age (years) 15.26 12.94 19.10 1.98 11.53 10.08 13.75 0.85 
Body weight (kg) 52.80 43.00 64.00 6.03 41.32 29.00 66.00 9.61 
Body height (cm) 169.50 160.00 181.00 7.06 151.05 135.00 175.00 10.42 
Experience (years) 6.60 3.00 10.00 2.12 2.91 2.00 5.00 1.02 

Legend: M – mean; MIN – minimum result; MAX – maximum result; SD – standard deviation 
 
 

Table 2 shows basic anthropological indicators of male competitors (N=22) 
 

              Medalists (N = 9)         No medal (N = 13) 

Variables M Min Max SD M Min Max SD 

Age (years) 16.40 14.75 21.59 2.12 10.92 9.85 12.43 0.78 

Body weight (kg) 62.00 49.00 84.00 10.05 37.85 28.00 55.00 6.79 

Body height (cm) 176.00 167.00 186.00 5.85 147.15 135.00 162.00 7.83 

Experience (years) 7.33 4.00 10.00 2.06 2.77 2.00 5.00 1.01 
Legend: M – mean; MIN – minimum result; MAX – maximum result; SD – standard deviation 

 
 

Inspection of Table 3 shows that none of the variables exceeded the critical value of the K-S test and 
we can claim that they did not significantly deviate from normal distribution. Also, a very large span of 
the spirometric parameters results is noticed, which varies from the lower referent interval with mild 
ventilation obstructive difficulties, up to the above average values.  
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Table 3 Spirometric parameters of female medal winners (N=10) 

 
Variables M Min Max SD maxD K-S p 
FVC (%) 95.98 83.20 110.70 8.20 0.14 p > .20 
FEV1 (%) 102.95 76.20 121.20 10.32 0.14 p > .20 
FEV1/FVC (%) 105.96 91.30 113.30 6.01 0.17 p > .20 

FEF25-75 (%) 112.95 81.10 157.60 22.50 0.11 p > .20 

FEF50 (%) 105.09 72.40 151.20 22.89 0.09 p > .20 
FEF25 (%) 142.09 79.60 187.40 30.77 0.14 p > .20 

Legend: M – mean; MIN – minimum result; MAX – maximum result; SD – standard deviation;  max D –  coefficient of the 
Kolmogorov-Smirnov test; K-S p - the level of significance of the K-S test coefficient 

 
Table 4 shows that all the variables had normal distribution. The minimum values of spirometric 

parameters show mild restrictive difficulties and medium serious obstructive ventilation difficulties. The 
observed maximum values were above average. 
 

Table 4 Spirometric parameters of female competitors without the medal (N=22) 
 

Variables M Min Max SD maxD K-S p 

FVC (%) 91.19 71.50 120.20 13.16 0.23 p > .20 

FEV1 (%) 99.32 85.10 130.90 14.19 0.23 p > .20 

FEV1/FVC (%) 106.29 95.70 112.10 5.30 0.23 p > .20 

FEF25-75 (%) 110.94 70.10 152.90 26.75 0.19 p > .20 

FEF50 (%) 107.30 66.30 147.20 26.33 0.21 p > .20 

FEF25 (%) 109.55 61.80 158.90 29.25 0.13 p > .20 

Legend: M – mean; MIN – minimum result; MAX – maximum result; SD – standard deviation; max D –  coefficient of the 
Kolmogorov-Smirnov test; K-S p - the level of significance of the K-S test coefficient 

 
Table 5 shows descriptive indicators of spirometric parameters of male medalists. It is obvious that all 

the measured variables had the distribution that did not significantly deviate from the normal one. The 
minimum values of spirometric parameters are on the lower referent limit, while the maximum values are 
above average. 

 
Table 5 Spirometric parameters of male medalists (N=9) 

 
Variables M Min Max SD maxD K-S p 
FVC (%) 98.72 80.80 115.10 11.10 0.19 p > .20 
FEV1 (%) 110.81 82.40 127.30 13.65 0.18 p > .20 
FEV1/FVC (%) 112.17 101.90 117.90 4.55 0.13 p > .20 
FEF25-75 (%) 122.64 80.30 144.80 18.37 0.15 p > .20 
FEF50 (%) 121.48 82.90 148.30 18.93 0.17 p > .20 
FEF25 (%) 119.23 62.10 156.50 24.23 0.21 p > .20 

Legend: M – mean; MIN – minimum result; MAX – maximum result; SD – standard deviation; max D –  coefficient of the 
Kolmogorov-Smirnov test; K-S p - the level of significance of the K-S test coefficient 

 
Table 6 shows that all the used variables did not deviate significantly from normal distribution. The 

minimum values show restrictive and mild obstructive ventilation difficulties, while the maximum values 
are somewhat above the average of the norm value. 
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Table 6 Spirometric parameters of male competitors without the medal (N=13) 

 
Variables M Min Max SD maxD K-S p 

FVC (%) 90.89 67.90 102.80 11.64 0.26 p > .20 
FEV1 (%) 93.69 79.30 99.40 6.66 0.23 p > .20 
FEV1/FVC (%) 105.86 96.40 118.40 9.31 0.30 p > .20 
FEF25-75 (%) 96.02 78.10 113.70 11.13 0.14 p > .20 
FEF50 (%) 94.94 74.90 116.30 13.60 0.11 p > .20 
FEF25 (%) 93.93 76.20 113.70 13.33 0.15 p > .20 

Legend: M – mean; MIN – minimum result; MAX – maximum result; SD – standard deviation; max D –  coefficient of the 
Kolmogorov-Smirnov test; K-S p - the level of significance of the K-S test coefficient 

 
Table 7 shows the differences in spirometric parameters (determined by independent samples t-test) 

between Croatian female medalists and those without medals at state, European and World 
championships. The medal winners on average had higher values than the competitors without the 
medals. These differences were statistically significant in the FEF25 variable. 
 

Table 7  Differences of spirometric parameters of female competitors 
 

 Medalists (N = 10)         No medal (N = 22)  

  M SD M SD P 

FVC (%) 95.98 8.20 91.19 13.16 0.217 

FEV1 (%) 102.95 10.32 99.32 14.19 0.449 

FEV1/FVC (%) 105.96 6.01 106.29 5.30 0.889 

FEF25-75 (%) 112.95 22.50 110.94 26.75 0.826 

FEF50 (%) 105.09 22.89 107.30 26.33 0.810 

FEF25 (%) 142.09 30.77 109.55 29.25 0.009 
Legend: M – mean; SD – standard deviation;  p – independent samples t-test significance level 

 
 

Table 8 shows that there were statistically significant differences between Croatian medalists and 
those who did not win a medal in 4 to 6 measured spirometric parameters. The medalists achieved 
significantly higher values in FEV1, FEF25-75, FEF50 and FEF25 parameters. 
 

Table 8 Differences of spirometric parameters of male competitors 
 

  Medalists (N = 9) No medal (N = 13)  

  M SD M SD P 

FVC (%) 98.72 11.10 90.89 11.64 0.126 
FEV1 (%) 110.81 13.65 93.69 6.66 0.004 
FEV1/FVC (%) 112.17 4.55 105.86 9.31 0.054 
FEF25-75 (%) 122.64 18.37 96.02 11.13 0.001 
FEF50 (%) 121.48 18.93 94.94 13.60 0.002 
FEF25 (%) 119.23 24.23 93.93 13.33 0.010 

Legend: M – mean; SD – standard deviation;  p – significance level of the independent samples t-test 
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Discussion 
Regarding the ± 20% of the accepted value as the acceptable level of normal values, we can conclude 

that the competitors of both genders had regular spirometic results. However, observing the minimum 
results values of both groups, we can notice serious difficulties of restrictive, obstructive and combined 
type in some individuals.  

The obtained results of the morphological measures in female competitors in this research are 
congruent with previous findings (Marković, Mišigoj-Duraković and  Trninić, 2005; Čular, Erceg, 
Gabrilo., 2009). In both studies the female medalists were taller and heavier, compared to competitors 
without the medal.  

Also, the anthropometry indicators results in male medalists are congruent with the results of previous 
studies (Čular et al., 2011; Čular et al., 2013). The medalists were taller and heavier, in relation to other 
competitors.  

Observing the results of spirometric parameters in women, the results are somewhat unexpected. 
Although the medal winners were on average better in all the measured parameters, statistically 
significant difference was noticed only in FEF25 parameter.  

The obtained results of spirometric parameter differences in male examinees were expected, the 
medalists were statistically significantly better in almost all measured parameters, which is congruent 
with the results of previous research (Čular et al., 2009; Erceg, Grgantov, Rađa, Milić, 2013).  

The lung volume of athletes depends on the size of the body and it changes approximately in the same 
way as the height, until the age of 25. The mentioned changes are mostly expressed through widening of 
the existing alveoli and airways. Still, the influence of training on the respiratory system is significantly 
important. The exercises that demand high minute breathing volume encourage the growth and 
development of thorax in taekwondo competitors and the thorax becomes wider, longer and has more 
capacity. The so-called “sports lungs” develop a larger thorax, with larger air volume, and larger blood 
volume as well, and greater surface of lung alveoli. Further on, the training strengthens and causes the 
hypertrophy of the breathing muscles, as well as more economic breathing with lower frequency. In 
healthy people, the physical strain causes the increase of airways conductivity, i.e., the increase of the 
ventilation lung function. This effect of physical strain is based on the increase of the number of 
functionally active small airways and the dilatation of the bronchi and the bronchioles, and is probably the 
result of the decrease of the sympathicus tone. The conduct of taekwondo training during a prolonged 
period of time significantly improves the oxygen transport and usage system. The listed changes are 
related to growth of the total body. As the size of the body increases, its need for the oxygen increases as 
well, and this is manifested in the augmentation of lung size and function. Since the male medalists were 
older, taller, heavier and had significantly longer training status, the obtained results were expected.  

Although, regarding the morphological measures, chronological age and training status, the situation 
in women was similar, the expected statistically significant differences in the spirometric parameters were 
not obtained. This can be explained by the fact that this sample did not show significant difference in 
chronological age and training status, or height and weight. 
 
Conclusions 

The basic aim of this research was to determine the existence of significant differences in spirometric 
parameters between the Croatian taekwondo competitors, winners of medals at the state, European and 
World championships, and the competitors who did not win any medal at the mentioned championships.  

The observed subsamples of taekwondo competitors showed statistically significant differences in the 
spirometric parameters between the medal winners and other competitors. Those differences were more 
expressed in male competitors. It is well known that training strengthens and causes the hypertrophy of 
the breathing muscles, as well as the increase of the airways conductivity, i.e., the increase of the 
ventilation lung function. The medal winners in both subsamples of examinees had more experience in 
the training process, which explains the obtained differences.  

The number of examinees should be increased in future research, and the smoking and passive 
smoking questionnaire should be conducted, as well as allergy and asthma status, because partial results 
indicate the potential existence of the mentioned lung diseases. 
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Abstract: 

The aim of this research was to ascertain the possibility of subjective evaluation of different load 
intensities in judo training. It was assumed that there was a strong connection between the subjective 
evaluation of the load intensity and the perceived heart frequency in examinees, with different training 
load intensities. The sample of examinees in this research consisted of 10 judokas, of average age 21±3.2 
years, with training experience of 11±2.8 years. All the examinees are competitors and medal winners at 
the national level in following weight classes: -73kg, -81kg, -90kg, -100kg. The sample of variables 
consisted of 10 measured parameters: the evaluation of subjective load intensity of an examinee (ESLI) in 
5 points, and perceived heart frequency (HF) also in 5 points of measuring, or, training phases. A 
modified Borg RPE subjective load intensity scale CR10, ranging from 0 to 10, was used in the evaluation 
of subjective intensity variables. To ascertain the actual presence of several levels of load intensity, the 
univariate variance analysis was used for repeated measuring with Fisher LSD test in post-hoc analysis. 
The insight into the results showed the four levels of load intensity: low, moderate, high and maximum. 
The correlation analysis showed significant relationship between the ESLI and HF variables in two 
measuring points, at low and high intensity. The low relation between the ESLI and HF variables in other 
measuring points is explained by small number of examinees, relatively low variability of the RPE scale, 
and the application of only one parameter of objective load evaluation (HF). The research pointed out the 
importance of subjective evaluation of load intensity, which can be used as a good tool of training 
process planning and programming. 
 
Key Words: judo training, intensity, subjective load, exertion 
 
Introduction 

Judo is a combat sport and an Olympic sport that originated in Japan in 1882, and it belongs to the 
wrestling sports category. Judo athlete has to achieve a high level of fitness, technical, tactic and mental 
readiness to be able to compete or even simulate the fight during training, or else there is a high 
probability of injuries. Judo is an aerobic-anaerobic sport with emphasized anaerobic component. At 
competition, judo athletes have several fights, sometimes more than five in one day, with about 30 
minutes of pause. Judo fight lasts 5 minutes, but if the contestants are equal during five minutes of active 
fight, the duration of the fight is prolonged (Golden score) without limits, until one of the contestants 
achieves certain score advantage or gets a penalty. According to this, and regarding the fact that 
contemporary rules of judo demand exquisite fight dynamics, we can conclude that judo athlete at a 
competition has to perform extremely large amount of work, that is, extreme psychophysical strain. 
During the year, most of the time is spent planning and programming the preparatory training units before 
the competition. One of the important elements of training periodization is surely the subjective 
evaluation of strain intensity, which is one of the best indicators of physical strain (Borg, 1982). There are 
many ways of determining the level of exercise intensity. Some of them are Talk Test, Target Heart Rate 
Range and Borg scale Rate of perceived exertion (RPE). RPE actually means our subjective feeling of our 
body`s hard work. Although this is a subjective evaluation of the athlete, there is a high correlation 
between the RPE and real heart rate (Borg, 1998). The athlete indicates a numeric value on a scale 
ranging from 6 to 20, which, multiplied by 10, gives the theoretic heart rate frequency. There were many 
researches at the field of subjective intensity evaluation, so Bonitich et al. (2005) explored the relation 
between RPE and heart frequency in in judo fight. They obtained a statistically significant correlation of 
subjective load intensity evaluation and heart frequency. They concluded that RPE, as strain indicator, 
can be used in planning and programming judo training. Further on, Milanez and Lima (2011) explored 
the relation between heart frequency, measured lactates and RPE-S in karate. RPE-S is actually the 
evaluation of intensity of the whole training. Chino et al. (2014) explored the difference between the 



Research in Physical Education, Sport, and Health, Ohrid, 2014.  

 Conference Proceedings 244 

objective (heart frequency) and subjective (Borg scale multiplied by 10) evaluation of load intensity in 
wrestlers during a wrestling fight. After each round, a significantly lower subjective load intensity 
evaluation was noticed, compared to the objective one, as well as significant difference of subjective 
evaluation of winners and losers, although a statistically significant objective load intensity evaluation 
was not noticed. Kuvačić et al. (2013) explored the relation between RPA and heart frequency in amateur 
boxing training, where they found a high, but not statistically significant correlation. Also, they concluded 
that the Borg scale was a valid tool for evaluation of individual intensity levels.  

The aim of this research was to determine the subjective evaluation of different load intensities in judo 
training. It is assumed that there was a statistically significant relation between the subjective load 
evaluation and the observed heart rate frequency of the examinees, in different intensities of the training 
load. 

 
Material & methods  

The sample of examinees in this research consisted of 10 judo athletes, whose average age was 21±3.2 
years, and the average training experience 11±2.8 years. All the examinees were competitors, winners of 
medals at the official championships of the Republic of Croatia, in following weight categories: -66, -73, 
-81, -90, -100kg. The examinees participated in the measuring voluntarily, and were healthy and free of 
injuries prior to measuring.  The sample of variables consisted of 10 measured parameters: the evaluation 
of subjective load intensity of the examinees during: warm-up (RPE1), performing movement techniques 
(RPE2), performing techniques in static position – uchi komi (RPE3), performing throwing static 
techniques – uchi komi/nage komi (RPE4), breathing and stretching exercises (RPE5). The observed 
heart frequency during: warm-up (HR1), performing movement techniqus (HR2), performing static 
techniques – uchi komi (HR3), performing throwing static techniques – uchi komi/nage komi (HR4), 
breathing and stretching exercises (HR5). CR10, a modified Borg RPE scale for evaluation of subjective 
load intensity was used in evaluating RPE variables, with a scale ranging from 0 to 10. 
 
The RPE scale overview: 
 

0  Resting 
1  Minimum intensity 
2  Very low intensity 
3  Little intensity 
4  Sub medium intensity 
5  Moderate intensity 
6  Moderate intensity 
7  High intensity 
8  Very high intensity 
9  Sub maximum intensity 
10  Maximum intensity 

 
A Suunto Monitor System heart frequency monitor, of Finish production, was used in evaluation of HR 

variables (heart frequency). During the measuring, the examinees wore a heart frequency belt, the Suunto 
Dual Belt. The data was read on the screen of the Lenovo notebook computer, by telemetric system, that 
is, the Suunto Team Pod remote data transmission technology. The instructions were given to the 
examinees before the measuring (training). The training consisted of five parts: warm-up, movement 
techniques, static techniques, throwing static techniques and stretching exercises. During each part of the 
training, the examiner approached the examinee and noted the value of the subjective load intensity 
evaluation the examinee told him, based on the offered RPE scale. At the same moment of noting the 
RPE, the other examiner noted the values of heart frequency, which was unknown to the examinee. 
Therefore, the RPE and HR variables were collected in five points of measuring. 
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In concordance with the aim, the parameters of descriptive statistics were calculated: arithmetic mean 
(AM), standard deviation (SD), minimum (Min) and maximum (Max) result. With the purpose of testing 
the normality distribution, the empirical significance was calculated using the Kolmogorov-Smirnov test. 
In determining the statistic significant differences of heart frequency evaluation variables in five points of 
measuring, the ANOVA was used for the repeated measuring, with Fisher LSD test in post-hoc analysis. 
The Pearson correlation coefficient was calculated, with the aim of determining the connection between 
the subjective load intensity evaluation and the heart frequency evaluation variables 
 
Results & discussion 
 
Table 1. Results of the descriptive statistic parameters: arithmetic mean (AM), minimum (Min) and maximum (Max) 

result, Kolmogorov-Smirnov test (K-S). 
 

 AM MIN MAX SD K-S 

RPE 1 1.9 1 3 0.74 0.25 

RPE 2 2.9 2 4 0.87 0.25 

RPE 3 3.9 2 7 1.45 0.23 

RPE 4 4.9 4 6 0.87 0.25 

RPE 5 1.7 1 3 0.67 0.27 

HR 1 120.9 106 141 13.92 0.24 

HR 2 107.3 97 124 9.47 0.19 

HR 3 153.9 135 185 16.96 0.24 

HR 4 170.4 155 190 12.22 0.14 

HR 5 103.9 82 125 14.57 0.20 

 
Boarder value of K.S test for N=10 is 0.40 p=0.05 

 
 

In table 1 we can see the results of the descriptive statistic parameters: arithmetic mean (AM), 
standard deviation (SD), minimum (Min) and maximum (Max) result and Kolmogorov-Smirnov test 
(max D) of the variables used in checking the data distribution normality for the variables of the 
subjective load intensity evaluation, as well as the variables for heart frequency evaluation in all five 
points. From the K-S test results we can see that all the variables had normal distribution. Also, we can 
see that the average RPE value was lowest in the last point of the measuring (1.7), what is logical, 
regarding the fact that this part of training consisted of body relaxation after the hard training, with 
muscle stretching exercises. On the other hand, the highest middle RPE value was measured in the fourth 
point (4.9), the highest intensity part of the training in which the examinees performed two uchi-komi 
with maximum speed and explosiveness, combined with one nage-komi, or, three repetitions of static 
technique, in which after the third repetition the throwing of uke was performed. During the whole 
measuring, a minimum value of the subjective load intensity evaluation was determined, in the amount of 
1, in point number one and five, while the maximum value of 7 was measured in point number three. The 
medium values of heart frequencies were similar to the values of subjective load intensity evaluation, so 
the lowest medium HR value was measured in the fifth point of measuring (103.9 b/min), while the 
highest medium HR value was measured in the fourth point of measuring (170.4 b/m). During the whole 
measuring, the minimum heart frequency was measured in the fifth point of measuring (81 b/min), and 
the maximum value in the fourth point of measuring (190 b/min). 
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Graph 1. Graphical representation of the average values of subjective load intensity evaluation and heart frequency 
 

Line Plot ( 8v*10c)

 RPE
 HR1TM 2 TM 3 TM 4 TM 5 TM

1

2

3

4

5

6

100

110

120

130

140

150

160

170

180

 
 

Graph 1 shows the average values of the subjective load intensity evaluation and heart frequency in all 
five points of measuring. We can see that the line of the average heart frequency value falls from the first 
to the second point of measuring and significantly increases in the third and the fourth point of measuring, 
and it suddenly falls and has the lowest value in the fifth point. The line of the subjective load intensity 
evaluation has a mildly different movement dynamics which linearly increases from the first to the fourth 
point, and, same as in heart frequency, suddenly falls in the fifth point of the measuring. To determine 
whether the load intensities were different in all five points of measuring, the univariate variance analysis 
was applied for the repeated measuring with Fisher LSD test in post-hoc analysis on the noted heart 
frequencies. 
 

Table 2. ANOVA results for the repeated measurings with Fisher LSD test in post-hoc analysis 
 

 HR 1 HR 2 HR 3 HR 4 HR 5 
HR 1      
HR 2 0.00     
HR 3 0.00 0.00    
HR 4 0.00 0.00 0.00   
HR 5 0.00 0.37 0.00 0.00  

 
The table 2 shows ANOVA results of the repeated measuring with Fisher LSD test in post-hoc 

analysis. The aim of this analysis was to determine the existence of statistically significant differences in 
all five points of measuring for the observed heart frequencies of examinees as an objective measure of 
the load intensity. The results indicated that there was no statistically significant difference in load 
intensity between the second and the fifth point of measuring, while a statistically significant difference in 
load intensity was determined in all the remaining points. According to the abovementioned results, it can 
be concluded that, based on the observed heart frequency, there were four levels of load intensity: low, 
moderate, high and maximum intensity, and Kuvačić et al. (2013) obtained similar results, identifying 
three levels of load intensity in five points of heart frequency measuring. The low work intensity was 
noted in the second and the last part of the training, during the performance of movement techniques 
without throwing and resistance (uke) and during muscle stretching exercises. The moderate work 
intensity occurred in the first part of the training, when the examinees increased body temperature by 
running, stretching the joints and performing gymnastic exercises, preparing for the following part of the 
training. The high work intensity occurred in the third part of the training, during the uchi-komi technique 
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performance, and maximum work intensity in the fourth part of the training, during the fastest and the 
most explosive performance of uchi-komi, combined with nage-komi.  
 
Table 3. Correlation of the subjective load intensity evaluation variables and heart frequency evaluation variables 

 
 HR1 HR2 HR3 HR4 HR5 

RPE1 0.05     
RPE 2  -0.68    
RPE 3   0.73   
RPE 4    0.09  
RPE 5     0.19 

 
In table 3 we can see the correlation of the subjective load intensity evaluation variables and heart 

frequency evaluation variables. The correlation coefficient is within the range of -0.68 for the second 
point of measuring and up to 0.73 for the third point of measuring. In the first point of measuring, when 
the examinees performed exercises with moderate load intensity (the part of training when the examinees 
warmed up, stretched and performed gymnastic exercises) we can notice the insignificant correlation of 
RPE and HR (0.05). In the second point of measuring the examinees performed exercises with low load 
intensity (performing the movement technique without resistance of uke and without throwing), the 
measured subjective evaluation of intensity was in a statistically significant correlation with the objective 
evaluation (-0.68). In the third point the correlation grew and was also statistically significant, the 
examinees performed uchi-komi with high strain intensity (0.73). In the fourth point of measuring the 
correlation fell (0.09), the examinees performed an exercise with maximum load intensity (the aim was 
the fastest and the most explosive uchi-komi, combined with nage-komi). In the last part of the training, 
the one with low load intensity (fifth point of measuring), the correlation between RPE and HR grew 
(0.19), but was still low and statistically insignificant. The obtained results indicated a statistically 
significant relation between the observed heart frequencies and the subjective load intensity evaluation in 
two points of measuring, that is, the second and the third point. Kuvačić et al. (2013) did not obtain a 
statistically significant relation between RPE and HR variables in boxers in all five points of measuring. It 
was expected that in the first point the HR and RPE results would not be significantly statistically related 
because of the series of physiological processes that happen during the warm-up, the preparation of the 
body for the intensive exercise, so the subjective evaluation is difficult. In the second point, we can see a 
statistically significant correlation and complete disharmony between the RPE and PSI variables, we can 
notice that the relation between the variables was inversely proportional; the result increase in the RPE 
variable followed the decrease of the HR variable result. Hadad et al. (2014) emphasize that the subjective 
load intensity evaluation measured by RPE scale was greatly influenced by physical and psychological 
factors. The assumption is that the examinees, by passing from the first to the second part of the training, 
physiologically and psychologically prepared for the increased load intensity that did not happen in the 
second, so called technical part of the training, because the examinees perfected the exercise on a high 
level (energy loss level was brought to minimum, while the efficiency reached very high level), what was 
expected regarding their high average training experience value (11 years). In the third part a statistically 
significant relation was observed, in this case a positive correlation where the examinees successfully 
recognised high work intensity, and it can be explained by the period in which the measuring took place, 
the period of competitions when the examinees are exposed to relatively frequent discontinued and 
interval types of training and competitions. In the fourth point of measuring a significant relation was not 
determined, it is possible to assume that the examinees, in passing from the third part of the high intensity 
training into the fourth, got tired and were not able to objectively evaluate the load intensity in the 
following part of the training, which had maximum load intensity. It is interesting that in third and fourth 
point of measuring of high and maximum load intensity the RPE values were lower than the HR values. 
Furthermore, similar results were obtained by Chino et al. (2014) in the analysis of the wrestling fight. In 
this research, during the high intensity load, the subjective evaluation was somewhat lower than the 
objective one, and the researchers listed the effect of daily training as a possible cause, or the high fitness, 
mental, technical and tactical preparedness of the athlete. In the last point of the measuring the examinees 
could not successfully evaluate the load intensity, in spite of stretching, breathing and relaxing exercises 
whose intensity was low. 
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Conclusions 
The aim of this research was to determine the possibility of subjective evaluation of different strain 

intensities in judo training. The paper indicated the importance of subjective strain intensity evaluation, 
which can be used as a good tool in planning and programming the training process. The analysis of the 
descriptive statistical measuring parameters can lead towards a conclusion that the range of heart 
frequency was from 82 to 190 heartbeats a minute, and that the examinees, on a subjective load intensity 
evaluation scale, indicated values from 1 to 7. To determine the real existence of different levels of load 
intensity, the univariate variance analysis was used for the repeated measuring with the Fisher LSD test in 
post-hoc analysis. The insight into the results determined four levels of load intensity: low, moderate, 
high and maximum. Low work intensity was noted in the second part of the training during the 
performance of the movement techniques without throwing or uke resistance, and at the end of the 
training, when the examinees stretched their muscles and relaxed. The moderate work intensity was 
noticed in the introductory, first part of the training, when the examinees increased their body temperature 
by running, stretching the joints and performing gymnastic exercises. The high load intensity was noticed 
in the third part of the training, during uchi-komi performance, and the maximum load intensity in the 
fourth part, when the examinees performed uchi-komi combined with nage-komi. The correlation analysis 
determined statistical correlation of the RPE and HR variables in the second and the third point of 
measuring. In the second point of measuring, the correlation of RPE and HR variables was negative (-
0.68), the examinees did not successfully recognise the low load intensity; the assumption is that the 
examinees expected a greater load intensity, but it did not happen. Although the exercise that the 
examinees performed in the second part of the training demanded high quality knowing of different 
techniques, it still was not sensitive enough for the load intensity increase (as the examinees expected). In 
the third point of measuring, the correlation between the variables was significant (0.73) and the 
examinees recognised the high work intensity, what was explained by the development of their “sense” 
for the anaerobic trainings, which were relatively common for them at the time of the training. Low 
correlation of the remaining points of measuring can be explained by the small number of examinees, a 
lower sensitivity of the RPE scale in relation to FS scale, applied only in one parameter of the objective 
load evaluation (HR) and the fatigue of the examinees in the last two points of the measuring. The 
methods of load intensity evaluation used in this research can be useful for all the judo trainers in 
improving the performances of their judo athletes. In future research, it is recommended to observe other 
parameters of objective load intensity indicators (e.g. blood lactates). 
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Abstract:  

The analysis of a volleyball game clearly shows the dynamics of this sport as well as the fact that it is 
based on the speed and strength reactions of the players. The aim of this paper was analysing the 
collected researches and determining the importance of strength for achieving success in the game. Our 
research included 20 papers. A vast majority of the collected papers dealt with the importance of the 
explosive strength in volleyball and the related training process, especially regarding the vertical jump. 
The results of all the analysed researches point to the vital importance of this ability for the successful 
realization of almost all technical and tactical elements in volleyball. 
 
Key words: volleyball, training process, strength, research    
 
Introduction   

According to classification of sports, volleyball is a sports game and one of the most popular sports of 
today, Playing volleyball means a specific way of living one’s life and can last their entire lifetime. It is 
very difficult to give a precise answer to what characteristics distinguish top volleyball players from the 
average ones duet to the complexity of this game. All the experiences thus far in sports training indicate 
that one of the most important motor abilities which are crucial to successful practicing of volleyball is 
strength, or more precisely explosive strength possessed in the vertical jump. It is for this reason that most 
of the published papers that deal with strength in volleyball are primarily concerned explosive strength. 
Explosive strength makes up the predominated 50% of strength used in this sport during physical 
preparations, along with working on one’s coordination and aerobic capacity. Considering that every 
volleyball action and every movement are carried out with maximum speed, it is quite logical that 
explosive features are the top of the hierarchy of demanded abilities. By developing this segment we 
complete the total frame of a sports player and are providing an even better chance for success. An 
important item in carrying out development of any ability, and thereby this one as well is the proper time 
for action.  This implies that every ability has its sensitive period when it is best to act on its development. 
There are various exercises for developing explosive strength and the effectiveness of the same will 
depend on the correctness of performance, motivation of the players, but also the creativity of their coach 
as well.  
 
Materials and Methods         

This research paper avails itself of the following methods: description method, systematization 
method, analysis method, and comparison method. In accessing literature for this work the index bases of 
Web of Science, Medline, and Google Scholar. 
 
Results     

The total number of papers in the research bases amounted to 270. Upon the primary selection, 200 
papers were eliminated based on titles, another 20 based on their year of publishing (dating back to more 
than 15 years ago) and 30 papers were not taken into consideration due to  repeated titles. After the 
completion of the analysis 20 papers suited the set criteria completely and were subjected to further 
analysis.  

Among the 20 analyzed papers, the tested groups in 10 of them consisted of volleyball players (Little 
League, cadets, Juniors, and Seniors); in 9 papers the experiments were carried out with female volleyball 
players, while only one paper was based on test groups consisting of both male and female volleyball 
players.  

In as many as 14 papers the object of study was the impact of a specific model of training on the 
development of the explosive strength of a particular type of jump. Only 6 papers dealt with the 
development of general strength under the impact of programmed training.  
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The most frequent type of experimental training that the participants were subjected to was plyometric 
training, which in all analyzed research led to statistically significant results in regard to improving the 
explosive strength of various types of jumps.  

The shortest research was conducted in four weeks while the longest research was conducted in 
twenty-four weeks’ time.   

Nineteen collected and analyzed research studies bore positive results of the experimental treatment on 
strength development except in one research where no records of statistically important differences 
between the initial and final measurements made. 
 
Discussion  

Based on the collected and analyzed papers it can be concluded that he foundation of the strength and 
conditioning training for volleyball players consists of the following: 50 % explosiveness training (jumps, 
sprints, agility...) , 25 -30 % strength training (fitness), 20 % aerobic training (high-intensity intervals 
method)   (Nejić, Herodek, Živković & Protić, 2010). 

Considering that between 250 to 300 actions during one volleyball match consist of jumps by 50 to 60 
% it is clear that the effectiveness of a spike and smash in volleyball is closely related to the level of 
relative strength one has developed, explosive strength, and leap endurance of volleyball players. 
Meanwhile, serving technique and service reception technique are closely related to their relative and 
explosive strengths.  ( Filina, Kasatkina & Maksimenka, 1978).  

Also, the results of research done thus far speak clearly of the differences between the latent 
morphological and motor abilities space in relation to the quality of the techniques, situational efficiency, 
and the years of  age of the participants. The achieved results clearly indicate the significant differences in 
strength performance of male volleyball players and female volleyball players of different age groups and 
levels of skills and knowledge. (Grgantov, 2005; Nešić, 2006; Đurković, 2009)   

Muscle strength is extremely important when it comes to most sports of today, and considering that 
every play and movement are executed at maximum speed it is very logical that explosive strength is at 
the top of the hierarchy of required abilities. Based on this, it is safe to say that out of the entire volume of 
strength and conditioning training as much as 50 % of it should be devoted to training and development 
of the said features of explosiveness.     

Explosive strength, as the most important segment of the player’s abilities and activities during a  
game of volleyball is not only displayed through achieving a certain height in one’s jump or utilizing 
maximum strength but also through selecting the proper moment to put the same to action. (Lehnert, M., 
Lamrova, I. & Elfmark, M. 2009). 

Men and female volleyball players alike use their explosive strength in their vertical and horizontal 
movements and all others. Considering that the game of volleyball is played on a relatively small space 
compared to the number of players and that all actions are carried out extremely quickly it is important 
that the players bring their explosive strength to the highest possible level so that they would react timely 
to each ball and better their opponent in collaboration with their teammates. Performance of one’s 
strength during a volleyball match is determined by the fact that the time during which the strength 
reaches its peak is between 0.5 and 0.7.sec., while performance of explosive strength requires 
significantly less time. For this reason, transformation of one’s maximum strength into explosiveness 
requires a specially programmed training. ( Lehnert, M., Lamrova, I. & Elfmark, M. 2009) 

Considering that the game of volleyball consists of frequent jumps and quick changes in direction of 
movement, one’s explosive strength comes in as the most predominant. By developing this type of 
strength one can improve the entire result one needs to achieve. This being an innate ability for the most 
part leaves us little possibility for improvement of the same and thus it is of vital importance that we 
approach its development properly and on time. The most adequate period for working on developing 
one’s motor abilities, as well as improving a sports player’s overall and specific shape and form is 
definitely the period of training and preparation.  

However, it is possible to work on one’s muscle strength and power not just during the prepping 
period but during an entire season as well. (Marques, Roland, Jason & Gonzales-Badillo, 2008; Lehnert, 
Lamrová & Elfmark, 2009). Nevertheless it is necessary to properly choose the method of training, one’s 
resources, levels of exertion and adjust it all of the aforementioned to the age and individual 
characteristics of each particular sports player. In order for all of this to be correctly applied it is 
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necessary to undergo tests which would follow development of the player’s strength. These are primarily 
simple tests such as vertical jumps, horizontal jumps, sprints, throws and the like. In addition, modern 
diagnostic apparatus allows exact recording of a number of different parameters that measure the 
components of explosive strength. (Čanaki, Šoš & Vučetić, 2005). 

Jumping movements are very frequent in volleyball. One performs vertical jumps for the most part, 
but there is also the forward/horizontal jump. Jumping is performed as combined, both horizontal and 
vertical, while lifting one leg and both legs, while turning around in the air or with the front part of the 
body facing the net. The entire training designed for strength development in volleyball is formed based 
on the above facts. (Milić, 2011).       

From the perspective of hierarchy, one of the most adequate and most frequent types of training used 
for the purpose of further developing explosive strength is most definitely plyometric training which 
provides the most significant results when it comes to the development of this motor ability. It is this 
exact training that has been practiced the most in volleyball over the last ten years. In fact, a great number 
of research papers on this very topic has been published.  (Stojanović & Kostić, 2004; Milić, Nejić & 
Kostić, 2008; Nejić, Herodek, Živković & Protić, 2010; Vassil & Bazanov, 2011).  

When planning and forming a program for plyometric training with the aim of developing a player’s 
explosive strength an individual approach is very important to apply an individual approach. (Stojanović 
and Kostić, 2004).  Along with plyometrics, explosive strength can further be improved by applying 
technical and strategic content (Stojanović & Kostić, 2004), as well as applying "countermovement" 
jumps with extra exertion which also provides good results in the developmentr of this ability(Sheppard, 
Dingley, Janssen, Spratford, Chapman & Newton, 2010)   

The aim of each well-planned and programmed training is increasing the overall capabilities of sports 
players for the challenges of competition. The choice of resources used in training  and the exertion the 
player is exposed to does not necessarily have to be directed primarily towards further development of 
one’s explosive strength, but the very structure of both volleyball practice and matches where vertical 
jumps prevail will certainly contribute significantly to positive changes in the capacities of this most 
crucial rmotor ability in an individual when it comes to the game of volleyball. (Đurković, Marelić & 
Rešetar, 2007) 

However, it is not jut a well-programmed training that  that is crucial to the development of a person’s 
explosive strength. An individual’s anthropometric characteristics, used as a pre-indicator have a 
significant impact on the demonstarion of the explosive strength of volleyball players  (Stojanović, 
Nikolić & Nešić, 2006), and strength in general. (Jurko, Grgantov & Ćular, 2008). Bearing this in mind, 
an accurate prognosis of results in strength tests is possible based on anthropometric conditions of the 
tested individual. 

 
Conclusion 

In the analysis of research done thus far on the importance of strength in volleyball, which was the aim 
of this paper as well, one can conclude how big is the impact of this ability for a successful realization of 
all technical and tactical elements of the game. We have also highlighted the significance of explosive 
strength in the form of vertical jumps. To support this, it should be mentioned that the biggest number of 
papers published on the subject of strength in volleyball deals with the significance and training of 
explosive strength for both male and female volleyball players.  

Further and more detailed research on the subject of strength development, as one of the most 
significant factors for success in volleyball would help the advancement of this Olympic sport by large.   
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Abstract: 

The goal of the research was to determine the level of relation between body dimensions and 
competitive success in alpine skiing. There were 28 competitors included in the research, aged 11-12 
years, who were competing in the category of younger boys for the Children Grand Prize of Slovenian Ski 
Association (Mercator Cup in 2012/13). The following 6 body dimension parameters were used in the 
research: average knee circumference (AKC), average thigh circumference (ATC), body weight (BW), 
body height (BH), body fat percentage (BF%) and body mass index (BMI). The data was measured with a 
device for measuring anthropometric dimensions (3D Body Scan). The criterion variables (competitive 
success) was determined on the base of total amount of points gained in the Mercator Cup (PTS). The 
analysis showed that the influence of body variables (BV) on the success of younger categories in alpine 
skiing (PTS) is statistically significant (BV/PTS; R=0.654). The body height (BH; r=0.5) and the body 
weight parameter (BW; r=0.471) has the greatest influence on the competitive success, while the body fat 
percentage is the only parameter which doesn't represent so much statistically significant influence. From 
the collected data big differences in physical development of measured boys are evident, as they are in 
the pre-puberty development phase and therefore some of them physically develop earlier, while others 
are physically developed later. 

 
Key Words: alpine skiing, body characteristics, young categories, successfulness  
 
Introduction 

Alpine skiing is a sport  in which the success in competitions depends on various internal and external 
factors that are related to each other. The findings of the studies are confirming the fact that the success in 
sports mainly depends on the level of development of basic and special motoric abilities (Bandalo & 
Lešnik, 2009; Dolenec, 1996; Neumayr et al., 2003; Platzer, Raschner, & Patterson, 2006; Žvan & 
Lešnik, 2000), but in addition to these also on many other dimensions that can in a given situation each 
individually ifluence on the performance (Turnbull, Kilding, & Keogh, 2009; White & Johnson, 1993). In 
alpine skiing the final result beside psychophysical preparation of competitors depends also on 
competition conditions such as steepness of the slope, icy conditions on the course, technical complexity 
of the gates combination (Federolf et al., 2008; Heinrich et al., 2010; Reid et al., 2009; Supej, 2008), 
equipment and other factors, among which also the body dimensions of the competitors are included 
(Černohorski & Pustovrh, 2008; Luethi & Denoth, 1987; Norton et al., 1996; Savolainen, 1989; 
Thompson, Friess, & Knapp II, 2001). Especially the latter are according to observations in practice 
important particularly with children, as they can be a huge factor by faster sliding down the hill (Müller & 
Schwameder, 2003; Ducret, Ribot, Vargiolu, Lawrence, & Midol, 2005). In children's competitions for 
younger boys (11 and 12 years old) it often happens that physically stronger children are in the front. It is 
a fact that physically stronger competitors have an advantage, especially on more open and technically 
less difficult competition courses, therefore this fact is to be considered by tracing the courses in the 
competition events in the future. 

The biggest differences in psychomotorical and physical development of children are evident in the 
developmental stage of adolescence, which by girls occur between the ages 11-16 and slightly later by 
boys between the ages 12-18 (Faigenbaum, 2000; Thompson, Humbert & Mirwald, 2003). The 
developmental stage of adolescence begins with the pre-puberty phase, which by boys lasts between the 
ages 12-14 and in alpine skiing coincides with the competition category of younger boys (SAS, 2012). In 
this developmental phase the so called growth spurt is characteristic and consequently leads to a fast 
increase of some body dimensions, especially body height and body weight (Marjanovič et al., 2004).  

The main goal of the research was to determine the level of relation between individual variables of 
body measurements and the rate of competitive success among the competitors between the ages 11-12 
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(the category of younger boys) in alpine skiing. It is a case of measurement sample of participants that are 
in a delicate developmental stage, in which the start of a rapid physical development is characteristic, 
with some of the competitors beginning earlier and with others later (Pišot et al., 2003). By setting the 
goals of the research we also considered the fact that to date not many studies have been carried out, in 
which on a sample of young competitors it could be confirmed that the success in competitions in 
younger competitive categories among other factors also depends on body measures.  
 
Material & methods  

The sample of participants included 28 competitors in the category of younger boys (aged 11-12 years, 
born in years 1999 and 2000), who 1.) are without injuries included in the regular training process on the 
club level or on the level of the national kids team, 2.) in ski season 2012/13 competed in the Mercator 
Cup and by calculating their rankings gained adequate number of points, 3.) were present at the body 
dimensions measurements before the start of the ski season (19th October 2012).  

The testing of body measures was performed at the Faculty of Sport in Ljubljana on 19th October 
2012. Body measurements data was collected with a help of a device [TC]² 3D Body Scan (Fig 1), which 
represents the most modern technology for acquisition of body measurements information (TC2 - 3D 
Body Scanning, 2011) and on the basis of expert opinion we applied the following six variables (BV) for 
further calculations: 1.) average knee circumference (AKC), 2.) average thigh circumference (ATC), 3.) 
body weight (BW), 4.) body height (BH), 5.) body fat percentage (BF%), and 6.) body mass index (BMI). 
 
 

 
 

Figure 1: 3D Body Scan  
 
The rating of competitive success of the participants was conducted on the base of achieved results in 

the Mercator Cup between 12th January 2013 and 30th March 2013. Points scoring in the Mercator Cup 
is conducted in accordance with officially defined rules of Slovenian Ski Association (SAS, 
2013http://www.sloski.si/resources/files/pdf/alpsko-smucanje/11-12/Tekmovalni-sistem-2012.pdf). In the younger 
boys category there were 10 races in both technical disciplines performed, 5 slaloms and 5 giant slaloms. 
The competitive success rating of participants sample was calculated on the basis of gained points in the 
Mercator Cup at the end of ski season 2012/13. As a criteria we used the amount of points that individual 
gained when combining his best two results in slalom and best three results in giant slalom (2xSL+3xGS). 
The more total cup points won, the higher the ranking of the competitor (Table 1).    
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Table 1: Ranking of competitors based on the calculation of achieved points in the Mercator Cup (Šteharnik, 2013). 
 

Rk COMP PTS Rk COMP PTS 
1. A1 705 15. O1 175 
2. B1 705 16. P1 152 
3. C1 690 17. R1 146 
4. D1 601 18. S1 142 
5. E1 540 19. T1 140 
6. F1 491 20. U1 118 
7. G1 462 21. V1 86 
8. H1 434 22. W1 85 
9. I1 360 23. X1 78 

10. J1 309 24. Y1 39 
11. K1 280 25. Z1 36 
12. L1 278 26. A2 34 
13. M1 256 27. B2 32 
14. N1 186 28. C2 23 

Legend: Rk – ranking of competitors; COMP – competitor; PTS –  
amount of points gained in the Mercator Cup in season 2012/13 

 
Data analysing methods: Measured data was processed with a help from the statistical package SPSS 

- statistical package for social sciences. In the first step we calculated basic statistical parameters (N, 
Mean, SD, Min, Max) of all the applied variables, followed by determining a relation between individual 
variables of body measures and the criterion variables using the method of Pearson's correlation 
coefficient (r). The main part of the research is associated with the calculation of relation of the whole 
applied set of body measures variables (BV) with criterion variable (PTS), which was determined by 
multiple regression analysis and the calculation of multiple coefficient of correlation (R and R Square).  
 
Results 
 

Table 2: Results of basic statistics of body measures variables of older boys in the Mercator Cup 2012/13 
 
 BV PTS 
 AKC ATC BW BH BF% BMI PTS 
N 28 28 28 28 28 28 28 
Mean 36.907 51.432 52.46 162.29 6.62 19.47 270.82 
SD 2.8213 5.2893 11.075 9.929 4.951 2.769 223.446 
Min 31 44 35 144 2 16 23 
Max 42 64 78 178 20 25 705 
Legend: N – number of participants, Mean – average value of measured results, SD – standard deviation, Min – lowest measured result, Max – highest measured 
result, BV – body variables, AKC - average knee circumference,ATC - average thigh circumference, BW -body weight, BH - body height, BF% - body fat 
percentage, BMI - body mass index, PTS – cup points (criterion variable). 

 
By analysing table 2 it is evident that body measures data (BV) in this sample of participants varied 

the most by body weight (BW; SD=11.075) and body height variables (BH;SD=9.929). The 
measurements show that the difference between the highest (BH; Max=178 cm) and the lowest (BH; 
Min=144 cm) is 34 cm. There is also a big difference (43 kg) between the heaviest (BW; Max=78 kg) and 
the lightest participant (BW; Min=35 kg). By body fat percentage variable (BF%) and average thigh 
circumference variable (ATC) the differences are also big, as the difference between the smallest (ATC; 
Min=44 cm) and the largest average thigh circumference (ATC; Max=64 cm) is 20 cm. The results of the 
participants vary the least by body mass index variable (BMI; SD=2.769) and average knee 
circumference variable (AKC; SD=2.821).   
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Table 3: Results of calculation of Pearson's correlation coefficient (r) with body measures variables and 
performance success rating of older boys in Mercator Cup 2012/13 

 
The method of calculating Pearson's correlation coefficient (r) and statistical significance (Sig.) 

showed that the results of the four applied variables (AKC; Sig.=0.034*, ATC; r=0.040*, BW; r=0.006** 
and BH; r=0.003**) are highly and statistically significant related to competitive success (PTS). Very 
close to the border of risk level 5% of statistically significance correlation to competitive success is also 
body mass index variable (BMI; Sig.=0.06). By body fat ratio variable (BF%; Sig.=0.393) the 
calculations didn't show statistically significant correlations to criterion variable. By analysing the table it 
is evident, that the criterion variable (PTS) is influenced the most by body height (BH; r=0.5) and body 
weight (BW; r=0.47), followed by average knee circumference variable (AKC; r=0.349) and average 
thigh circumference (ATC; r=0.336) and finally body mass index (BMI; r=0.3), while body fat percentage 
(BF%; r=-0.05) didn't influence the achieved cup points (PTS). 
 
Table 4: Results of calculation of multiple coefficient of correlation between body measures variables and results of 

older boys in Mercator Cup 2012/13 (Šteharnik, 2013). 
 

 R R Square Sig. F 
BV/PTS 0.654  0.428 0.047* 
Legend: BV/PTS – body measures variables/criterion variables, R – multiple coefficient of 
correlation between body measures variables (BV) and criterion variable (PTS), R Square 
– coefficient of determination R, Sig.F – statistical significance of the multiple correlation, 
* - level of risk 5%, ** - level of risk 1%. 

 
The results of calculation of multiple coefficient of correlation (R=0.654) confirm the high value of 

correlation between the whole applied set of body measures variables (BV) and the criterion variable 
(PTS). The coefficient of determination percentage (R Square=0.428) of the whole set of body measures 
variables (BV) is almost 43%, while the multiple correlation of included variables sample and 
competitive success (PTS) is statistically significant at the risk level of 5 %. 
 
Discussion 

The present research evolved from the conclusions based on the practical experience. The first goal of 
the research was to find out, if body measures have any influence on success of young athletes in alpine 
skiing. With obtained results we have confirmed the fact, that in the phase of pre-puberty competitive 
success of our measured sample of participants in the Mercator Cup is among other factors influenced 
also by body measures (Tables 3 and 4). Total number of points gained in the competitions was mainly 
influenced by body height (BH; r=0.003**) and body weight (BW; r=0.006**), which means that 
physically taller and heavier competitors achieved better results in the Mercator Cup in the season 
2012/13 compared to competitors with lower body weight and height. Maybe the reason, in addition to 
genetic factors (Silventoinen, Kaprio, Lahelma & Koskenvuo, 2000), for the biggest heterogeneity of 
results in the mentioned two body measures categories is also the fact that the smaller and lighter 
competitors haven't yet reached the pre-puberty phase and are therefore in comparison to their peers in 
underprivileged situation. Body height (BH) and weight (BW) are highly correlated to each other 
(Bandalo & Lešnik, 2009), as well as statistically significant related to success rate of the observed 
sample of participants (Table 3). Thus our practical observations are fully confirmed. According to 
negative effects of rapid growth on movement coordination one could expect that smaller competitors 
would be more successful and proficient in the competitions (Marjanovič Umek, 2004). Results of both 

 PTS BV 
 PTS AKC ATC BW BH BF% BMI 

R 1.000 0.349 0.336 0.471 0.500 -0.054 0.300 
Sig.  0.000 0.034* 0.040* 0.006** 0.003** 0.393 0.060 

Legend: r – Pearson's correlation coefficient of individual body measures variables compared to criterion variables (PTS) , Sig. –  statistical significance of 
correlation between body measures variables and criterion variable (PTS), BV – body variables, AKC - average knee circumference, ATC - average thigh 
circumference, BW -body weight, BH - body height, BF% - body fat percentage, BMI - body mass index, PTS – cup points (criterion variable)., * - level of risk 
5%, ** - level of risk  1%.  
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body measures obtained in our research on the sample of 11 and 12 year-old competitors show that higher 
values in both body measures categories represent an advantage in the competitions.  

Average knee circumference (AKC; Sig.=0.34*) and average thigh circumference (ATC; Sig=0.040*) 
in comparison to body height (BH) and body weight (BW) have less influence on success of young 
competitors, but still statistically significant at the level of 5% risk. Due to the relatively low body fat 
percentage in our measured sample (BF%; Mean=6.62) we can conclude, that in the observed sample of 
participants prevalent quantity of muscle tissue contributed the most to the measured results of body 
voluminosity variables (AKC, BW, BF% in BMI). Results from Table 2 confirm that none of the 
participants excessively deviates from the average (BF%; SD=4,9 in Max = 20). Because in our 
conclusion the body fat percentage variable (BF%) in comparison to other body measures is the least 
correlated to success (BF%; Sig.=0.393), we can conclude that at the ages 11-12 muscle and fat tissue 
ratio doesn't have significant influence on competitive success.  

From Table 2 it is evident that among all body measures variables (BV) body mass index (BMI) has 
the least variability of measured data (BMI; SD=2.76). This means that the homogeneity of results is the 
highest, although the influence of this variable on competitive success in comparison to body weight 
influence (BW) is lower, but still at the border of statistical significance (BMI; r=0.3, Sig.=0.06). In 
younger categories of competitors in alpine skiing are therefore competitors with bigger voluminosity 
more successful, regardless of their body weight and height ratio. It has to be pointed out that this applies 
only for the children with not yet perfected technical skiing skills, as it opens more options for 
compensating their technical weaknesses with body weight.  

The analysis of values of the results of  multiple coefficient of correlation (R) also shows that the 
chosen body measures variables model (BV) covers almost 43% of variance (R Square) and statistically 
significant influence on competitive success (BV/PTS; Sig. F=0.047*). The given fact means that the 
correlation of the whole set of body measures variables is statistically significant related to success in 
competitions, along 58 % of other factors which also have influence on competitive success of our sample 
of participants (Table 4). Among these other factors we can identify movement abilities, genetics, 
psychological strength, weather conditions, coaching, conditions in the club, technical and tactical 
preparation of the competitor, financial resources and many other factors that were however not included 
in our research.  
 
Conclusion 

Among many different factors for success in alpine skiing two factors stand out – movement abilities 
and body characteristics of competitors. There is a crucial difference between these two factors, as we can 
largely influence on movement skills and systematically build the base for successful development 
already in early childhood, while body measures are in most cases genetically determined and we can not 
have much influence on many of them. Constitution of competitors in alpine skiing is therefore 
significantly related to achieving good results in alpine skiing (White & Johnson, 1993). That the latter 
fact has a big effect in younger categories was shown also in this research. Our findings represent an 
important contribution for the choice of content of the training process as well as the choice of sports 
nutrition and other factors that in one way or another significantly influence on achieving good results. 
The results of the research are confirming practical observations, therefore it is important that the course-
setters in kids competitions take these facts into consideration. In the future technically more demanding 
courses will be needed in competitions to prevent the advantage of bigger body weight. Tactical skills and 
method of taking on the gates – the choice of optimal line in accordance to individual's ski knowledge and 
abilities on the technically more challenging courses – must necessarily become the most important part 
of preparation for competitive period of the training process in younger categories of skiers.  
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Abstract: 

In this study were involved 57 pupils, aged 14-15 years, 22 girls and 35 boys. The aim of the study was 
to verify if there are differences between girls and boys in anthropometric and motor parameters, as well 
as to determine the impact of the physical education program in improving motor skills or not, within a 
school year, with two hours fund per week, as it was approved by the Kosovo ministry of education. 
Besides the program of physical education with two hours per week, additional hours are included in the 
athletics competitions: short and medium length running, competition on three sports games: Football, 
Basketball and Volleyball; five days swimming, and five day ski within the regular school year. Both 
measurements were performed on eight variables: two of them were anthropometric and six of them 
motor variables: height, weight, sit and rich test, push-ups, standing long jump, sit ups, back extension 
and running in 60 meters. Initial measurements were made at the beginning of the school year. All 
variables were compared with the final measurements at the end of the school year to the same variables. 
Trough Canonical discriminant analyses were proved that there were positive changes in favor of the 
final measurements of motor skills in both sexes as a result of the physical education program. There 
were also differences between girls and boys in both measurements, except to body weight and flexibility 
in which variables don't have any important changes. 
 
Key words: program, physical education, influence, positive change. 
 
Introduction 

Programming and controlling the transformative process in physical education is of special importance 
and remains a challenge for teachers, pedagogues and trainers of physical education and sports in general. 
Physical education programme in elementary and secondary schools consists of two classes per week 
approved by the Ministry of Education, Science and Technology of the Republic of Kosovo. This study is 
focused on validating the influence of physical education programme in improvement or not of motoric 
abilities during a calendar year. In addition, it looked into validation of anthropometric changes and 
motoric abilities between males and females. Morphological changes during the second decade of life are 
dramatic, and the period pertains to beginning of adolescence, which lasts from 3 to 5 years on average. 
Puberty is the period of time when males and females start to develop their physical characteristics of an 
adult male and female. Females reach their peak growth between 10 and 13, while males between 12 and 
15. Both females and males may reveal a strong wave of physical energies during this period of time. 
 
Material & methods 

A sample of 57 14-15 year-old students, 22 females and 35 males, all full-time students at “Aga 
Xhite” private college in Ferizaj, Kosovo, are included in the study. Two measurements were 
administered along 8 variables – two anthropometric and six motoric ones, including: height (H), weight 
(W), sit and rich test (SRT), push-ups (PUPS), standing long jump (SLJ), sit ups (SUPS), back extension 
(BEXT) and 60-meter run (R60m). Initial measurements from the beginning of the school year 2003, 
were compared to final measurements of the same variables administered in June 2004. Based on results 
of the parameters, the following statistics are presented: mean (X), standard deviation (SD), Kolmogorov-
Smirnov test for normal distribution of the results known as MaxD, while for the differences between 
initial and final measurements, as well as for differences between males and females, the Discriminant 
Canonical Analysis for SPSS package was used. Symbols: (F) Females, (M) Males, (1) first 
measurements, (2) second measurements. 
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Results and Discussion 
Results from basic statistical parameters with regard to both initial measurements and final 

measurements for both male and female groups indicate that the data followed normal distribution as per 
MaxD values and test values in following tables 1 and 2, where all MaxD values of Kolmogorov-Smirnov 
test are lower that test values: for the female group (Test) = .347) and for the male group (test) = .275. 
Contrary to normal distribution of results from initial measurements at the beginning of the school year in 
September 2003, results showed that for final measurements of June 2004 the distribution of results was 
more compact. The mean for standing long Jump for girls (Mean) = 147.27cm and for boys (Mean) = 
189.60cm of the initial measurements of this research was compared to the mean of standing long jump of 
girls with (Mean) = 138.28cm and of boys (Mean) = 181.54 of the research conducted by Gondarev S, 
Zivkovic V, Naumovski M, Kalac R, (2013), considering the sample size included in research. 

 
Table 1. Basic statistical parameters  

 
Female 

 Initial measurement Finale measurement 
Variable Mean SD MaxD Mean SD MaxD 

H 1609.64 59.70 0.15 1620.45 58.61 0.11 
W 56.91 10.56 0.13 59.27 10.86 0.16 

SRT 42.77 8.29 0.13 45.32 7.80 0.14 
PUPS 3.73 4.00 0.08 7.82 5.31 0.15 
SLJ 147.27 23.76 0.10 152.32 22.76 0.23 

SUPS 17.59 10.81 0.15 37.18 14.43 0.14 
BEXT 19.32 13.60 0.17 38.18 13.95 0.15 
R60m 11.86 1.88 0.16 10.85 1.07 0.18 

Test .347 
Symbols: Height (H), weight (W), sit and rich test (SRT), push-ups (PUPS), standing long jump (SLJ), sit ups (SUPS), back 

extension (BEXT) and running in 60 meters (R60m). 
 
 

Table 2. Basic statistical parameters 
 

Male 
 Initial measurement Finale measurement 

Variable Mean SD MaxD Mean SD MaxD 
H 1704.26 85.72 0.15 1735.86 76.52 0.07 
W 60.03 11.72 0.13 65.06 11.14 0.10 

SRT 42.57 8.23 0.13 44.29 8.89 0.09 
PUPS 13.66 7.22 0.08 20.40 7.80 0.16 
SLJ 189.60 20.55 0.10 206.89 19.12 0.08 

SUPS 33.34 16.97 0.15 59.29 36.83 0.24 
BEXT 46.46 20.44 0.17 55.69 19.15 0.24 
R60m 9.22 0.78 0.16 8.63 0.60 0.08 

                                                                        Test .275 
 

For changes between initial and final measurements among girl sample see Table 3.  For changes in 
boys’ sample, see Table 4. We have utilized discriminant canonical analysis and T-test for dependant 
groups. From obtained results, we can state that there were positive changes in favour of final 
measurements under the influence of physical education programme during a school year. The 
justification for this is the following: students had not had prior basic information with regard to 
movement techniques in certain sports; they lacked information on running techniques, timely reaction, 
acceleration, positioning of feet during running and at finish. In addition, criteria set by the physical 
education teacher in tests for assessing motor abilities, criteria they had to meet to get a positive grade, 
mobilized students to improve their motor skills. Competitions organized in sports mentioned above have 
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also affected the increased positive competition between different classrooms, thus affecting positively 
students’ motor abilities as well. None of the 57 tested students in the sample could not swim or ski, 
while after the five day training of swimming and skiing, students obtained at least two swimming 
techniques: free style and frog style, and at least three skiing techniques: diagonal skiing, snowplow and 
parallel turn. Curriculum of physical education course was implemented fully at 100% and it was closely 
monitored by the respective school management. 

 
Table 3  T-Test for dependent group Female and Male 

Female 

 

t-Test for dependent group Female 
Variable Mean SD Diff. T sig  

H1 1609.64 59.70 -10.82 -7.54 0.00 
H2 1620.45 58.61 
W1 56.91 10.56 -2.36 -4.54 0.00 
W2 59.27 10.86 

SRT1 42.77 8.29 -2.55 -2.10 0.00 
SRT2 45.32 7.80 

PUPS1 3.73 4.00 -4.09 -3.83 0.04 
PUPS2 7.82 5.31 
SLJ1 147.27 23.76 -5.05 -1.78 0.00 
SLJ2 152.32 22.76 

SUPS1 17.59 10.81 -19.59 -9.30 0.00 
SUPS2 37.18 14.43 
BEXT1 19.32 13.60 -18.86 -6.82 0.01 
BEXT2 38.18 13.95 
R60m1 11.86 1.88 1.00 3.74 0.00 
R60m2 10.85 1.07 

Male 
t-Test for dependent group Male 

Variable Mean SD Diff. T Sig 
H1 1704.26 85.72 -31.60 -8.80 0.00 
H2 1735.86 76.52 
W1 60.03 11.72 -5.03 -7.44 0.00 
W2 65.06 11.14 

SRT1 42.57 8.23 -1.71 -1.81 0.08 
SRT2 44.29 8.89 

PUPS1 13.66 7.22 -6.74 -
10.68 

0.00 
PUPS2 20.40 7.80 
SLJ1 189.60 20.55 -17.29 -7.40 0.00 
SLJ2 206.89 19.12 

SUPS1 33.34 16.97 -25.94 -5.69 0.00 
SUPS2 59.29 36.83 
BEXT1 46.46 20.44 -9.23 -3.92 0.00 
BEXT2 55.69 19.15 
R60m1 9.22 0.78 0.58 6.50 0.00 
R60m2 8.63 0.60 

Symbols: (1) First measurements, (2) second measurements, height (H), weight (W), sit and rich test (SRT), push-ups (PUPS), 
standing long jump (SLJ), sit ups (SUPS), back extension (BEXT) and running in 60 meters (R60m). 

 
Table 4 .T-Test for independent group Female and Male 

INITIAL MESUREMENT 
Variable Mean SD Diff. T-value Sig. 

FH 1609.64 59.7 94.62 -4.906 0.00 MH 1704.26 85.72 
FW 56.91 10.56 -3.12 -1.04 0.30 MW 60.03 11.72 

FSRT 42.77 8.29 -0.2 0.09 0.92 MSRT 42.57 8.23 
FPUPS 3.73 4 -9.93 -6.666 0.00 MPUPS 13.66 7.22 
FSLJ 147.27 23.76 -42.33 -6.892 0.00 MSLJ 189.6 20.55 

FSUPS 17.59 10.81 -15.75 -4.282 0.00 MSUPS 33.34 16.97 
FBEXT 19.32 13.6 -27.14 -6.018 0.00 MBEXT 46.46 20.44 
FR60m 11.86 1.88 2.645 6.273 0.00  MR60m 9.22 0.78 

 

FINAL MESUREMENT 
variable Mean SD Diff. T-value Sig. 

FH 1620.45 58.61 -115.4 -6.417 0.00 MH 1735.86 76.52 
FW 59.27 10.86 -5.78 -1.938 0.05 MW 65.06 11.14 

FSRT 45.32 7.8 1.03 0.46 0.64 MSRT 44.29 8.89 
FPUPS 7.82 5.31 -12.58 -7.244 0.00 MPUPS 20.4 7.8 
FSLJ 152.32 22.76 -54.57 -9.361 0.00 MSLJ 206.89 19.12 

FSUPS 37.18 14.43 -22.1 -3.183 0.00 MSUPS 59.29 36.83 
FBEXT 38.18 13.95 -17.5 -3.982 0.00 MBEXT 55.69 19.15 
FR60m 10.85 1.07 2.22 8.856 0.00 MR60m 8.63 0.6 

 

Symbols: Female (F), male (M), Height (H), weight (W), sit and rich test (SRT), push-ups (PUPS), standing long jump (SLJ), sit 
ups (SUPS), back extension (BEXT) and running in 60 meters (R60m). 
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To see differences in anthropometric and motor abilities between female and males we used the 
discriminant canonical analysis, i.e. T-test for independent groups. Differences between females and 
males were evident in initial and final measurements in all applied tests, with exclusion of the variables 
on Weight and Flexibility, in which there were no differences either in initial or final measurements. A 
plausible explanation for this could be the fact that 14-15 age group for boys is still an early phase to add 
weight which would differentiate them from girls, but as a result of this, flexibility abilities of boys in the 
sample were not statistically significant different from girls. 
 
Conclusions 

The study was focused in validating the influence of physical education programme in improvement or 
not of motor abilities during a school year. The study also focused on validating differences in 
anthropometric and motor abilities between females and males for a 14-15 year-old sample, which is an 
age that pertains to puberty period and it is featured with dramatic anthropometric and motor changes. 
The results of the study indicated that there were positive changes in both genders in favour of final 
measurements as a result of the physical education programme during the regular school year. In addition, 
other curricular activities were organized, including training on swimming, skiing, sport competitions, 
which are envisioned by the school curriculum and implemented based on opportunities provided by the 
school. Also, gender differences between females and males for the 14-15 age groups were evident in 
both measurements, excluding two variables on weight and flexibility, where there were no statistically 
significant differences. The role of physical education pedagogue in implementing the curriculum, 
commitment to student achievement of skills, economic and infrastructure conditions at the school, are all 
important factors in children’s wellbeing with regard to improvement of their psychosomatic status, and 
extending active time doing sport and recreation activities also serve well to students’ health, and in this 
aspect, the Ministry of Education, Science and Technology could give its contribution by increasing the 
number of classes for physical education from two to three per week. 
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Abstract 
 The subject of this research is the psychological trait of anxiety as a feature and state of the personality 
among  basketball players and non-athletes in  middle adolescence. The sample of 40 respondents, 20 
non-athletes and 20 basketball players was studied in order to determine the differences in the level of 
psychological trait of anxiety in middle adolescence period. The research applied four variables to test 
anxiety: 1 - TAI - anxiety that is treated as a disposition, as a relatively permanent feature of the person 
that appears as a propensity to react with anxiety in situations that are considered to be threatening; 2 - 
KA - cognitive-anxiety; 3 - SA - somatic anxiety and 4 - CAM – self-confidence. Pursuant to the results 
obtained from the applied one-variant analysis of the variance, the statistically important inter-group 
differences have been determined in variables used in assessing anxiety among basketball players and 
non-athletes the period of middle adolescence.  
 
Keywords: adolescence, anxiety, sports, univariate analysis  
 
Introduction  

Anxiety is a psychological phenomenon that affects the overall behavior of a person, and hence on 
sport success as well. This impact can be positive and supportive or negative and inhibitory. Positive or 
supportive impact of anxiety among athletes will result in greater mobilization of the available forces and 

 capabilities that will still lead to increased motivation, perseverance and concentration in a successful 
sports competition. Negative or inhibitory effect of anxiety among athletes will diminish the potential 
forces necessary for successful play, reducing the power of concentration, dwindling  the motivation, 
followed up by the feeling of inferiority, suspicion and mistrust in their own abilities. And that certainly 
means poor sport results or defeat.  

It is very interesting and important to note that in most cases the emotional distress is caused by 
anxiety. The state of anxiety in sport is commonly perceived as a conflict between the desires, needs and 
the pursuit to achieve the target on the one hand, and on the other hand tremors, malaise, anxiety, fear that 
the goal can not be achieved, and fear of the consequences that come from the failure to reach the goal.  

Anxiety may appear, firstly, as a structural feature of the person, and secondly, as a state variable 
related to a particular situation. Studies have indicated that the level of anxiety is higher and more 
prevalent when it occurs as a personality trait.  

This paper explores the emotional trait of  anxiety as a feature and as a condition of the person.  
This research studies the psychological trait of anxiety both as a feature and a state of personality in 

basketball athletes and non-athletes, during middle adolescence.  
The aim of the research is to determine the differences in the level of psychological trait of anxiety 

among basketball players and non-athletes during the mid-adolescence. 
 
Мethod of operation  
Sample of respondents  

The sample of respondents was drawn from the population of male athletes. The total sample includes 
40 respondents, 20 basketball players from KK Junior and 20 nonathletes.  
  
Sample of variables for anxiety analysis  

Variable 1 - termed as TAI - anxiety that is treated as a disposition, as a relatively permanent feature 
of the person that appears as a propensity to react with anxiety in situations that are considered to be 
threatening.  
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Variable 2 - termed KA - cognitive anxiety.  
Variable 3 - termed SA - somatic anxiety.  
Variable 4 - marked as volatile - confidence. 
 
Measuring Instruments  

For assessment of the psychological trait of anxiety in subjects, tests were used that exist for a long 
time and have found their successful application in many previous studies, here and abroad, mostly 
applied by sports psychologists:  

- TAI test - a test for general anxiety. Constructed by Spilberger and cooperators (1970). The test has 
two scales: one to measure anxiety as the current state and the other to measure anxiety as a disposition, 
as a relatively permanent feature of personality. This research used the second form to obtain data on how 
the individual is inclined to react with anxiety to different situations. This paper used the TAI scale (the 
Talt Anxiety Inventary) which contains 20 items.  

- The SCAT (Sport competition anxiety test) (according to Martens, 1990) – is an analysis of 
competition anxiety. The test has three scales: cognitive anxiety, somatic anxiety and self-esteem. 
 
Method of data processing  

Data were processed from the basic statistical parameters: the arithmetic mean (X), a standard 
deviation (SD), minimum score (MIN) and maximum score (MAX), and the normality of the distribution 
of results is tested with the procedure of Kolmogorov and Smirnov (KS). Differences between groups as 
for variables of assessing anxiety among basketball players and non-athletes of middle adolescence are 
determined by the one-variant analysis of variance (ANOVA). Data are processed with statistical package 
SPSS for Windows Version 20.0. 
 
Results  

Table 1 shows a descriptive statistics and the results of the applied one-variant analysis of variance 
determining the inter-group differences in variables for assessing anxiety among basketball players and 
non-athletes in the period of middle adolescence. Statistically significant one-variant and inter-group 
differences are determined in variable cognitive anxiety (F = 24,39, p =, 00), somatic anxiety (F = 29,26, 
p =, 00), self-esteem (F = 31,65, p =, 00) and general anxiety (F = 13,12, p =, 00). From the values of the 
means and the level of statistical significance of the F-tests, it is obvious that basketball players during the 
mid adolescence show  less cognitive, somatic and general anxiety (TAI). On the other hand non-athletes 
in  mid adolescence showed slightly higher confidence as compared to athletes-basketball players. 
 

Tabela1. Descriptive statistics and analysis of variance 
 

  Mean SD Min Max F Sig 

KA 

Athletes 20,10 3,70 13,00 26,00 

24,39 0,00 Non-athletes 27,00 5,04 19,00 36,00 

All grrup 23,55 5,59 13,00 36,00 

SA 

Athletes 15,60 1,93 13,00 21,00 

29,26 0,00 Non-athletes 21,35 4,34 14,00 28,00 

All grrup 18,48 4,41 13,00 28,00 

SAM 

Athletes 26,05 3,12 21,00 34,00 

31,65 0,00 Non-athletes 31,25 2,71 27,00 36,00 

All grrup 28,65 3,91 21,00 36,00 

TAI 

Athletes 34,45 3,71 25,00 41,00 

13,12 0,00 Non-athletes 41,05 7,26 24,00 56,00 

All grrup 37,75 6,60 24,00 56,00 
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Although this paper presents a preliminary experimental research which does not experimentally deal 
with the relationship between anxiety and competition, the above-cited relations will be briefly explained 
theoretically. Of course, the relation of anxiety and performance on matches can be viewed through the 
theory of "reverse-U", (Yerkes i Dodson, 1908, according to Weinberg i Gould, 1995). In accordance 
with this theory are the results of Klavore, Sonstroem and Bernarda  (according to Grasso, 1999), who 
discovered the "reverse-U" in the relation between the state of anxiety and sports performance. Certainly, 
the high levels of pre-competition anxiety is associated with lower performance, which means that 
excessive anxiety can have a negative impact. In accordance with the theory, the authors estimated that 
increasing anxiety leads to improved performance but only up to a certain level. The further raise in 
anxiety is harmful and successful performance weakens. Hanin developed a theory known as the "zone of 
optimal functioning (" ZOF "later referred to as" IZOF ") which states that every individual has an 
optimal level (Weinberg i Gould, 1995) at which the performance and anxiety are associated, i.-e the level 
of performance is maximum. 

Martens and colleagues (Martens et. Al., 1990) concluded that there is a negative linear relationship 
between cognitive anxiety and performance, and a positive linear relationship between confidence and 
performance in games.  

The authors suggest that somatic anxiety is a nonlinear relation with the performance at competitions, 
which means that the physiological symptoms can help or impede the athlete at a competition. Imlay and 
coworkers (according to Grasso, 1999) concluded  that pre-competition anxiety can be controlled by 
using experience from previous games to assess performance during very anxious situations.  

The performance of the competition was better when pre-competition anxiety was within the optimum 
level for the individual athlete. However the benefits of such memories are limited by processes of 
forgetting. Martinez and colleagues (Martens et. Al., 1990) found that an increase in cognitive anxiety is 
detrimental to performance, while the small increase in somatic anxiety can be beneficial. The same 
authors, studying the high school population, found that as competition intensifies, somatic anxiety 
grows, and cognitive anxiety and self-esteem decreases.  

Multiple authors (according to Russell i Cox, 2001) suggest that anxiety is related to the level of sports 
skill development so that in the the top athletes anxiety somehow facilitates performance.  

Hanton and Jones (according to Russell i Cox, 2001) think that, over time, top athletes develop 
cognitive strategy that allows the detection and interpretation of pre-competition symptoms. 
 
Conclusion  

The training and sports are not the only situations in which children experience stress and anxiety. 
However, coaches and teachers need to minimize the adverse effects of training and matches. This is one 
way to maximize the feeling of success and minimize failure. Anxiety decreases when uncertainty  and 
ignorance of an event is reduced, thought Payne and Isacs (Payne i Isacs, 2002). Same authors believe 
that children who feel competent are less threatened and obtain better results in competitions. 
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Abstract: 

Breakfast is relates to risk and to physical activity ,breakfast is relates to diet quality too.An early 
study measuring RMR and energy intake in 3- 4 years –old children found that children with at least one 
obese parent consumed less energy, bur also expended less energy, especially in physical activity, than 
those with no obese parents.(1) Today the eating habits taught by parents are thought to have more 
impact in terms of the ways in which food is used, rather than the kinds of food selected (2),This powerful 
link between appetite and emotion begins in the first hours of life – as a child has   his first taste of both 
love and food in his mother’s arms. Without this material nurturing, there is no survival.(3)Objective :To 
understand the attitude toward eating behavior especiallybreakfast ,knowing that is very import for  
metabolism and health as well. Methods :our team group has organize standard questioner deliver in 10 
schools in Tirana, randomized selected  with approximately in total 987(423 boys and 564 girls),  in 
middle school  Results.  To  the standard  question –How often children eat breakfast  data show:Every 
day eating breakfast: 10,1 -10,5yrs =75,9%; 10,6-11 yrs=68,3%; 11,1-11,5yrs =64,4%; 11,6-
12yrs=66,6;12,1-12,5yrs=58 %; 12,6-13yrs=51,2 %,13,1=13,5yrs= 59,5%; 13,6-14 yrs= 50,2%; 14,1-
14,6 yrs =49,8%;14,6-15 yrs-= 46,6%;15,1-15,5 %= 43%,15,6-16 %=37,9 %. 5-6 time/week eating 
breakfast   10,1 -10,5yrs =4,8%;  10,6-11 yrs=7,8%; 11,1-11,5yrs =7,1%; 11,6-12yrs=6,6%; 12,1-
12,5yrs=4,6%;12,6-13 yrs=4,7 %,  13,1=13,5yrs= 3,3%; 13,6-14 yrs= 5,8%; 14,1- 14,6 yrs =3,3 %; 
14,6-15 yrs-= 3,9%;15,1-15,5 %= 4,3%, 15,6-16 %=6,1 %. . EtcConclusion: Data show that whole  
group age 10 -14  yrs have significant  attitude toward eating behavior  (eating breakfast ).Make 
difference the age 14- 16 yrs  that show lack of interest for eating behavior because of puberty ,fashion 
,tendency and other things  and that need a bigger analysis  for us.. 
 
Key Words: (RMR –rest metabolic rate , metabolism and health ) 
 
Introduction 

The desire  to eat has a strong  aspect and that become complicated when we talking about eating 
breakfast . in my country has been a  urban  legend   that “never  leave from house without eat breakfast “ 
that was valid as heroes  as brave or common man 

But sometimes  eating also becomes a way to please others .For many parents in Albania, the good 
child becomes who cleans his plate…. and we are very serious when we say   eating behavior  is very 
important topic and dealing  today with them is not easy,maybe  complicated . 

Studys   show that measuring RMR and energy intake in 3- 4 years –old children found that children 
with at least one obese parent consumed less energy, bur also expended less energy, especially in physical 
activity, than those with no obese parents. (1) 

 Breakfast is relates to risk and to physical activity ,breakfast is relates to diet quality too and  
today the eating habits taught by parents are thought to have more impact in terms of the ways in 

which food is used, rather than the kinds of food selected (2), 
This powerful link between appetite and emotion begins in the first hours of life – as a child has   his 

first taste of both love and food in his mother’s arms. Without this material nurturing, there is no 
survival.(3), 

Any way  to transform   healthy eating habits is now a duty and that  include parent ,teacher , food 
production, include firstly our mentally ,our  pre contemplation  behavior   

City planning, building codes, mass transit system, car use safe footpaths and cycling paths, pedestrian 
– only city center, school schedules and program, and the media are among the area that will require 
transformation .(4) 
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Material & Methods 
Standard  questioner  owith    987  participants     (423 boys and 564 girls),  in  10 middle school  

randomized selected  from 55 school in whole capital . All  data are elaborated in database. 
 
Results 
 

Data shows: 

10.1- 10.5 yrs Everyday 75.9 
  5-6time/week 4.8 
  3-4time/week 3.7 
  1or2time/week 11.6 
  1or2month/never 3.7 
Table 1  
 
10.6- 11 yrs 

Every day 68.3 

  5-6 time/week 7.8 
  3-4 time/week 5.5 
  1 or 2 time/week 10.2 
  1or2 time/month  or never  7.8 
 Table 2 
 
11.1- 11.5 yrs 

Everyday 64.4 

  5-6time/week 7.1 
  3-4time/week 9.6 
  1or2time/week 11.3 
  1or2month/never 7.1 
Table 3   
 
11.6- 12 yrs 

Everyday 66.6 

  5-6time/week 6.6 
  3-4time/week 6.3 
  1or2time/week 11.4 
  1or2month/never 9.1 
Table 4 
 
12.1- 12.5 yrs 

Everyday 58 

  5-6time/week 4.6 
  3-4time/week 7.7 
  1or2time/week 16.9 
  1or2month/never 12.9 
Table 5 
 
12.6- 13 yrs 

Everyday 51.2 

  5-6time/week 4.7 
  3-4time/week 10.5 
  1or2time/week 21.6 
  1or2month/never 12 
Table 6 
 Everyday 59.5 
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13.1- 13.5 yrs 

  5-6time/week 3.3 
  3-4time/week 10.6 
  1or2time/week 13.3 
  1or2month/never 13 
Table 7 
 
13.6- 14 yrs 

Everyday 50.2 

  5-6time/week 5.8 
  3-4time/week 9.5 
  1or2time/week 17.6 
  1or2month/never 16.6 
Table 8 
 
14.1- 14.6 yrs 

Everyday 49.8 

  5-6time/week 3.3 
  3-4time/week 9.4 
  1or2time/week 20 
  1or2month/never 16.3 
Table 9 
 
14.6- 15 yrs 

 
 
Everyday 

46.6 

  5-6time/week 3.9 
  3-4time/week 9.6 
  1or2time/week 15.8 
  1or2month/never 23.8 
Table 10 
 
15.1- 15.5 yrs 

Everyday 43 

  5-6time/week 4.3 
  3-4time/week 11.3 
  1or2time/week 14.8 
  1or2month/never 26.5 
Table 11 
 
15.6- 16 yrs 

Everyday 37.9 

  5-6time/week 6.1 
  3-4time/week 5.3 
  1or2time/week 21.2 
  1or2month/never 28.8 

 
Discussion 

The new and important aspects of the study  is to focus  at age from 12,1 yrs -16 yrs (table 4-table 11), 
where at last alternative (with 1-2 time/month) children show a marginal data about breakfast with 12,9 
%,12%,13 %,16,6 %.16.3 %,23.8 %,26.5 % and 28.8 % 
 
Conclusions 

Data show that whole  group age  10 -12  yrs have significant optimistic  attitude toward eating 
breakfast (at that group  age   is finishes hyperplasia fat cell store) Make difference the age 12- 16 yrs  
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that show lack of interest for eating behavior because  maybe of puberty ,fashion ,tendency and other 
things  and that need a bigger analysis  for us..but from pedagogic point of view  when half of children in 
classroom did not get your philosophy of teaching – pedagogue need to change  philosophy  (Tacomot 
methods ),  so should we . 
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Abstract  

This paper presents the results of the research on the physical activity of the school youth in Kosovo, 
in different stages of socio-economic development and, therefore, of different possibilities and conditions 
in terms of leisure and mobility. The purpose of this cognitive study was to diagnose certain aspects of the 
lifestyle of young people aged 13-16 from Kosovo, with a particular focus on physical activity. The 
practical aim, however, was an indication of such actions, arising from past experience, that would aim 
at improving lifestyle, and could lead to the elimination or prevention of certain causes of not making 
movement activity by the youth of Kosovo. The research was conducted by the use of diagnostic survey in 
the group of 300 people aged 13-16, among whom there were 152 girls, 148  boys. The research material 
was collected in 2012.The research that was carried out shows that which forms of leisure time activities 
young people  taken by the youth. Undoubtedly socio-cultural factors and the tradition of social life, 
which impose certain ways of spending leisure time (as can be seen particularly in the case of the Kosovo 
youth are also here of great importance. The above observations, taking into account local conditions, 
should be the starting point for all those who plan introducing changes in physical education systems in 
Kosovo in the future. 
 
Key words: lifestyle, youth, physical activity, socio-cultural factors, Kosovo 
 
Introduction 

The purpose of this cognitive study was to diagnose certain aspects of the lifestyle of young people 
aged 13-16 from Kosovo, with a particular focus on physical activity. The practical aim, however, was an 
indication of such actions, arising from past experience that would aim at improving lifestyle, and could 
lead to the elimination or prevention of certain causes of not making movement activity by the youth of 
the Kosovo.  

With adolescents aged 13-16 their interests and expectations are the subjects to transformation. 
Young people at this age often cause problems, are difficult to communicate with, there may also occur 
the phenomenon of "youthful rebellion". During this period you can also see that the physical activity in 
their leisure time, to a large extent, will depend on a number of activities, which go beyond the team 
problems covered by school curriculum but deals with educational environment in which each student 
grows up. The development of interests takes place in various sections, clubs, interests, and circles. From 
the point of view of health needs, the most important part of this activity should be based on physical 
activities. It is known that such activities have a very positive impact on the development of biological 
characteristics (stimulate growth, strengthen the body, develop speed, stamina, concentration, improve 
reflex) ,and psychosocial problems (self-esteem, the ability to self-control, the ability to work with other 
people). 

For the sake of clarity, first the term of leisure requires clarification. For the first time it was defined 
during an international conference held in 1956. As defined by the French sociologist Dumazedier , 
leisure means all the activities taken by an individual for entertainment or self-development, voluntary 
participation in social life out of social and family responsibilities. 

This definition considers only adults. in turn, according to Dąbrowski leisure time of young people is 
the time, which remains to their own disposal after fulfilling their body's needs and completing the duties 
at home and school, in which they can conduct their activities in agreement with their tastes, related to 
leisure, entertainment and satisfying their own interests.   

To get a fuller picture of youth’s behavior in critical social, psychological and physical period of 
growing up, research study has been carried out in Kosovo of different degrees of political, economic and 
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socio-cultural development. In pedagogy such studies are conducted in order to identify possible trends 
and development paths. The first step is to identify the current state of things. 
 
Aims of the research  

The cognitive objective of the present study was to diagnose certain aspects of the lifestyle of young 
people aged 13-16 from Kosovo, with particular focus on physical activity. The practical aim was an 
indication of such actions, arising from past experience that would  improve lifestyle, and could lead to 
the elimination or prevention of certain causes of not making movement activity by the youth of the 
Kosovo. 
 
Material and methods 

The research material was collected in the course of the surveys. A research tool used to evaluate the 
lifestyle of students was a questionnaire "My lifestyle", developed by a team of European researchers 
[Telama R., Naul R., Nupponen H., Rychtecky A.,Vuolle P., 2002] for the project and translated into 
Albanian by the research team from Faculty of Physical Education. The research was conducted in the 
group of 300 people aged 13-16, 152 girls (50,7%) and 148 boys (49,3%). The research material was 
collected in 2012 during the implementation project, during which the research material was collected, is 
the project "Post-Graduate Level Training of Trainers Programmer in Physical Education and Sport’'.  
 
Results  

In the next table are presented (Tab.1) forms of physical activity taken in leisure time most often were 
presented. To those that are taken often by the surveyed boys belong: soccer (35,1% of the boys from 
Kosovo).Among the forms of physical activity that are never taken by the boys of Kosovo we can find 
speed skating (95,3%).  

 
Tab.1. Distribution of responses of boys aged 13-15 to the question: "In which forms of leisure-time physical 

activity do you participate?". 

 
Frequency of taking various forms of physical activity by boys in % 

Forms of motor activity Never Rarely Often 
Kosovo Kosovo Kosovo 

a) running 12,8 49,3 35,1 
b) swimming 20,9 75,7 3,4 
c) cycling 47,9 35,8 30,1 
d) roller-skating 85,8 12,2 2,0 
e) basketball 28,4 58,1 13,5 
f) volleyball 19,6 50,7 29,7 
g) football 21,6 37,8 40,5 
h) handball 65,5 29,7 4,7 
i) aerobics 81,8 13,5 4,7 
j) gym 83,1 12,2 4,7 
k)skateboarding 86,5 6,8 6,8 
l) skating 95,3 4,0 0,7 
m) skiing 39,2 56,8 4,0 
n) snowboarding 72,9 22,9 4,0 
p) gymnastics 44,6 46,6 8,8 
q) martial arts 65,5 26,3 8,1 
r) others 0,0 0,0 0,0 

Respondents could choose three answers. The results do not sum up to 100%. 
 
Among girls taking various forms of physical activity is as follows (Tab.2). Forms of physical 

activity chosen often in leisure time: volleyball (16,4% of girls from Kosovo). Among girls from Kosovo 
a form of physical activity which is never taken is speed skating (97,4%). 
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Tab. 2. Distribution of girls’ responses to the question: "In which forms of leisure time physical activity  do you 
participate?" 

 
Frequency of taking various forms of physical activity by girls in % 

Forms of physical 
activity 

Never Rarely Often 
Kosovo Kosovo Kosovo 

a) running 34,2 57,2 7,2 
b) swimming 19,1 80,9 0,0 
c) cycling 61,8 30,3 7,9 
d) roller-skating 94,7 5,3 0,0 
e) basketball 59,2 36,2 4,6 
f) volleyball 25,0 58,5 16,4 
g) football 63,2 25,0 11,8 
h) handball 88,2 9,2 2,6 
i) aerobics 71,7 25,7 2,6 
j) gym 94,7 3,3 1,9 
k)skateboarding 96,0 0,0 3,9 
l) skating 97,4 2,6 0,0 
m) skiing 53,4 45,4 2,6 
n)snowboarding 88,8 10,5 0,7 
p) gymnastics 65,1 31,6 3,3 
q) martial arts 76,3 18,4 5,3 
r) others 0,0 0,0 0,0 

Respondents could choose three answers. The results do not sum up tp 100%. 
 
Table 3 show the motivation to participate in physical activities. Respondents had the option of 

choosing three of the 13 responses given. The factor that motivates the surveyed most to participate in a 
variety of physical activities is the desire to be in good physical condition (45,3% of the boys from 
Kosovo). Quite often there were also answers: an opportunity to meet new people (54,6% of girls from 
Kosovo),  for relaxation (59,9% of the girls from Kosovo). 
 

Tab.3. Distribution of responses to the question: "I participate in a variety of motor activities because: . . . " [%] 
 

Motives to take motor activity in free time KOSOVO 
Girls Boys 

a) want to make a sports career 26,3 38,5 
b) this is an opportunity to make new friends 54,6 30,4 
c) like competing 15,8 35,1 
d) want to be in good shape 24,3 45,3 
e) this is relaxation for me 59,9 37,8 
f) for health 25,7 33,1 
g) to gain nice appearance 25,7 2,0 
h) want to get a better mark in PE 9,2 10,8 
i) this is an opportunity to meet friends 26,3 15,5 
j) for fun 25,7 22,3 
k) can realize in sport 3,3 10,1 
l) I’m encouraged by friends and siblings 0,0 0,0 
m) to gain material profits 0,7 10,1 

\Respondents could choose three answers. The results do not sum up to 100%. 
 
Discussion and Conclusion 

Leisure time is one of the major social problems. It is getting more difficult for the youth to resist the 
temptation of spending their leisure time in the form of passively, sedentary behaviors in a situation when 
on the market there are available attractive multimedia devices and companies compete in “gluing” their 
customers not only to the product but also to chairs or sofas. It’s creates “couch potato” generation. 
Therefore, a very important aspect is providing a good model to imitate by parents, teachers end 
education.  
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The educational system steps into man’s life in the period of its greatest spiritual and physical 
plasticity when one’s lifestyle is created. According to Nowak-Starz : “lifestyle is the image of the 
individual’s and/or group’s functioning. The process of forming a given lifestyle runs parallel to the 
educational activity. A very important becomes a period of adolescence. The lifestyle of an individual can 
strengthen his/her health potential or quite opposite cause deterioration.   

The information collected in the course of our research has made it possible to specify the leisure time, 
the frequency of the physical activity of the enterprise, participation in various activities, and physical 
activity it’s taken by parents of students.  

Obtained results indicate that the factors encouraging the surveyed to physical activity are: relaxation, 
good physical condition, the benefits for health, the desire to have fun and sports career. What's 
interesting for girls at this age getting a nice appearance is not the most motivating factor. The girls as a 
motivator enumerated: the desire to be in good physical condition, their  health, an opportunity to meet 
new people, and the desire to have fun. When analyzing the results of the research the differences in the 
responses mainly between the young people of Kosovo boys and girls ,The differences observed may be 
the result of differences in sex, as well as differences in social and economic context. 

It must be assumed that further economic development will result in an increase in the percentage of 
young people choosing this form of leisure. Among the forms of activity never taken by lower-secondary 
school students from Kosovo there are: roller-skating, aerobics, skateboarding and skating, those forms 
can be classified as “expensive” (due to the need to have an expensive sports equipment), and poorly 
available (fitness club, sports halls, skating rinks).  

The need for action for the health of young people is noted in the important international documents in 
which a lot of joint recommendations are repeated on the need to improve the health care system, promote 
healthy lifestyles, improving life skills as a modern strategy for prevention of many disorders. An 
important idea is to enable young people to prioritize and build programs for the benefit of their health. It 
seems that in our country (Kosovo) this is difficult to achieve at the present stage of the development of 
local education systems and often very authoritarian educational traditions.  

Bridging social inequality can contribute to the overall improvement of health of the public and 
selected  age groups. The relationship between social factors and teenagers’ health is complex. Drawing 
conclusions on differences depends on accepted health and social factors. It is believed that during the 
period of adolescence health differences show not that strongly as in early childhood and during 
adulthood .The reason for that is smaller influence of factors connected with family life, and bigger of 
those connected with a peer group. The research shows that the level of wealth (not so much of the 
family, but of the whole country) may have an impact on the choice of activities taken by the youth. 
Undoubtedly, socio-cultural factors and the tradition of social life also have great impact and impose 
certain ways of spending leisure time (as can be seen particularly in the case of the Kosovo youth). The 
above observations, the future taking into account local conditions, should be a starting point for those 
planning changes in physical education system  in Kosovo 
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Abstract 
Olympic Weightlifting is the sport where the winners are classified according their performance 

corresponding to their body mass. However, the influence that body composition has upon the maximal 
results should not be underestimated. Thus, the aim of this study was to find out the relationship between 
body composition and the results in Olympic weightlifting. The body composition of 9 elite Albanian 
weightlifters was measured by skinfold Caliper and  the values were compared with corresponding 
Sinclair Coefficient, (appointed from  International Weightlifting Federation to select best lifters when 2 
variable are taken into consideration a) Body Mass  and b) weight lifted in total (Snatch + Clean & 
Jerk).The data showed that body fat percentage has a negative effect on maximal strength among the 
weightlifters. The results of this study can help weightlifting coaches to consider not only body mass, but 
body fat percentage, too, when they decide what body weight category is better to participate in 
championship for their athletes. 
. 
Key Words: Sinclair Coefficient, Body Mass, Snatch, Clean & Jerk. 
 
Introduction 

One of the main concerns of weightlifters is not to exceed the limitations of Body Mass, nor more or 
less than body weigh categories where they compete. Otherwise they are disqualified from the events. 
Most of the lifters, in one hand, especially those of middle and light body weight categories, decrease 
their body mass prior to competitions, and on the other hand, the lifters who compete in heavy and super 
heavy body weight categories are interested to increase body mass. In both cases, the reasons are to 
increase the chances for a medal or better ranking. Although the body fat (BF) or adipose tissue is not a 
contractile element, there are real examples in Olympic weightlifting, especially in heavy and super heavy 
categories, with Body Mass Index (BMI) more than 30 or 40, who are able to lift more than 250 kg in 
clean and jerk. This is due to nature of this sport, where the strongest men and women of the world 
compete with each other. There are 2 ways of classification to find out the strongest lifters a) 
classification of lifters within  bodyweight categories eight for male athletes: 56 kg, 62 kg, 69 kg, 77 kg, 
85 kg, 94 kg, 105 kg and +105 kg, and seven for female athletes: 48 kg, 53 kg, 58 kg, 63 kg, 69 kg, 75 kg 
and +75 kg according  the results in total (snatch + clean & jerk), and b) classification of lifters between 
bodyweight categories. To realize the last ranking, the International Weightlifting Federation uses the 
Sinclair Coefficients which are derived statistically and calculated for one Olympic cycle (for four years, 
starting in the Spring of each Olympic year) (http://en.wikipedia.org/wiki/Sinclair_Coefficients, 2014). 
For sport science the explore of body composition and its relations to performance in different sports is 
important. Thus, in some events, such as sprints in track and field, the blacks are dominant (Stewart & 
Sutton, 2012), while in Olympic weightlifting Caucasian and Mongolian race have the domination. 
Probably this is related to body composition profile. Very few information exists about body fat 
percentage in Olympic Weightlifting. Only one study shows the value from 9% – 16% (Jeukendrup & 
Gleeson, 2014). The inclusion of this study would be of value not only for competitive reasons, but also, 
serve to give another model of maintaining a healthy body composition in favor of muscles, not fat. It is 
well known that athletes practicing sport with high requirements toward maximal strength and power, 
such as weightlifting, have higher percentage of type 2 fibers (Fry, 2004), and this can contribute to 
increase the Fat Free Mass (FFM). The reason that weightlifters of heavy and super heavy and super 
heavy categories do not care for body fat increase is the fact that in this sport, athletes are interested only 
to increase their results in total (snatch + clean&jerk). The assessment of body composition has 
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underwent a history, form cadaver analyzing at beginning, to densitometry and air displacement method 
(Rolland, 2012). The interesting fact is in selecting the marines in USA, where some of them were above 
limitations of normal BMI, because they have more muscle in their body (The National Academies Press, 
1990). 
 
Methods 
Experimental Approach and subjects 

This study was planned to investigate the relationship between maximal performance in Olympic 
weightlifting and body composition. Nine male Olympic weightlifters, mean aged 24 ± 2.74, body mass 
81.078 ± 18.19 kg , body height 169.44± 9.67  cm and Body Fat 15.33± 5.68 % from National Team of 
Albania, who had carried out weightlifting training for 8-12 years, volunteered for this study. 
 
Measurements 
Anthropometry. Body height, weight, and fat of the subjects were measured. The percentage of the body 
fat was estimated by measuring skinfold thickness at 3 different sites (chest, abdomen and thigh), based 
on the Jackson/Pollock 3-Site Caliper Method (1978).  
 

Table 1. Athropometric and performance characteristics of Albanian elite lifters. 
 

       Subjects                 Age             B W                 BH                 RT                   BF              ST  
1 20 55.9 156 232 7 362.6 
2 21 61.7 158 245 11 355.5 
3 24 68.2 162 265 14 359.1 
4 26 76.6 168 349 18 440.7 
5 23 76.7 167 349 8 440.4 
6 27 84.4 173 330 17 394.8 
7 25 94 180 359 21 409.5 
8 28 105 182 340 23 371.5 
9 22 107.2 179 332 19 360.2 

Average 24 81.078 169.44 311.22 15.33 388.256 
Stdv                2.74  18.19             9.67              49.43                 5.68            34.66  
 

BM = Body Mass (kg); BH = Body Height (cm); RT = Results in total  (snatch + Clean and Jerk kg); BF = Body Fat (%), ST = 
Sinclair Total (points) 

           
 
Harpenden skinfold caliper BATY INTERNATIONAL RH 159LR (England), available in biomechanic 

laboratory of Sports University of Tirana was used. Research has accepted the Skinfold (SKF) 
measurement as similar to other modern measurement, such as magnetic resonance imaging (RMI) 
(Hayes, Sowood, Belyavin, Cohen, & Smith, 1988). The lifters were divided in 3 groups,  according their 
Body Fat percentage: Group 1 with BF (%) 8.67 ±2.08, Group 2, 16.33 ±2.08 and Group 3, 21.00 ±2.00. 
The best performance for the total, expressed in  Sinclair total points were calculated and for Gr.1 was 
386.17 ±47.10 points, Gr. 2 was 398.2±40.91 points  and Gr. 3 was 380.4 ± 25.83 points. 
 
Results 

The result in total was calculated online ( http://www.iwf.net/weightlifting_/sinclair-coefficient/). By 
this method is possible to rank not only the strongest lifters within each bodyweight category, but in all 
categories, as well. For Example, lifter in weight class 76.6 kg (see subject 4 in above table), whose best 
result in total ( snatch + Clean and Jerk) is 349 kg, corresponds in 440.7 points, and is stronger than lifter 
of body Weight Class 94 kg, whose best result in total is 359 kg, and corresponds in 409.5 sinclair points, 
despite the fact that the his result is better ( 359 kg. vs 349 kg). This example shows the decreased sinclair 
points of heavy and superheavy categories.   
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Fig.1. In this chart is shown the correlation between the Body Fat Percentage and maximal Performance in Olympic 

Weightlifting, expressed in points. The strongest correlation (r = 0.938) was found among lifters with middle body fat (16.33 %) 
with largest points (398.2) in results achieved in total (Snatch + Clean and Jerk), whereas the group with highest body fat (21%) 

have smallest points (380.4) and a weak correlation between body fat and Sinclair total ( r=0.218), whereas in the group with 
little body fat (8.67%) was found a negative correlation (r=-0.348). 

 
Discussions 

The results of this study were focused only to one variable of relative strength, which is body fat 
percentage. But different studies confirm that other factors contribute to muscle strength, such as muscle 
fiber type, neural control of force production, and biomechanical alignment of muscle and joint levers 
(Katch, 1992).  The finding of this study show partly a negative correlation between body fat and relative 
strength expressed in points. The optimal percentage of body fat (16.33) belongs to highest points of 
muscular strength, expressed in sinclair points (398.2).  

Although the body fat percentage of second group (16.33) was in the upper limits of weightlifters 
(Jeukendrup & Gleeson, 2014), the largest points of performance belongs to this group. From 
biomechanical point of view, another factor that affects the performance in Olympic Weightlifting is 
addition of large amount of fat, especially in heavy weight categories, with the idea to lower Center of 
Gravity (COG), but on the other hand, it is obvious that body fat is not a contractile element, and as 
consequence, having negative effect in weightlifting performance. It is clear that in sport like 
weightlifting where maximal strength and power are crucial factors, the hypertrophy of muscle fibers, and 
predominance of 2 fiber type. In recent literature is shown that the cross sectional area of type 2 fibers in 
gastrocnemius and deltoid muscles are respectively 8910 and 8450 µm 2 ,(p. 41) these values larger than 
all other athletes (Wilmore, Costill, & Kenney, 2008) .These results can be used from the weightlifting 
coaches to take care for their lifters not to exceed body fat norms. The estimation of optimal bodyweight 
category for weightlifting should be crucial for coaches, because it is well known that a large muscle 
mass enhances performance in strength and power activities (Hewward & Wagner, 2004) Other factors, 
such as Body Mass loss, influence in the results of athletes. However, there are very few studies 
investigating this effect in weightlifting. There’s no place to  speculate about the strong relation between 
body composition and high performance  in weightlifting. However, the findings from this study suggest 
that in sport where maximal power and strength are crucial factor to achieve high performance, body fat 
percentage should be considered carefully. If the  lifters of heavy and super heavy body weight categories 
should have less fat and more muscle, their performance would be better. It makes sense that lifters gain 
body mass to be stronger, but the difference is made from  the portions between fat and muscles of this 
extra body mass. If some lifters who fight to decrease body weight, but they have normal fat levels in 
their body, is important  not to exceed the minimum limits, otherwise their performance would diminish. 
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Conclusions 
The results of present study indicate that maximal strength and power characteristics have positive 

correlation with the lifters with optimal body fat, whereas negative with those with less body fat. In terms 
of practice, these finding indicate that elite lifters should have optimal body fat percentage in their bodies, 
regardless the body mass. However, it is important to understand that the primary focus of weightlifting 
training is to improve the performance in total (snatch + clean and Jerk), and not maintaining or 
decreasing body fat, per se.  Taking into considerations these finding, it make sense if lifters who compete 
in heavyweight class have less body fat, even in the case that their Fat Free Mass (FFM) does not change, 
their performance would be higher.  
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Abstract: 

Introduction: Low back pain, is a higly prevalent condition worlwide. Physiotherapists commonly use 
a system of diagnosis and exercise prescription called theMcKenzie Method to manage patients with low 
back pain.Objective: The main aim of this study was to evaluate the effectiveness of the Mckenzie method 
treatement, in subacute and chronic low back pain.  Meterial and methods:  Our study was conductet 
betwen years 2009-2010 , in General Hospital  “Rezonanca”, in physical therapy care.We did 15 days 
duration, short-term, prospectiv study. The total number of patients enrolled in the study was 100, age 
above 23 years, of both sexes. Patients where treated with McKenzie Method, the assessment where done, 
before and after the treatment .We used the Numeric Rating Scale to assess the pain, and  Modified 
Schober’s test for mobility.Results: McKenzie method increases the mobility and reduce pain in the 
lumbar region more on subacute stage. Short-term treatment of patients, (on subacute and chronic stage)  
with  the McKenzie method  is more effective in reducing pain. McKenzie method is most effective in 
patients in subakute stage  Conclusions:  Chronic low back pain patients, need to be treated for  longer  
periods, with the McKenzie Method. Our recommendation is to further research the efficacy of  Mckenzie 
method for longer periods, larger sample size, with randomized, crossed –over, duble-blind, placebo-
controlled treatment groups, in order to avoid bias. 
 
Key words: Numeric rating scale, Schober, exercise program, extension, flexion. 
 
Introduction 
Low back pain (LBP) is one of the most prevalent health conditions and the most expensive of which 
affect the developed world (2,3,4,5) is also one of the most common musculo- sceletal conditions treated 
by physical therapists (6). The aim of the research is to demonstrate the efficiency of the McKenzie 
method in treating pain in the lower back in subacute and chronic stage. The primary goal is to set the 
frequency of patients in subacute and  chronic phase and compare the degree of pain according to 
Numerical Assessment Scale (Numeric Rating Scale), before and after treatment (15days).  
Secondary goal is to assess and compare the lumbar mobility, flexion and extension, according to 
Modified Shober's test in chronic and subacute phase. 
 
Material & methods  

The research was conducted at General Hospital "Rezonanca", in Pristina, in the period 2009-2010. 
The total number of patients i incorporated in research has been 100, aged about 23 years, of both sexes, 
with pain in the lower back more than four weeks (subakute and chronic phases). The survey was short-
term, lasting 15 days and prospective. The patients were referred to physical therapy by Reumatologist, 
orthopedist and neurosurgeon. 

According to clinical evaluation, all patients were classified with Disorder Syndrome. The patients 
were treated with exercise program of McKenzie method, which represents the program of exercises of 
extension and flexion. The patients did exercises every day in the clinic, under the supervision of 
physiotherapist and continued the exercises at home. Repetition of exercises is done a total of five times 
during the day, 5-10 repetitions of each exercise. 

In the first visit and the second visit, after 15 days, is done the assessment of the degree of pain 
according Numerical Assessment Scale of pain (NRS), range of active motion in the lumbar region was 
measured with Modified Shober's Test and Lasegue’s. 
Statistical Analysis, presentation of data is done through tables. Data processing was done with the 
statistical package InStat. Of statistical parameters were calculated: arithmetic mean, standard deviation, 
and minimum and maximum values. For testing nonparamterike data is used x2-test and Fisher's test. 
While for parametric data, t-test was used. Verification of tests for the degree of reliability was 95% and 
99%, respectively p <0.05 and p <0.01   
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Results 
 

Table 1. Patients included in the study by age and sex 
 

Age 
Sex Totally 

F M 
N % N % N % 

20-29 11 19 9 21.4 20 20 
30-39 18 31 13 31 31 31 
40-49 12 21 13 31 25 25 
50-59 11 19 7 16.7 18 18 
60-69 6 10 - - 6 6 

Totally  
N 58 100 42 100 100 100 
% 58 - 42 - 100 - 

 
 

The total number of patients enrolled in the study mas 100 with low back pain,  43 or 43% of them 
where in subacute stage and  57 ose 57% where in chronic stage 

Higer frequencey of age belonged to the age goup  30-39 years 31%,  
Regarding gender, the large number of female patients at greater frequency belonged to the age group 

30-39 years, in contrast to the male patients who were slightly older, 30 -49 years. (Table 1.)   
 

Table 2. Statistical data of parameters of age by sex 
 

Age 
Sex 

Totally 
F M 

N 58 42 100 
Average  41.6 38.6 40.3 

SD 12.6 9.8 11.6 
Min 24 23 23 
Max 69 58 69 

T-test, P-value T=1.286, P>0.05  
 
 

The average age of the patients involved in the research was 40.3 years (SD ± 11.6 years). The average 
age of female patients was 41.6 (SD ± 12.6 years), whereas male patients 38.6 years (SD ± 9.8 years). 
With T-test, we found no statistically important  significant by gender (t = 1.286, P> 0:05) (Table 2). 
 

Table 3. Values of Lasegue’s test before and after treatment (15 days) 
 

Lasegue’s test Day 1 Day 15 
N % N % 

Positive 57 57 23 23 
Negative 43 43 77 77 
Totally 100 100 100 100 
X2-testi P<0.001 

 
 

On the first day of treatment, Laseg’s test was positive 57% of patients, and 15 days after treatment, 
Laseg test was positive only in 23% of patients. In all of our patients, with x2-test, we found statistically 
significant difference regarding the presence of a positive Lasegue test (P <0.001) (Table 3). 
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Table 4. Evaluation of pain before and after treatment (15 days) with the McKenzie  method 
*Numeric Rating Scale 

 
Pain rate *NRS Day 1 *NRS Day 15 

N 100 100 
Average 9.2 2.5 

SD 0.8 1.5 
Min 8 0 
Max 10 6 

T-test, P-value T=37.87, P<0.001 
 
 

The average pain, the first day of evaluation was 9.2 (SD ± 0.8) in the interval of 8-10 according to 
Numerical Rating Scale of pain.  After treatment, this value is reduced, 2.5 (SD ± 1.5), the interval of 0-6. 
In the treatment of patients with McKenzie method, with t-test we found statistical significance assessing 
the degree of pain before and after treatment (t = 37.87, P <0.001) (Table 4). 
 

Table 5. Statistical data of Shober's test in flexion, before and after treatment (15 days) 
 

  Shober's test in 
flexion (cm) Day 1 Day 15 

N 100 100 
Average 4.2 6.8 

SD 0.7 1 
Min 2.7 4.2 
Max 6.0 8.3 

T-test, P-value T=38.85, P<0.001 
 
 

Of all the patients included in the study, the average of flexion in the  first day of evaluation was 4.2 
cm (SD ± 0.7 cm), while on day 15 after treatment was 6.8 cm (SD ± 1.0cm).  
With T-test we found statistical significance of flexion measurement of the lumbar spine before and after 
treatment (1-15 days) (t-test = 38.85, P <0.001) (Table 5). 
 

Table 6. Statistical data of Shober's test in extension, before and after treatment (15 days) 
 

Shober's test in 
extension (cm) Day 1 Day 15 

N 100 100 
Average  1.4 3.7 

SD 0.6 1.2 
Min 0.4 1.3 
Max 2.8 6.5 

T-test, P-value T=26.96, P<0.001 
 
 

On the first day of the assessment, the average of extension of our patients was 1.4 cm (SD ± 0.6 cm), 
while on day 15 after treatment was 3.7 cm (SD ± 1.2 cm).  

The interval of minimum and maximum value of the extension, on the first day of assessment was 
from 0.4cm-2.8cm and in day 15 from 1.3cm-6.5cm. 

With T-test we found statistical significance measuring extension of the lumbar spine before and after 
treatment (15 days) (t-test = 26.96, P <0.001) (Table 6). 
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Table 7. Lasegue’s test results on the 15th day of treatment in relation to the stage of disease 

 

Lasegue’s test 

       Stage of disease 
 Total 

chronic Subacute 
N % N % N % 

Positive 20 35.1 3 7 23 23 
Negative 37 64.9 40 93 77 77 

Total 57 100 43 100 100 100 
Fisher’s test P<0.001  

 
 

During the examination of our patients, on the 15th day after treatment with the McKenzie method, 
Lasegue’s test has been more common in the chronic phase of the disease (35.1%) compared with those 
subakute (7%), which is expressed with high statistical singnificance (P <0.001) (Table 7). 
 

Table 8. Statistical data on the degree of pain on the 15th day according to disease stage 
* Numeric Rating Scale 

 

*NRS day 15 Stage of disease Total Chronic Subacute 
N 57 43 100 

Average  2.9 2 2.5 
SD 1.3 1.6 1.5 
Min 0 0 0 
Max 6 6 6 

T-test, P-value T=3.10, P<0.01  
 
 

During the examination of our patients, on day 15 after treatment, the average pain level was 2.5 (SD 
± 1.5), in the interval of 0-6.  

Regarding the stage of the disease, the average rate of pain in chronic phase was slightly higher 2.9 
(SD ± 1.3), compared with subacute phase 2 (SD ± 1.6).  

In treating patients with the  McKenzie method, the degree of pain and 15 days after treatment was 
higher in patients in the chronic phase, which is also featured with statistical significance (t-test = 3.10, P 
<0:01) (Table 8). 
 

Table 9. Statistical data of  Shober's test in flexion (cm) on the 15th day, according to the stage of disease 
 

 Shober's test 
in flexion (cm) 

Stage of disease Total  chronic Subacute 
N 57 43 100 

Average  6.4 7.2 6.8 
SD 1 0.8 1 
Min 4.2 4.9 4.2 
Max 8.1 8.3 8.3 

T-test, P-value T=4.31, P<0.001  
 

Of all our patients, on day 15 after treatment, the average of flexion was 6.8 cm (SD ± 1cm), interval 
from 4.2cm-8.3cm.  

Regarding the stage of the disease, the average of flexion was higher 7.2 cm (SD ± 0.8 cm) in subacute 
stage, compared with chronic 6.4 cm (SD ± 1.0cm).  

With T-test we found statistical significance in  degree of flexion by stage of disease 15 days after 
treatment (t-test = 4.31, P <0.001) (Table 9). 
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Table 10. Statistical data of  Shober's test in extension (cm) on the 15th day, according to the stage of disease 
 

Shober's test in 
extension (cm) 

Stage of disease 
Totally 

chronic Subacute 
N 57 43 100 

Average  3.2 4.4 3.7 
SD 1.1 1.1 1.2 
Min 1.3 1.9 1.3 
Max 6 6.5 6.5 

T-test, P-value T=5.40, P<0.001  
 
 

In the 15th day after treatment, the average of extension in our patients in the chronic phase of the 
disease was 3.7 cm (SD ± 1.2 cm), interval from 1.3 cm-6.5 cm.  

Regarding the stage of the disease, the average values for patients who have chronic phase have been 
met lower 3.2 cm (SD ± 1.1 cm), compared with subacute phase, 4.4 cm (SD ± 1.1 cm).  

T-test found statistical significance degree of extension by stage of disease, 15 days after treatment (t-
test = 5:40, P <0.001) (Table 10). 
 
Dicussion 

Pain in low back is the most frequent cause of disability. Epidemiological studies have generally 
considered that the risk factors for the onset of back pain are interconnected in three dimensions: 
individual factors and lifestyle, physical or biomechanical factors, and psychosocial factors.  

Brian et al. (83), in reviewing the literature, they concluded that the McKenzie method is a highly 
effective program for patients with non-specific back  pain. McKenzie method appears to be an effective 
technique in reducing the pain in the spin, compared with other forms of conservative treatment.  

Skikiç et al. (84) came to the conclusion that, according to McKenzie exercises for low back pain, are 
useful treatment in increasing flexibility and improving back pain. These data are similar to our paper 
records in terms of increasing flexibility and reducing pain.  

Helen et al. (85) supported  the extension measurment with the modified Schober’s test for patients 
treated with McKenzie method.  

Clare et al. (86) through a review of literature on DARE, CINAHL, CENTRAL, EMBASE, 
MEDLINE and Pedro have come to the conclusion, that the McKenzie method in treating short-term (<3 
months) of patients with low back pain, presents the greatest results in reduction of pain and disability, 
despite other standard therapies. Related data has found Brian et al. (83).  

In our research, the duration of treatment, with the McKenzie method was 15 days, with approximate 
Skikiç et al. (84). The same authors have confirmed that the average time of treatment of patients with 
McKenzie method is 15.5 days.  

Petersen et al. (87), in 2002, in their paper lasts 8 months, have compared the effectiveness of the 
McKenzie method of addressing the intensive dynamic strengthening of patients in chronic phase and 
subakute. They, at first assessment, they found a difference in reducing disability in favor of McKenzie 
group, after 2 months of treatment, but no significant difference in the degree of pain. According to them, 
after 8 months of treatment, both forms of treatment have the same effect in patients with low back pain 
in chronic phase and subacute.  
 
Conclusions 

Short-term treatment of patients with llow back pain in subacute and chronic stage with thw McKenzie 
method is more effective in reducing pain, and is more effective in subacute stage, increasing mobility 
and reducing pain 

Chronic low back pain patients, need to be treated for  longer  periods, with the McKenzie Method. 
Our recommendation is to further research the efficacy of  Mckenzie method for longer periods, larger 
sample size, with randomized, crossed –over, duble-blind, placebo-controlled treatment groups, in order 
to avoid bias. 
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Abstract: 

This study was conducted in order to analyze the metrical characteristics of the test for determining 
reaction speed using simple movement with children of the preschool age. The sample group of 96 both 
sex preschool children, average age of 5,91 ±0,49 decimal years, was subject to a specially constructed 
system for regulating reactionary speed using simple movement. The computerized system consisted of a 
measuring board with a control light, a system for transferring the signal to the computer and software 
for registering and storing data. The subjects were in a standing position, positioned at arm’s length 
waiting for the signal light to flash, at which they would as swiftly as possible reach out and touch the 
measuring board. The task was conducted in five uneven intervals, randomly generated by the software. 
The data of the five task performances comprised the composite variable, which was then used for 
analyzing the metrical characteristics of the measuring process by using the RTT11G Script program in 
the statistical pacage IBM SPSS 20. The determined measures were: Kaiser’s measures of adequacy PSI2 
(0,96), Spearman-Brown-Kuder-Richardson-Guttman-Chronbach alpha measure of reliability (0,87), 
Lord-Kaiser-Caffrey beta measure of adequacy of the first main component (0,87), Momirić’s lower 
border of reliability BETA 7 (0,90) and Guttman-Nicewandor coefficient RHO measure of reliability 
under Guttman’s model of measuring (0,95). All of the measures mentioned showed satisfying results 
which enabled us to conclude that the process of measuring that was used gave satisfying results with 
children of the preschool age. Analysis of the applicability of the measuring process showed that in 
practical use of the analyzed system it is enough to do 3 attempts with one trial attempt, which provides 
the necessary level of reliability of the measurement. 
 
Key Words: response time, arm movement, measuring, children, reliability 
 
Introduction 

Reaction time, defined as the time between presentation of a stimulus and initiation of a response to 
that stimulus, is one of the most commonly used measures of neurological function. A common paradigm 
for assessing reaction time is to measure the time between presentation of a light stimulus and subsequent 
pressing of a response button or switch (Crabtree, & Antrim, 1988). This method is considered acceptable 
for determining reaction time, although the measured interval actually represents response time, the sum 
of reaction time and movement time. Many different types of reaction times can be measured, including 
responses to visual, auditory, and tactile stimuli (Schmidt, & Lee, 2005). Simple reaction time paradigms 
involve only one stimulus and require only one action in response. In these situations, the desired 
response is known in advance of the presentation of the stimulus. In choice reaction time paradigms, on 
the other hand, 2 or more different stimuli are involved. The stimulus conveys information about the 
desired response, so that the subject cannot anticipate which movement to make. Some researchers have 
demonstrated that reaction time increases with age in adulthood (Kiselev, Espy, & Sheffield, 2008), but 
no evidence about gender differences (Deary, & Der, 2005).  

Relatively little is known about the nature of development of processing speed in very young children. 
In the developmental literature, one account of the mechanism underlying age differences in processing 
speed is a general developmental mechanism (Cerella, & Hale, 1994; Kail, 1993). Kiselev at al. (2008) 
also reported process-specific, age-related differences in processing speed in preschool children that 
support heterochronicity of brain development during childhood were revealed. There are few accounts 
on the reliability and validity of the instruments used for measuring the reaction speed in small children. 
Determining the validity of the measurement process was mostly achieved through the test-retest method, 
calculation of the coefficient of correlation or determining the interclass cross asset correlation, as well as 
determining the Cronbach alpha coefficient of reliability. The measuring procedures are usually 
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computerized (eg. Deary, Liewald, & Nissan, 2011) which are based upon a specially designed software 
and displaying of the stimulus on a computer screen. Apart from registering the speed of a reaction to a 
stimulus, these systems also enable multiple choice reactions. While working on a larger project which, 
among other things, consisted of assessing the motor skills of children of the preschool age we have 
constructed a special computerized system for measuring the time of reaction using simple hand 
movement. The assessment of the metrical characteristics of the measuring procedure using this system is 
the subject of this research. We were interested in the reliability, representability, homogeneity, and 
discrimination ability of the measurements on children of the preschool age while using this system.   
 
Material & methods  

The research was conducted on a sample of 96 children of the preschool age, belonging to both sexes, 
their average age being 5.91±0.49 decimal years. All the children attended preschool institutions              
in the city of Novi Sad, they were healthy and without any recorded mental or physical issues.                         
The measurement was conducted during October of 2013 in the faculty and the preschool institution       
“Petar Pan” in Novi Sad.  

In order to measure the reaction speed of the children’s simple hand movement a unique measuring 
instrument was constructed; it consisted of two parts, one electromechanical and one software. The 
electromechanical part consisted of a copper block which acted as the touch sensor, one red diode light, a 
portable cable and a notebook computer which enabled the registration of the incoming signal from the 
measuring board and general software support. The software part of the instrument was a specifically 
written program – RefleXz (Figure 1) which had several functions, the most important of them being: 
formulating a list of users with basic data, adjusting the sensitivity of the measuring board (calibrating), 
adjusting the way in which the light signal was being given (manual, random), the number of times and 
interval in which the light signal appeared, as well as storing data and exporting it into MS Excel. 
 

 
Figure 1. The main window of the test reaction time in RefleXz with preset parameters 

 
Apart from the instruments and gear already mentioned, the measuring process also required 

additional space next to the wall bars of a 2x2m diameter, a table, and an available outlet of electrical 
energy. The measuring board would then be fastened, shoulder high,  to the wall bars  using two velcro 
straps, and from there connected to the computer using the appropriate cable. Before the measuing 
process the measuring board’s sensitivity was calibrate to an optimal value.  

The measuring protocol consisted of the following steps. The subject stood facing the board on a 
distance appropriate to the length of his/hers outstretched arm, so that the palm of his/her hand was 
resting on the board (Figure 2). After the necessary distance was establish the subjact had to stand still, in 
an upright position with arms lowered to the sides of the body. For the completion of the task, the 
subjects used their dominant hand. The taks consisted of performing five consecutive movements of the 
arm, as quickly as possible, until the hand met with the surface of the measuring board, upon seeing the 
light signal. After completing each stage of the task, the subject would return their arm to the initial 
position. If any premature arm movements were made, or some other unanticipated event occurred, or if 
there was any sort of interference, the attempt would be repeated so that five proper attempts were 
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registered. There were no trial runs. The measuring instrument was adjusted so that the light signals 
appeared in random intervals (3000-5000ms), and the results were record in milliseconds. 
 
 

 
Figure 2. Start position of body, arm position and contact  

with the measuring board 
 
For all five attempts some basic descriptive statistics were calculated, the mean, standard deviation and 
coefficient of variation, and tested for normality of distribution using the Kolmogorov-Smirnov test. The 
data of the five task performances comprised the composite variable, which was then used for analyzing 
the metrical characteristics of the measuring process by using the RTT11G script program (Momirović, 
Wolf & Popović, 1999) in the statistical pacage IBM SPSS 20 (SPSS ID: 729225). The determined 
measures were:  

 Kaiser’s measures of adequacy PSI2 - measure of Sampling Adequacy (MSA) is an indicator of 
factorability for a collection of variables, 

 Sperman-Brown-Kuder-Richardson-Guttman-Chronbach ALPHA -  measure of reliability based 
on the classical summation measurement model that takes into account all particles, in 
quantitative terms,  

 Lord-Kaiser-Caffrey BETA  - represents the reliability of the first principal component, which 
means the priority of the calculation is the principal component and the projection of a single 
particle on it. 

 Momirić’s BETA7 - lower border of reliability,  
 Guttman-Nicewandor coefficient RHO - measure of reliability under Guttman’s model of 

measuring.  
 Momirović’s H2 - measure of homogenity that tends towards the maximum, the unit values, in 

those cases where the main subject of measuring predominantly enhanced when the scale is 
probably one-dimensional structures. 

 
Results 

Before the analysis of the metrical characteristics of the test for determining the reaction time using 
simple arm movement, an analysis of the basic descriptive statistics was conducted, along with the testing 
of the importance of the differences between boys and girls. In all the measuring items it was determined 
that the boys reached higher average values than the girls. However, the analysis of the speed of the 
simple arm movement of children of both sexes (Table 1) showed that there was no statistically 
signifficant differenc in any item. It was also determined that the distribution of results between the items 
does not stand out in a statistically relevant manner from regular distribution. These findings enabled us 
to conduct further analyses on the entire research sample regardless of their gender by applying the 
standard parametric statistical proceduress.  

The realtion of average vlues and standard deviation of the measurement particles indicates a 
somewhat increased homogeneity of the result distribution but the discrimination ablity of the test can be 
interpreted as satisfying. The coefficient varation value is somewhere in between 12.24% and 17.73%. 

Results  should be presented precisely and should not contain material that is appropriate in the 
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discussion. Units, quantities, and formulas should be expressed according to the International System (SI 
units). All measurements should be given in metric units. 
 

 
Table 1. Basic descriptive statistics and the results of the differences between boys and girls 

ITEM (ms) GENDER MEAN SD CV KS SIG. T SIG. 

Reaction Time 1 Male 650.43 104.61 16.08 .71 .69 -1.01 .32 Female 671.62  94.37 14.05 

Reaction Time 2 Male 662.73 112.33 16.95 1.15 .14 -.39 .70 Female 671.18  93.29 13.89 

Reaction Time 3 Male 647.16 104.07 16.08 .79 .56 -.59 .56 Female 683.87  83.75 12.24 

Reaction Time 4 Male 668.70 118.59 17.73 1.32 .06 -.59 .93 Female 682.49 102.45 15.01 

Reaction Time 5 Male 693.93 118.81 17.12 .94 .34 -.36 .72 Female 702.36  97.96 13.94 
Legend: ms -  millisecondes; MEAN – average value; SD – standard deviation: T – t test value;  
SIG – signification; KS – Kolmogorov-Smirnov test; V – coefficient of variation (%) 
 

The average item correlation was on a satisfactory level and it indicated a well defined first measuring 
subject (Table 2). This was confirmed by the high value of Caiser’s PSI2 coefficient of the variable 
sample’s adequacy (ψ2 = .954), as well as a hight representability of all the items. The overall reliability 
of the test is on a satisfactory level ranging from .877 on the classical sumational model of measuring, to 
.961 on Gutman’s model of measuring (Guttman, 1953). Momirović’s lower border of reliability has a 
high value as well (.902). The assessment of the item’s homogeniety showd a satisfactory value. 
 
Table 2. Basic descriptive statistics of items and the results of the metric characteristics  of items and the entire test 

 
   Intercorrelations    
ITEM (ms) MEAN SD 1 2 3 4 5 REP REL H 
Reaction Time 1 659.13 100.57 1.00     .94 .32 .61 

Reaction Time 2 666.20 104.49 .58 1.00    .96 .66 .89 

Reaction Time 3 662.23 97.48 .59 .76 1.00   .96 .67 .89 

Reaction Time 4 674.36 111.89 .44 .56 .60 1.00  .97 .46 .79 

Reaction Time 5 697.39 110.25 .43 .59 .54 .67 1.00 .96 .43 .75 
Cronbach α =.877 ;   Momirovic β7 = .902 ;  Lord-Kaiser-Caffrey β = .878 
Guttman-Nicewander ρ = .961 ; Caiser ψ2 = .954 ;  Momirovic H2 = .865 
Average Correlation = .589 

Legend: REP – measures of item adequancy;REL - measures of item reliability; 
H – correlaltion of items with first common component 

 
The second and third item had the most projection on the first main component, the first item had the 

lowest, which showd low reliability as well. After repeating the task for the third time the correlation 
values with the first subject of measuring show significant decreases in value. The average values of the 
items showd a tendency to grow, but those values express stability and balance after the first attempt. 
 
Discussion 

Some authors pointed our problems with distributing data received from assessing the speed of 
reaction (Whelan, 2008). They list the appearance of asymetrical distribution with result groupin in the 
zone of lower values and the appearance of extreme results in the zone of higher values. This research 
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showed the appearance of such characteristics on the sample of preschool children as well (Figure 3). A 
graphycal analysis of the distribution of the measurement’s five particles data showed that the described 
asymetry of distribution is more present with completed items, especailly with the fourth item. The 
linearity of the relation is most pronounced with the first three items, and later on drops off with the end 
items. This can probably be attributed to loss of attention and concentraion in the last attempts of 
performing the task in small children. If the previously mentioned low correlation of last items with the 
first subject of measurement and the low coefficient of reliability are added to this, then it is possible to 
deduce that five consecutive repetitions of measurement was too much for a stable assessment of reaction 
speed in preschool children. 

These findings suggest that for an optimal assessment of reaction speed in preschool children, using 
this system, three attempts, with one trail attempt of the given task, would be enough. This is confirmed 
by the calculation of Cronbach’s alpha coeffient value for the first three items, which is slightly lower at 
.845 without performing the trial attempt. 
 

Figure 3. Matrix Scatter and Distrubution graphs for all five items 

All the values of reliability attained by applying this system for measuring the reaction speed using 
simple arm movement in children of the preschool age, significantly surpass the limit of good reliability 
of .80 (George, & Mallery, 2003), and some, primarily under Gutman’s model of measuring, have a value 
of over .90 which is considered as an excelent value of reliability of the measurement. The 
representability of the test as a whole, and some of its items, is high and indicates a good level of 
informativeness of the measuring process. 
 
Conclusions 

The protocol that was applied in measuring the reaction speed of simple arm movement in children of 
preschool age showed good metrical characteristics. The reliability of the measurement values were high 
as was the representability of the test. The practical application of the constructed aparatus showed itself 
to be precise and with small corrections, primarily of the measuring protocol, could be standardized. A 
conclussion was reached that for the optimal measuring of reaction speed using simple movement in 
preschool children 3 attempt at completting the taks were necessary, with one trial attempt. By applying a 
simple protocol for measuring, with software and accompanying tools, the system can be recommended 
for further use, especailly with small children. 
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Abstract: 

On sample of 12 dynamic stereotypes (elements), more precisely 4 basic techniques from each sport 
discipline separately (athletics, gymnastic and judo) and some of them have already been implement in 
curriculum for physical education was conducted this research with main goal to determine 
biomechanical structure of 12 dynamic stereotypes in general. For this purpose the sample of elements of 
individual sports is analyzed by the method of qualitative biomechanical analyze. The data obtain from 
biomechanical analysis of elements are treated with more mathematic operations determine with 
algorithm "Alprobi". As a general conclusion can be stated that such placement or grouping of elements 
in the learning process could not expect more transfer in the learning process.  
 
Key Words: individual sport, basic technique, biomechanic characteristics  
 
Introduction 

The principal means of achieving the goal of physical education and sports are physical exercise or 
sports techniques which can be dynamics or statics, or they are also named as a motor stereotypes. These 
sports elements and those disciplines that due to limited working conditions cannot be taught or used in 
teaching physical education does not mean that cannot be replaced by other means ( sports elements or 
disciplines ) and yet goal to be achieved . If objectively defined biomechanical structure of elements , it is 
possible to determine their intercorrelation , and based on it to perform clustering of sports movements 
that are provided in the curriculum. It allows relatively precise selection of elements of group movements 
with related biomechanical structure , which is an important indicator of the rationalization of the 
curriculum in physical education and in those areas where there are limited conditions for work, but also 
the implementation of other sports disciplines as sports exist in our country but are not learning in 
physical education classes . 

The survey are covered some of the basic elements of the sport disciplines and some of them are 
studied on the lessons in physical education. Biomechanic features of any dynamic or static  
motorstereotype (movement, technique, element or exercise) are determined by qualitative biomechanical 
analysis. It allows the selection and construction of the variables to be done on that way as any movement 
can be defined in all biomechanic space. 
 
Material & methods  

In a research are taken 12 dynamic stereotypes (elements), four of the basic techniques of each sport 
discipline separately (athletics, gymnastics and judo). From athletics are taken: jump technique, jump 
technique stredel, discus throw, shot put technique rational. Taken techniques from gymnastics are: 
rotation forward, rotation on hands in side, position on hands, rotation backward. And from judo are 
taken: fall forward - Mae ukemi, throwing techniques - ipon seio nage, throwing techniques - morote seoi 
nage, throwing techniques - hara goshi. 

The sample of the elements of individual sports is analyzed by the method of qualitative 
biomechanical analysis, and the results are given in binary matrix with 

The data obtained from biomechanical analysis of elements are treated with more mathematic 
operations defined by Algorithm "ALPROBI". First of all is formed binary matrix with basic 
biomechanical characteristics of movements. From this matrix we get symmetric matrix for standardized 
measures of biomechanical similarity and are determine all other parameters of biomechanical structure 
of the model. 
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Results 
Results of the qualitative biomechanical analyze are given in binary matrix with symbols 1 and 0. 

 
 

Table 1. Matrix of intercorrelation 
 

             1           2          3             4          5          6           7           8          9         10          11          12                  
1      1.00000                        
2      0.17817 1.00000                      
3      0.25820 0.82808 1.00000                    
4      0.21517 0.72457 0.86667 1.00000                  
5      0.04233 0.00000 0.03279 0.06558 1.00000                
6      0.04915 0.00000 0.03807 0.07614 0.59920 1.00000              
7      0.04536 0.03637 0.03514 0.03514 0.13826 0.20064 1.00000            
8      0.04915 0.03941 0.03807 0.03807 0.26215 0.30435 0.60193 1.00000          
9      0.04377 0.03509 0.03390 0.03390 0.00000 0.00000 0.00000 0.00000 1.00000        
10    0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.06700 0.07260 0.29093 1.00000      
11    0.04714 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.33425 0.27852 1.00000    
12    0.04454 0.03571 0.03450 0.03450 0.00000 0.00000 0.00000 0.00000 0.94751 0.29608 0.37796 1.00000 

 
 

Table 2. Coefficient of biomechanical correlation between groups of elements in each group as a whole 
 

CABS group 1 0.512 

CABS group 2 0.351 

CABS group 3 0.421 

CABS in whole 0.13343 
 

Coefficient of biomechanical strength of connections among elements within their group 
 

1:   0.08845 7:   0.10544 
2:   0.17067 8:   0.12779 
3:   0.19686 9:   0.15630 
4:   0.18998 10:   0.09138 
5:   0.10366 11:   0.09435 
6:   0.11523 12:   0.16098 

 
 
Based on the results shown in Table 1. it can be concluded that the coefficients are in the limits of very 

low or the value (0) to extremely high in value (0.948). 
Coefficients of biomechanical similarity in groups are ranging from low (0.351) to medium (0.512). 
Coefficients of force biomechanical similarity are ranging in the limit of low values from 0.088 to 

0.196. 
 
Discussion  

The analysis results where standardized measures of biomechanical similarity are shown (table 1.) can 
be concluded that: 

The highest ratio of  biomechanical similarity is present between elements shot put technique rational 
and rotation backward with coefficient of 0.948. 

The lowest coefficients or there is not similarity between elements where the coefficient is 0. 
The ratio of full biomechanical similarity is very low CABS = 0.133, which indicates that they have 

expressed different biomechanical structure in general. 
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The highest ratio of strength of biomechanical connection element is present in CABI = 0.197 "Morote 
seoi nage" indicating that this element is the most similar to all defined in terms of biomechanics, and 
therefore it should be given the most time in the learning process in this group of elements. 

The lowest coefficient or lowest ratio strength of biomechanical connection  is present in the element 
CABI = 0.088 "Mae ukemi" which indicating that this element is at least similar in terms of defined 
biomechanics. 

Based on the results shown in Table 1 it can be concluded that elements are most similar and least 
similar within their group: 

Most similar elements within the first group - Athletics regarding of biomechanical structure are 
discus throw and shot put technique rational  with coefficient 0.866667, and at least similar are long jump 
technique and jump technique stredel with coefficient 0.17817. 

The highest coefficient of biomechanical strength connection in these group is 0.512 which is middle. 
Most similar elements within the second group - Gymnastics regarding of biomechanical structure are 

position on hands and rotation backward with coefficient 0.60193, and at least similar are rotation 
forward with position on hands with coefficient 0.13826 

The highest coefficient of biomechanical strength connection in these group is 0.351 which is low. 
Most similar elements within the third group - Judo regarding of biomechanical structure are fall 

forward - Mae ukemi and throwing technique - harai goshi with coefficient of  and at least similar are 
throwing technique - ippon soi nage and throwing technique - harai goshi whit coefficient 0.27852. 

The highest coefficient of biomechanical strength connection in these group is 0.421. 
Regarding of biomechanical similarity among elements from different groups: 
The highest similarity between the first and second group with a ratio of 0.07614 is present between 

elements shot put technique rational and premet vo strana. 
The highest similarity between the first and the third group with a ratio of 0.4714 is present between 

elements high - jump technique and throwing technique - morote seoi nage. 
The highest similarity between the second and the third group with a ratio of 0.07260 is present 

between elements rotation backward and throwing techniques - ippon seoi nage. 
Based on the analysis results, sports disciplines more precisly elements of choosen sports ( motor 

stereotypes ) selected in this study can be grouped into several sections with different bimehanichka 
structure . 

Athletics : Long jump - Acyclic movements with complex anatomical structure , high jump , discus 
throw and shot put - acyclic motion with asymmetric anatomical structure - generalized . 

Gymnastics : rotation forward and backward - Acyclic symmetric movements with anatomical 
structure - generalized , position on hands - Acyclic movements with asymmetric anatomical structure - 
generalized , premet vo strana - Static stereotypes ( static exercises ) 

Judo : Drop forward - Mae ukemi , throwing techniques : seoi nage IPON , seoi nage and Morrow hara 
goshi - Acyclic movements with complex anatomical structure . 
 
Conclusions 

Considering neurophysiologic-biomechanical laws of sporting element, in some extent may contribute 
to the formation of new curricula for students of appropriate age to be more rational. The rationality is 
that from those movements which have related structure can be selected only some representative or 
representatives that the process of their learning or training creates new motor mechanisms in the central 
nervous system, called engrami who are responsible for regulation of motor manifestations of movements 
with similar biomechanical structure. Based on this logic, when you have in mind this neurophysiologic-
biomechanical criteria for planning and programming, the goal of physical education can be 
accomplished with a different choice of teaching content or element. This is especially important for 
lessons that are conducted in different materials - spatial conditions. 

Based on the results pertaining biomechanical homogeneity of the analyzed elements, their choice 
could not give greater transfer in the learning process. 
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Abstract 

Postural disorders and disorders of nutritional status in children are quite frequent and also carry 
various risks of possible health problems. The aim of this research was to analyse postural disorders in 
younger school-age children, 7 - 10 years old, as well as their incidence with regard to category of 
nutritional status and gender dimorphism. The sample of subjects comprised of 335 younger school-age 
children, 7 - 10 years old, of both genders (174 girls and 161 boys), pupils of the primary school “Sveti 
Sava”, Bačka Palanka. Postural status was assessed by Napolen Volansky method. Data processing 
involved statistical package SPSS for Windows, version 15. In establishment of differences in postural 
status, with regard to the age and the gender dimorphism, we used χ2 test. In order to establish 
differences in cumulative evaluation of postural status, we applied rank-sum Mann-Whitney Z-test, which 
is equivalent to T-test for categorical data. In establishment of differences in groups of subjects formed 
on the basis of degree of nutritional status, we applied Kruskal-Wollis test. According to the obtained 
results, total evaluation of postures of children of both genders established  no statistically significant 
differences, yet that higher rank was established  in girls, which indicates to poorer bad posture in female 
subjects (7-8 years of age: Z=-0.133; р=0.894; 9-10 years of age: Z=-0.993; р=0.321). Through analysis 
of distribution of nutritional status categories, formed on the basis of the BMI determined according to 
the gender, it was established that the difference is at the limit of statistical significance in children of 7-8 
years of age (χ2 = 7.401; р = 0.06). In children of 9-10 years of age, no statistically significant difference 
was established. Statistically significant difference in incidence of postural disorders with regard to 
category of nutritional status was noticed in the subsample of children of 9-10 years of age (χ2 = 53.802; 
p = 0.000). These results lead to conclusion that younger school-age children should get involved in 
organized and continuous physical activities in order to prevent occurrence of postural disorders and 
obesity. 
 
Key words: body posture; obesity; BMI; prevention. 
 
Introduction 

Postural disorders of locomotor apparatus can occur at any age, although there are certain periods of 
life in which the body is more susceptible. Those are periods in which children are particularly sensitive, 
for example, the start of school, so the people participating in their upbringing should be extra careful 
(Protić - Gava, Romanov, 2008). Good overall health, appropriate muscle control, muscle strength and 
elasticity, favourable psycho-sociological factors (e.g. self-confidence) reflect proper body posture (Protić 
- Gava, 2008). Good body posture is natural and spontaneous, biomechanically rational and aesthetically 
likeable.  

The number of school children with postural disorders is growing, which can result in serious health 
problem unless eliminated on time (Protić - Gava et al., 2009). There are various causes of spinal 
deviations such as obesity, malnutrition and insufficient physical activity (which decrease when starting 
with school).   

 Health problems connected with obesity during the childhood may be twice as dangerous due to 
social and psychological problems which are long lasting and tend to worsen during the adulthood (Dean, 
Flett, 2002). The prevalence of obesity during the last two decades is still increasing, as in small so in 
industrially developed countries (Centres for Disease Control and Prevention, 2012). The fact that the 
number of obese children and adolescents has tripled during the last three decades is alarming. In 2011-
2012, 8.4% children of 2 to 5 years of age were obese, as compared to 17.7% children of 6 to 11 years 
and 20.5% adolescents of 12 to 19. 
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The aim of this study was to analyse postural disorders in younger school-age children of 7 to 10 
years of age, to analyse nutritional status, differences in gender as well as their incidence with regard to 
category of nutritional status. 
 
Material & methods  

The study represents a cross-sectional study and was carried out in the primary school “Sveti Sava”, 
Bačka Palanka, Serbia. The sample comprised of 335 younger school-age children, 7 to 10 years of age, 
of both genders (174 girls and 161 boys) classified in two categories: 7-8 (161), 9-10 (174). The research 
also comprised the children exempted from classes of physical education.  

Postural status was assessed by Napolon Volansky method. Eight segments were observed as postural 
status indicators: head posture, shoulder posture, chest (thorax shape), shoulder blades posture, side spinal 
curve, abdominal wall posture, shape of legs and feet posture. Correct posture was graded with 0, minor 
deviations were graded with 1, and major deviations with 2. By summing up all the indicators of postural 
status, we obtain the collective estimate based on which the subjects are categorised: 0 points – excellent 
posture; 1-4 points – very good posture; 5-8 points – good body posture; 9-12 points – poor body posture; 
13-16 points – very poor body posture. 

 The parents of the subjects participating in the research gave their written consent. The research was 
carried out by the sport doctor, BSc in Kinesiotherapy and the teacher of sport and physical education. 
Assessment was performed during the classes of physical education.  All the subjects were exposed to the 
same conditions. Postural status was assessed by means of standard procedure stipulated by the said 
method. Namely, in order to provide general image of individual body postures, body constitution and 
relations of specific body parts, the subject was observed as a whole from the distance of 2 meters, from 
frontal and sagittal plane. Assessment was preceded by marking of processus spinosus of vertebral 
column, internal edges and lower angles of shoulder blades, and spinae iliacae posterior superior. When 
assessing the body status and the feet status, the subject (minimally dressed and barefoot, wearing only 
underpants), takes relaxed standing posture looking ahead and with arms relaxed and lowered. With such 
posture, the body mass should be equally distributed to both feet, which are slightly separated and 
parallel. This posture gives the real image of the spinal curve. The results of the assessment were entered 
in personal records prepared exclusively for the needs of this research.  

Assessment of nutritional status was executed on the basis of the values of the Body Mass Index 
(BMI), calculated as the ratio of the body mass expressed in kg and the square of height, expressed in 
meters  - BMI=TM/TV2 - kg/m2, where we used the criteria suggested by the World Health Organization 
(Ogden et al., 2002). The values below 5 percentiles were corresponding to undernourishment, the values 
between 5 and 85 percentiles – normal nutritional status, the values between 85 and 95 percentiles to the 
increased risk of obesity, and the values above 95 percentiles – excessive body mass. 

Data processing was performed by means of non-parametric methods, χ2 - test for establishment of 
differences in postural status with regard to the gender. Kruskal-Wollis test was applied for testing of the 
differences between the groups of subjects. 

 
Table 1. Distribution of collective estimates of posture in total sample of subjects with regard to the gender 

 

Estimate Statistics 

Age 
7 – 8 years of age 9 – 10 years of age 

Gender Total Gender Total M F M F 
Excellent 
posture 

Number 15 17 32 12 15 27 
% Gender 20.0% 20.2% 20.1% 14.3% 16.9% 15.6% 

Very good  
posture  

Number 19 27 46 24 20 44 
% Gender 25.3% 32.1% 28.9% 28.6% 22.5% 25.4% 

Good 
posture 

Number 38 38 76 46 46 92 
% Gender 50.7% 45.2% 47.8% 54.8% 51.7% 53.2% 

Poor posture  Number 2 2 4 2 8 10 
% Gender 2.7% 2.4% 2.5% 2.4% 9.0% 5.8% 

Very poor 
posture  

Number 1 0 1 0 0 0 
% Gender 1.3% .0% .6% 0% 0% 0% 

Total Number 75 84 159 84 89 173 
% Gender 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

χ2 = 2.013           p = 0.733 χ2 = 4.156           p = 0.245 
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Results 
Distribution of collective estimates of posture by gender is presented in Table 1. There are some 

differences in terms of gender dimorphism, but they are not statistically significant. Girls of 7 to 8 years 
of age have better body posture as compared to boys of the same age, whereas at the age of 9 to 10, their 
posture is worse as compared to boys of the same age. 

 
Table 2. Distribution of estimates of nutritional status by gender of subjects in total sample 

 

Group Statistics 

Age 
7 – 8 years of age 9 – 10 years of age 

Gender Total  Gender Total M F M F 

Undernourished Number 1 5 6 3 5 8 
% Gender 1.3% 6.0% 3.7% 3.6% 5.6% 4.6% 

Normal weight Number 60 71 131 68 72 140 
% Gender 77.9% 84.5% 81.4% 81.0% 80.0% 80.5% 

Risky higher 
weight 

Number 10 7 17 8 10 18 
% Gender 13.0% 8.3% 10.6% 9.5% 11.1% 10.3% 

Overweight Number 6 1 7 5 3 8 
% Gender 7.8% 1.2% 4.3% 6.0% 3.3% 4.6% 

Total Number 77 84 161 84 90 174 
% Gender 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

χ2 = 7.401         r = 0.06 χ2 = 1.131         r = 0.77 
 

Analysis of distribution of categories of nutritional status formed on the basis of the BMI by gender 
of the subject (Table 2), shows that in category of 7-8 years of age, there are differences between boys 
and girls at the limit of significance; in girls, the number of undernourished subjects is higher, whereas in 
boys, there are more of those that are overweight. In category of 9-10 years of age, no statistically 
significant differences were observed in distribution of estimates of nutritional status by gender of the 
subjects.  
 
Table 3. Distribution of estimate of nutritional status and postural status in subjects of 7-8 years of age 
 

Posture estimate Statistics 
Groups by BM index 

Total Undernourishe
d Normal weight Risky higher 

weight Overweight 

Excellent posture Number 1 28 3 0 32 
% for BMI groups 16.7% 21.5% 18.8% .0% 20.1% 

Very good 
posture 

Number 1 40 5 0 46 
% for BMI groups 16.7% 30.8% 31.3% .0% 28.9% 

Good posture Number 4 59 7 6 76 
% for BMI groups 66.7% 45.4% 43.8% 85.7% 47.8% 

Poor posture Number 0 3 0 1 4 
% for BMI groups .0% 2.3% .0% 14.3% 2.5% 

Very poor posture Number 0 0 1 0 1 
% for BMI groups .0% .0% 6.3% .0% .6% 

Total Number 6 130 16 7 159 
% for BMI groups 100.0% 100.0% 100.0% 100.0% 100.0% 

Testing of differences     χ2 = 20.241                     p = 0.063 
Correlation (gama)       γ = 0.221                        p = 0.180 

 
Analysis of correlation of collective estimates of postural status and categories of nutritional status 

depending on the age of subjects is presented in Table 3 (for the category of 7-8 years of age) and in 
Table 4 (for the category of 9 -10 years of age). Analysis of body posture depending on the nutritional 
status in subjects of 7-8 years of age, shows that majority of subjects (130) with normal weight, has better 
postural status. Correlation between the postural status and the degree of nutritional status does exist, but 
the analysis of the results indicates to the fact that at this age, it is not statistically significant, that is, 
deviations from normal postural status are minor.  

In category of 9 to 10 years of age, there is statistically significant correlation of distribution of 
estimates of postural status of subjects and their nutritional status (p=0.001). In category of children of 9 
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to 10 years of age, there is statistically significant correlation of distribution of postural status of subjects 
and their nutritional status. The trend of distribution of postural disorders depending on the degree of 
nutritional status is reflexed as in children of younger age. The majority of subjects (161 children) is 
distributed into first three categories with better postural status and there are representatives of all four 
categories of nutritional status. 
 

Table 4. Distribution of estimates of nutritional status and postural status in subjects of 9-10 years of age 
 

Posture 
estimate Statistics 

Groups by BM index 
Total Undernourishe

d 
Normal 
weight 

Risky higher 
weight Overweight 

Excellent 
posture 

Number 1 25 1 0 27 
% for BMI groups 12.5% 18.0% 5.6% .0% 15.6% 

Very good 
posture 

Number 3 37 3 1 44 
% for BMI groups 37.5% 26.6% 16.7% 12.5% 25.4% 

Good posture Number 4 76 9 3 92 
% for BMI groups 50.0% 54.7% 50.0% 37.5% 53.2% 

Poor posture Number 0 1 5 4 10 
% for BMI groups .0% .7% 27.8% 50.0% 5.8% 

Very poor 
posture 

Number 0 0 0 0 0 
% for BMI groups .0% .0% .0% .0% .0% 

Total Number 8 139 18 8 173 
% for BMI groups 100.0% 100.0% 100.0% 100.0% 100.0% 

χ2 = 53.802                     p = 0.000 
γ = 0.529                         p = 0.001 

 
If we observe the changes in trends of postures on one hand, and the nutritional status on the other 

hand, in both age categories, we can notice slight increase in categories with higher nutritional status and 
parallel decline in collective estimate of the posture. This results in statistically significant correlation of 
the postural status and the degree of nutritional status in children of older age. In other words, excessive 
weight worsens body posture and increases collective estimate according to Volansky (higher grade = 
worse posture).   
 
Discussion 

Younger school-age girls (7-8 years of age) show significantly higher incidence of deviated body 
posture as compared to boys of the same age. The assumption is that in girls of this age the occurrence of 
hypokinesia is probably  more expressed, as they spend more time in sedentary position (games, reading, 
TV etc.), which, together with other factors, results in postural disorders. Boys of the same age are more 
active, they are moving more and are more involved in sport activities. Also, these changes in girls of the 
age of 10 coincide with the period of entering into the puberty, which starts slightly earlier than in boys. 
The period of puberty is characterized with increased excretion of the growth hormone and the 
reproduction hormones, which results in increase of all skeletal, muscular and fat cells. This influence is 
not the same for all body cells. Skeletal system develops faster than the muscular. Due to faster 
development of the skeleton, muscles and ligaments get elongated, strained and weak, which can, because 
of the influence of external factors, result in postural disorders (Ugarković, 2001). Vuković (2000), as 
well as Medojević and Jakšić (2007) came to conclusion which also confirms that the periods of posture 
deviation coincide with the period of entering into puberty. 

The trend of being categorized in certain category by nutritional status regardless the gender is 
continued in school age, as well. Namely, the results of the study published at the pre-school population 
of both genders (Srdić, Obradović, 2006) indicate to incidence of overweight in 12.02% of boys and 
6.99% of girls, while the risk of obesity (pre-obesity) was reported in 10.89% boys and 12.11% of girls. 
Apart from increased incidence of overweight, boys were more undernourished (7.64%) as compared to 
girls.  

As different to the said study, in which, for estimation of obesity, apart from the BMI, they also used 
the percentage of the fat mass in the total body mass, slightly more believable for discussion as only BMI 
was used as the status indicator, we can see the study carried out at the pre-school age children, of 5 to 7 
years of age. The research was separately conducted in boys (Obradović et al., 2006a) and in girls 
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(Obradović et al., 2006b). Comparing the results of these two studies, one will come to interesting 
conclusions: the least number of subjects in undernourished (regardless the gender), and in the group 
prone to obesity, the results are homogenous (11-13% boys and 11-12% girls), and the obesity goes in 
favour of the boys (10-15% versus 4-8%).  

The existence of correlation between the postural status and the degree of nutritional status in children 
is also supported by the research conducted by Protić-Gava (2008), of which the objective was to 
establish the incidence of good or poor body posture with regard to category of nutritional status in school 
children. The results of incidence of good and poor posture in the total number of subjects with regard to 
category of nutritional status, coincide with the results of this research and indicate to statistically 
significant difference on the level p=0.00 in distribution of good and deviated body posture by categories 
of nutritional status. 
 
Conclusions 

Analysis of the obtained results indicate to the fact that the greatest percentage of the subjects with 
normal nutritional status falls within three categories of subjects with good body posture (excellent, very 
good, good), while poor body posture is observed in subjects with risky and overweight nutritional status. 
Occurrence of structural changes at this age is sporadic, but what brings the worry is high percentage of 
functional disorders.  

The results of this research lead to two general conclusions. The first one indicates to necessity of 
more quality organization of sport activities, as in school of out of school. Generally speaking, the lack of 
adequate space incapacitates normal performance of classes of physical education. Particular problem is 
seen in younger classes, where the latest reforms again did not enable teachers of physical education to 
work with children from 1st to 4th grades. Off-educational physical activities are sporadic, poorly 
organized, often left to rare enthusiasts, and with rather narrow possibility of selection, particularly for 
young females, who are additionally problematic due to acquired functional postural deformities. 

The second general conclusion refers to necessity of cooperation of parents, health and educational 
institutions, in order to prevent and timely rehabilitate functional disorders of body postures which might 
occur, and which, if treated in the very beginning, can be relatively simply and successfully removed. By 
bringing together these two conclusions, we form an attitude that the role of the parents is indispensable 
in forming, not only spiritual but also physical status of their children, thus the support with positive 
attitudes, in that sense, must be provided as by health and educational institutions so by the government. 
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Abstract 

Morphological space as only one segment of the human space of a man is often the subject of analysis, 
when one wants to determine the state of the somatic status of certain   population.  On  a sample of 180 
male students, of  Faculty of Physical Education and Sport in Eastern Sarajevo using longitudinal 
research methods, diagnosis of the  basic anthropometric characteristics has been made in the function of 
monitoring the differences  of somatic changes, of four different  generations from  2008 to 2012 with the 
aim of determining the differences  in the  basic anthropometric characteristics. Anthropometric 
characteristics of the subjects were presented with the following variables: body height expressed in cm, 
body mass expressed in kg, and body-mass index (BMI), expressed in kg/m². The obtained results showed 
that in the students of Faculty physical education and sports during the four-year period, a statistically 
significant trend differences occurred that have defined substantial heterogeneity of the population. In 
analyzing the data, using the T-test, the obtained results significantly explain differences in 
anthropometric characteristics at the level of significance (p<0.01) and for Body Height (T=2.70), Body 
Weight (T=3.55), BMI (T=1,98). Based on the obtained results, it can be safely argued that the process of 
growth and development of the student population who enters the Faculty of Physical Education and 
Sport is heterogeneous and that it is  the result of numerous endogenous-exogenous factors during the 
maturation of an  individual. 
 
Key words: students, the trend of changes, anthropometric characteristics, Body Mass Index.  
 
Introduction 

One of the most important health issues of modern society is obesity, and worst of all, it seems to have 
a large negative impact on children. Even 13-14% of children in the U.S. are defined as obese, while in 
England is 10-17%. In 2001, researches about obesity, which included six countries (Brazil, United 
Kingdom, Hong Kong, Netherlands, Singapore and the United States) found that children aged 4-11 have 
overweight rate of 2-3%. Between  1984. and  1994.  the number of obese children has increased to 50% 
(Jebb et al., 2003). As the best method to prevent and stop this rapid growth in obesity is a combination of 
regular physical exercise and a balanced nutrition (Nakeeb et al., 2007). The study aimed at analysis of 
weight and overweight of  children based on body mass index (BMI) and triceps skinfold (TSF) 
conducted Planinšec & Fošnarič, in 2009. The sample included 5,613 children aged 6 to 12 years 
(Mean=9.23±1.69) from Slovenia. The results showed that 18.3% of boys and 18.5% of girls are 
overweight and 6.5% of boys and 6.7% of girls are obese. The correlation between BMI and TSF in boys 
(r=0.785) and in girls (r=0.783), is almost identical. Body weight has a lower correlation with TSF in 
boys (r=0.691) and girls (r=0.631). It has been proved that there is a significant difference (p<0.001) in 
the TSF according to body weight.  Booth, et al. (2003) conducted a study in order to determine changes 
in the prevalence of overweight and obesity among young Australians (aged 7-15 years), 1969-1985. 
ended in 1997. year. Data from 5 independent population surveys were analyzed: Australian Youth 
Fitness Survey, 1969, Australian Health and Fitness Survey, 1985 South Australian Schools Fitness and 
Physical Activity Survey, 1997, New South Wales Schools Fitness and Physical Activity Survey, 1997 
and Health young Victorians study 1997). The results showed that between 1985 and 1997., the 
prevalence of overweight and obese population has increased by 60-70%, obesity 2-4 times and a 
combination of body weight and obesity has doubled. The findings were consistent for both sexes. For the 
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period 1969 to 1985  there were no changes in the prevalence of overweight and obesity in girls but 
among boys the prevalence of overweight increased by 35%, the prevalence of obesity has tripled, and the 
prevalence of overweight and obesity combined has increased by 60%. Studies of some authors in 
addition to monitoring of body dimensions follow the trend of development of motor skills.  

Westerstahl, et al. (2003). To investigate changes over time in body dimensions, and muscular and 
aerobic fitness in a representative sample of 16-year-old-girls and boys in secondary schools in Sweden 
from 1974. to 1995. (n=855). Height and weight were measured and five tests were performed: run–walk, 
two-hand-lift, Sargent jump, sit-ups, and bench-press. Results  in 1995, girls and boys had higher body 
mass index (BMI) than in 1974. Girls and boys performed less well in bench-press, sit-ups, and run–
walk-tests in 1995. Boys, but not girls, performed better in Sargent jump in 1995. than in 1974. Girls and 
boys performed better in two-hand-lift in 1995 than in 1974. However, after adjustment for body 
dimensions, there were no differences in performance in two-hand-lift or run–walk-tests between 1974. 
and 1995. In conclusion there was a decreased aerobic fitness and an increased maximal static strength 
among adolescents in Sweden between 1974 and 1995. These changes were partly due to increased BMI. 
However, decreased daily physical activity level cannot be excluded as a contributing factor to the 
decreased aerobic fitness. The reduced performance in muscular endurance in 1995 was not related to 
increased BMI. Instead, it is suggested that it is to be related to a specific decrease in hip flexion and arm 
muscle endurance. The results of the six-year follow-up of 296 patients (aged 10 to 16 years in 2001 and 
2007) by Ekblom et al. 2009 showed  that there are  no differences  in BMI in sixteen year olds  and low 
values of aerobic capacity and high BMI at age 10 years predicts obesity at the age of 16. There was no 
difference in the prevalence of overweight plus obesity between the sample 2001 and 2007. As a 
conclusion was stated  that normal weight and good aerobic fitness at 10 years old children reduce the 
risk of elevated BMI in relation to 16-year olds. Diagnostics of body weight is often the subject of 
research by which to gain a real insight into current status of a defined population and the possible 
negative trends of growth and development over a certain period of time (Sorensen et al. 2000a; Dopsaj, 
et al. 2005). Certain studies have investigated the problem of athletes and their parameters of 
anthropological status. In a study conducted in Turkey, on  153 men who have different levels of physical 
activity, BMI values were as follows: American footballers 27.76±5.18kg/m², volleyball players 
24.49±2.90kg/m², basketball players 24.70±2.65kg/m², footballers 23.37±2.78kg/m², and for students 
who do not exercise regularly 23.42±3.62kg/m (Pelin et al. 2009) and percentages of  body fat values 
were different with respect to gender and sport they do. Sınırkavak et al. in 2004 Values obtained values 
of  subcutaneous fat  tissue in men students of physical education and sport from 11.80±0.55%. In a 
survey conducted by Akın et al. in 2004 in five different sports, including 100 male athletes, 
subcutaneous body fat values were as follows: 13.06% wrestling, football 15.1%, 18.2% weightlifting, 
handball 20.8% and 16.8% of taekwondo. This is significant, although there are a number of studies to 
estimate physical fitness of anthropometric characteristics, there are not many studies on the physical 
proportions for  a good physical condition. Part of the research with the handball players have confirmed 
that they have wide  shoulders, narrow hips and middle chest latitude, and football  players have a long 
body and narrow hips (Cakiroglu et al. 2002; Çıkmaz et al, 2005). In conclusion, the participants in this 
study were found to have a normal body mass index, RPI, WHR and fat percentage value. According to 
the physical structure they have medium body structure, with broad shoulders, narrow upper body and 
hips.  

Also, in  addition of active athletes the subject of research of some authors is the  student population 
that is also at the stage of growth and development. Kurt, et al. IN 2011 conducted a survey in order to 
determine the physical proportions of Turkish students of physical education and sport. This study 
involved 258 men of physical education and sport who practice on a recreational level, age 22.40±2.75 
years, body height: 178.67±9.43cm, weight: 73.44±13.64kg. They were evaluated in terms of BMI, RPI, 
WHR, percentage of body fat,  index Cormique, Monourier index, Acromio-iliac index, Martin index, 
Biacromial index and hip index. The results were as follows: BMI: 22.86±2.66kg/m², RPI: 
42.89±1.77cm/kg, WHR: 0.79±0.05%, percentage of body fat 14.43±4.41%, Cormique index of 
51.51±1.58%, Monourier index 94.31±6.10%, Acromio-iliac index of 63.88±6.61%, Martine index of 
6.11±0.48%, Biacromial index 22.32±1.86% and hip index 13.89±0.97%. Although the respondents 
showed normal-healthy in terms of BMI, WHR, and percentage of body fat, they also showed a thicker 
middle section of the body, a narrow upper body and narrow hips. Vadas & Balogh (2012) in a study 
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presented somatic profile and functional fitness of 19 female students of the Faculty of Physical 
Education and Sport, University of Presevo, age 19.5±0.9 years. Measured are the basic anthropometric 
parameters (body weight, height, BMI and percentage of body fat in the body). To assess the functional 
capabilities of maximal oxygen consumption spiroergometry was applied. Analysis of the results showed 
that according to the percentage of fat, female students take upper zone which is recommended for 
athletic population, and despite the large volume of physical activity, their average values of the 
functional parameters are on the level of the standard population. Budakov, et al. (2012) are, using an 
anonymous questionnaire survey conducted  research  among 800 students from the University of Novi 
Sad, aged 20 to 24 years, of  equal representation of gender structure in order to determine the nutritional 
status and physical activity of students. Older students had higher average BMI (Mean=24.49) than 
younger (Mean=23.36), as opposed to female  students where younger have a slightly higher BMI 
(Mean=20.49) than older (Mean=20.37). There were 116 (29%) obese students, while 62 (15.5%) female 
students were underweight. Physically active were 451 (56.4%) students. Older students were physically 
more active, 481 (60.1%), compared to the younger, 399 (49.9%) (p<.01). 

At students was established a sedentary lifestyle, 417 (52.1%) students were spending more than two 
hours a day watching TV and computer. Conclusion is that students are more inclined to obesity, and 
female students to malnutrition . Sedentary lifestyle is also present in a large percentage, more in the final 
year students. In the study Dopsaj et al. 2006 were identified classification criteria for the assessment of 
body mass index of students. The sample consisted of 311 female students of the Police Academy, aged 
19 to 24 years with the aim of diagnosing BMI as key measure to assess the physical status and 
nutritional status. The results showed that the average BMI of the sample female students  is  
21.59±2.29kg/m², and the range of scores from 16.20 to 29.24kg/m². What is with the statistically  
significance established, is  that already during the study 4.50% of the population of the female 
respondents  belong to the category  with a BMI value ranging from 26.38 to 29.24kg/m², and according 
to the current medical standards (or consensus) belong  to the category of overweight (obesity medium) 
females, or category of individuals with inadequate that is  professionally unacceptable physical status. 
What is surprising is that in the category of underweight there are 11.58% (BMI below 19.1kg/m²) and in  
the category of anorexic are  even 1.61% of female respondents from the  tested female student 
population (BMI below 17.5 kg/m²). Eisenmann & Malina (2002) conducted a study in order to examine 
secular changes in maximal oxygen consumption (VO²max) in the U.S. girls and boys using the available 
data from 20 century. Data (mean values) were divided by decade into three age groups: 6-12, 13-15, and 
16-18 for boys, 6-11, 12-14, and 15 and 18 for girls. The results showed that the absolute and relative 
oxygen consumption remained relatively stable among boys and girls. In adolescent girls, particularly 
those aged 15 and older, VO²max consumption is reduced by approximately 20% during the last few 
decades. Available data showed that aerobic endurance is not  reduced in young people in the United 
States, except in adolescent girls  over the last few decades. Applying transversal research methods, 
Jankovic et al. 2007 on a sample of 267 male and 88 female students of the Police Academy (KPA) from 
Belgrade made a diagnosis  of basic anthropometric characteristics in function of the study year. Basic 
anthropometric characteristics of respondents were presented by body mass, body height, body-mass 
index (BMI). The results showed that in the KPA students during  their studies came to  statistically 
significant trend change in  increase of BM as key measure to assess the volume of the body (1.20kg per 
year of study) and with BMI, ie. nutritional status (0,42kg/m² per year of study). Compared to female 
students, the results showed that during the study KPA came to a statistically significant trend change in  
reductions in BMI, ie. nutritional status (-0.56kg/m² per year of study).  

The problem of analysis of anthropological characteristics of students of the Faculty of Sport and 
Physical Education in Novi Sad researched  Srdić et al. in 2009. The sample included 122 students of 
both sexes, and based on the measurements of anthropometric parameters (body height, body weight, 
skinfold thickness, body circumferences and diameters) the degree of nutritional status, body composition 
and somatotype were assessed. The average body height of young men was 181.46±5.53cm, while the 
girls were on average 166.86±5.93cm tall. The average value of the body mass index was within normal 
limits. Most of the respondents of both sexes was well nourished, 6.06% of girls were underweight, while 
9.09% of girls and 28.09% boys had excessive body weight. At 4.49% of boys excess body weight was 
due to increased fat-free mass. Overweight body mass with increased fat mass had 19.10% of boys and 
6.06% girls, while the multiple increased fat mass was determined in four boys and one girl. Average fat 
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mass was 18.01±3.57% in males and 26.68±6.03% in girls. Muscle mass accounted for an average of 
42.77±7.57% of total body weight in boys and 36.76±2.99% of body weight in girls. Compared to 
somatotype, the majority of respondents of both sexes had a mesomorphic-endomorph type of material. 

Taking into account previous studies that treated a similar problem at the same or different 
populations, the problem of this research are in fact possible changes in anthropometric characteristics of 
students of physical education and sport in the time period 2008-2012  with the aim to determine the trend 
of those changes. 

 
METHOD 
The sample 

Sample consists of a population of students from the Faculty of Physical Education and Sport in East 
Sarajevo, male, age 21± 0.5 years. The research included students of four  school years (2008/09, n=45), 
(2009/10, n=53), (2010/11, n=40), (2011/12, n=42) for a total of 180 students.  
 
The sample of variables 

To evaluate the morphological status three variables were measured: the body height, body mass, 
Body Mass Index -BMI (Stolarczyk  & Heyward, 1996). To obtain relevant results, by which can be 
determined  the trend of changes of the morphological status of students, on the basis of which the 
responses were obtained, basic statistical procedures were applied and  in terms of determining the 
differences the analysis was performed using the T-test for large  independent samples.  
 
Results and discussion 
 

Table 1 Basic statistical parameters 
 

 Body height (cm) Body weight (kg) BMI (kg/m²) 
 Mean±SD Min Max  Mean±SD Min Max  Mean±SD Min Max  
2008/09 (n=45) 180,80±8,74 158,00 202,00 77,53±12,05 49,00 107,00 23,08±3,45 20,26 30,34 
2009/10 (n=53) 180,60±8,35 158,00 195,00 76,76±13,42 49,00 106,00 24,23±7,78 21,10 31,30 
2010/11 (n=40) 183,60±6,22 170,00 195,00 81,07±9,08 65,00 101,00 23,85±2,29 18,86 29,85 
2011/12 (n=42) 179,30±8,23 160,00 194,00 75,38±11,58 57,00 106,00 23,41±3,11 20,28 30,31 
Mean 2008-12 181,07 161,50 196,50 77,68 55,00 105,00 23,64 20,12 30,45 

Legend: Mean-mean; Min-minimum score; Max-maximum score; SD-standard deviation. 
 

Table 2 The differences between students using the T-test 
 

              Body height (cm) Body weight (kg) BMI (kg/m²) 
Mean±SD Min Max  Mean±SD Min Max  Mean±SD Min Max  

2008/09 (n=45) 180,80±8,74 158,00 202,00 77,53±12,05 49,00 107,00 23,08±3,45 20,26 30,34 
2009/10 (n=53) 180,60±8,35 158,00 195,00 76,76±13,42 49,00 106,00 24,23±7,78 21,10 31,30 
2010/11 (n=40) 183,60±6,22 170,00 195,00 81,07±9,08 65,00 101,00 23,85±2,29 18,86 29,85 
2011/12 (n=42) 179,30±8,23 160,00 194,00 75,38±11,58 57,00 106,00 23,41±3,11 20,28 30,31 
T-test **(p<0.01) 2,70** 3,55** 1,98** 

Legend: Mean-mean; Min-minimum score; Max-maximum score; SD-standard deviation; T- test (p <0.01**) - the level of 
significance 

 
In Table 1 there are basic statistical parameters of anthropometric measures of researched  sample of 

students in period from 2008 to 2012. For each variable relevant central and dispersion parameters were 
calculated. After examining the values of means and standard deviations of all measures, there is 
considerable heterogeneity of anthropometric measures, both in one and in different generations of 
students. Differences do exist and are mostly related to all three measures of the morphological status. 
When it comes to body height, it can be seen  that the generation of 2008 / 09 is the least homogeneous, 
where SD=8.74 cm, in body mass generation of 2009/10., SD=13.42kg and BMI values, SD=7.78kg/m². 
As the most homogeneous generation of students by body height is the class of 2010/11, SD=6.22cm. 
Also this generation showed  homogeneity also in  body weight, SD=9.08kg and BMI values, 
SD=2.29kg/m so  it can be concluded that this generation was the best selected in terms of anthropometric 
indicators of enrollment in college. In the second place, there is generation of 2011/12. because they also 
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had the smallest variation in body height (SD=8.23cm), body weight (SD=11.58kg) and BMI values 
(SD=3.11kg/m), while students of 2008/09 and 2009/10. showed slightly less homogeneity in the same 
morphological measures.   
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Figure 1 Mean values of anthropometric measures for school years 

 

181,07

77,68

23,64
0
20
40
60
80
100
120
140
160
180
200

Height Weight BMI

R
es

ul
ts

2008-2012

 
Figure 2 Mean anthropometric measures students (2008.-2012.) 

 
To show any quantitative differences in morphological status of students, basic statistical measures 

were shown and analyzed by T-test for large independent samples on level of significance (p<0,01). By 
applying T-test statistically significant differences were obtained  in all measures of the morphological 
status (Table 2). Out of the four generations of students who have represented a four-year period from 
2008.–2012 achieved statistically significant differences.  Analyzing the differences in body mass 
(AMAS) statistically significant difference was obtained  between students in the 2008-2012 period 
(t=3.55**).   

The highest body weight had a generation of students 2010/11. (Mean=81.07±9.08kg) in the range 
between the minimum and maximum score of 36kg. Slightly lower average of  body mass was defining 
the generation of 2008/09th (Mean=77.53±12.05kg) in the range of 58kg, the  generation of 2009/10. 
where the mean body mass was 76.76±13.42kg, and the generation of 2011/12. the values of the body 
mass of 75.38±11.58kg and a range of 49-57kg. Based on these values, it can be concluded that the 
generation of students of physical education and sport  2010/11. was the most homogeneous in terms of 
body mass.   

Also in terms of body height were  achieved statistically significant differences between students in 
the period since 2008. - 2012 (t=2.70**).  Generation of students 2010/11. has shown the best 
homogeneity with a mean value (Mean=183.60±6.22cm) and a range of 25 cm. The other three 
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generations (2008/09; 2009/10 and 2011/12) are characterized by considerable heterogeneity of body 
height with  range of results from 35-44 cm.  

The same observation can be made for the mean BMI values which are  representative of body-mass 
index kg / m where there are  also observed a statistically significant differences(t=1.98**). The best 
homogeneity was defined by students 2010/11. with a mean BMI (Mean=23.85±2.29 kg/m) ranged from 
below the limit to 18.86 to 29.85kg/m². The greatest value of BMI was observed in the generation of 
2009/10. with a mean value (Mean=24.23±7.78kg/m²) which also represents the highest BMI of all 
generations, with a minimum score BMI=21.10kg/m² and maximum BMI=31.30kg/m². Generations of 
2008/09 i 2011/12 had approximate homogeneity in terms of the mean value (23.08kg/m²-23.41kg/m²) 
with a range of BMI of about 10 kg/m². Based on the analysis of the cumulative mean values of four 
generations of students 2008.-2012. (Figure 2) it can be  concluded that the mean value of body height 
was (181.07cm), body weight (77.68kg) and body mass index (23.64kg/m²).  

The existing differences in the morphological status among a generation of students are less likely the  
result of the weaker selection of the entrance examination and admission of students, where these 
parameters do not play a significant role, but there are also some other factors in the entrance 
examination, closely related to the realization of some motor movement structures, technical know-how 
in sports, school performance, etc.. But what is relevant and always in practice proves to be correct is  a 
good selection, regardless of what  population is about, the training process that can and should be 
adjusted to the desired goal (Lord, 1998).  That these conclusions are justified tells us the data of  WHO. 
In 2006t the  extensive research of the International Health Organization (WHO) was conducted, which 
included 22 countries, including 18,152 students (male: 8,115; female: 10,037). The following values of 
BMI were obtained: Belgium 22.1kg/m², England 22.7kg/m², France 21.9kg/m², Germany 22.8kg/m², 
U.S. 24.3kg/m², Bulgaria 23.1kg/m², Greece 23.1kg/m², Italy 22.1kg/m² (Wardle et al. 2006). In another 
study of 203 football players in Spain at the age of 19 years, BMI amounted to 22.96±1.2kg/m (Gil et al. 
2010).  

If we compare the results of this study with the results of previous research it can be concluded  that 
the students are below the U.S. average and slightly above average of some European countries. 
Compared with the research Dopsaj et al. (2006); Peline et al. (2009)., Budakova et al. (2012), Vadas & 
Balogh (2012), students of East Sarajevo had lower BMI values, indicating that they are still there in the 
middle of an average of the same or similar populations. The average should be lower because it is about  
students of physical education and sport to which  the  physical activity is primary. However, if we look 
at the differences between the generations in the range of four years, then here can be stated also  negative 
factors related to the trend of population growth and development who chooses to enroll in the Faculty of 
Physical Education and Sport, which is the representative, mostly  of the population of athletes. Namely, 
today lifestyle is  in terms of the fast pace, poor and unhealthy diet, decreased or lack of movement, in 
one word hypokinetic lifestyle. The effects of hypokinesia are numerous, and mostly refers to diseases of 
the cardiovascular system, the respiratory system and the occurrence of diabetes. In addition, it can be 
stated also  uneven growth and development of the individual leading to the negative trend of the 
development of individual and anthropometric characteristics and the physical status of the individual 
(body height, weight and BMI). The close relationship between health status and body mass has been 
known for a long time. Somatic type of man can be determined by genetic factors, diet, socio-economic 
conditions, age, gender, etc.., what  may have the ability and give  valuable information for researchers of 
modern societies (Cachón-Muñoz et al. 2007).  

Increased BMI, WHR and RPI are just some of the indicators of disease, such as heart diseases or 
diabetes mellitus. Although it has become customary to present high value of these criteria in modern 
societies, it is surprising to see an increase of these values in athletes. For example, research Hecth Joyce 
(2005) found that even ¼ of American players have the second degree of  obesity. 

When it comes to body height in students it can be noticed the trend of minor fluctuations, with a 
smaller decrease in the height in  school year generation 2011/12. compared to 2008/09 where the 
maximum score was 202cm and in 2011/12. that result was 194cm.  In  2005 Kimura  conducted the 
study using data from the Ministry of Education about the secular trend of faster growth of the Japanese.  
The obtained results showed  that the height  of students and the entire population in this century  
increased (except in time of war) and to a lesser extent body weight. Results Ekblom et al. (2009) have 
shown the correlation of physical inactivity  (low levels of aerobic capacity) with predictin of obesity in 
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old age. The negative correlation of insufficient activity with  functional abilities confirmed in the 
research Dyrstad, et al. (2005). Butler, et al. (2004) conducted a survey of 54 female students freshmen to 
investigate the effectiveness of diet, physical activity and weight change associated with travel from home 
to college for 5 months. The results showed that, although it was much reduced calorie intake, increased 
body weight parameters can be attributed to a significant reduction in overall physical activity.  

Comparing the results of this study with the results of Kurt et al. (2011) we can  conclude that the 
students of East Sarajevo, on average, have higher body height 181.07 cm, weight 77.68 kg and thus the 
greater the value of BMI 23.64kg/m² compared to students of Turkey (Height=178.67cm; 
Weight=73.44kg, BMI=22.86kg/m²). The increased percentage of body fat values in  students received 
Sınırkavak et al. 2004th which is an indicator of increased BMI values and decreased activity, although it 
is about a relatively young and healthy'' population''.  Researches of  Sorensen et al. 2005 have examined 
the trend of morphological changes of the female population in police, where they have found an 
increasing trend of the some measures of  morphological status. Similar results to  this study obtained  
Jankovic et al. (2008). although it was about a sample of students of the Police Academy, Belgrade. 
Changes in trend growth, body mass and BMI in students were evident but could not determine with 
certainty the cause of these changes, particularly in men who have had increasing weight and nutritional 
status in general, as opposed to girls who have shown considerable malnutrition. Research conducted by 
Dopsaj et al. (2006). On a sample of 311 female students of the Police Academy, aged 19 to 24 years, 
with the aim of diagnosing BMI as basic  measure to assess the physical status and nutritional status 
noteworthy. The results showed that the average BMI of the sample female students was  
21.59±2.29kg/m², and the range of scores from 16.20 to 29.24kg/m². What is with the statistically 
significant reliability established, was that already during the study, 4.50% of the population belongs to 
the category of respondents  with a BMI ranging from 26.38 to 29.24kg/m², or according to all  current 
medical standards (or consensus ) belongs to the category of overweight (medium degree obesity) 
females, or category of individuals with inadequate or  professionally unacceptable physical status. What 
is surprising is that in the category of underweight is 11.58% (BMI below 19.1kg/m²), and in the anorexic 
category have as much as 1.61% of respondents of the  tested female student population (BMI below 
17.5kg/m²). If we take into account that it is about  a well selected population for this occupational profile 
then these data are both  unexpected and alarming, and it is necessary to look for the cause of this 
situation. Almost identical results to  our research were obtained  in research of Krsmanovic et al. In 1997 
and Srdić et al. in 2009. At the same population was found only increase in the average body weight, and 
BMI in relation to our sample, while the body height is almost uniform (Srdić et al., Body 
height=181.46±5.53cm).   

Just previously mentioned studies have shown that the student population is in the turbulent phase of 
psychosomatic changes usually manifested by heterogeneity of anthropometric characteristics (in this 
case Body Height=179.30 to 183.60cm, Body weight=75.38 to 81.07kg, BMI=23,08 to 24.23kg/m²). 
Most of the heterogeneity is reflected in the values of body mass, or BMI, where in isolated cases 
malnutrition or increased  obesity was recorded. The obtained results however,  have  shown favorable 
anthropometric profile of most students of East Sarajevo. Based on these results it  can not be said with 
certainty what is the consequence of the  established trend of increasing volume and weight (not) 
nourishment of students, which should be determined in future studies. However, the key to everything is 
exactly in the correct directed  and dosed  physical activity with a balanced diet, and from exogenous 
factors can be stated  selection and a good selection  of candidates for enrollment of some  faculties  or 
academies where the primary is the physical status of the individual.  
 
Conclusion 

The study was conducted on a sample of 180 students of Physical Education and Sports, male sex, 
chronological age 21±0.5 years, with the aim  to determine the trend of changes of anthropometric 
characteristics, of four generations of students in the period 2008-2012. The results showed that the in 
students of FFVS during the four-year period, came to statistically significant trend changes confirmed  
by the  differences and also they defined the considerable heterogeneity of the student population. The 
results statistically significantly explain the differences in anthropometric characteristics at the level of 
significance (p<0.01) for  the height of the body (T=2.70**), body mass (T=3.55**), and body mass 
index (T=1.98**).  Based on the obtained results, it can be safely confirmed  that the process of growth 



Research in Physical Education, Sport, and Health, Ohrid, 2014.  

 Conference Proceedings 314 

and development of the student population enrolling  in the Faculty of Physical Education and Sports, is 
heterogeneous, variable and it is the result of numerous endogenous (heritage) and exogenous factors 
(living conditions, diet, physical exercise, selection enrollment, etc.). These effects are evident in the 
previous studies stated  in this work and  are mainly the consequence  of the  reduced physical activity, 
unbalanced nutrition and conditions'' of modern'' way of life. 
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Abstract 

Motivation plays a huge role when it comes to physical education and sport. When assessing isometric 
strength, test protocols indicate that the participants should be encouraged during the test, so they could 
reach their maximum efforts. On the other hand, some participants need silence so they could concentrate 
and motivate themselves. On a sample of 108 subjects, 20±6 years of age, divided into two groups 
(motivated and unmotivated) a transversal study was conducted, with the purpose to determine the 
influence of verbal encouragement when assessing isometric strength. During the assessment of isometric 
strength, we used the flexed arm hang test and the isometric back strength test. The results indicate to the 
occurrence of statistically significant difference between those two groups in isometric strength when 
verbal encouragement is applied, because the value of the t-test for independent samples is p≤ 0.02 for 
the flexed arm hang test, and p≤ 0.00 for the isometric back strength test. 

 
Key words: verbal encouragement, assessment, isometric strength  

 
Introduction 

Strength is a motor ability which helps us overcome the internal and the external forces using our 
muscles. Development of muscle strength is controlled by the central nervous system and the alpha motor 
neurons. In order to produce the maximum tension of a muscle, one must recruit all motor neurons at the 
maximum firing rate (McNair, Depledge, Brettkelly, & Stanley, 1996). It has been suggested that factors 
such as neural and morphological characteristics (McNair et al., 1996; Merletti & Farina, 2008), 
motivation (Jung & Hallbeck, 2004) competition, noise, or receiving instruction, feedback, and verbal 
encouragement (Gandevia, Allen, Butler, & Taylor, 1996) may variously inhibit motor neuron and their 
recruitment during the maximal voluntary contraction (MVC). McNair et al. (1996) suggested that verbal 
encouragement may be a factor leading to disengagement of this supraspinal inhibition, thus resulting in 
enhancement of the muscle strength.  

When assessing motor abilities, or more precisely, isometric strength, the test protocols indicate that 
participants should be encouraged during the test so they could reach their maximum efforts. On the other 
hand, some participants need silence so they could concentrate and motivate themselves, because they 
think that this technique will give them better results. Personality of an individual can develop completely 
only when influenced in intellectual, moral, aesthetical, physical and working-technical way, with certain 
related tasks included in these educational components (Protić-Gava, 2007). Bickers, (1993); Mc Nair et 
al. (1996) concluded that verbal encouragement significantly improves results during the assessment of 
isometric muscle strength. Lukasiwicz (1997); Rube & Secher (1981), Campenella, Mattacola, & Kimura 
(2000) came to opposite results. These authors quote that the verbal motivation has negative effects when 
assessing isometric strength. Apart from verbal motivation as an incentive for isometric strength, 
Andreacci, J. L., LeMura, L. M., Cohen, S. L., Urbansky, E. A., Chelland, S. A., & Von Duvillard, S. P. 
(2002) have studied that frequently practiced verbal motivation has positive effects on improvement of 
VO2max and the concentration of lactates in blood when running on a treadmill.  

The issue of the study is isometric strength of upper extremities during the verbal motivation. The 
objective of the study is to establish the difference between the students that were motivated during the 
performance of motor tests for assessment of isometric strength and the students that were not motivated. 

    
Material & methods  
Participants 

The research was conducted at the sample of 108 male students (20 ± 0.6 years of age) at the Faculty 
of Sport and Physical Education of the University of Novi Sad. The sample was divided into two 
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subsamples, of which the first one included the students that were motivated during the testing (N=54) 
and the second one were the students that were not motivated (N=54). 

In assessment of the individuals, the following conditions were applied: 
1. Trained and adequately prepared assessors, 
2. Applied instruments and devices were all calibrated and of standard production, 
3. The room in which the assessment was performed was adequately lit and the air temperature was 

comfortable, 
4. The subjects were acquainted with the assessing procedure, 
5. Assessment of non-motivated group was performed in a room without noise, 
6. During the testing, motivated group was verbally encouraged with the words such as: come on, well 

done, super, hold on, you can give more, don’t give up. 
 
Test protocol & instruments 

The assessment was carried out at the Faculty, during the regular classes of Kinesiotherapy. In 
assessment of isometric strength, the following motor tests were performed: flexed arm hang test and 
isometric back strength test (modified Sorensen test). The assessment was carried out by means of digital 
stopwatch, and the results were read in seconds.  
 
Flexed arm hang test 

The participant climbs the ladder to the height where the chin is leveled with the bar, and takes the 
bar with underhand grip, with the hands at shoulder width apart. On the command, "ready, go," the 
participant removes their feet from the ladder, and the timing starts. The participant should try to hold 
this position as long as possible. 

 
Isometric back strength test (modified Sorensen test) 

The subject is lying face on a bench with their face down, and the upper body is hanging over the 
end of the bench, from the waist on. The subject's feet are held down, and the arms are clasped behind 
the head. When ready, the subject must bring their body up to the horizontal position, and hold this 
position as long as posible. 

 
Statistical analysis  
For establishment of differences in manifestation of isometric strength between the motivated and non-
motivated group of students, we applied the Student t-test for independent samples. 

 
Results 
 Table 1. gives the basic descriptive characteristics and the results of T – test for independent samples. 

Table 1. The difference between motivated and non-motivated group in manifestation of isometric strength 
 

 
Motivated group 

N=54 
Unmotivated group 

N=54 t p 

AM SD AM SD   
Flexed arm hang test 50,92 13,79 44,28 15,69 2,35 0,02 

Isometric back strength test 109,4 42,42 70,74 24,43 5,80 0,00 
Legend: AM – arithmetic mean; SD – standard deviation; t – t test values; p – level of significance (p<0,05) 

 
Discussion 

The results of the research indicate to the existence of statistically significant difference (p<0.05) 
between motivated and non-motivated group, in manifestation of isometric strength in Flexed arm hang 
test and Isometric back strength test.  

AM indicates to better results in flexed arm hang test (AM=50.92), and the isometric back strength 
(AM=109.4) was realized in the group where verbal motivation was practiced. The results of the research 
coincide with the results of Moreau et al. (2001). The authors quote that the results are moving within the 
range of 84 to 195 seconds, which indicates to the fact that the verbal motivation has positive effects in 
assessment of isometric strength, which confirms its significance in practice. In the research that was 
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conducted by Mc Nair et al., (1996) in which the modern EMG instruments was used, they established 
that statistically significant differences (p>0.05) exist between the groups of subjects with verbal 
motivation. The group which was verbally motivated realized better results at the test. Johansson, Kent, & 
Shepard (1983) thoroughly studied the issue and realized that the strength of the tone of the voice in 
verbal motivation is very influential. They proved that the best results were achieved by the group that 
was verbally motivated with higher tone of voices. Theodorakis et al. (2000); Van Raalte et al. (1994) 
studied self-motivation (self-talk model) and came to very interesting results, which say that in the field 
of research of motor abilities, verbal motivation takes significant role and is the most present in individual 
sports.  
 
Conclusion 

Expression of isometric strength is often influenced by certain factors, so their influence should be 
reduced to minimum, in order to achieve complete implementation.  Age, activity level, and expressions 
of weight and body mass provide most of the evidence in the research for correlation with the Sorensen 
test. Age has a significant negative correlation with Sorensen test (Latikka, Battie, Videman, & Giggons 
1995; Gibbons, Videman, & Battie, 1997). Younger men have faster paraspinal fatigue rates than older 
men in one study, but age does not effect on the endurance times of women (Kankaanpaa, Laaksonen, 
Taimela, Kokko, Airasinen, & Hanninen, 1998). A final study reports no correlation between endurance 
and age (Holmstrom, Moritz & Andersson, 1992). Inactive subjects demonstrate statistically significant 
lower Sorensen times than active subjects (exercising 30 min/wk), and more frequent and intense exercise 
in the past year has significant associations with longer endurance times (Gibbons, et al. 1997). In the 
research conducted by Pantović, Obradović, & Korovljev (2009) it was concluded that morphological 
characteristics are significant in adolescents in motor testing.  Percentage of the body fat and weight has 
significantly negative associations with the Sorensen test (Gibbons, et al. 1997; Latikka, et al. 1995). 
Summing up the results of this and other researches, we come to conclusion that verbal encouragement 
must be present and it should be directed with a high-frequency tone, so that the subjects, students and 
sportsmen, would be motivated in their attempt to achieve the maximal results in assessment of isometric 
strength (Johansson, Kent, & Shepard, 1983). It can be concluded that the verbal motivation directed by 
teachers, coaches, assessors is a significant component in testing of isometric strength, so it is necessary 
to be practiced in physical education and sport. 
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Abstract: 
    Pole vault is one of the most complex, and probably the most complex athletic discipline in addition to 
long jump, high jump and triple jump. It is one of the jumping discipline, and  it is used for probing rod. 
The aim of this study was to perform biomechanical analysis and determine the necessary morphological 
characteristics, motor skills, personality traits for achieving good results. It can be used by coaches, both 
in selection and in programming training. 
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Introduction 

The analysis of specific sports, athletic activities or positions on the team, we can get to the necessary 
data that are relevant technician who conducted the training. This primarily refers to the knowledge of 
motor skills that are relevant for a given discipline, morphological characteristics, personality traits ... 
This way it can be carried out a selection and grouping those who are tentatively destined for a given 
sport, a sport or position the team. The next thing to be an expert to use based upon information obtained 
by the analysis is proper planning and programming training and the only way you can get to the top 
results. 

It can be noticed that  modern technology is key to achieving good results and world records. Also, the 
technology can be used in the training process, in order to improve. Just in case discipline pole vault,  it 
can be seen the impact of technology in the training process and the competition. In the training process it 
can be used cameras with different frequencies in order to analyze the movements, and the competitors 
can use different poles of the overshoot at the competitions. It is fact that the best result of the first 
modern Olympic Games was 3.3 m, and the current record is 6,15m. Sometimes it was used to be stick of 
ash, spruce, bamboo, cedar, and today is used fiberglass poles. 

Pole vault is one of the most complex  athletic discipline in addition to long jump, high jump and triple 
jump, and it is one of the jumping discipline, with specific that it is used for probing rod. Components 
that are essential for achieving good results in the pole vault as running speed, reflection, swing leg, 
elastic force poles and reflect their hands on the pole. This discipline of an athlete requires good physical 
and technical preparedness, and psychological stability. It is known that the pole vault individual sports 
disciplines and even more important psychological preparation for winning rival, myself and some the 
planned level. Just moving the runway is very complex, and the jumper is required performing accurate 
and arranged in the order of movement. 

The aim of this study was to perform biomechanical analysis and determine the necessary 
morphological skills, motor skills, personality traits for achieving good results. It can be used by coaches, 
both in selection and in programming training. 
  
Material and method 

The work is based on the collection and analysis of data from the literature. 
 
Structural analysis 

If we observe the movement and moves in pole vault discipline from beginning to end, then the pole 
vault is acyclic discipline, which consists of a cyclic motion, or running, and acyclic movements bounce, 
flight and landing.Tentatively movement in athletic discipline pole vault can be divided into four phases. 
These are: 1.  run-up, 2. rebound, 3. flight, 4. landing 
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Structural analysis of the run-up 
The phase run-up is very important for achieving good jump. At this stage, the jumper needs to realize 

that a higher speed that it will increase the pressure component. In phase running it can be noticed a 
several elements to grip the pole, running and poking sticks in the box. 

Grip. Before the start of the run-up, jumper must be good to grab the pole. The pole is captured 
depending on the dominant hand jumper, dominant hand should be at the top of the pole. Width captures 
approximately shoulder-width apart, but it is something that mostly depends on the jumper. Narrow grip 
provides a better jumper momentum and direction of the leg up as dragged by participating in both hands. 
The wider grip is generally used when the wind blows in the chest, and then the rod and catch a little bit 
lower. 

Run. Running in this discipline is very important, because it has to be soft, rhythmic with progressive 
and optimal speed. This phase begins with the free standing start. The length of this phase is on average, 
between 38m to 42m, which is usually run off with a 18 to 20 steps (Petrov, 2004). Running is also 
specific because the jumper carries the pole. At the beginning of the running angle between the pole and 
the ground is about 60°, and so rebounder reaching speeds approaching the box stabbing poles so the 
angle between the pole and the ground decreases. In addition, during the running speed of the coupling 
oscillates with respect to the exercise of divers hand movements to small amplitudes. are The step length 
and frequency of running are the most important things to achieve good speed in the running. Stride 
length at initial start is not the same, and it depends on the length of the leg, running technique, flexibility 
and strength.The most jumpers take momentum around 40m for just about 35 - 40m a top speed. In Table 
1, it can  be seen how important the running speed rebound in athletic events on the basis of their results 
achieved in the last 5m. 

 
Table 1. Comparison of running speed in the last 5m with a jumper in track and field 

 
Discipline Result in last 

5m (m/s) Man Result in 
last 5m (m/s) Women 

Long jump 11,2 Lewis (USA) 10,25 Drechsler (GER) 

Triple jump 10,9 Edwards 
(GBR) 9,5 Kravets (UKR) 

Pole vault 9.9 Bubka (UKR) 8,6 Feofanova (RUS) 

Petrov, V. (2004 ). Pole vault - the state of the art 
 

Stabbing sticks. It can be seen that run phase ends when competitors poking sticks in the box. Last 2m 
rising pole jumper over his head. At the time of sticking poles front arm should be slightly bent, and the 
last to be stretched at an angle of 180o. In the phase of reflection, front arm should be slightly bent, and 
the last to be stretched at an angle of 180 °. 

Structural analysis of rebound 
The phase of running is very important for the achievement of good results in the pole vault, but even   

the reflection, as the initiator of vertical movement is so important. Bounce is very connected with poking 
sticks and hard to separate. While reflex foot is still on the ground hips and upper body to push forward, 
and other leg is bent at the knee and quickly and forcefully pushed upward and forward, in order to 
acquire good ''conditions'' for reflection. Immediately after this, it is begining next phase of the flight, 
which is largely dependent on the running and reflection. 

Structural analysis of flight 
Reflex foot, which was stretched and at an angle of about 180o relative to the hull, there is tilting of the 

hip joint and, thus reflex foot overtaking other leg. The hands are in the same position as at the beginning 
of reflection. At the time of stretching the body front arm starts its movement flexion and extension 
expressed by the body and the rear arm begins to bend at the elbow joint. Also, the flight phase comes to 
rotation about the longitudinal axis, which is achieved for reasons that jumper was facing the ladder when 
moving through it. Upon completion of the rotation jumper facing the strip and comes to stretching the 
front hand first, and then the last hand. 
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Structural analysis of landing 
The goal of each jumper after crossing the bar is a safe landing. Through the slats first crossing legs, 

due to a slight curl torso, head and hands. After crossing over strip jumper continues rotation started and 
the apprehension of arms and legs on the body safely landing on the back. 
 
Biomechanical analysis  

Biomechanical analysis of the pole vault is starting since the rebound. At the time of the rebound 
comes to pushing the poles, where the two major components, a component of the pressure that is focused 
on a point of poles and ground, and a component of the vertical motion of the body perpendicular to it. 
Biomechanical analysis phase of flight can be divided into two sub-phases, and two phases of flight. The 
first phase of the flight at the very beginning, and this is the most important component of the pressure 
because it provides bending poles, which is essential for the second phase. The second phase of the flight 
starts stretching the body and correcting the poles. 

Analysis of trends in the discipline of pole vault 
By simply observing the movement of the pole vault discipline, it is obvious that the different 

horizontal and vertical movement.  
Horizontal movement. In the pole vault discipline, this type of movement achieved during running. As 

already mentioned running is realized on a section of about 40m. The aim is to realize a higher speed and 
thereby increase the component of the maximum pressure . 

Vertical movement. For the horizontal movement the most important thing is run, but  for  the vertical 
movement  it is reflection. It is achieved contrary of  the force of gravity. 

The effect of force on the jumper 
Simple division of powers in the internal and external can be analyzed, which are the forces that act on 

a jumper in the pole vault discipline. 
Internal forces. Movements in the pole vault discipline is very complicated, and all movement is 

accomplished by force of muscle, which is accomplished by muscle contractions. 
External forces. In the pole vault discipline can Identify the gravity and drag force protection. Gravit, 

or the force of gravity occurs after reflection where vertical movement is achieved, then the muscle power 
overcomes the force of gravity. 
 
Morphological characteristics 

The longitudinal dimension of the skeleton, transversal dimension, volume and body mass and 
subcutaneous adipose tissue is something that defines the morphological characteristics of a person. In 
Table 2, it can be seen the height and weight of the best jumpers in the history of the discipline, which of 
course is not sufficient to conclude that the characteristics are essential for achieving good results. 

The longitudinal and transversal dimensionality of the skeleton are the characteristics that can not be 
changed and they are the most dependent on genetic factors. The volume, body mass and subcutaneous 
adipose tissue can be changed by the training.  It is not difficult to conclude that  the jumpers are 
extremely muscular guys, especially the upper body, and when they are moving the runway, and when 
they are in the air, subcutaneous adipose tissue is an aggravating factor. 

Constitution of the body 
The most commonly applied method for determining the constitution of the body's Heath - Carter 

method which is based on the classification of types Sheldons constitution. Sheldon involves the use of 
three components: 

1. Endomorphic (relative development of body weight ) 
2. Mezomorphic (relative musculoskeletal) 
3. Ektomorphic (relative linearity of body) 
In contrast to the classification of Sheldon, Heat - Carter method comprises a mixture of all three types 

of constitution, which has a dominant one. It can be concluded that the jumpers in the discipline pole 
vault belonging to the ecto - mezomorf. In this case, the muscle mass is dominant, and ektomorfic 
component is greater than endomorphic. 
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Motor skills 
Based on numerous studies of motor space man, it is widely accepted division between basic and 

specific motor skills. Basic motor skills include (according Zaciorski): strength, speed, endurance, 
coordination, balance, agility, accuracy. Specific motor skills are developed in the course of life and 
sports career and they are the result of a specific operation in a given activity. For the pole vault discipline 
essential that all basic motor skills accordingly be analyzed below. 

Strength 
The most complex motor ability for analyzing is strenght. Strenght occurs in all types of motor actions 

and means overcoming external resistance. To analyze the forces in the jumper it must be acknowledged 
divisions according to the topological parameters (strength of arms and shoulders, power trunk and leg 
strength), the action parameters (static, repetitive and explosive power) and divisions in relation to body 
mass (absolute power and relative power). Power analysis will be carried out in relation to the structure of 
the movement, which was mentioned above, based on the distribution of power according to the 
topological and action criteria. 

Phase of run-up. This phase can be improved by increasing the strength. The muscle flexor and 
extensor muscles of the lower leg and foot extensors are the most responsible for run. 

Phase of reflection. The explosive power of foot extensor muscles is the most important for the 
achievement of a good reflection, which indicates the fact that the reflection is done in the range of 0.11 s 
to 0.14 s (Katsikas et al, to Kastikas, 1992). It  can be added and generated force to the ground when a 
reflection decathlete of between 200 and 300 kp (Milanović, 1994) . 

Phases of flight. The trunk flexors are the most deserving for achieve other leg. Different positions of 
arms are contributes to the involvement of different muscles while stretching and the rotation.The flexor 
muscle strength of elbow last hand, extensor muscles of the elbow joint front hand and shoulder muscles 
retroflexio are responsible for stretching and rotation. During the rotation, the last hand were engaged 
flexors, and to resist engaging the extensor muscles of the elbow joint. Firmly grip the pole is very 
important both for technique and for safety, and that are engaged in the muscles of the forearm, which is 
all the time are in contraction. 

Speed 
For the discipline pole vault is the most important of individual movement and speed of movement 

frequency. Latency motor response is not significant for the discipline as a jumper on the runway moving 
freely. 

Velocity of individual movements. This type of speed is largely associated with explosive force. Most 
of the exhibits in reaching  feet reflex, by tilting the trunk and correcting troops. 

Speed frequency movements. Running as an integral part of this discipline involves movements that 
are repeated for this reason that this type of speed is very important. Top speed achieved in the last 5m, 
and it is the speed of the factor that gives a good base for a good result. In Table 2, we can see running 
speed in the last 5m in divers who jumped a height of 6m. 

 
 

Table 2. Jumpers with result over 6m 
 

Jumper Record 
(m) 

High 
(m) 

Height 
(kg) 

Speed in 
last 5m 
(m/s) 

Bubka (UKR) 6,15 1,83 80 9,94 
Tarasov (RUS) 6,05 1,94 81 9,75 
Markov (AUS) 6,05 1,81 80 9,84 
Hartwig (USA) 6,03 1,94 92 9,73 
Gataulin (RUS) 6,02 1,90 81 9,75 
Trandenkov (RUS) 6,01 1,90 78 9,47 
Brits (RSA) 6,01 1,96 88 9,74 
Lobinger (GER) 6,01 1,90 82 9,62 
Ecker (GER) 6,00 1,93 78 9,71 
Galfione (FRA) 6,00 1,84 82 9,68 

Petrov, V. (2004). Pole vault – the state of the art 
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Coordination 
Coordination is a factor which includes the performance of organized movement in space and time, 

and it is present in all phases of the pole vault, ranging from running, glare, crossing the bar at the end of 
the collection for a safe fall. A particularly important to connect all the parts into a whole. Only when you 
learn the basic movements and trends can then be crossed with other elements that are essential for the 
pole vault. If we analyze the model Zaciorskog, where three different events coordination, coordination 
ability as accurate (exact) performing fast movements, coordination as well as the ability to learn 
movement and motor coordination as well as the ability to transfer the related and unrelated movements, 
then we can only confirm how the movement of discipline pole vault complex. 

Flexibility 
The analysis of trends in the pole vault discipline is concluded that it is present at all stages. One way 

to increase speed is by increasing the flexibility of the lower leg flexors, which increases the range of 
motion and steps. In the phase of reflection and phase of flight flexibility is very important when a jumper 
sticking pole with bring arms  up when jumper resists hands on the pole, where the essential flexibility of 
the shoulder belt. 

Balance 
Balance is a motor skill that involves keeping the movement in a balanced position. Analysis of the 

balance in the pole vault, it is the best to make the division of the stable, unstable and indifferent. For this 
discipline are essential equilibrium labile and stable, that are mutually interchanged . 

Stable equilibrium. This type of equilibrium implies that the center of gravity below the surface of the 
support. This occurs when the jumper is in the initial phase of the flight until the hips under the arms and 
he is in a stable equilibrium. 

Unstable equilibrium. It occurs when the center of gravity of the body above the surface of the palm, 
or in the starting phase and when the jumper stretched himself in the flight phase. 

Accuracy 
This motor ability occurs only at one point, during the movement of the pole vault discipline, and that 

is when the jumper has to hit the box to the pole. Since the movement is done with a stick in his hands, it 
can be concluded that it is a precision targeting, and managing the coupling to the target. 
 
Functional abilities 

The functional potential of athletes is consist of aerobic and anaerobic energy processes. Analysis of 
functional ability in any sport, or sports discipline, it is very important to obtain information on the 
representation enrgetic mechanisms and, consequently, to planning and programming training. In the 
preparatory period, pole-vaulter 25 % applies to strength training, 25 % of the running section, 20 % of 
the practicing gymnastic elements to gymnasium, 30 % of the training pole vault, and the competition 
between the 70 % refers to the training pole vault, 30 % on strength training, running and gymnastics 
(Jerković, I., S. Jerković, Tkalčić, Živčić, Jerkovic M., 2003.) 

Anaerobic capacity 
It is not difficult to conclude that athletics pole vault is one of the sports discipline anaerobic type. 

Since the anaerobic capacity divided depending on the source of the anaerobic alactate energy (adenosine 
triphosphate, phosphate and creatinine) and anaerobic lactate (glycogen), the anaerobic capacity analysis 
is a very important finding of the duration of the activity. Duration of activity is important in order to 
know whether it is in terms of phosphate energy system that can supply energy for about 8-9 seconds or 
glycolytic energy system that is responsible for the activities of 8 seconds to 2-3 minutes. The overall 
activity pole vault is an average of about 7.5 seconds, and all the movements and trends are submaximal 
(start running) and the maximum intensity on the grounds that it can be concluded that the discipline pole 
vault using phosphate energy sources, or adenosine triphosphate and creatine phosphate. 

Aerobic capacity 
In anaerobic processes, energy is released in the presence of oxygen and it is responsible for the 

actions of low and medium intensity. It was already noted that the movements and trends of maximum 
and submaximal intensity, it can be concluded that aerobic capacity is not so important for pole-vaulter. 
However, the shares being run at low and moderate intensity in the training process with pole-vaulter 
used at least once a week, mostly to eject the accumulated products in the body, which were acquired at 
maximal and submaximal training intensity. 
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Psychological analysis 
To achieve top results is certainly not possible if a person is not complete and has some psychological 

skills, and features. If you have the necessary skills and characteristics, and has a great motor, functional 
ability, morphological characteristics, its progress has been limited and these athletes are generally 
satisfactory average results. For the pole vault discipline are very important as cognitive abilities and 
conative characteristics. 
Cognitive abilities 

Cognitive abilities are commonly identified with the term intelligence. In this case, intelligence is a 
very broad term and it is difficult to define. Frequently used theory analysis of the structure  according to 
Thurston. Some problems he considered to depend on the seven primary factors and one general 
intelligence second order factors. 

1. Spatial (S) - the ability to imagine and represent spatial relationships. Before running, jumpers 
usually imagine themselves in moments of crossing, in this case, it is essential to have committed a 
successful probing. 

2. Perceptive (P) - the ability to solve tasks that are perceptual present. 
3. Verbal (V) - the ability to understand words, their relationships and verbal reasoning. This factor 

means the ratio of coaches and athletes, and in that respect they need to understand, that athletes 
understand what the coach wants to say. 

4. Factor verbal fluency (W) - the ability eloquence. Easily find a word, a wealth of vocabulary and 
fluency.  The most refers to describe the subjective feelings of the athletes, which are very important for 
the coach . 

5. Factor reasoning (R) - the ability to find general principles and execution of rules and laws of the 
given data. Based on personal experience, the athlete has to come to other conclusions how best to 
perform a movement. 

6. Factor memory (M) - the ability to direct memory numbers, letters or words. This factor is relatively 
important for pole-vaulter, refers to memory as to the steps to make the runway, or to remember the 
words of his coach who said what to pay attention. It also involves theoretical knowledge of their 
discipline . 

7. The numerical factor (N) - the ability of numerical operations basic computer operations. This 
factor is not so important for pole-vaulter. 
Conative characteristics 

At the conference,  Yelena Isinbayeva's coach, explained what kind of personality she was. ''She was a 
very positive attitude and influence to the group, happy and confident, psychological complex destined 
for great sports scores. Her mother is Cossacks and father Caucasian, she was  not afraid of anything, 
fighting until the end and as primers in major competitions. She did not have a complex of "star" nobody 
ever too would respect, simple and stable. Jelena never hesitates '' (translated: Spajić, 2004 by: Trofimov, 
2004).This quote explains what should be a pole-vaulter. Pole vault is a discipline of an athlete requires 
certain personality traits, and that in some disciplines are certainly not necessary. Basic personality traits 
are certainly motivation and temperament, which are essential for athletes. Desirable characteristics of a 
jumper. Self-consciousness (means that the athlete knows what it wants to achieve), self-control (to direct 
their feelings for achieving good results, so that its use does not harm), self-motivation (motivation man 
to reach the goal, including the fantasy of achieving the goal), courage, calmness. 

The undesirable characteristics. Anxiety (inner restlessness, fright), phobia (pronounced permanent 
fear of something), depression (mood disorder), hypersensitivity (hypersensitivity), impulsivity (attention 
deficit disorder). 
 
Conclusions  

The analysis discipline pole vault, it can be concluded that athletes must have well-developed motor 
skills, especially power, speed, coordination, precision and flexibility, usually belonging to the ecto-
mesomorph types, and it is desirable to have the following psychological characteristics: self-control, 
courage, humility, self-motivation. Discipline pole vault is one of the sports discipline anaerobic type 
using phosphate energy sources, or adenosine triphosphate and creatine phosphate. 
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Abstract: 

The main goal of the research is to determine the condition and the differences of specific motor 
abilities among boxers from the R. Macedonia, R. Serbia and R. Croatia. The research was conducted on 
a selective sample of 347 male examinees, boxers at the age of 18 to 33 years. The sample is divided into 
three sub-samples and that is: 92 boxers from R. Croatia measured by S. Blazhevich (2006), 153 boxers 
form R. Serbia measured by M. Savich (1986) and 102 boxers from R. Macedonia measured by R. Kalach 
(2012). For assessment of the specific motor skills these variables were applied, i.e. motor tests: 
“skipping the rope – skip 10 seconds” (SPJ10S), “the speed of executing 100 direct strokes in bag” 
(SB100U), “the speed of executing 100 combined strokes in bag” (SB100K), “jumps with both feet 10 
seconds and performing left-right direct” (SSPLDD), “jumps with both feet 10 seconds and performing 
left-right hook” (SSPZDK), “jumps with both feet and performing left-right uppercut” (SSPLDA), 
“defense with deviation of left-right direct and placing six counter strokes on the hands of the coach” 
(SOLDDK), “a series of 100 combined strokes on the hands of the coach ” (S100RT). Among all applied 
variables besides the basic descriptive statistical parameters it is determined the normality of distribution 
with the help of the Kolmogorov and Smirnov procedure. The differences in the situational motor tests 
are determined with a student t-test. On the basis of the obtained results it can be concluded that the 
boxes from R. Croatia measured by S. Blazhevich (2006) are dominant in specific movements in which 
dominate explosive movements of the lower extremities, while the boxers from R. Macedonia dominate in 
specific motor skills that are characterized by the mobility of the cranial part of the body and speed-force 
endurance of the upper extremities. Boxers from R. Macedonia and R. Croatia achieve better results in 
most situational motor tests unlike the boxers from R. Serbia measured by Savich in 1986. 
 
Key words: boxers, specific motor skills, Macedonia 
 
Introduction 

While boxing in Europe and the world is experiencing the ascending line, in our country (despite the 
modest results) this sport stagnate and does not progress in the last years as expected. What is the reason 
to boxing as sport that does not show any results that objectively should be expected, considering the 
desire and the expression of greater interest in the boxing as sport.  

Boxing belongs to acyclic kind of sport and the movements in this sport are performed and being 
perfected with variable intensity and itself carries the speed-force character. It belongs to the group of 
non-standard and unpredictable movements that are immediately related to the response of the changeable 
external conditions. The characteristics are to be performed in direct relation-fight with an opponent. In 
the ring the boxer us facing an opponent whose resistance must be defeated, to predict his intentions 
which should be prevented and to achieve the desired goal which is usually to inflict more strong strokes 
to the head and body.  

When discussing the structure of the specific motor abilities it is thought of the factors that determine 
the ability to perform the complex motor operations. It can be assumed considering the complexity of the 
specific motor structures of the movements in boxing, there is a frame of motor abilities that allows 
quality use of the techniques and tactics in the fight. The relation of these abilities is specific to boxers, 
while they depend on the possibility for realization of either attack or defense during the match.  

All acts and tactical actions of boxers instantly occurred condition determines the behavior of boxers 
in the fight and is looking for a quick solution of different, often non-predictable complex motor tasks.  

This complex activity during the fight requires from boxers to be many-sided, and in their repertoire 
must have adequate fighting attitudes and different tactics and techniques for each opponent. Also the 
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boxers should be ready to fight different opponents (tall, short, opposite attitude – “guard”), (Chirkovich, 
1978; Kuznjecov, 1980; Savich, 1986 a and b; Savich 1996; Chatzilelekas, 1999; Filimonov, 2000). 

The training process in the boxing last long enough to cause adaptive changes in certain organs and 
organ systems. (Zahorjevich, 1976; Zulich and Miloshevich, 1987; Popovich, 1988; Malacko and Radzo, 
2004; Malacko and Popovich, 2001). It is natural before determining the specifics of one unique sport, to 
determine general relations of anthropological dimensions. (Hoshek-Momirovich, 1975; Blashkovich, 
1977; Doder, 1998). 

The main goal of the research is to determine the condition and the differences of specific motor 
abilities among boxers from the R. Macedonia, R. Serbia and R. Croatia.  

 
Methods of work 

The research was conducted on a selective sample of 347 male examinees, boxers at the age of 18 to 
33 years. The sample is divided into three sub-samples and that is: 92 boxers from R. Croatia measured 
by S. Blazhevich (2006), 153 boxers form R. Serbia measured by M. Savich (1986) and 102 boxers from 
R. Macedonia measured by R. Kalach (2012). The population from which the sample is drawn is defined 
as active sportsman boxers of all categories, participants, competitors in the league system, participants in 
the state championship in their countries and participants in international tournaments, clinically healthy 
without physical disabilities and aberrant manifestations in the motor space.  

For assessment of the specific motor skills these variables were applied, i.e. motor tests: “skipping the 
rope – skip 10 seconds” (SPJ10S), “the speed of executing 100 direct strokes in bag” (SB100U), “the 
speed of executing 100 combined strokes in bag” (SB100K), “jumps with both feet 10 seconds and 
performing left-right direct” (SSPLDD), “jumps with both feet 10 seconds and performing left-right 
hook” (SSPZDK), “jumps with both feet and performing left-right uppercut” (SSPLDA), “defense with 
deviation of left-right direct and placing six counter strokes on the hands of the coach” (SOLDDK), “a 
series of 100 combined strokes on the hands of the coach ” (S100RT). Among all applied variables 
besides the basic descriptive statistical parameters it is determined the normality of distribution with the 
help of the Kolmogorov and Smirnov procedure. The differences in the situational motor tests are 
determined with a student t-test.  
 
Results and descussion 

From the review of table 1. in which are shown the values of the arithmetical means and the level of 
statistical significance of the t-tests between boxers from R. Croatia measured by Blazhevich (2006) and 
the boxers from R. Macedonia measured by Kalach (2012) can be seen that statistically significant 
differences were obtained in tests: SPJ10S, SB100K, SSPLDD, SSPZDK, S100RT (p< 0.000). 
Statistically significant differences were not determined in specific motor tests: “the speed of performing 
of 100 direct strokes in bag” (SB100U), “jumps with both legs and performing left-right uppercut” 
(SSPLDA), and “defense with deviation of left-right direct and placing six counter strokes on the hand of 
the coach” (SOLDDK). 

 
Table 1. Differences in specific motor tests between boxers from R. Croatia measured by S. Blazhevich (2006) and 

the boxers from R. Macedonia measured by R. Kalach 
 

Variables X SD N X SD 
T-
VALUT (5%)=1,97 

SPJ10S 20,7 2,73 102 15,63 1,77 15,17 0,00 
SB100U* 18,58 2,59 102 18,72 1,98 -0,42 ns 
SB100K* 24,98 3,76 102 20,56 2,58 9,45 0,00 
SSPLDD 18,96 2,43 102 17,10 0,84 6,98 0,00 
SSPZDK 17,95 2,45 102 16,74 0,81 4,52 0,00 
SSPLDA 17,48 2,75 102 16,93 0,82 1,85 ns 
SOLDDK* 2,15 4,79 102 2,24 2,31 -0,16 ns 
S100RT* 26,23 3,74 102 21,89 3,31 8,52 0,00 
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Boxers from R. Croatia have achieved better results in specific motor tests: “skipping the rope – skip 
10 seconds” (SPJ10S), “jumps with both feet 10 seconds and performing left-right direct” (SSPLDD), 
“jumps with both feet 10 seconds and performing left-right hook” (SSPZDK). Boxers from R. Macedonia 
have achieved better results in specific motor tests: “the speed of executing 100 direct strokes in bag” 
(SB100U), and “a series of 100 combined strokes on the hands of the coach ” (S100RT).  

From the review of table 2. in which are shown the values of arithmetical means and the level of 
statistical significance from t-tests for specific motor tests between boxers from R. Serbia measured by 
Savich (1986) and boxers from R. Macedonia measured by Kalach (2012) can be seen that statistically 
significant differences were determined in the tests: SPJ10S, SB100U, SB100K, SSPLDD, SSPZDK, 
SSPLDA, S100RT (p < 0.000). statistically significant differences were not determined only in the test: 
“defense with deviation of left-right direct and placing six counter strokes on the hand of the coach” 
(SOLDDK). 

Boxers from R. Serbia have achieved better results only in specific motor tests: “skipping the rope – 
skip 10 seconds” (SPJ10S). Boxers from R. Macedonia measured in 2012 have achieved better results in 
specific motor tests: “the speed of executing 100 direct strokes in bag” (SB100U), “the speed of executing 
100 combined strokes in bag” (SB100K), “jumps with both feet 10 seconds and performing left-right 
hook” (SSPZDK), “jumps with both feet and performing left-right uppercut” (SSPLDA) and “a series of 
100 combined strokes on the hands of the coach ” (S100RT).  
 

Table 2. Differences in specific motor tests between boxers from R. Serbia measured by M. Savich (1986) and 
boxers from R. Macedonia measured by R. Kalach (2012) 

 
Variables  X SD N X SD T-

VALUT (5%)=1,97 

SPJ10S 17,16 2,37 102 15,63 1,77 5,89 0,00 
SB100U* 19,73 2,74 102 18,72 1,98 3,41 0,00 
SB100K* 27,04 3,82 102 20,56 2,58 16,17 0,00 
SSPLDD 16,12 2,26 102 17,10 0,84 -4,88 0,00 
SSPZDK 15,63 2,3 102 16,74 0,81 -5,48 0,00 
SSPLDA 15,95 2,57 102 16,93 0,82 -4,39 0,00 
SOLDDK* 2,18 3,61 102 2,24 2,31 -0,16 ns 
S100RT* 29,48 3,32 102 21,89 3,31 17,92 0,00 

 
 

Table 3. Differences in specific motor tests between boxers form R. Croatia measured by S.Blazhevich (2006) and 
boxers from R. Serbia measured by M. Savich (1986) 

 
Varijabli X SD N X SD T-

VALUT (5%)=1,97 

SPJ10S 20,7 2,73 153 17,16 2,37 10,32 0,00 
SB100U* 18,58 2,59 153 19,73 2,74 -3,29 0,00 
SB100K* 24,98 3,76 153 27,04 3,82 -4,13 0,00 
SSPLDD 18,96 2,43 153 16,12 2,26 9,09 0,00 
SSPZDK 17,95 2,45 153 15,63 2,3 7,34 0,00 
SSPLDA 17,48 2,75 153 15,95 2,57 4,32 0,00 
SOLDDK* 2,15 4,79 153 2,18 3,61 -0,05 ns 
S100RT* 26,23 3,74 153 29,48 3,32 -6,87 0,00 

 
 

From the review of table 3. in which are shown the values of arithmetical means and the level of 
statistical significance of t-test for specific motor tests between boxers from R. Croatia measured by 
Blazhevich (2006) and the boxers from R. Serbia measured by Savich (1986) can be seen that statistically 
significant differences were determined in tests: SPJ10S, SB100U, SB100K, SSPLDD, SSPZDK, 
SSPLDA, S100RT (p < 0.000). Statistically significant differences were not determined only in test: 
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“defense with deviation of left-right direct and placing six counter strokes on the hand of the coach” 
(SOLDDK). 

Boxers from R. Croatia have achieved better results in specific motor tests: “skipping the rope – skip 
10 seconds” (SPJ10S), “the speed of executing 100 direct strokes in bag” (SB100U),  “the speed of 
executing 100 combined strokes in bag” (SB100K), “jumps with both feet 10 seconds and performing 
left-right hook” (SSPZDK), “jumps with both feet and performing left-right uppercut” (SSPLDA), 
“defense with deviation of left-right direct and placing six counter strokes on the hands of the coach” 
(SOLDDK), “a series of 100 combined strokes on the hands of the coach ” (S100RT).  

On the basis of the obtained results it can be concluded that the boxers from R. Croatia measured by 
Blazhevich (2006) are dominant in specific movements in which dominate explosive movement of the 
lower extremities, while the boxers from R. Macedonia in specific motor tests which are characterized 
with mobility of the cranial part of the body and speed-force endurance of the upper extremities. Boxers 
from R. Macedonia and R. Croatia achieve better results in most situational motor tests in terms of boxers 
from R. Serbia measured by M. Savich in 1986. This is probably due among other things and in the 
changes of technology of the training process which was perfected over the years and in depend on the 
change of the rules.  

Namely the modern boxing requires, the boxing match to lasts in relatively short time 3x3 minutes 
with one minute of rest, with a very fast pace and abounds with strong strokes, and boxers to be 
specifically strong.  

The new way of scoring requires innovation “model of boxer activity” which is based on the fact that 
the competition fight characterizes the permanent change in the structure of movements in variable 
intensity and duration. The high dinamics of the fight determined already in the first minute with 
explosive and quick movements, causes, shortly after a big oxygen debt, which in specific conditions 
(mouth gum, slowed breathing at inflicting of strokes and retaining the breath when receiving the strokes) 
can be so overwhelming that the fight itself can be terminated before time because of fatigue. Aerobic and 
anaerobic work capacity with sub-maximal – and- maximum intensity with little static load is prevailing. 
Which sort of work will prevail depends on the duration of the fight intensity, dynamic during the whole 
match.  

The best boxers should be many-sided, and in their diversity should have two to three options for 
placing the “special strokes” (combination of three to five strokes) from different positions, different 
tactics for the match with different opponents. Such complex activity of the boxers during the match 
requires, and also raises the need of appropriate skills and characteristics, that is, dimensions that suit 
psychosomatic status.  

The effectiveness on the ring provides highly developed proprio-reception, good perception of space 
and time (sense of distance, field of view), and a low threshold of pain sensitivity, response speed, 
coordination, mobility, accuracy, dynamic balance, agility etc. depending on the punctual information 
about the opponent that are coming from the receptors for vision and hearing.  

The speed dominates on the associative processes in cortical centers for optimal adaptation of the fast 
changes in the situation, especially because of the need of anticipation for action on the opponent. During 
the fight a lot of information are registered for the intentions and actions of the opponent, it is thought of 
the permanent presence that a stroke can be received. It is assessing the current situation and on the basis 
of the total events, boxer adopt on the optimal solution, i.e. technical and tactical variation that in his 
opinion most will fit. All this causes the boxer psychic stress related to the adoption, implementation and 
procession of the information in the major cortical centers (thinking, attention concentration, etc.) which 
requires maximum mobilization of all organs function and body systems, especially in the cortical 
centers. 

Boxing as a sport fight, by all odds represents the sharpest form of fighting sports. The difficulties and 
especially sharpness is conditioned with exceptional high physical and particular psychological load. The 
duel in the ring passes with increased motor activity and colossal (nerve) stress tension, causing 
maximum mobilization and function of all organs and systems of an organism. The psyche of the boxers 
under great loading, principally, that is concerning to the perception and attention.  

During the whole match from the boxers is required precise, accurate and immediate perception, 
especially the specialized, such as a sense of distance, time and strokes. At the same time the boxers need 
sable and fast switching of attention, to say the transition from defense to attack. In addition of great 
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importance is the rapid processing of information coming from the opponent, and it dictates the serious 
requirements in the psychical sphere of the boxer.  

It must not be disregarded that the stroke may have direct physical influence on the organism of one of 
one of the boxers, which increases the sense of the influence of specific loads in the boxing. Such loads of 
these species require a longer recovery period. Besides more competitions are long, multiday tournaments 
where neural and psychological loads reach the high limits. Not to be forgotten the painstaking lowering 
or keeping the weight which encounter a larger number of boxers.  
 
Conclusion 

On the basis of the obtained results it can be concluded that the boxes from R. Croatia measured by S. 
Blazhevich (2006) are dominant in specific movements in which dominate explosive movements of the 
lower extremities, while the boxers from R. Macedonia dominate in specific motor skills that are 
characterized by the mobility of the cranial part of the body and speed-force endurance of the upper 
extremities. Boxers from R. Macedonia and R. Croatia achieve better results in most situational motor 
tests unlike the boxers from R. Serbia measured by Savich in 1986. Most probably is due among other 
things and in the changes of the technology of the training process that was perfected over the years and 
partly in the rule changes.  
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Abstract :  

Physical activity of younger primary school pupils includes activity based on two classes of Physical 
Education a week. A small percent of pupils does some type of physical activity on regular bases. As a 
result, the low level of physical activity and an increased level of calorie intake lead to obesity. The 
research was conducted on the fourth-grade primary school pupils in Paraćin. The sample comprised 
159 ten-year old pupils, 62 of whom are athletes and 97 regularly attend Physical Education classes at 
school. The aim of this research was to establish the differences in the development and nourishment 
between the pupils who do some sport and those that attend Physical Education classes on regular bases. 
The results have shown that the average height of the pupils who are athletes is 146,6 cm and of those 
who only attend PE classes is 144,8 cm. There is statistically significant difference between the two 
groups. The pupils who do some sport are of significantly greater height and shoulder breadth. While the 
pupils who do not do any sport have higher percentage of body weight, greater pelvic and hip width, 
greater skin fold measurements and the sum of skinfold measurements, body mass index and body fat 
percentage. 
 
Key words: developmental differences, boys, athletes 
 
Introduction 

Physical activity of younger primary school students includes activity based on two classes of Physical 
Education a week. Pupils watch TV, play computer games or text friends in their free time. They rarely 
burn the calories they consume through free or organized physical activity. The fact that a pupil walks for 
2 kilometers or more to get to school is considered a rare and interesting news by mass media. Going to 
school on foot was considered normal 50 or 60 years ago. In contemporary society, younger pupils are 
driven to school by their parents, even though the schools are 1 or 1.5 kilometers away from their homes. 
The lack of physical activity leads to low muscle tone, hypotrophy, adipose tissue, obesity, abnormalities 
of cardiovascular and other systems. Hypokinesia of modern man leads to a series of diseases starting 
with obesity, diabetes, cardiovascular diseases and a number of other diseases that are the consequence of 
malfunction of organ systems.  

In order to prevent above mentioned diseases one should do physical activity from birth to late 
adulthood. This may be achieved through organized physical activity in schools, clubs, and recreation 
centers and during the regular Physical Education classes. A small number of pupils regularly attend PE 
classes. Low level of physical activity together with the increased calorie intake and unhealthy food lead 
to weight gain above optimal values for a particular height and age.  

It may be stated that obesity is becoming an epidemic starting from the early childhood to the late 
adulthood. The largest number of obese children has been registered in the United States of America. The 
number of obese children, 6 and 11 years of age has increased 54% since 1960 (Ogden et al., 2002; Kim 
et al., 2002). It is estimated that 22 million of children in Europe are overweight and 5 million are obese. 
(Cali et al., 2008). 

The increased number of obese children has been registered in Serbia as well (Zdravković et al., 
2009). Obesity is the cause of different diseases such as: cardiovascular diseases, diabetes, breast cancer, 
and a great number of other diseases. In order to prevent such diseases, especially young people should do 
different types of organized physical activity since birth to late adulthood. 

The aim of this research is to establish the difference in anthropometric characteristics, nourishment 
and body fat composition in athletes 10 years of age.  
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Material & methods 
The research comprised 159 students of primary schools in Paraćin 10 years of age (±6 months). 62 of 

the total number of students are athletes, 97 are non-athletes. The students had to fulfill the following 
criteria: they had to be healthy and able to attend PE classes and the athletes to train and compete 
according to their age and category. 

Longitudinal skeleton measurements were measured with a Martin anthropometer (Martin metal 
anthropometer- GPM Swiss Made). Circular body dimensions were measured by means of measurement 
worksheet- GPM Swiss Made. Skinfold parameters were measured with a caliper (calipers-GPM Swiss 
Made). Anthropometric variables were measured according to the methodology recommended by 
International Biological Program (Weiner & Lourie, 1981). 13 anthropometric variables that include 
longitudinal and transversal skeleton dimensions, circular dimensions and body weight together with the 
skin fold thickness were included. The expected height was calculated by means of Walker method 
(Walker, 1974). Body mass index (BMI) was established by the following formula: BMI= body weight 
expressed in kilos/ height expressed in meters (WHO 1997). In order to establish the level of nourishment 
we used Body Mass Index, the sum of skin folds and fat percentage. The level of nourishment was 
determined by means of the values of Body Mass Index according to standardized criteria (Cole et al., 
2000) and of body fat according to the skinfold of athletes (Mišigoj-Duraković, 2008, according to Buskirku, 
1974). 

The variables have been labelled as following: AGE, BW- body weight expressed in kilograms, BH- 
body height expressed in centimeters, EBH- the expected body height expressed in centimeters, BMI- 
Body Mass Index expressed in kilograms/ body height expressed in m², LL- leg length expressed in 
centimeters, AL- arm length expressed in centimeters, SW- shoulder width expressed in centimeters, PW- 
pelvic width expressed in centimeters, HW- hip width expressed in centimeters, ACC- average chest 
circumference expressed in centimeters, UAC- upper arm circumference expressed in centimeters, TC- 
thigh circumference expressed in centimeters, UASFT- upper arm skinfold thickness expressed in 
millimeters, LBSFT- back skinfold thickness expressed in millimeters, ASFT- abdominal skinfold 
thickness expressed in millimeters, % FAT- the percentage of fat. 

Statistical data analysis was done by Statistical package 6. For each of the measured variables we have 
determined basic statistical parameters of descriptive statistics: mean value (MV), standard deviation 
(SD), and minimum (MIN) and maximum (MAX) values. In order to establish the difference between the 
groups we used t- test, and the level of statistical significance of the differences was 0.005. 
 
The results 

The results in the Table 1 show that the average body weight of student-athletes is 36.9±6.21 kg. The 
minimum and maximum values of body weight indicate a great difference in body weight between the 
students. We may conclude that the average body weight value of this group of students is above 95 
percentiles in comparison to body height (Gerver & DE Bruin, 1996). The average body height of 
student-athletes is 146.6±9.68 cm, the difference between the maximum and minimum value is 59.4 cm. 
Heterogeneity is the result of different sports and disciplines of student-athletes. The expected height 
value is 181.5±6.15 cm, and the maximum and minimum values indicate that the athletes in question do 
different sports. The average values of leg length (82.7±6.13 cm) and arm length (62.6±3.66 cm) are in 
accordance with the average body height. The average value of shoulder width is 32.7±1.88 cm, pelvic 
width 23.2±1.52 cm and hip width 25.2,0±1.73 cm. These values are normal values for the students of 
that age. The value of average chest circumference is 66.0±5.09 cm. The values indicate that the average 
values of chest circumference are a bit lower in comparison to the half of the values of average body 
height. Pelvic and hip width are in accordance with the average body height values of this group of 
students. 

Table 1 shows the values of BMI which are 17.21±1.79 kg/m². According to the average values, athlete 
students are of normal body weight. Judging from the maximum values, there are student-athletes who are 
obese. The average value of the sum of skinfolds is 29.4±13.55 mm, which is satisfying, and the average 
value of fat is 23.93±9.39%, which illustrates excessive body fat percentage in the student-athlete group 
(Mišigoj-Duraković, 2008, according to Buskirku, 1974).  
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Table 1. Basic statistical parameters of anthropometric variables, body mass index, the sum of skinfolds and 
%fat  in student-athletes 10 years of age 

Variables N AV MIN MAX SD 
AGE 62 10.4 10.0 11.0 0.45 
BW kg 62 36.9 24.8 51.3 6.21 
BH cm 62 146.6 127.6 187.0 9.68 
EBH cm 62 181.5 168.0 195.2 6.15 
LL cm 62 82.7 69.0 97.3 6.13 
AL cm 62 62.6 53.3 71.8 3.66 
SW cm 62 32.7 28.5 36.8 1.88 
PW cm 62 23.2 19.4 27.0 1.52 
HW cm 62 25.2 20.5 28.7 1.73 
ACC cm 62 66.0 46.8 77.0 5.09 
UAC cm 62 19.7 16.0 24.7 2.05 
TC cm 62 39.0 30.3 46.3 3.49 
UASFT mm 62 12.0 6.0 29.2 4.17 
LBSFT mm 62 7.7 4.0 25.2 3.92 
ASFT mm 62 9.6 3.6 33.2 6.14 
BMI kg/m2 62 17.21 12.87 20.82 1.79 
SSF mm 62 29.4 14.2 65.8 13.55 
FAT % 62 23.93 12.81 65.81 9.39 
Legend: N- Number of students; AV-average value; MIN-minimum and MAX-maximum 

value; SD-standard deviation. 

 
The results of students that are non-athletes (Table 2) indicate that the average value of body weight is 

39.6±10.89 kg. It should be noted that there is a great difference between maximum and minimum values, 
54.3 kg. The average values of body weight of this group are in accordance to the average body height of 
non-athletes 10 years of age (Garver & De Bruin, 1996). The average height of this group is 144.8±7.53 cm, 
and it is a normal height value at this age, it is satisfying according to the percentile rank (p 60). The average 
value of expected height is 180.5±5.63 cm.  
 
Table 2. Basic statistical parameters of anthropometric variables in students that are non-athletes 10 years 

of age 
Variables N AV MIN MAX SD 
AGE 97 10.4 9.0 11.0 0.47 
BW kg 97 39.6 17.0 71.3 10.89 
BH cm 97 144.8 130.1 184.7 7.53 
EBH cm 97 180.5 169.4 210.3 5.63 
LL cm 97 81.3 60.5 96.0 4.99 
AL cm 97 61.8 55.5 71.6 3.02 
SW cm 97 32.3 21.3 37.0 2.80 
PW cm 97 23.8 19.9 32.0 2.25 
HW cm 97 25.3 20.4 31.2 2.22 
ACC cm 97 68.1 42.6 88.2 8.33 
UAC cm 97 20.7 15.5 35.2 3.55 
TC cm 97 40.3 31.5 58.0 5.68 
UASFT mm 97 13.8 3.4 37.6 7.42 
LBSFT mm 97 10.2 4.0 35.4 6.83 
ASFT mm 97 12.8 3.4 36.6 8.59 
BMI kg/m2 97 18.74 8.96 30.55 4.19 
SSF mm 97 36.9 14.6 103.8 21.67 
FAT % 97 29.15 11.60 85.41 16.70 

 
The difference between the minimum and maximum value of the expected height is 40.9 cm which 

illustrates the heterogeneity of the group. The values of measured longitudinal, transversal and circular 
dimensions are in accordance with the body height at this age. The values of the measured skinfolds in the 
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area of the tree-headed muscle of the upper arm, lower back and abdomen indicate that the students 10 years 
of age that are non-athletes according to the average values shown here have normal levels of adipose tissue. 
Based on the results of minimum and maximum values of skinfold thickness, we may conclude that there 
are students with very low and high level of adipose tissue. 

The results of non-athletes 10 years of age illustrated in Table 2 indicate that the average value of BMI 
is 18.74±4.19 kg/m². These values indicate that they are overweight (Cole et al., 2000). Based on the sum 
of skinfolds which is 36.9±21.67 mm, we may as well classify this group as one with a satisfying amount 
of adipose tissue. The average value of fat in non-athletes is 29.15±16.70 %. Non-athletes belong to the 
group of people with excess adipose tissue. 

The values of statistically significant differences of arithmetic mean of anthropometric variables of 
athletes and non-athletes 10 years of age are shown in Table 3. Based on an average value of body weight 
in athletes which is 36.9 kg and non-athletes 39.9, we may conclude that the students that are non-athletes 
are of greater body weight than the  student-athletes, which is statistically significant. The P value here is 
p= 0.000. 

The average height of an athlete student is 146.6 cm and of non-athletes 144.8 cm. This indicates that 
athlete students are of greater height than that of non-athletes, which is statistically significant. The P 
value is p= 0.02. The average values of the expected height, leg length and arm length show that there is 
no statistically significant difference between the athlete and non-athlete students. The average value of 
shoulder width of the athletes is 32.7 cm, and non-athletes 32.3 cm. Athlete students have grater average 
shoulder width, which is statistically significant. The P value is p= .00. The average values of pelvic and 
hip width are great in students who are non-athletes, which is statistically significant. The P value is (p= 
.00). The average values of average chest circumference, upper arm and thigh circumference in athletes 
are lower in comparison to those of non-athletes, which is statistically significant difference. The P value 
is p= .00.  

  
Tabela 3. Statistically significant difference between the arithmetic mean of anthropometric variables of 

athletes and non-athletes 10 years of age 
 ATHLETES NON-ATHLETES  
Variables AV SD AV SD T-test p 
AGE 10.4 0.45 10.4 0.47 0.14 0.706 
BW kg 36.9 6.21 39.6 10.89 -1.77 0.000 
BH cm 146.6 9.68 144.8 7.53 1.34 0.027 
EBH cm 181.5 6.15 180.5 5.63 1.00 0.436 
LL cm 82.7 6.13 81.3 4.99 1.50 0.069 
AL cm 62.6 3.66 61.8 3.02 1.57 0.090 
SW cm 32.7 1.88 32.3 2.80 0.98 0.001 
PW cm 23.2 1.52 23.8 2.25 -1.91 0.001 
HW cm 25.2 1.73 25.3 2.22 -0.47 0.035 
ACC cm 66.0 5.09 68.1 8.33 -1.77 0.000 
UAC cm 19.7 2.05 20.7 3.55 -2.01 0.000 
TC cm 39.0 3.49 40.3 5.68 -1.66 0.000 
UASFT mm 12.0 4.17 13.8 7.42 -1.70 0.000 
LBSFT mm 7.7 3.92 10.2 6.83 -2.67 0.000 
ASFT mm 9.6 6.14 12.8 8.59 -2.51 0.005 
BMI kg/m2 17.21 1.79 18.74 4.19 -2.71 0.000 
SSF mm 29.4 13.55 36.9 21.67 -2.42 0.000 
FAT % 23.93 9.39 29.15 16.70 -2.24 0.000 

Legend: AV-average value; SD-standard deviation. T-test; p-value 

 
According to the analysis of average values of skinfold thickness measured in the area around the 

three headed muscle, upper arm, lower back and abdomen we may conclude that non-athletes have 
greater values of skinfolds in comparison to athlete students 10 years of age. The P value is p= .000. 
Statistical significance of differences between arithmetic means of BMI, the sum of skinfolds and fat % in 
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students who are athletes and non-athletes10 years of age is shown in Table 6. The values of BMI; the 
sum of skinfolds and % fat of athlete students are lower than those of students who are non-athletes, 
which is statistically significant. The P value is p=.000. 

 
Discussion  

The importance of establishing differences in developmental characteristics and nourishment between 
the students who are athletes and non-athlete is reflected in the received data on effects of physical 
activity on the development and optimal body weight. The researches indicate that longitudinal and 
transversal dimensions are polygenically determined. Circular dimensions, body weight and adipose 
tissue are under great influence of external factors, mainly social status (Malacko et al., 2001).  

Low level of physical activity which is more and more present together with excess calorie intake lead 
to increased number of obese people from early youth to old age in the world and in Serbia as well 
(Malina, 2004; Zdravković et al., 2009; Đurašković et al., 2012). The results of this research indicate that 
the athlete students have lower values of body weight, skinfolds and % fat, which is statistically 
significant. Developmental characteristics seen through height and longitudinal and transversal 
dimensions indicate that the student-athletes have greater height and shoulder width in comparison to the 
non-athletes, which is statistically significant. This may be the result of sport selection, for each sport 
there are some requirements concerning body height and built. Sport selection is a process which has to 
be carried out continually and has to be controlled, directed towards those who possess optimal health and 
morphological characteristics, functional, motor, cognitive and conative skills in order to achieve top 
results in selected sport. 

The number of genetically determined characteristics together with biological age and optimal age for 
taking up a certain sport play an important role in sport selection. We have to stress the fact that inherited 
characteristics such as: height, the length of upper and lower extremities, endurance, speed, coordination 
are not influenced by external factors to such an extent (Matto, 1981). According to researches student 
athletes and non-athletes 10 years of age belong to the group of people of normal height and growth 
(Garver & DE Bruin, 1996; Mišigoj-Duraković, 2008; Đurašković, 2009). 

According to the results of this research, students who are non-athletes have greater average chest 
circumference, stretched upper arm circumference, thigh circumference and skinfold thickness. The result 
of this is greater body weight, and thus adipose tissue, not physical activity. Low level of physical activity 
of non-athletes together with excess calorie intake have caused such average values of BMI that this 
group belongs to overweight group of people (Cole et al., 2000). According to the sum of skinfolds we 
may conclude that student-athletes have lower total sum of skinfolds than non-athletes, which is 
statistically significant.  

According to the criteria (Buskirk mentions Mišigoj-Duraković, 2008) both groups have great 
amounts of adipose tissue with the exception of the non-athlete group which has slightly greater amount 
than the student-athletes. The average values of the percentage of adipose tissue are significantly greater 
in the students who are non-athletes than the student-athletes 10 years of age, even though they belong to 
the group of satisfying values according to the criterion (Mišigoj-Duraković, 2008). 

 
Conclusion 

According to the research done on the sample which comprised student-athletes and non-athletes we 
may conclude the following: Students 10 years of age who actively do some sport are of statistically 
greater average height and shoulder width, which is the result of sport selection. Students who are non-
athletes are of statistically greater body weight, circular dimensions, have greater skinfold thickness, the 
sum of skinfolds and % fat  in comparison to the students who are non-athletes. This is the result of low 
level of physical activity and excessive calorie intake. 
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Abstract 

Physical activity is of essential value for healthy and balanced developments of children and young 
adolescents. Regular exercise brings many benefits for physical and mental health, as well as social 
functioning of children. The problem of this research was examining the effects of different models of 
physical exercise on changes in the morphological status on young girls. The goal of the paper was to 
determine the morphological characteristics of girls engaged in modern dance, as well as developmental 
gymnastics, for at least a whole year in continuity, and compare them to the morphological 
characteristics of girls the same age who have never been engaged in any organized physical activity. 
For the realization of this goal, we have used a battery with eight anthropometric gauges which estimate 
the voluminosity and body mass as well as subcutaneous adipose tissue of the subjects, as the use of 
means of physical activity can alter these characteristics most effectively. The results of the research 
show a substantial statistical difference between subjects of all age categories, and in favor of the girls 
engaged in developmental gymnastics and modern dance. The difference reflects in a morphological 
status of better quality, defined by less volume, body mass and less subcutaneous adipose tissue, which 
leads to the conclusion that engagement in developmental gymnastics and modern dance is very desirable 
and advisable for proper growth and development of young girls, especially in this very receptive stage. 

Key words: morphological characteristics, girls, modern dance, development gymnastics 
 

Introduction 
Physical activity is crucial for healthy and balanced development of children and youth. This has a lot 

of benefits not only for health in general, but for social behavior of children as well. Pre-school and 
younger-school age is an especially sensitive period for development of motor abilities. Besides, this 
period is also significant for regular physical development of whole organism and it is important not to 
miss the advantages it brings in formation of motor abilities' base. Thus, the choice of adequate 
movement activities is of a high interest (Popović, 2010).  

Specific characteristics of an athlete in a certain sport's discipline represent a result of selection and the 
influence of training. Selection is based on abilities and skills of crucial influence on sports performance. 
However, trainings' effects are constraint while some of characteristics and abilities are genetically 
determined and thereby cannot be affected by training to a large degree. Consequently, it is very 
important to know the equation of sports activity specification in order to recognize all factors that are 
decisive for success in a certain sports' discipline. On the basis of knowledge about genetics influence on 
their development, it can be precisely determined which characteristics and abilities can be affected by 
training.  

Literature describes desirable model characteristics of the top athletes in the form of basic 
anthropometric dimensions, their interrelations, body composition components and somatotypes. Body 
size and body build contribute significantly to performance in many sports, particularly in aesthetic sports 
such as all kind of dances, rhythmic and artistic gymnastics, aerobics, figure skating as well as ballet. 
These sports pose high specific demands upon the functional, energy, motor and psychological capacities 
of athletes; but also upon the size, body build and composition of the performers, particularly of elite 
level females. 

Some similar research in this area have already been done and should be mentioned here. For example, 
classic and modern ballet dancers have lower body mass, lower amount of adipose tissue, but also higher 
bone density compared with non-dancers (Van Marken Lichtenbelt, W. D. et al, 1995; Yannakoulia, et al., 
2000; Cieślicka, et al. 2012, Misigoj-Duraković, 2012; Suzović & Porčić, 2012) mainly due to more 
intensive muscle strain during long-time training. Research of morphological characteristics of twins 
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showed that gymnastics' training can affect body mass, shoulder width, circumference of chest, while 
exogenous factors do not have influence on body height and arm length. Besides, some relative data are 
of high importance in anthropometry, i.e. arm/leg length correlated to body height (Čuk et al., 2007). 
Although gymnastics is a sport involving short bouts of physical activity, young children are exposed to 
relatively high physical demands. So far, effects of gymnastics training on fat mass development have not 
been widely researched; however, elite gymnasts have been consistently portrayed as being lighter and 
having a decreased fat mass compared to other sporting groups and reference populations (Laing et al., 
2002; Filaire and Lac, 2002; Gurd and Klentrou, 2003; Zanker et al., 2003). 

In this research the effects of application of different physical activity models on changes in 
morphological status of younger-school aged girls were examined. The aim was to determine 
morphological characteristics of girls involved with modern dance as well as developmental gymnastics 
for at least one year continuously and to compare them with girls of the same age who were never 
involved with organized physical activity. 

 
Material & methods 

The sample consisted of younger-school aged girls (7-11 years of age). Based on decimal age of 
examinees two groups were formed (Table 1). 

Table 1. Age groups of girls 

                                      age 
Group of respondents 

Group 1 
7,00-8,99 

Group 2 
9,00-11,00 Σ 

Girls not involved with organized training 75 72 147 

Girls involved with development gymnastics 79 69 148 

Girls involved with modern dance 65 61 126 

Σ 219 202 421 
 
 

The sample of anthropometric characteristics is chosen based on twodimensional morphological 
model made by Bala (1980). This model is characterized by one factor that merges longitudinal and 
transversal dimension of skeleton, which stands for the system of bones and another one, which defines 
volume and body mass and subcutaneous adipose tissue. This battery of anthropometric characteristics 
used for evaluation of morphological characterictics consisted of the following meassurements: for the 
assessment of dimensionality of skeleton: 1.  Body height (mm); for the assessment of volume and body 
mass: 2. Body weight (kg), 3. Circumference of chest (chest girth)(medium) (mm), 4. Circumference of 
upper arm (midarm girth)(in a relaxed position) (mm) and 5. Circumference of lower arm (forearm girth) 
(mm) and for the assessment of subcutaneous adipose tissue: 6. Skinfold of upper arm (triceps skinfold) 
(0.2mm), 7. Skinfold of back (subscapular skinfold) (0.2mm) i 8. Abdominal skinfold (0.2mm). All of the 
anthropometrical meassurements were conducted in accordance with IBP standard. 

Program of developmental gymnastics as well as modern dance for girls of younger-school age 
includes 60-90 minutes training, 2-3 times a week, which depends on the age. These trainings are 
conducted from September to June of the next year. During the public appearances and competition 
periods the number of training is often increased to five a week. The sample of this research consisted 
only of the girls which are involved with one of presented programs of organized exercising for at least 
one year continuously. For the assessment of quantitative differences of anthropometric variables' 
systems of three groups of respondents multivariate analysis of variance (MANOVA) was used. For the 
assessment of differences between every single anthropometric characteristic for both age groups analysis 
of variance (ANOVA) was applied. The level of statistical significance was P=0.05. All data were 
analysed by SPSS 20 software. 
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Results 
The analysis of differences in anthropometric variables of 3 groups of 7-9-year old girls is shown in 

Table 2. For better understanding of differences between the groups basic statistics for both groups of 
respondents are given. For the assessment of quantitative differences of anthropometric variables' systems 
of three groups of respondents multivariate analysis of variance (MANOVA) was used. Then, the analysis 
of variance (ANOVA) was applied to determine differences between every single anthropometric 
characteristic. 

Table 2.  Analysis of anthropometric variables of three groups of 7-9-year-old girls  

    VARIJABLES Gr AM S f p p* 

1. Body height (mm) 
1 1296,94 65,77 

2,31 0,09 
1-2 0,71 

2 1292,23 68,03 1-3 0,17 
3 1310,97 66,26 2-3 0,14 

2. Body weight (kg) 
1 27,95 4,89 

11,59 0,00 
1-2 0,00 

2 25,63 3,89 1-3 0,81 
3 27,79 4,64 2-3 0,00 

3. Circumference of chest 
(chest girth) (mm) 

1 597,99 40,73 
0,91 0,40 

1-2 0,24 
2 603,29 37,23 1-3 0,30 
3 604,23 40,79 2-3 0,88 

4. Circumference of upper 
arm (mm) 

1 211,04 21,97 
45,96 0,00 

1-2 0,00 
2 191,02 16,59 1-3 0,00 
3 193,60 17,07 2-3 0,38 

5. Circumference of lower 
arm (mm) 

1 190,90 13,55 
25,66 0,00 

1-2 0,00 
2 180,64 11,96 1-3 0,00 
3 184,93 11,46 2-3 0,03 

6. Skinfold of upper arm 
(0,2mm)  

1 106,27 57,50 
21,15 0,00 

1-2 0,00 
2 70,83 40,32 1-3 0,01 
3 86,27 35,81 2-3 0,04 

7. Skinfold of back (0,2mm) 
1 76,36 31,14 

18,37 0,00 
1-2 0,00 

2 59,05 21,77 1-3 0,00 
3 62,47 18,77 2-3 0,39 

8. Abdominal skinfold 
(0,2mm) 

1 110,49 33,62 
17,30 0,00 

1-2 0,00 
2 90,99 26,93 1-3 0,00 
3 94,40 27,64 2-3 0,46 

F = 19,19             P = 0,00 

Gr – groups of respondents: 
    1) not involved with organized training 
    2) involved with development gymnastics 
    3) involved with modern dance 
AM – arithmetic mean 
SD  – standard deviation 

 f – f-test of analysis of variance 
p – level of statistical significance for f 
p* – level of statistical significance for f between 

every group of respondents 
F – F-test of multivariate analysis of variance 
P – level of statistical significance for F 

 
 

 

Based on multivariate analysis of variance results, statistically significant differences (on the highest 
level of statistical inference, i.e. P=0.00) between anthropometric variables' systems of the groups were 
determined. The results of analysis of variance indicate that there are differences between respondents of 
this age in majority of examined anthropometric variables on the level of statistical significance of 
p=0.00. The exception is the variable for the assessment of chest circumference, for which statistically 
significant differences between three groups of respondents were not found. 

By the partial observation of every single anthropometric variable between every combination of two 
examined groups statistically significant differences between majority of the variables in control group 
and both experimental groups were found. This does not refer to body height, body weight and 
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abovementioned circumference of chest in the case of control group and girls involved with modern 
dance. By the analysis of partial differences between two experimental groups statistically significant 
difference in body weight, body heigth, circumference of lower arm (forearm girth) and abdominal 
skinfold were clearly observed. 

Differences between anthropometric variables of three groups of 9-11-year-old girls are given in Table 
3. Results of multivariate analysis of variance pointed to statistically significant differences  in 
anthropometric variables' systems of examined groups. The level of the statistical inference of P=0.00. 
The similar results were also found for the groups of younger girls. Most of variables showed also 
individual statistically significant differences between the groups on the highest level of statistical 
inference. The exception in this case is variable for the assessment of dimensionality of skeleton – body 
height, where no statistically significant difference between three groups of respondents was found.  

Table 3.  Analysis of anthropometric variables' differences of three groups of 9-11-year-old girls 

    VARIJABLES Gr AM S f p p* 

1. Body height (mm) 
1 1429,1 73,09 

2,12 0,12 
1-2 0,12 

2 1414,9
5 

82,44 1-3 0,08 
3 1404,9

5 
75,93 2-3 0,47 

2. Body weight (kg) 
1 35,97 6,59 

6,07 0,00 
1-2 0,01 

2 33,88 6,62 1-3 0,00 
3 32,61 6,12 2-3 0,27 

3. Circumference of chest 
(chest girth) (mm) 

1 651,58 52,42 
4,52 0,01 

1-2 0,04 
2 664,46 56,36 1-3 0,17 
3 638,51 48,21 2-3 0,01 

4. Circumference of upper 
arm (mm) 

1 229,85 28,85 
37,88 0,00 

1-2 0,00 
2 208,83 19,74 1-3 0,00 
3 201,61 19,61 2-3 0,09 

5. Circumference of lower 
arm (mm) 

1 205,15 16,35 
23,74 0,00 

1-2 0,00 
2 194,34 14,69 1-3 0,00 
3 191,34 14,19 2-3 0,27 

6. Skinfold of upper arm 
(0,2mm)  

1 143,52 77,47 
25,86 0,00 

1-2 0,00 
2 94,08 50,85 1-3 0,00 
3 94,44 35,70 2-3 0,97 

7. Skinfold of back (0,2mm) 
1 90,28 41,36 

19,86 0,00 
1-2 0,00 

2 68,39 25,26 1-3 0,00 
3 65,56 17,55 2-3 0,62 

8. Abdominal skinfold 
(0,2mm) 

1 121,58 40,22 
19,50 0,00 

1-2 0,00 
2 97,05 27,66 1-3 0,01 
3 105,56 30,86 2-3 0,16 

F = 17,94             P = 0,00 

Partial analysis of individual anthropometric variable between every combination of two examined 
groups showed that there are statistically significant differences between most of variables in control and 
both experimental groups. Body height and circumference of chest were exceptions in this case. By the 
analysis of partial differences of two experimental groups, the only statistically significant difference was 
found for the circumference of chest variable. 
 
Discussion 

From the results of arithmetic mean for every variable in both age groups it can be seen that majority 
of examined variables have higher values in case of girls not involved in any kind of organized training. It 
means that girls involved with developmental gymnastics and modern dance  have lower values of body 
mass circumference of lower and upper arm and amount of subcutaneous adipose tissue in general 
compared with girls of the same age not involved with organized physical activity. Thus girls from both 
experimental groups have better quality of soft tissue. Lower values of circumference of lower and upper 
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arm is direct consequence of lower amount of subcutaneous adipose tissue in those body segments. These 
results are expected while the requests for gracile morphological structure of girls are emphasized due to 
ease of performance of dance, acrobatic and all the other elements of choreography but also the visual 
experience and impression they leave on judges especially in dance. Therefore in training process 
correction of nutrition, decrease of body mass and subcutaneous adipose tissue in all body segments 
occupy a special place. This implies better status of motor abilities as well as specific morphological 
structure these girls have latter in life. (Van Marken Lichtenbelt, W. D. et al, 1995; Yannakoulia, et al., 
2000; Laing et al., 2002; Filaire and Lac, 2002; Gurd and Klentrou, 2003; Zanker et al., 2003; Čuk at al., 
2007; Kostić, Zagorc and Uzunović, 2004, Viskić-Štalec at al. 2007; Steinberg et al., 2008, Cieślicka, et 
al. 2012, Misigoj-Duraković, 2012; Suzović and Porčić, 2012). 

Results show that there is not any statistically significant differences between the respondents of both 
age groups in body height. This unambiguously prove the fact that body height is not a limiting factor for 
successful training in developmental gymnastics and modern dance which is important for the selection in 
those two sport activities. However, elite gymnastics implies much lower body height and lower values of 
longitudinal dimensionality of skeleton. In this research the emphasis is on the population of girls 
involved with developmental, recreational gymnastics, adopted for every age and body constitution of 
girls and boys. 

It is interesting to mention the absence of statistically significant differences between younger 
respondents in variable circumference of chest, where higher values had girls from experimental groups 
while in the case of older group those values for girls involved with developmental gymnastics where 
significantly higher than in other two groups. This fact as well as the above mentioned skinfold brings the 
conclusion that circumference of chest in group of girls involved with developmental gymnastics has 
higher values due to muscle mass. It is expected concerning the fact that training in gymnastics consists 
of learning and exercises of gymnastic elements and combinations on different apparatus in many arm-
stand positions, specific hang positions etc. Which include hypertrophy of muscles and thereby the 
increase of volume especially in the chest area. The same conclusion was presented by (Madić, Mikalački 
and Popović, 2008; Madić, Popović and Kaličanin, 2009; Popović, 2010). 

Analysis of differences in anthropometric variables of two experimental groups showed lower values 
of all of the examined characteristics in younger group. However some of these differences are not 
statistically significant. Girls involved with developmental gymnastics are shorter, weight less and have 
lower volume and amount of subcutaneous adipose tissue in comparison with girls of the same age 
involved with modern dance. This type of body structure originate from specific requests of training in 
those two groups. Namely modern dance for younger girls emphasizes adoption of basic ballet technique 
which is usually static, learning of simple combination of dancing elements and less demanding jumps, 
basic spin technique etc. All these elements are performed in gently movement so the training is of mild 
intensity. Unlike modern dance, in developmental and especially elite gymnastics the intensity of training 
is high from the very beginning and this includes general physical preparedness, large number of 
repetition of exercises, jumps, vaults etc. Thus specific morphological status of girls involved with 
developmental gymnastics is formed in the youngest age.  

However, beside abovementioned variables for the assessment of circumference of chest, in older 
group there are no other statistically significant differences between two experimental groups. It can be 
explained by the increase of training's intensity for older dancers. Duration of training is changed from 
60-90 minutes and fourth training a week is often included especially for soloists and requests are far 
more serious than in younger age. This unambiguously implies the formation of specific morphological 
structure of dancers that is similar to the one for girls involved with developmental gymnastics. 

 
Conclusions 

It can be concluded that the program of developmental gymnastics and modern dance had influence on 
morphological status of younger school-aged girls especially on characteristics that define volume and 
body mass and subcutaneous adipose tissue. Comparative analysis of morphological characteristics of 
girls involved with developmental gymnastics and modern dance and characteristics of girls not involved 
with any kind of organized training showed statistically significant difference in quality of morphological 
status defined by lower volume, body mass and subcutaneous adipose tissue. This points to which 
morphological type of younger-school aged girls is the most suitable for successful training in 
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developmental gymnastics and modern dance. These results confirm the results of other authors that 
emphasized the significance and advantages of organized physical activities (dancing and gymnastics in 
the first place) for better morphological characteristics of pre-school and younger-school aged children 
(Blažević, Katić and Zagorac, 2002; Laing et al., 2002; Filaire and Lac, 2002; Gurd and Klentrou, 2003; 
Madić, Mikalački, Popović, 2008; Madić, Popović, Kaličanin, 2009; Popović, 2010; Uzunović, Kostić 
and Živković, 2010). These programs are recommended for better quality of morphological 
characteristics of children but also for all the other anthropological dimensions of pre-school and 
younger-school aged children. 
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Abstract: 
Exercise alone induces only a small increase in cardiac mass, which is followed by a corresponding 

increase of performance. The aim of this project was to study changes in ECG (QRS amplitude) in junior 
female athletes during the initial twenty-one months of competitive training program in aerobic 
gymnastics. A group of 12 girls aged 13.8 ± 1.3 years underwent a newly designed intensive training 
program in competitive aerobic gymnastics for 21 months. The girls were routinely screened in 3-month 
intervals. None of the girls had any history or symptoms of underlying cardiovascular disease, or of a 
family history of premature death from cardiovascular disease. None was taking any form of prescribed 
cardiovascular drug treatment. During the study period, the number of training sessions was 4 to 5 days 
per week (2 hours per training session). The overall design of the training program contained the 
aerobics (up to 50%), dynamic strength (10%), dynamic and static strength (10%), flexibility and 
coordination activities (30%). The anthropometric data (BW and BH, BMI, BF%, ABM, %ABM and 
cardiovascular parameters (diastolic BP and systolic BPs, standard 12-lead ECG, Sokolow-Lyon index, 
approximated maximum spatial QRS vector magnitude – QRSmax) were measured and calculated. Results: 
The BW, BMI and ABM values increased significantly during the second half of the follow-up period 
compared to the initial values. The values of HR, as well as systolic BP, did not change significantly 
during the study period with respect to the initial values.  However, the mean values of QRSmax and of SLI 
decreased gradually in the study period, and the values at the end differed significantly with respect of 
the initial values. The results showed that 21 months of competitive aerobic gymnastics training led to a 
decrease in the QRSmax magnitude and voltage parameters of ECG (p ≤ 0.001). We suppose that the 
decrease in the QRS amplitude could be an early sign of the rebuilding of myocardium, reflecting the 
changes in electrical properties of myocardium at the early stage of left ventricular hypertrophy 
development. 

 
Key Words: female juvenile athletes, anthropometric and cardiovascular variables, electrocardiogram, 
QRS voltage 
 
 
Introduction 

Exercise alone induces only a small increase in cardiac mass, which is followed by a corresponding 
increase of performance. 12-lead ECG in athletes frequently shows an increased QRS voltage and these 
QRS changes are attributed to the physiological adaptation of the heart that occurs as a consequence of 
systematic physical training. There is also poor agreement between the QRS voltage and the size and 
morphology of the left ventricle (Kansal et al, 1983; Douglas et al, 1988; George et al, 1995; Somauroo et al, 
2001). 

The aim of this project was to study changes in ECG (QRS amplitude) in junior female athletes during 
the initial twenty-one months of competitive training program in aerobic gymnastics. In this study, we 
tested the hypothesis that the early period of intensive physical training is associated with a decrease in 
QRS amplitude. The changes in QRS amplitude in junior female athletes were analyzed during the course 
of 21 months training after their entry into a competitive aerobic gymnastics program. 
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Material & methods  
A group of 12 girls aged 13.8 ± 1.3 years underwent a newly designed intensive training program in 

competitive aerobic gymnastics for 21 months. The girls were routinely screened in 3-month intervals. 
None of the girls had any history or symptoms of underlying cardiovascular disease, or of a family history 
of premature death from cardiovascular disease. None was taking any form of prescribed cardiovascular 
drug treatment.  

During the study period, the number of training sessions was 4 to 5 days per week (2 hours per 
training session). The overall design of the training program contained the aerobics (up to 50%), dynamic 
strength (10%), dynamic and static strength (10%), flexibility and coordination activities (30%).  

 
The following anthropometric parameters were measured and calculated: 

 Body weight, body height, body mass index (BMI);  
 Body fat percent (BF%) calculated as BF% =0.365×(TS+SSS+SIS+MCS)+0.62, where TS is the 

triceps skinfold width, SSS is the subscapular skinfold width, SIS is suprailiacal skinfold width 
and MCS is medial calf skinfold width;  

 Absolute active body mass (ABM) calculated as ABM = bodyweight – (BF% × BW/100);  
 Relative active body mass (%ABM), calculated as %ABM = 100 – BF%. 

Blood pressure was recorded in sitting position after 5 minutes of rest, using the automatic barometer 
OMRON M4-I, Omron Matsusaka, Japan. 

Then standard 12-lead ECG was recorded in supine position using the electrocardiograph SEIVA 
EKG, Czech Republic. Each ECG was recorded for 15 s, the average value of the first three QRS 
complexes were used for further calculation. This electrocardiograph works in a semi-automated mode, 
e.g. the onset and the end of the QRS complexes can be corrected manually, and the QRS amplitude and 
the heart rate (HR) are given automatically. All electrocardiographs were evaluated by one blinded 
researcher. 

The following QRS voltage parameters were calculated and analyzed:  
 Sokolow-Lyon index, calculated as the sum of SV2 plus RV5,6 [15];  
 Approximated maximum spatial QRS vector magnitude (QRSmax), calculated using the following 

formula: 
QRSmax =   

Data are presented as mean and standard deviation (SD), or standard error of the mean (SEM), 
respectively. The differences between the values at particular time intervals were tested using the 
Friedman test. A probability value p < 0.05 was accepted as significant. This study was approved by the 
Ethics Committee of Faculty of Physical Education and Sports, Comenius University, Bratislava. The 
girls’ parents gave their informed consent for the inclusion of the girls in the study. 
 
Results 

Table 1 presents the basic statistics of the anthropometric variables in the study group. The mean 
values of anthropometric parameters increased significantly during the second half of the follow-up 
period compared to the initial values. At the end of the study period the height of the girls increased by an 
average of 2 cm, this increase was statistically significant as compared to the initial values. In addition, 
the values of body weight, BMI and ABM increased significantly during the second half of the follow-up 
period compared to the initial values. 

The values of HR, as well as systolic BP, did not change significantly during the study period with 
respect to the initial values (Table 2). However, the mean values of QRSmax and of SLI decreased 
gradually in the study period, and the values at the end differed significantly with respect of the initial 
values. The difference between the mean QRSmax values at the beginning and at the end of the study 
period was 0.6 mV (p≤0.001), and the difference between the initial and final values of SLI was 0.5 mV 
(p≤0.01). 

The results showed that 21 months of competitive aerobic gymnastics training led to a decrease in the 
QRSmax magnitude and voltage parameters of ECG (p ≤ 0.001). 
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Table 1 Anthropometric variables: body weight (BW), height, body-mass index (BMI), the body-fat percentage 
(BF%), the absolute active body-mass (ABM) and the relative active body-mass (%ABM), in the group of female 

athletes during the study period (mean ± SD are presented). 
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1 159.7 ± 4.3 46.2 ± 5.5 18.0 ± 1.5 12.4 ± 2.4 40.7 ± 4.1 87.6 ± 2.4 

2 159.7 ± 4.3 46.2 ± 5.5 18.0 ± 1.5 11.3 ± 2.1 41.2 ± 4.2 88.7 ± 2.1 

3 159.8 ± 4.3 46.2 ± 5.5 18.0 ± 1.5 11.5 ± 2.2 41.1 ± 4.2 88.5 ± 2.2 

4 160.2 ± 4.6 47.3 ± 5.0 18.4 ± 1.3 11.5 ± 2.5 41.8 ± 3.9 88.5 ± 2.5 

5 160.4 ± 4.6 48.8 ± 4.8* 18.9 ± 1.3* 12.3 ± 2.3 42.7 ± 3.5 87.7 ± 2.3* 

6 160.8 ± 4.7 49.6 ± 4.4*** 19.2 ± 1.2** 12.3 ± 2.3 43.4 ± 3.1 87.7 ± 2.3*** 

7 161.0 ± 4.6** 50.6 ± 4.4*** 19.5 ± 0.9*** 12.7 ± 1.9 44.1 ± 3.4** 87.3 ± 1.9*** 

8 161.1 ± 4.6*** 50.7 ± 4.7*** 19.5 ± 1.0*** 12.6 ± 2.0 44.3 ± 3.6** 87.5 ± 2.0*** 

*p < 0.05, **p < 0.01, ***p < 0.001 (vs. 1st measurement) 

Table 2 The values of systolic blood pressure (SBP), diastolic  blood pressure (DBP) and heart rate (HR) in the 
group of female athletes during the study period (mean ± SD are presented). 
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1 116.8 ± 7.0 67.1 ± 7.9 77.3 ± 14.2 

2 118.2 ± 8.2 66.5 ± 7.1 73.2± 14.1 

3 115.2 ± 6.8 69.9 ± 7.5 76.0 ± 14.2 

4 116.2 ± 5.6 67.4 ± 5.9 69.3 ± 12.2 

5 115.8 ± 6.9 66.1 ± 6.5 75.8 ± 14.8 

6 111.4 ± 11.1 67.3 ± 6.0 68.3 ± 10.8* 

7 114.3 ± 5.2 65.0 ± 7.2 72.3 ± 12.6 

8 116.3 ± 4.1 68.8 ± 6.1 68.3 ± 10.8* 
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Fig. 1 Values of Sokolow-Lyon index (SLI) and of approximated maximum spatial QRS vector magnitude (QRSmax) 
during the follow-up period. Values are presented as mean, error bar indicates standard error of the mean;  

**p < 0.01,  ***p < 0.001 (vs. 1
st 

measurement). 
 
 
Discussion 

The main results of this study were the significant decrease in the QRSmax and SLI values, respectively. 
These findings were in contrast with the findings of increased QRS amplitude in athletes. 

In this study, the girls were taller at the end of the follow-up period and they increased their body 
weight and BMI due to active body mass. However, the increase in height in the healthy population is 
associated with the augmentation of QRS; similarly, the body weight shows the same association 
(Ishikawa et al, 1976; Norman & Levy, 1996). The increased BMI and obesity are reported to decrease 
significantly the QRS voltage (Levy et al, 1990; Norman & Levy, 1996; Okin, 1996). However, Eisenstein et 
al. (1982) and Frank et al. (1986) show that low voltage is not a significant feature in the ECG of obese 
people. Furthermore, the increase in BMI in our study group was not due to increased percentage of fat, 
but to increased active body mass. Therefore, we do not suppose that the decrease in QRS voltage found 
in this study can be attributed to the changes in anthropometric parameters. 

In this study, two QRS voltage parameters were used. The Sokolow-Lyon index represents a classical 
clinical ECG voltage parameter for LVH detection. It is calculated as the sum of two defined leads, i.e. it 
reflects changes in the cardiac electric field only in the plane defined by these two particular leads — in 
the horizontal plane. The reasoning for the use of the maximum spatial QRS vector is its rationality: 
firstly, it involves changes in all three spatial components (anterio-posterior, vertical and left-to-right), 
and secondly, it does not de- pend on the position of the heart. 

The lack of the evidence of the influence of the “classical” factors on the QRS amplitude in this study 
favours the alternative explanation we hypothesize. The alternative hypothesis considers the false 
negative ECG results in LVH diagnostics as the reflection of the relative voltage deficit caused by 
changes in active and passive electrical proper- ties of myocardium in LVH (Bacharova et al, 2001). In 
our previous studies, we have shown the decrease in the absolute QRS amplitude as well as in the QRS to 
LVM ratio (the specific potential of myocardium) in the early stage of experimental models of 
pathological LVH, both volume and pressure overload induced (Bacharova et al, 2001; Bacharova et al, 
2003). Similar results, e.g. the decrease in QRS amplitude and in the SP, are observed also in the early 
stage of exercise-induced left ventricular hypertrophy in swimming normotensive rats (Bacharova et al, 
2005). In the literature, we have found so far only one pa- per reporting an initial decrease in QRS 
amplitude due to training — in obese children who participated in a jogging program. Hayashi et al. 
(1987) report a decrease in SV1 + RV5 voltage after 3 months of exercise training, and a return to pre-
training values is observed one year after training. 

Increased QRS voltage is more frequently found in highly trained athletes as compared to sedentary 
controls (Bjornstad et al, 1991; Bjornstad et al, 1993), and it was shown to be enhanced with increased 
level of training (Sharma, 2003). 
 
Limitations of the study 

The number of girls in this study is relatively small. While at the beginning, 17 girls entered the 
program, during the follow-up period the number decreased to 12. Only those girls who participated 
continuously in the competitive training during the whole study period were included in this study. In this 
arrangement, the girls served as their own control and the influence of inter-individual variability was 
reduced. 
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Echocardiography was not performed to quantify the changes in LVM and in the morphology of the 
heart since only a slight increase in LVM might be theoretically expected in this study, which would not 
explain the decrease in QRS voltage. It was shown that regular intensive physical training in highly 
trained adults is associated with a modest increase in cardiac dimensions (Oakley, 2001; Fagard, 2003; 
Sharma, 2003). Sharma (2003) showed that highly trained adolescents have only a slightly greater 
dimension of LV and LVM — they are physically less mature and have been training intensively for a 
shorter period. 

In the design of this study, we did not use a control group. We wanted to avoid biases possibly arising 
from the different constitutional characteristics, incomparable life style, physical load and psychological 
stress between competitive athletes and sedentary controls. Furthermore, the number of girls was 
relatively small, which could addition- ally lead to a bias by selection in the control group. 
 
Conclusions 

This study confirmed that 24 months of competitive aerobic gymnastics training keep anthropometric 
and hemodynamic characteristics without the significant changes. However the specific electric 
parameters led to a decrease in the QRSmax magnitude. This finding is in contrast with the classical 
hypothesis on the ECG diagnostics of left ventricle hypertrophy and is in agreement with an alternative 
hypothesis on the relative voltage deficit during the early stage of LVH development. 
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Abstract 

This study is based on a survey conducted on a sample of 41 respondents with high management 
positions in - the top ranked Macedonians sport clubs of handball, basketball, soccer and volleyball. The 
survey includes a system of 13 variables named as indicators. Factor analysis in varimax solution was 
used for the data processing, in addition to the basic statistical methods. Results show/imply that the 
Operation managers of football clubs  are among those with highest rate of managers with lowest 
education, and as a result / consequently it could be pointed as a significant factor for the lowest results 
achieved in international competitions compared with handball and basketball teams. From the used 
indicators there were 3 factors obtained which are important for the successful management of the 
Macedonian sports clubs: establishment of the operational managerial work of the obtained knowledge 
through educational processes, establishment of the operational managerial work of the representative 
and foreign players., management of the sports clubs based on the experience in the game. 
 
Key Words: sports, sports clubs, education and operating managers. 
 
Introduction       

    The modern sport of today cannot be a subject of improvisations. Due to its complexity, the 
professional sport needs quality and educational operational   managers for all competing age 
categories. The work quality in the sports club mainly depends on the level and the appropriateness of the 
education, as well as of the continuous professional-scientific advancement. All these requirements imply 
that the knowledge is not a permanent and constant category. There were many reasons for this type of 
research, yet one of the reasons is the level of education and the constant advancement of the operational 
managers in Macedonian sports clubs . 

The problem, which is the subject of interest in this research paper work is highly popular in the top 
sport, because the successful management mainly depends on the intellectual capital of the sports 
managers. Due to that, the problem of the research is related to the level of education and the 
professional-scientific advancement of the operational management in the successful management of the 
sports clubs.  

The subjects of this research are the treated indicators of the operational managers in the most quality 
sports leagues in Macedonia (handball, basketball, football and volleyball). 

The main goal of this research is to determine the relationship and the contribution of the latent 
managerial structure of the treated indicators in the successful management of the sports clubs. 

Due to their specific and the important role, the operational sports managers are supposed to be 
professionals of the highest specialized level in the field of their professional area. In their individual 
programs the operational sports managers should plan, organize, predict and control the sports people and 
the team, and at the same time to carry out appropriate strategies in order to win the competition and to 
achieve good results.  
 
Material & methods     

For the sake of this research, we analyzed 41 operational managers from the sports clubs of the top 
Macedonian leagues in basketball, handball, football and volleyball. In the research we used 13 variables, 
named as indicators which describe the operational managerial work. In this research paper work the 
method of survey has been used, whereas the obtained data is examined with the basic statistical methods. 
In order to establish the latent structure of the treated indicators we used factor analysis. 
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Results &Discussion 
We carried out this research paper work in order to obtain the level of education and the way of 
professional-scientific advancement of the Macedonian operational sports management. From the 
analyzed results of the level of education at the operational managers we got the following results, shown 
in Figure 1.  

 
Figure 1. The level of education of the operational managers in the sports clubs 

42%

24%

34% Operational managers having
high school diploma 

Operational managers with 2
year undergraduate degree 

Operational managers having
faculty diploma 

 

      From this Figure we can come to a conclusion that the level of education of the operational managers 
in the sports clubs is the following: 

- 42% of the operational managers have completed high school education. Having in mind 
the fact that higher education is crucial in the contribution to achieve top results, we can 
simply expect no better results in sports clubs. 

- 24% of the operational managers have completed 2 year undergraduate studies 
- 34% have faculty diploma. 

From the analyzed presence of the education at the operational managers in relation with 
sports disciplines, we received the following results, shown in Figure 2. 
 

Figure 2. The level of education at the operational managers in the sports clubs in line with the sorts disciplines 
 

 
 

From the obtained results we can see in Figure 2 that: 
- There are 50% from the operational managers with high school education in football, 33% of 

them have completed 2 year undergraduate studies and only 17% hold a faculty diploma. One of 
the factors that lead to achieving bad results in football by Macedonian sports clubs is the low 
level of education of the operational managers; 

- In basketball 44.50% from the operational managers have completed high school education, 11% 
2year undergraduate studies and 44.50% hold a faculty diploma. 

- In handball there are 36% from the operational managers who have high school education, 18% 
two year undergraduate studies and 46% hold faculty diploma; 
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- In volleyball there are 33.30% from the operational managers with high school education, 
33.30% have completed two year undergraduate studies and 33.30% have faculty diploma. 
The involvement of the operational managers in their professional-scientific advancement 
can be seen in Figure 3 
 

Figure 3. Professional-scientific advancement of the operational managers by using the Internet, national and 
foreign literature and professional-scientific publications 

 

      From the Figure 3 above we can conclude that: 
- 44% from the operational sports managers use the Internet and 56% don’t.  
- 31% from the operational sports managers use national and foreign literature and 69% 

don’t use any literature whatsoever. 
- The operational sports managers don’t use any professional- scientific publications. 

From the given results we can conclude that the operational managers don’t show particular 
interest to advance their knowledge in their field of work, they are not particularly interested to be 
in line with the innovations and to be up-to-date with the modern technological and training 
processes in the sports games and they don’t even consider using professional-scientific 
publications. These insights show us that the operational managers in Macedonia set the training 
processes on a very low level and from those operational managers we can’t expect top 
achievements in the sports results. 
Based on the obtained results in the research we can conclude that the educated operational 
managers are not used enough and they aren’t appropriately appreciated in the Macedonian sports 
clubs. However, the foreign operational managers whose quality is under question mark and 
whose education is inappropriate are much more appreciated and are very well paid. 
 
The goal of the factor analysis was to reduce and decrease the big number of interrelated 
connected variables to smaller number of relatively independent latent variables. Based on the 
matrix of inter correlation of the operational managers we calculated its characteristic equation 
and we obtained the characteristic roots (LAMBDA) which explain the mutual variance of each 
isolated main component. With the factorization of the matrix of inter correlation, there are three 
isolated characteristic roots, higher that 1.00, shown in Table 1. 
 

Table 1 . Characteristic roots and explained part of the mutual variances 

 

 

 

LAMBDA VARIANCE  
% 

CUMULATIVE  % 

5,37 
1,60 
1,45 

41,33 
12,28 
11,18 

41,33 
53,61 
64,79 
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The three factors contribute to 64.79% from the overall variability of the system. The single 
contribution in the explanation of the mutual variance for the first latent dimension is 41.33%, for the 
second 12.28% and the third 11.18%. 

The first factor is defined based on the significant impact of the variables leom, pwprpr, pctcc, 
wboptk, invic and padvc. based on the level of education of the operational managers, plan and work 
program preparation, player’s control of their capabilities and characteristics, work based on practical-
theoretical acknowledgement, investment in intellectual capital as well as their permanent advancement, 
this factor is defined as  establishment of the operational managerial work of the obtained knowledge 
through educational procesess. This latent dimension is characteristic for the modern, rational and 
efficient operational sports manager. Such establishment of the operational managers hugely contributes 
towards achievements of top sports results. 

The second factor is defined as establishment of the operational managerial work of the representative 
and foreign players. this factor is best defined by the variables tgsaop, ufrglng, nrspit, nfpit and wbpknw. 
The base for the establishment of this latent dimension is formed by the variables, the number of 
representative players and the number of the foreign players in the team. This latent dimension in the 
Macedonian sport can be seen at the clubs which are under protection of politicians in the government, 
mayors with political ideology as well as ‘businessman’ who try to create the image as ‘the saviors’ of the 
sport’s team, but in reality they seek quick affirmation. This way of establishment of the sport is of short 
and personal interest, and due to that such clubs have neither strategy nor any perspective. 

The third factor is defined management of the sports clubs based on the experience in the game, and it 
is defined by the variables wacsp and tspaap. These variables have medium to high projections of this 
latent dimension and they come from the player’s experience, not from the professional-scientific 
acknowledgement gained through educational processes. 

The rotated factor matrix has the greatest importance in the interpretation of the factors, as shown in 
Table 2. Due to this it has been taken as a base to define the isolated factors. 

 
Table 2. Rotated factor matrix of  the operational managers in the sports clubs 

                                               
 FACTORS 

 VARIABLES 1 2 3 h² 
1. Work arrangement of the coach in the sports club -WACSP  
2. The greatest sports achievement as a player – TSPAAP  
3. The greatest sports achievement as operational manager-TGSAOP 
4. Level of education of the operational managers – LEOM  
5. Usage of foreign languages - UFRGLNG 
6. Plan and work program preparation- PWPRPR   
7. Number of representative sports players in the team – NRSPIT  
8. Number of foreign players in the team – NFPIT  
9. Player’s control of their capabilities and characteristics- PCTCC  
10. Work based on practical knowledge –WBPKNW   
11. Work based on practical- theoretical knowledge – WBOPTK 
12.Investment of intellectual capital – INVIC  
13.Permanent advancement of the coach- PADVC 

-,16 
,04 
,13 
,85 
,43 
,60 
,20 
,49 
,86 
,05 
,82 
,86 
,66 

,13 
,43 
,86 
,12 
,51 
,12 
,53 
,58 
,03 
,68 
,43 
,24 
,38 

,80 
-,62 
,10 
,03 
,30 
-,07 
,02 
-,13 
-,18 
-,39 
-,08 
-,06 
,42 

,68 
,57 
,77 
,73 
,53 
,38 
,32 
,60 
,77 
,63 
,87 
,81 
,76 

 
From the research that we carried out in the Macedonian sports clubs we came to a conclusion that 

there’s a little attention to the educational and the professional-scientific advancement of the operational 
managers in the training-technological processes. Some functions of the operational managers are only 
formal in big number of the sports clubs due to their inappropriate education. The most striking example 
is the work of the operational managers for conditional training.  
 
Conclusions          

By using a questionnaire we obtained 13 variables, named as indicators which describe the managerial 
work from a sample of 41 highly positioned sports managers in Macedonia. The goal of the research is to 
determine the level of education and professional advancement of the operational managers and their 
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relation to the success of the sports clubs. The experiences of the developed countries show that the 
quality professional sport can be well managed only by appropriately educated, professional and proven 
operational managers. Based on what was previously said and from the obtained results we suggest the 
following proposals:  

1. Operational managers are the ones who are in charge of the sports activity in the sports clubs and 
their goal is to carry out efficient technological training processes. Such processes can be carried out 
only by educated operational sports managers who, through appropriate training processes significantly 
influence the transformational changes and the achievement of top results.   

2. In Macedonian sports clubs the operational managers establish their work only upon their 
previous experience as players, i.e. through improvisation of the training processes. The main reason for 
the low level of the training processes and the achieved results is the inappropriate educational structure.   

3. The operational managers in Macedonia have almost no desire for professional advancement, 
even less in their professional- scientific advancement.  

4. With the factor analysis we isolated 3 latent dimensions at the operational managers at the sports 
clubs which significantly contribute in the successful management of the Macedonian sports clubs. 
They are the following:  

5. FAC 1. Establishment the operational managerial work through educational processes. 
6. FAC 2. Establishment the operational managerial work on representative and foreign players. 
7. FAC 3. Management of the sports club based on the  previous playing experience.  
From the isolated latent dimensions the first factor is the most significant and it mainly can be seen 

at the modern, rational and efficient operational sports managers. Such operational managers usually 
achieve top sports results. 

 
References 
Bartoluci, M. , Skoric, S. (2009). Menadzment u sportu. Kineziološki fakultet, Zagreb. 
Beech, J. & Chadwick. (2004). The business of sport management. Pearson Education Limited. 
Bonacin, Da. i sur. (2007). "Relacije značajni sportskih menadžera viših razina i izvora finansiranja sportskih 

organizacija". Acta Kinesiologica 1. 
Јованова-Симева, В. (2013). Влијанието на менаџментот врз успехот на спортските клубови и федерации. [ 

Management's influence on the success of the sports clubs and federations. In Macedonian ]. Докторска 
дисертација, Скопје: Економски факултет, Универзитет „Св. Кирил и Методиј” во Скопје. 

Parks, J.B., Quarterman, J. & Thibault, L. (2007). Contemporary Sport  Management. 3th ed., Human Kinetics. 
Russell, H., Smith, A., Westerbeek, H., Stewart, B., Nicholson, M. (2006). Sport management, principles and 

application. Butterwoth-Heinemann. Oxford. 
 
Vesna Jovanova-Simeva 
FON - University, Faculty of  sport  management 
Skopje 
Macedonia 
vesna_jovanova@yahoo.com 
 

 
 



Research in Physical Education, Sport, and Health, Ohrid, 2014.  

 Conference Proceedings 358 

 

 



 First International Scientific Conference  

Conference Proceedings 359

DIFFERENCES IN THE INCREASE OF MORPHOLOGICAL MEASURES OF 
BOYS AND GIRLS MEASURED IN 2012 AND 2014 

 

UDC:572.087.1-055.1/.3 
 

Darko Stojanović1, Dragan Perić2, Ratomir Đurašković1 & Toplica Stojanović3 
1The Faculty of Sport and Physical Education, Nis, Serbia 

2Sport Center “Čair”, Nis, Serbia 
3The Faculty of Physical Education and Sport, Banja Luka, Bosnia and Hercegovina 

 
Abstract:  

Tracking the student growth and development during the school age years enables us to assess the 
regularity of the developmental period. The increase in body measurements is different in pre-adolescent 
and adolescent boys and girls. The aim of this study was to determine the differences in the increase of 
absolute and relative values of longitudinal and transversal measurements of the boys and girls' skeleton 
over a period of two years, measured in 2012 and 2014, in subjects who were 8 and 10 years of age. 
Determination of differences was done by means of the analysis of variance from the statistical package 
Statistica 7.0 for Windows. The results suggest that at the multivariate level there are no differences in 
the increase of the longitudinal and transversal measurements of the skeleton between the sexes, while at 
the univariate level, it was observed that the differences in the increase of body height and the absolute 
value of hand length were more prominent in girls, and the increase of hips relative width was more 
prominent in boys. In conclusion, it can be stated that in the two-year period the girls had a greater 
increase in body height and arm length, and boys greater increase in hips width relative values, which is 
informative and statistically significant.   
 
Key words: morphology, increase, differences, boys, girls. 
 
Introduction 

Body growth and development are complex notions and include qualitative changes of tissue, organs 
and the organism as a whole. Tracking the student growth and development during the school age years 
enables us to assess the regularity of the developmental period. The increase in body measurements is 
different in pre-adolescent and adolescent boys and girls. Certain periods of growth and development are 
tightly intertwined manifesting the joint effects of endogenic factors on one hand (genetics, race, gender, 
endocrine glands) and exogenous factors on the other (climate, season, diet, disease, physical activity, 
psychological factors, social and economic circumstances). The genetic influence is the determiner of 
growth, build and looks of an individual.  

Mid childhood period includes the age between the first to the fourth grade of elementary school, in 
other words, children of early school age years, from 6/7 to 10/11 years of age. This period is considered 
to be a period of stable development of morphological measures or the first phase of the slow growth and 
development in the so called “third” childhood period.  

Increase in height measures and the increase of body mass, as the most important indicators of 
physical growth, do not occur simultaneously. The increase in height is mostly attributed to the growth of 
bone tissue, while the growth in width and the increase of body mass occur as the consequence partly of 
the bone tissue and partly of the growth of the respiratory and muscle systems (Kolarov, 2005). 

The simplest and most commonly utilized manner of tracking the growth is the determination of body 
height and body mass of children through time in various age periods. Research that tackled with this 
problem was mostly tracking the absolute measures of morphological status of children (Pavlovic, 1999; 
Bozic-Krstic et al., 2003), while not many recorded their relative measurements. Note that such research 
provide limited information and that more accurate data can be obtained if the measuring of body 
dimensions (body height, length of extremities, stretch of arms, shoulder and hip width etc.) and the 
overall body mass is completed by determining the interrelations of body parts (the relationship between 
body height and extremities, upper and lower body ratio, height taken in a sitting position, the relation 
between arm stretch and body height etc.), that is, their relative values in relation to body heights. 
Moreover, it can also be noted that a small number of studies investigated the differences between trends 
in the increase of morphological measures in boys and girls in various age periods.  
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Therefore, the aim of this study is to compare the increase of absolute and relative morphological 
measures of boys and girls throughout the two years period for the age group between eight and ten years 
of age, that is, it is focused on those areas that are not enough investigated and the problems about which 
we have gained little scientific knowledge.  
 
Material & methods  

The participants included 27 boys and 34 girls between the age of 8 to 10, the pupils from the “Dositej 
Obradovic”and “Dusko Radovic” elementary schools from Nis. The measurements were taken in 2012 
and 2014. All the participants were healthy at the time of measurement taking.  

Eleven absolute and relative morphological measures were used: body height as expressed in cm 
(TVIS), body mass as expressed in kg (TMAS), body mass index as expressed in kg/VTm2 (BMI), arm 
length as expressed in cm (DURU), relative arm length as expressed in % (DURUR), leg length as 
expressed in cm (DUNO), relative leg length as expressed in % (DUNOR), shoulder width as expressed 
in cm (ŠIRA), relative shoulder width as expressed in % (ŠIRAR), hip width as expressed in cm (ŠIKU), 
and relative hip width as expressed in % (ŠIKUR). Absolute values of morphological measurements were 
taken pursuant to the manual of the International biology programme – IBP (Weiner & Lourie, 1981). 
Relative values of longitudinal and transversal measures were calculated in relation to the body height 
using the following formula: Rmera= Amera x 100 / TV, where Rmera is the relative value of the 
morphological measure in question, Amera is the absolute value of the given morphological measure and 
TV is the body height value.  

The measures were taken on the same participants in 2012 when they were 8 years old and again in 
2014, at the age of 10, that is in their second and fourth grades of elementary school.  

For obtaining the necessary basic data, the descriptive statistical analysis was applied, where not only 
the arithmetic mean of the morphological measures taken at the age between 8 and 10 were shown, but 
also the values of the arithmetic means of the differences between those two measurements, that is the 
arithmetic means of their increases within the two year period. To obtain the information about the 
difference between the measured increases of morphological measures between boys and girls in the 
given time frame, multivariate/univariate variance analysis (one-way MANOVA/ANOVA) of the 
differences of morphological measures taken in 2012 and 2014, was conducted. Statistical package 
Statistica 7.0 for Windows was used to perform the analysis.  
 
Results  

Tables 1 and 2 show the descriptive statistical parameters of both the boys and the girls group. After 
the analysis, based on the value of skewness (Skew) and kurtosis (Kurt) of the distribution curvature, we 
may conclude that the results of all the morphological measures are of normal distributed. That is the 
basic prerequisite in order for the multivariate and univariate methods for determining the differences in 
the increase of morphological measures in boys and girls within the two year period, measured in 2012 
and 2014, at the age of eight and ten, to be applied in the further statistical analysis.  

Analysing the mean values (Table 1), body height in boys measured in 2012 was 135.6 cm, and in 
2014, its value was 145.7 cm. It can be concluded that the boys grew in average 10.1 cm in the analysed 
time period. The increase in body mass was in average 8.9 kg. In 2012, body mass index value was 18.5 
kg/VTm2, and in 2014 it increased to 20.3 kg/VTm2. At both times, the boys belonged to the overweight 
category in accordance with the criteria of alimentation (Cole et al., 2000).  

The results of the same parameters in girls (Table 2) show that the average body height in 2012 was 
133.7 cm, and in 2014, the same value was 145.2 cm. These values point out that the body height in girls 
marked an increase of 11.5 cm in the period of two years. Body mass was increased from 31.8kg, which 
was the average after the first measurement, to 40.1 kg. BMI average value in 2012 amounted to 17.7 
kg/VTm2, and in 2014, it was 19.0 kg/VTm2. After the first measuring, the girls were in the category of 
normal (healthy) weight, only to be placed in the overweight category after the second measurements 
have been taken.  

Other measured absolute values of longitudinal and transversal body dimensions show that they are in 
accordance with body height both in boys and girls. Relative values that represent the appropriate 
percentage values relative to body height both in boys (Table 1) and girls (Table 2) have also been 
analysed. The results show that the imbalance of this ration did not occur in relation to the body height. It 
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is interesting to mention that the results also showed the higher increase of hip width in boys in relation to 
girls. This can be accounted for by the higher increase in body mass and body mass index in boys when 
compared to the same values in girls.  
 

Table 1. Descriptive statistical parameters of boys between the age 8 and 10, measured in 2012 and 2014 
 

 N Mean 
2012 

Mean 
2014 

Mean 
Diff. 

Min. 
Mean Diff. 

Max. 
Mean Diff. 

Std.Dev. 
Mean Diff. Skew. Kurt. 

TVIS 27 135.6 145.7 10.1 7.9 13.8 1.47 .46 -.23 
TMAS 27 34.3 43.2 8.9 5.0 15.0 2.29 .76 .65 
BMI 27 18.5 20.3 1.8 .4 4.0 .92 .81 .01 
DURU 27 56.6 60.9 4.3 2.2 6.3 1.26 -.08 -1.22 
DURUR 27 41.8 41.8 .0 -1.9 1.8 .96 -.25 -.50 
DUNO 27 75.3 80.9 5.6 1.0 9.7 2.07 -.44 .17 
DUNOR 27 55.5 55.5 -.0 -3.4 2.7 1.45 -.51 .55 
ŠIRA 27 31.6 33.6 2.0 -1.9 5.6 1.47 -.02 1.47 
ŠIRAR 27 23.3 23.0 -.3 -3.0 2.0 .94 -.16 2.29 
ŠIKU 27 23.7 28.8 5.1 .9 10.0 2.07 .58 .74 
ŠIKUR 27 17.5 19.8 2.3 -.6 5.7 1.43 .54 .67 

Legend: N – number of participants; Mean 2012 – arithmetic mean measured in 2012.; Mean 2014 – arithmetic mean measured in 2014; Mean diff. – 
arithmetic mean of the increase; Min. Mean diff. – minimal value of the increase; Max. Mean diff. – maximal value of the increase; Std. dey. Mean diff. 

– standard deviation of the increase; Skew. – skewness of the distribution curvature of the results; Kurt. – kurtosis of the distribution curvature of the 
results. 

 
 

Table 2. Descriptive statistical parameters of girls between the age 8 and 10, measured in 2012 and 2014 
 

 N Mean 
2012 

Mean 
2014 

Mean 
Diff. 

Min. 
Mean Diff. 

Max. 
Mean Diff. 

Std.Dev. 
Mean Diff. Skew. Kurt. 

TVIS 34 133.7 145.2 11.5 7.3 17.1 2.04 .50 .57 
TMAS 34 31.8 40.1 8.3 3.0 16.0 3.20 .68 .15 
BMI 34 17.7 19.0 1.3 -1.3 3.8 1.33 .17 -.78 
DURU 34 55.7 60.9 5.2 3.0 8.9 1.55 .75 .07 
DURUR 34 41.7 41.9 .2 -2.3 3.9 1.16 .97 2.25 
DUNO 34 75.0 81.5 6.5 2.6 11.0 2.14 .36 -.55 
DUNOR 34 56.1 56.1 .0 -3.7 3.4 1.54 -.11 .27 
ŠIRA 34 30.3 32.6 2.3 .1 4.7 1.05 .31 -.01 
ŠIRAR 34 22.7 22.4 -.3 -1.5 .9 .63 .15 -.54 
ŠIKU 34 23.2 27.5 4.3 1.4 8.4 1.77 .89 .65 
ŠIKUR 34 17.4 18.9 1.5 -.6 4.4 1.18 .59 .13 

 
Upon calculating the arithmetic means of increases in all the morphological measurements both for 

boys and girls, the differences in the increases of those measurements were calculated at the multivariate 
level (Table 3) by applying the multivariate variance analysis. The analysis of the results at multivariate 
level show that the statistically relevant differences in the increases of the values of all the morphological 
measures, both in boys and girls (Q = .056), did not occur.  
 

Table 3. Multivariate analysis of the increase of morphological measures variance in both boys and girls 
 

Wilks Lambda F Effect - df Error - df Q 
.696 1.94 11 49 .056 

Legend: Wilks lambda – value of the coefficient of Wilks’s test for the equality of group centroids; F – value of the coefficient of the F-test 
for testing the significance of the difference; Effect df, Error df – degrees of freedom; Q – coefficient of the significance of the difference 

of centroids 
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Since the value of the coefficient of the significance of the difference of group centroids is quite 
higher than the limit values (Q = .056 >.050) at the multivariate level, it would be advisable to check, at 
the univariate level, if there exist in certain morphological measures differences in the increases.   

 By analysing Table 4, that shows the results of the variance analysis at univariate level, it may be 
stated that there is a difference in the increase of body height (TVIS), arm length (DURU) and relative hip 
width (ŠIKUR). It is evident that the increase in body height and arm length, within the period the 
research was carried out, was statistically considerably higher in girls in relation to boys, while the 
increase of relevant hip width was statistically considerably higher in boys.  
 

Table 4. Univariate analysis of the increase in morphological measures variance in boys and girls 
 

Varijabla Mean Diff. BOYS Mean Diff. GIRLS F (1; 59) p 

TVIS 10.1 11.5* 10.0 .002* 
TMAS 8.9 8.3 .72 .399 
BMI 1.8 1.3 2.94 .092 
DURU 4.3 5.2* 5.07 .028* 
DURUR .0 .2 .32 .573 
DUNO 5.6 6.5 3.25 .077 
DUNOR -.0 .1 .02 .877 
ŠIRA 2.0 2.3 1.07 .305 
ŠIRAR -.3 -.3 .05 .832 
ŠIKU 5.1 4.3 2.84 .097 
ŠIKUR 2.3* 1.5 4.97 .030* 

Legend: Mean diff. BOYS – arithmetic mean of increases of measures in boys; Mean diff. GIRLS -  arithmetic mean of 
increases of measures in girls; F - value of the coefficient of the F-test for testing the significance of the difference; df 1, df 

2 – degrees of freedom; p – coefficient of the of the difference of arithmetic means; * - statistically significant 

 
Discussion  

Growth and development of a person is influenced by both interior and exterior factors. Among the 
interior ones, the most influential is the genetic factor. However, this influence is not the same with all 
latent body dimensions. Longitudinal dimensions of the skeleton are in most cases influenced by the 
inheritance and it ranges from 85 to 98%, depending on the author (Malacko, 1985; Kolarov, 2005; 
Đurašković, 2009).  

Research that we did with the same target group, children at an early school age, at the age of eight 
and ten, that is in the second and the third grade, showed that the height and the analysed longitudinal and 
transversal body dimensions in the range of a normal growth and development for the analysed 
developmental period (Gerver & DE Bruin, 1996; Mišigoj-Đuraković, 2008).  

Body mass index mean values of boys show that they belong to the overweight category both in the 
second and the fourth grade of the elementary school. Unlike them, body mass index mean values in girls 
in the second grade point at normal (healthy) weight, and in the fourth grade they can be classified as 
overweight. The increase in body mass is the result of the decrease in physical activity, and obesity is the 
issue of a modern society. The fact that the spontaneous physical activity in children of the preschool age 
decreases by 50% until they reach the school age, indicates, along with the increased amount of food 
intake, the reasons behind obesity (Maksimović et al, 2009).  

It can be said that preschool and early school period are characterized by continuous and not so 
turbulent growth and development of the child’s organism. Compared to the first two years of life, yearly 
increase in body height and weight is not so prominent, and even though body proportions change during 
this period, children are in a relatively stable developmental phase.  

The average increase of body height and mass in the analysed sample is higher when compared to the 
results of the most of the previous studies in this anthropological area. Those studies have shown that the 
aging is continuously followed by the increase of body height, 5-8 cm in average, as well as the body 
mass with about 2-3 kg annually (Popović, 2008).  

Relative values of arm and leg length show that boys, in relation to girls, have relatively longer lower 
extremities, while the relative arm length is the same in both groups. Quoted values are found in the 
extremities of a regular development. Mean value of the relative shoulder and hip width in boys and girls 
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at the age of eight and ten indicate persons with standardly developed shoulders and hips (Stojanović, 
1977; Đurašković, 2009).  
 
Conclusion 

Based on the research carried out on boys and girls, aged eight in 2012 and ten in 2014, when the their 
measures were taken, it can be concluded that: The increase of body height was in average 10.1 cm in 
boys, and 11.6 cm in girls. Body mass increased for 8.9 kg in boys and 8.3 kg in girls. The increase of 
arm and leg length is consistent with the average body height both at the age of eight and ten, both in 
boys and girls. The same could be concluded for the shoulder and hip width. It is evident that the increase 
in body height and arm length was statistically considerably higher in girls than in boys in the period of 
duration of the research, while the increase of relative hip width was statistically significantly higher in 
boys. Relative values of upper and lower extremities are coherent with the body height, while relative 
values of shoulder and hip width are those belonging to a regularly developing person. Body mass mean 
values indicate that body mass increases with age, leading to exceedingly large body mass in boys aged 
eight and ten, and at the age of ten in girls.  
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Abstract 

The research took place in fitness studio Energy in Prilep, in the period from 1.09.2012  to 
30.12.2012. The sample consisted of 10 recreationists 20 to 30 years old, who wanted to lose weight and 
to decrease the percent of fat mass. They accepted voluntarily their weight, percent of fat mass, percent of 
muscle tissue and water percent to be measured on a special beam scale, which measures the 4 variables, 
three times during this research. First time before the start of the exploration (initial measurement), at 
the end of the second month (control measurement) and at the end of the forth month (final 
measurement). The group was exercising 5 times a week, in duration of 1 ½ hour, mostly in the morning. 
They applied mostly, aerobic exercises and exercises on cardio gadgetry, and only periodically they made 
exercises on gadgetry with small weights and more repetitions. The subjects refused to fill a 
questionnaire of the exact amount and the type of products they were consuming every day. Descriptive 
statistics was applied and T – test of small dependent samples in order to estimate the differences 
between initial and control, between control and final, and between initial and final measurement. From 
the obtained results it can be concluded that between initial and control measurement, statistical 
significant differences were evident only in variable body mass (BM). Between control and final 
measurement, statistical significant differences were evident  in three variables: body mass - BM, percent 
of body fat - % BF and percent of water - % W, and between initial and final measurement, statistical 
significant differences were evident  in two variables: body mass and percent of body fat. At the same 
time increase in the percent of muscle tissue (% MT) was evident, but it was not statistically significant. 
 
Key words: recreationists, body building, body mass, percent of body fat, percent of muscle tissue, water 
percent. 
 
Introduction 

There are really many reasons that can lead to obesity, such as genetic factor (Bouchard, 1991), 
accessibility of food (some profesions, like cooker), wrong rithm of food intake, like eating ones a day, or 
increased energy intake particulary in the evening before going to sleep (Bray, 1985), fast food,  increased 
sugar and lipids intake, some diseases are related to obesity, some metabolic reasons and many more. 
Watching television is a big factor of obesity because according to Katch and McArdle (1993), for 87% 
of the teenagers in USA this is the number one „activity” and according to Rideout, Foehr, and Donald 
(2010), children spent in front of TV or tablets almost 8 hours a day). But the most interesting reason for 
us is decreased energy expendure and decreased physical activity during the day, because that’s the field 
where with small effort, big results can be seen, and still one shouldn’t change much the eating habits.  

Greene (quatation Petrović, 1992) claims that decreased physical activity is the number one reason 
for obesity in 67% of obese people, and the overeating is participating with only 3%. And according to 
Wilmore and Costill (2004), the inactivity is the major reason for obesity, as important as overeating. 
Gajić, Kostić, Milinčić, Peković, and Milosavljević (1992) think that physical activity has no negative 
efects on health, like pills for loosing the appetite or hirurgy interventions, or like some very restrictive 
diets. On the contrary, according to Schmid (2012) there are many positive effects on some medical issue, 
like increasing the HDL cholesterol and lowering the LDL cholesterol level and the total percent of body 
fat, prevent  type 2 diabetes, osteoporosis and some cancers. 

According to Petrović (1994) physical activity is increasing the energy expendure, the basal 
methabolism, and the sympathetic activity, which is reduced in obese persons. McArdle,  F.I. Katch and 
V.L. Katch (2005) claim that physical activity is the only tool that can „normalise” the increased level of 
the set point, and stabilize the body mass on a lower level. The physical activity also is increasing the 
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elasticity of the blood vessels, improve the colateral bloodstream and contractile abillity of the heart and 
by all that is reducing the increased blood pressure. Dalcin. and Oefinger (2010) claim that even small 
reduction in weight as 3% can significantly reduce the risk from cardio vascular disease by improving the 
levels of cholesterol, blood pressure and glucose tolerance. And according to Welk and Blair (2000), also 
the risk of death from disease is greatly reduced. At the end, but not the least important is that with 
physical activity, loosing lean body mass (muscules) is prevented effectivly. According to Benoit, Martin,  
and Watten (quotation Petrović, 1992) with reducing 100 grams of body mass, 35% fat and 65% lean 
body mass (mostly muscule mass) is wasted, and according to Wilmore and Costill (2004), specially if 
only diet is applied with very low energy intake. 
 
Method of Work 

The research took place in fitness studio Energy in Prilep, in the period from 1.09.2012  to 
30.12.2012. The sample consisted of 10 recreationists 20 to 30 years old, who wanted to lose weight and 
to decrease the percent of fat mass. They accepted voluntarily their weight, percent of fat mass, percent of 
muscle tissue and water percent to be measured on a special beam scale, that measures the 4 variables, 
three times during this research. First time before the start of the exploration (initial measurement), at the 
end of the second month (control measurement) and at the end of the forth month (final measurement).  

The group was exercising 5 times a week, in duration of 1 ½ hour, mostly in the morning, in order to 
speed the metabolism. They applied mostly, aerobic exercises and exercises on cardio gadgetry, and only 
periodically they made exercises on gadgetry with small weights and more repetitions.  

The subjects refused to fill a questionnaire of the exact amount and the type of products they were 
consuming every day.  

In this research 4 variables were taken into account: body mass (BM), percent of body fat (% BF), 
water percent (% W) and percent of muscle tissue (% MT). 

Descriptive statistics was applied and T – test of small dependent samples in order to estimate the 
differences between initial and control, between control and final, and between initial and final 
measurement. The results are shown in tables and graphic. 
 
Results  

From the obtained results in the research, showen in table 1, it can be concluded that decreasing of 
weight and percent of fat mass, and gaining of the water percent, were evident already on the control 
measurement. To gain the percent of muscle mass more time was necessary and it appeared on the final 
measurement, after four months of exercising, but even then it was not statistically significant. 

 
Table 1. The changes in four variables (body mass - BM, percent of body fat - %BF, percent of water - %W and 
percent of muscle tissue %MT) in initial, control and final measurement at recreationists (male gender) - N= 10,  

who want to lose weight and to decrease the percent of the body fat 
 

man 
 BM 

(initial) 

% 
BF 

(ini.) 
% W 
(ini.) 

% 
МT 
(ini.) 

BM 
(con.) 

% BF 
(con) 

%  W 
(con) 

% 
МT 

(con) 
BM 

(final) 
%  BF 
(final) 

%   W 
(final) 

% 
МT 

(final) 
1 89,3 25,1 51,7 63,5 85,1 21,7 53,5 63,3 82,5 18,5 56 63,9 
2 138,6 40,1 45,6 78,9 137,6 35,6 47 84,4 133,2 34,8 47,4 82,6 
3 85,1 30,5 51,2 56,2 80,1 10,7 70,1 68 78,8 8,6 74,8 68,5 
4 104,3 23,3 52,2 75,9 100,3 19,6 54,8 76,6 97,8 21,5 53,3 73 
5 100,7 26,2 51,4 70,6 96,7 26,1 51,4 68 94,1 25,1 52 67 
6 100,8 28,8 49,9 68,3 99 29,1 49,7 66,8 96,3 27,1 50,6 66,7 
7 94,4 34 49,4 59,2 88,5 28,7 51,4 60 87,6 27,8 51,9 60,1 
8 82,3 20,7 54,8 62,1 80,6 19,6 55,4 61,6 77,5 17,1 57,5 61,1 
9 116,9 34,3 47,4 73 113,9 31,8 48,3 73,9 112,8 29,1 50,2 78,3 
10 89,5 23,4 52,8 65,2 88,7 24,1 52,3 64 85,4 19,9 54,8 65 

 
Our purpose was to establish the period when the changes appear. So T – test of small dependent 

samples was applied in order to estimate the differences between initial and control (table 2), between 
control and  final (table 3) and between initial and  final measurement (table 4). From the obtained results 
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it can be concluded that in the period from the initial to control measurements only changes in body mass 
(BM) appear on a significant level of .00. We can also tell that more distinct changes in all variables 
occur in this period then later, but they are not significant. 

 
Table 2. Significance of the differences in arithmetic mean in initial and controlmeasurement at male group that 

want to loose weight (N= 10) 
 

  Variables Initial control R T-test sig 
X SD X SD 

1 BM 100,19 16,95 97,05 17,59 1,00 5,67 ,00 
2 % BF 28,64 6,08 24,70 7,18 0,61 2,09 ,07 
3 % W 50,64 2,68 53,39 6,45 0,45 -1,51 ,17 
4 % MT 67,29 7,36 68,66 7,59 0,84 -1,02 ,34 

 
Table 3. Significance of the differences in arithmetic mean in control andfinal measurement at male group that want 

to loose weight (N= 10) 
 

  Variables control final R T-test sig 
X SD X SD 

1 BM 97,05 17,59 94,60 17,18 1,00 7,14 ,00 
2 % BF 24,70 7,18 22,95 7,42 0,97 3,30 ,01 
3 % W 53,39 6,45 54,85 7,61 0,99 -2,76 ,02 
4 % MT 68,66 7,59 68,62 7,30 0,96 0,06 ,95 

 
Table 4. Significance of the differences in arithmetic mean in initial andfinal measurement at male group that want 

to loose weight 
 

  Variables Initial final R T-test sig 
X SD X SD 

1 BM 100,19 16,95 94,60 17,18 1,00 15,59 ,00 
2 % BF 28,64 6,08 22,95 7,42 0,62 2,99 ,02 
3 % W 50,64 2,68 54,85 7,61 0,43 -1,93 ,09 
4 % MT 67,29 7,36 68,62 7,30 0,79 -0,89 ,40 

 
 
Graphic 1. Graphicall display of the results in initial, control and final measuements at the group of male that want 

to loose weight 
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From the results shown in table 3, it can be concluded that there are significant differences on a level 
of .00, .01 and .02, not only in body mass (BM), but also in two other variables, % BF (body fat) and % 
W (water). This is expected, because time is needed for the differences in percent of body fat (% BF) to 
appear.  

In table 4 the significance of the differences in arithmetic mean in initial and final measurement are 
showen. From the obtained results we can tell that although in all four variables there are improvements 
(decrease in body mass - BM and percent of body fat –BF, and increase in the percent of water - %W and 
percent od muscule tissue- % MT), still signifficant differences appear only in two variables: BM and % 
BF on the level of .00 and .01. 

The changes an all four variables are also showen graphycally, in graphic 1, where all the 
changes can be noticed immidiatelly. 
 
Discussion 

From the presented results in this research, we can conclude that there are signifficant differences in 
decrease of body mass (BM) and the percent od body fat (% BF) on the level of .00 and .02 from initial to 
final measurements. The obtained results are expected since the group was exercising 5 times a week, in 
duration of 1 ½ hour, for four months, mostly in the morning, in order to speed the metabolism during the 
day. According to Bouchard, Depres and Trernbluy (1993), in order to lose weight efficiently, one should 
exercise almost every day, at least 1 hour. They applied mostly, aerobic exercises and exercises on cardio 
gadgetry, because fat are metabolized in aerobic conditions. Periodically they made exercises on gadgetry 
with small weights and more repetitions, because “fat is burning on the fire of carbohydrates”, and 
according to Fagard (2005) that is the way of increasing muscular strength, power and endurance, and at 
the end also increasing the muscle mass. Harvard’s school of public health (2012) made a research where 
correlation of the intensity level of the activity and abdominal fat were estimated, and concludes that in 
order to lose abdominal fat, the applied activity should be with high intensity (jogging 20 miles per 
week), because the activities with low (walking 12 miles a week) and medium intensity (jogging 12 miles 
a week) have no effect. According to Wilmore and Costill (2004), with increasing the intesity level, the 
total energy expendure during one exercise is increased by aproximatelly 50%. So besides the fact that 
amount of calories burned from fat is eqaul in different load, when the level of intensity rises from 50 to 
75% of VO2max, the energy expendure is also increased, because the body is also using other energy 
sorces then fats, like carbohydrates. Achten, Glesson, and Jeukendrup (2002), claim that the “fat max 
zone”, defined as fat oxidation rates within 10% of the peak rate, varies from between 55% and 72% of 
VO2max. According to Baynard, Goulopoulou, Sosnoff, Fernhall and Kanaley  (2014) at least 4 months 
are needed, improves in VO2peak to be seen. 

The decrease in BM (body mass), % BF (percent of body fat) and increase of the % W (water) appear 
from control to final measurement. Male are metabolising the body fat more efectivly and faster then 
female. But in this research, although the decerasing of the percent of body fat started even in the first 
period (from initial to control measurement), it was not signifficant. It became statistically signifficant in 
the second period (from control to final measerements). This is in corelation with the oppinion of 
McArdle, F.I. Katch and V.L. Katch (2005), who claim that usually it takes 21 to 24 days for the fatty 
deposits to be used as an energy and to start the lipolisis, because the first three days 70% of the 
decreased weight is caused by loosing water, until the second week this percent is reduced on 20%, and 
after that only on 15%. This happened with our participants, but for the changes to become significant, 
more time was needed. 

As it can be seen in the table 4, the average depletion of body mass is approximately 6 kilograms 
(around 1,5 kilogram per month), what should be a target in every fading, according to Wilmore and 
Costill (2004). 

The reason for the increasing the percent of water in the body is probably the advice given to the 
participant, to increase the water intake during the period of 4 months in order to improve the decreasing 
of body mass (BM), because acoording to Wilmore and Costill (2004), when dehidratation exists, than the 
decrease of the weight is reduced, and beside that  body temperature elevates during the activity. But, 
since there are not signifficant differences in this varibale from initial to final measurement, it can be 
concluded that however, the water intake was much better in the last 2 months (from control to final 
measurement), but in the first 2 months it was not adequate.  
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The percent of muscle tissue (% MT) is increasing from initial to control measurement (although there 
isn’t statistically signifficant differences), as according to Wilmore and Costill (2004), it should be 
expected, but it stagnates and even there is a little decrease from the control to final measurement. The 
reason for this might be diet with low energy intake, which can show as decrease of the muscle tissue, 
probably because the body is using it for energy in lack of carbochydrates, according to Bernadot (2000). 

But Cornelissen. and Fagard (2005) in their research conclude that endurance activity combined with 
diet have bigger effect on decreasing the body mass and the percent of body fat, then applied only 
physical activity. At first that was our idea too, but unfortunately, the subject refused to fill a 
questionnaire about the daily energy intake. Maybe in some other research we will include both of the 
factors, physical activity and diet. 

 
Conclusion 

From the presented results in this research, we can conclude that there are signifficant differences in 
decrease of body mass (BM) and the percent od body fat (% BF) on the level of .00 and .02 from initial to 
final measurements.  

Between control and final measurement decrease in BM (body mass), % BF (percent of body fat) and 
% W (water) appear, on level .00, .01 and .02. 

The reason for the increasing the percent of water in the body is probably the advice given to the 
participant, to increase the water intake during the period of 4 months in order to improve the decreasing 
of body mass (BM). But, since there are not signifficant differences in this varibale from initial to final 
measurement, it can be concluded that however, that water intake was much better in the last 2 months 
(from control to final measurement), but in the first 2 months it was not adequate. 

The percent of muscle tissue (% MT) is increasing from initial to control measurement (although 
there aren’t statistically signifficant differences), but it stagnates or even there is a little decrease from the 
control to final measurement. The reason for this might be diet with low energy intake, which can show 
as decrease of the muscle tissue, probably because the body is using it for energy in lack of 
carbochidrates. 
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Abstract: 
A research including 160 members of special units has been made. According to the nature of the 

matter, they should have been in a good physical readiness, and therefore their psychomotoric 
capabilities are being tested. Some variables for estimation of the motoric abilities and the influence 
thereof on the point criteria have been applied in this research of ours. The research is directed towards 
establishment of the effects of four motoric variables applied as predictors when revaluating the abilities 
of the entities.Two measurements have been made during the research procedure: the initial and the final 
measurement regarding 160 examinees. Aiming to establish the influence of the motoric variables on the 
criteria, a linear regressive analysis has been applied. The results obtained led to a conclusion that the 
predictor system of motoric variables used during the initial and the final measurement have statistically 
significant influence on the criteria, meaning that the results move up, and that is a condition for a better 
success in performing of the tests.    

 
Key Words: psychomotoric abilities, variables, predictors, criteria, regressive analysis… 
 
Introduction 

Specific tasks of different types have been made in two units that require special psychomotoric 
capability, and there has been a research aimed at evaluation of the actual psychomotoric capability of 
each individual. The tests for estimation of the motoric capability are performed twice a year. They are a 
condition for keeping their jobs, as they have to be prepared on an everyday basis. 
 
Material & methods  

The subject matter if the research is four motoric variables being predictors when estimating of the 
entities' abilities. 

The goal of the research is establishment of the influence of four motoric variables on the test criteria. 
The examinees' sample consists of two units carrying out specific duties, being 160 of them, and being 

on a various level according to age and various psychomotoric abilities. 
For the purpose the goal of the research to be achieved, five variables have been applied, four of which 

were motoric variables, and the fifth one was a variable for estimation expressed in points regarding the 
capability of the examinees. 

Variables for estimation of the motoric capabilities: 
1. Pushups 
2. Bends on a horizontal bar 
3. Abdominal muscles on the ground 
4. Running the 3000 meters 
5. Points for the result achieved 

 
Statistical analysis 

Aiming establishment of the influence of the motoric variables on the criteria, linear regressive 
analysis will be applied, and the following shall be calculated in > the partial regressive coefficient 
(BETA), the coefficient of multiple correlation between the criteria and the predictors (RO), the 
coefficient of determination ( ∆ ), and regarding the relevance test of the of the multiple correlation, the 
F-test has been calculated as well as the level of the significance thereof ( Q(F) for the degree of freedom.   
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Table 1.  Results and points for the result achieved 

Points Pushups Abdominal Bends 3000 м. 
0 10 и < 15 и < 2 и < 19. 10 и > 
2 11-15 16-20 3 19.09-18.21 
4 16-20 21-26 4-5 18.20-17.41 
6 21-25 27-33 6 17.40-17.00 
8 26-29 34-39 7 16.59-16.30 
10 30-35 40-46 8 16.29-16.01 
12 36-41 47-52 9 16.00-15.41 
14 42-47 53-60 10-11 15.40-15.01 
16 48-53 61-65 12-13 15.00-14.31 
18 54-59 66-70 14-15 14.30-14.01 
20 60 и > 71 и > 16 и > 14.00 и < 

 
 
Results 

Two measurements have been carried out during the research procedure> the initial and the final 
measurement of the 160 examinees. 
 

Table 2. The regressive analysis of the point variable with the entire sample of the initial measurement 
 

          St. Err.          St. Err.                   

   BETA   of BETA     B      of B    t(155)   p-level  

Intercept   63,83339 6,541923 9,75759 ,000000 

Pushes ,235295 ,045134 ,27929 ,053573 5,21323 ,000001 

Abdominal ,232980 ,048437 ,17089 ,035529 4,80999 ,000004 

BENDS ,306973 ,046871 ,83857 ,128039 6,54930 ,000000 

ТР3000М -,386542 ,047555 -2,45620 ,302178 -8,12833 ,000000 

RО= ,86756349  Δ= ,75266641   F(4,155)=117,92       Q(F)<0,0000 

 
The regressive analysis of the variables applied in the entire sample of examinees during the final 

measurement. 
 

Table 3. The regressive analysis of the point variable with the entire sample of the final measurement 
 

          St. Err.          St. Err.                   

   BETA   of BETA     B      of B    t(155)   p-level  

Intercept   72,40551 7,570219 9,56452 ,000000 

Pushes ,239993 ,057503 ,25541 ,061196 4,17354 ,000050 

Abdominal ,191223 ,064429 ,12700 ,042790 2,96795 ,003474 

BENDS ,245273 ,057747 ,50583 ,119094 4,24737 ,000037 

ТР3000М -,370343 ,055252 -2,54180 ,379217 -6,70276 ,000000 

RО= ,867563  Δ= ,670992   F(4,155)=79.029       Q(F)<0,0000 

 
Dicussion 

By virtue of Table 2 analysis, the results of the regression at the initial measurement indicate that the 
predictor system of motoric variables has a significant influence on the prediction of the criteria variable 
points (Q(F) < .0000). The coefficient of multiple correlation RO = .86756349, indicates a statistically 
significant and positive, as well as relatively high connectivity of the predictors' system with the criteria, 
and the coefficient of determination ( ∆ = .75266641) indicates that 75% of the criteria variance may be 
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explained with the variance of the predictors' variable. 
The statistically significant positive influence on the criteria variable indicates that the following 

variables> pushes (BETA = .235295), ABDOMINALS ( BETA = 23298), bends ( BETA = 306983), and 
the statistically significant negative partial influence on the criteria indicates the variable of running at 
3000 meters (BETA= 38542). 

The results of the regressive analysis of Table 3 indicate that the predictor system of motoric variables 
for estimation of the motoric capabilities of the examinees, has statistically significant influence on the 
prediction of the criteria points (Q/F) <.0000). The coefficient of multiple correlations RO = .867563, 
indicates a positive statistical significance and relatively high connection of the predictors' system with 
this variable, and the coefficient of determination (∆ = .670992) indicates that 67% of the criteria variance 
may be explained by the variance of predictors' variables... 

The statistically significant positive partial influence on the criteria indicates that the following 
variables: pushes (BETA =239993), abdominals (BETA = 191223), bends (BETA = 245273), while the 
statistically significant negative influence on the criteria indicates that the variable running at 3000 m 
(BETA = .370343). 
 
Conclusions 

According to the research procedure performed, which has comprised a sample of 160 examinees, 
aimed at establishment of the influence of the motoric predictor variables on the criteria variable points, 
as criteria according to which the achievements of the candidates in regard to the capabilities thereof are 
estimated, and two measurements were performed, the initial and the final measurement, aiming to 
establish whether the examinees advance in the manifestation of abilities. 

The inspection of Table 2 reveals that the predictors' system of motoric variables in the initial 
measurement has statistically significant influence on the criteria, {it means that the results are moving 
upwards, i.e., that the bigger part of the examinees are in the zone of quality results, while as for the final 
measurements the results are somewhat poorer, they are measured during the spring season, and maybe 
the mild weather had influenced the examinees, as well as other influences that are not a subject matter of 
the research. It is important that the bigger part of examinees is in the upper part of abilities of bigger 
quality, being a condition for a better success in fulfilment of the tests. 

It also means that the points as criteria and as a measurement scale is objective and may be used for 
estimation of the abilities of the examinees of both units. 
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Abstract: 

To accomplish the objectives of this research was conducted researchers to procedure a sample of 143 
respondents , the male students of the first year of the Faculty of Physical Education at Skopje. With 17 
anthropometrical measures 29 motorical tests and eight tests for the assessment of the psychological 
features is researched the structure and relations in three anthropological subspaces and successful 
technical performance of the actual element leap forward at parallel bars. With factor analysis in 
morphological space are extracted three anthropometrical dimensions, in motorical spase are eight 
factors, and in the psychological space there are five psychological factors . For determining the 
relations between isolated factors in the specified subspaces is applied regression analysis . From 
applied regression analysis, that as predictors are used anthropometrical system , the system of motorical 
factors and the system of psychological factors , and as a criterion is applied successfull performance of 
gymnastics element leap forward at parallel bars, the predictors show significant impact on the criterion 
. Significant impact on the criteria have some number of isolated factors in morphological, motorical and 
psychological subspace .  
 
Key words : anthropometry , motorical skills , psychological skills, gimnastics element , leap  forward at 
parallel bars 
 
Introduction 

In the sports gymnastycs in the greater number are performed gimnastics elements with a complex 
structure. At some gymnastic elements, the success of a larger percentage is determined by individual 
motorical abilities. At others gymnastics elements the impact of the anthropometrical variables is huge, 
while at those with more complex structure except form the listed factors, huge impact have cognitivve 
avilities and conative characteristics. Probably at more complex gymnastics elements, despite above huge 
impact have and other abilities and traits of the individual.  

The analysis of the previous researches has shown that in surveys in sport gymnastics is most often 
treated the problem of determining the structure and the relations between the elements in one or two 
subspaces and it is most often between motorical skills and anthropometrical characteristics (Mitevski 
2000, Pop Petrovski 1998, Babijak 1981). For the purposes of this article are examined and psychological 
features. 

From the available literature which treats this issue can be concluded that a relatively small number of 
authors have directed their attention at this issue. 
 
Material & Methods 
Sample of Respondents And Variables  

To accomplish the objectives of our research, was conducted research procedure of 143 students from 
the first year of the Faculty of Physical Culture in Skopje. The sample of the variables is consisted of 17 
anthropometrical measures 29 motorical variables for the assessment of motoric abilities, 8 tests for the 
assessment of psychological trait and evaluation of the technical performance of the gymnastics element  
leap  forward at parallel bars. 
 
Variables for assessment of anthropometrical characteristics  

According to the recommendations of the determined International Biological Program, were 
measured anthropometrical measures that go cover the hypothetical four-dimensional morphological 
space (Kurelic et.al. 1975 god.). 
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Have been applied the following anthropometrical variables: to estimate the dimension of the 
longitudinal dimensional of the body, 3 variables. To estimate the transversial dimensional of the body 6 
variables To estimate the circular dimensional of the body 5 variables and 3 variables to estimate the 
subcutaneous adipose tissue.  

 
Variables for estimating the motoric abilities 

In the selection of the measuring instrument is taken into account the age of the respondents, the 
results of the previous researchs and recommendations of the authors who researched this issue so far at 
the subjects of the same or approximately the same age as in this research. 

Tests for the assessment of coordination: in 3 variables for the assessment of the coordination of the 
whole body, coordination in rapid complex movements and reorganization of the dynamic stereotype.  

Tests for the assessment of the explosive power of 3 variables to estimate the type to jumps and type 
of ejection. 

Tests for the assessment of repetitive force four variables. 
For the assessment of the flexibility of three variables  
Tests for the assessment of the frequency of the movements 4 variables. 
For the assessment of rhythmic movements three variables  
 

Variables for assessment of the psychological abilities  
Variables to examine the cognitive (intellectual) ability  
To estimate the general intellectual abilities are applied the following variables: 1. D 48, 2. PM. 
To study of the specific intellectual abilities were applied the following variables: 3. F1, 4. F2, 5 S1. 
Variables for examine the conative (emotional) skills  
TAI - anxiety, 7. MOP - the test on the motive for the general achievement and 8. EPQ, a modified 

version of the former tests of the personality which, with three scales measure every dimension of the 
person (psihosys, extroversion and neuroticism) 
 
Resaults and discussion  

To determinining the latent structure of the applied variables of researched subspaces is performed 
further transformation of the data with correlation coefficients and factor analysis (results of factor 
analysis are found at the author ). From the analysis of these methods in morphological space are 
extracted and defined three anthropometrical dimensions ( first factor in subcutaneous adipose tissue, the 
second factor in the transverse and circular dimensions and the third factor in the longitudinal dimension ) 
. In motorical space is isolated and defined eight motorical factors ( 1.Factor for performing the rapid and 
coordinated movements, the second factor in the explosive power - the type of the ejection , the third 
factor in repetitive forces on the front side of the body , 4 factor of rhythmic movements, the fifth factor 
of flexibility , 6. factor for explosive power - the type to jump, 7 factor in the frequency of the movements 
and the 8. factor for performing the quick and explosive movements of developments in a certain rhythm . 
In the psychological area is isolated and defined five psychological factors ( first factor of the motive for 
the general achievement, the second factor neuroticism or emotional instability accompanied by anxiety 
and changes significantly negative emotional engagement in conditions od general achievement , third 
factor extroversion accompanied by low level of social acceptability of middle or dissimulation , 4 factor 
in positive emotional engagement in terms of the general achievement accompanied by reactions of 
suspicions and 5 factor of general and the specific intellectual ability or psychological factor of cognitive 
space . 

 According to the results of a regressive analysis (Table 1) it can be noted that predictore system of 
anthropometrical characteristics was statistically significantly connected to the criteria, leap  forward at 
parallel bars. Significantly, negative and low individually impact of - .22 on the criterion leap  forward at 
parallel bars, was determined by isolated anthropometrical factor 1 (subcutaneous adipose tissue) and 
with isolated factor 2 (transversal and circular dimensionality-.17). In addition to the connection with the 
first and second anthropometrical factor statistically significant, low positive, and is connected with 
anthropometrical factor 3 (longitudinal dimension).  

The presence of fat in the organism appears as a passive mass that makes it difficult to perform the 
gymnastic elements. Probably the above-mentioned reasons identified as a predictor of subcutaneous 
adipose tissue and transversal and circular dimensions have a negative impact on the successful 
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performance of sucesfull usages of this device.  
Increased values of the longitudinal measures have a positive impact in conditions when respondents 

dispose with the necessary motor skills and technical abilities are at a satisfactory level and are held with 
greater amplitude . Most likely the respondents previously have learned the technique wobbling forward 
on the higher level, so they can very easily performe the element , leap  forward at parallel bars. Under 
such conditions, the peripheral parts of the legs and body will spent a longer road, which will obtain 
greater acceleration and gymnastic element is carried out with greater speed and range of movement . 
Accelerated movement impedes the control of movement and proper technical execution . However if 
examinee disposes motorical skills to a higher level maintain the body at the position of equilibrium, to 
oppose the external force term and of its own weight and the technique of wobble will perform at the 
required level ,will have advantage at the element , leap  forward at parallel bars. 

 Such results are expected , since the summary of the tab . 2 may be noted that in the regressive 
analysis of isolated motorical factors MFAK 1 (rapid and coordinated movements ) , MFAK 5 ( 
flexibility) , MFAK 6 (explosive power to jump - type ) and 7 (frequency the movements ) have a positive 
influence on success of performance on this element . With these motorical factors can be performed and 
forecasting successful performance in the element , leap  forward at parallel bars (Table 2 )  

 Analyze of the technique of , leap  forward at parallel bars, wobbling forward is the basis for his 
sucesfull performance . In the performance of the technique of wobbling forward, the body wobble in the 
smae time in two axes . The body wobble in approximately axis at the shoulders and hands around the 
palms . With sync of the movements of these two woobles is enabling successful performance in this 
element. Coordination as motoric ability is responsible for the coordination of movements , and the 
explosive power to the hands and body should be so quick to ensure stability in unstable equilibrium . 
When stability is provided by hitting forward and backward of the legs is achieved the wanted amplitude 
of the wobbling forward. To achive higher amplitude of the , leap  forward at parallel bars, is needed 
higher flexibility of the body in the shoulder wrist. In leading forward with fee comes to expression the 
frequency of movement of the feet , and the with leting the hands by the Loom the frequency of 
movement of the hands comes to expression . 

Significant and low coefficient of partial regression (Table 3 ) criterion has so latent psychological 
factor PFAK  1 - motive of general achievement . One of the factors for success in sport ,regarding the 
sports gymnastics beside general and the specific intellectual abilities is also the motivation . She is inside 
driving force that encourages respondents (students ) for greater engagement during classes , colloquiums 
and test sessions . Higher motivation result in more successful technical performance and vice versa, less 
motivation may cause less successful performance in the gymnastics elements.  

In sport conative factors are very important . The reason is it that the sports activity is not everyday 
activity , but it belongs in the group who asks huge investment of energy and effort . Because the sports 
activity, and in particular the sports gymnastics is complex and specific activity , she ponds and specific 
structure of the overall personality that is defined only by the ability , but also with the conative factors .  
 

Tab. 1 Regression analysis anthropometrical system and in isolated anthropometrical factors with latent gymnas 
criterion - leap  forward at parallel bars 

 
  Beta  Part-R   Tolernce t(139)   p-level  
AFAK1 -,22 -,23 1,00 -2,79 ,00 
AFAK2 -,17 -,18 1,00 -2,17 ,03 
AFAK3 ,20 ,21 1,00 2,56 ,01 

 
Delta RO DF1 DF2 F Q 
.10 .34 3 139 6.33 .00 

 
The obtained resaults in this research only confirm the results that Mejovsek M. (1976 ) get . Namely, 

he investigating the relations between the intellectual and motoric abilities, where he found that at simply 
and quickly performed motorical tasks do not require an intellectual activity , while the motoric tasks 
which represent problem ( problem situation ) it is included the general intellectual activity ( the General 
factor) and concluded that il me between the intellectual and motoric abilities there is a positive 
affiliation. Thus , indirectly, the author at indirect way corroborate the theory of Galton , Spearman. 
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Thomson and others , where they represent the opinion : " the healthy and physically strong and capable 
human at the same time is more inteligent " . 

The obtained resaults in this research only confirm the results that Mejovsek M. (1976 ) get . Namely, 
he investigating the relations between the intellectual and motoric abilities, where he found that at simply 
and quickly performed motorical tasks do not require an intellectual activity , while the motoric tasks 
which represent problem ( problem situation ) it is included the general intellectual activity ( the General 
factor) and concluded that il me between the intellectual and motoric abilities there is a positive 
affiliation. Thus , indirectly, the author at indirect way corroborate the theory of Galton , Spearman. 
Thomson and others , where they represent the opinion : " the healthy and physically strong and capable 
human at the same time is more inteligent " . 
 

Tab.2 Regression analysis of the engines, the actual system and the isolated motorical factors with latent gymnast 
criterion- leap  forward at parallel bars 

 
 Beta   Part-R   Tolernce t(134)   p-level  
MFAK1 ,19 ,21 1,00 2,51 ,01 
MFAK2 -,03 -,04 1,00 -,41 ,68 
MFAK3 ,08 ,09 1,00 1,10 ,27 
MFAK4 -,03 -,03 1,00 -,36 ,71 
MFAK5 ,26 ,29 1,00 3,54 ,00 
MFAK6 -,24 -,27 1,00 -3,26 ,00 
MFAK7 ,31 ,34 1,00 4,14 ,00 
MFAK8 -,05 -,06 1,00 -,69 ,48 

 

Delta RO DF1 DF2 F Q 

.22 .51 8 134 6.06 .00 
 

Tab.3 Regression analysis of the psychological exchange system and the isolated psychological factors with latent 
gymnast`s criterion - leap forward at parallel bars 

 
 Beta   Part-R   Tolernce t(137)   p-level  
PFAK1 ,19 ,19 1,00 2,28 ,02 
PFAK2 -,10 -,10 1,00 -1,16 ,24 
PFAK3 ,02 ,02 1,00 ,20 ,84 
PFAK4 ,09 ,09 1,00 1,06 ,29 
PFAK5 ,14 ,14 1,00 1,67 ,09 

 
Delta RO DF1 DF2 F Q 
.03 .26 5 137 2.09 .06 

 
CONCLUSION 

On the basis of the received and analyzed results can be concluded that at students from the first year 
of the Faculty of Physical Education in Skopje morphological space is extracted and defined three 
anthropometrical dimensions ( first factor in subcutaneous adipose tissue , 2 factor in the transverse and 
circular dimensions and 3 factor in longitudinal dimension ) . In motorical area, are isolated and defined 
eight motorical factors ( 1.factor for performing the rapid and coordinated movements, the second factor 
in the explosive power - the type of the ejection , the third factor in repetitive forces on the front page of 
the carcass , 4 factor rhythmic movements, the fifth factor of flexibility , 6th factor for explosive power - 
the type to jump, seventh factor in the frequency of the movements and the eighth factor for performing 
the quick and explosive movements of developments in a certain rhythm . In the psychological area is 
isolated and defined five psychological factors ( first factor of the motive for the general achievement , 2. 
factor neuroticism or emotional instability accompanied by anxiety and changes significantly negative 
emotional engagement in conditions of general achievment , 3 factor of extroversion accompanied by low 
level of social acceptability of middle or dissimulation , 4 factor in positive emotional engagement in 
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terms of the general achievement accompanied by reactions to suspicion and 5 factor of genral and 
specific intellectual ability or psychological factor of cognitive psyhological space.  

At the same time,the point is at the positive or negative impact on certain anthropometrical, motorical 
and psychological measures at learning the technique of , leap  forward at parallel bars. 

The obtained results will enable the properly guidance the students, and developing on those 
motoricals abilities abilities and psychological trait that is most necessary for overcoming the technique 
of , leap  forward at parallel bars that is applied in this research . 
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Abstract: 

Development, evaluation and estimation of motor abilities are one of the basic issues of PE teaching 
process and important component in determination of the efficiency of PE curricula.  Flexibility as one of 
the determinants of human motor space and is highly related with motor effectiveness in children at early 
school age. In this paper, we shortly elaborated the theoretic and practical aspects of manifestation, 
evaluation and assessment of flexibility in 7 years old children and possibilities for its improvement 
through the PE teaching process. The research was realized on a sample of 123 seven - years old 
children, pupils in the second grade in five primary schools in Skopje, Republic of Macedonia. Flexibility 
was estimated applying following three tests Deep bend on bench, Both legs extension lying on back, Legs 
extended forward bend on floor. Tests characteristic were established using Crombah α и Spearman – 
Brown (SB) coefficients of reliability, Pearson coefficient of correlation and factor analysis for estimation 
of factor validity of the tests and Kaiser-Meyer-Olkin`s measure used for estimation of reliability and 
representativity. Results obtained in this survey point out on good metric characteristics of all applied 
tests. According the results, the best metric characteristics were obtained for the test both legs extension 
lying on back that is recommended as most suitable for estimation of flexibility of 7 years old children in 
situation of limited conditions for measurement.    

 
Key words: flexibility, seven years old children, tests characteristics, norms, evaluation.  
 
Introduction 

Development, following and assessment of motor abilities in pre – schoolchildren and children in the 
early school period is one of the most important issues of research in kinesiology. The importance of this 
research issue is even bigger, considering the different manifestations of motor abilities in children, but 
also considering the fact that development of motor abilities is one of the main assignments of the PE 
teaching process. Motor abilities are also important for the process of sport training as one of the main 
criteria for selection in certain sport disciplines.   

As a fundamental determinant of human motor space, motor abilities represent the essence of human 
motor movements and are in relation with development of human individual potentials (Jovanovski, 
2013). From the aspect of PE teaching process, development of motor abilities is defined as one of the 
main goals of physical education (PE), defined in national curriculum for nine – years compulsory 
education in the Republic of Macedonia (Bureau for the development of education, 2007). From the 
aspect of PE teaching process, development of motor abilities is defined as one of the concrete goals in 
the segment named “movement” (Klincarov, 2007), or assignments that are recognized in pedagogy as 
educational assignments. Motor abilities are also highly related with the acquisition of different motor 
skills and habits (Matič, 1978). Therefore, changes in motor abilities are one of the criteria for creation of 
final grade from the subject physical and health education, criteria for following and evaluation of 
individual development and improvement of every child, as well as a manner for determination of 
efficiency of applied PE curriculum.  

As a composed part of abilities that defines the human motor space, flexibility has an important role in 
the complex process of motor learning and determination of motor efficiency. Flexibility is commonly 
defined as ability to perform movements with large or maximal amplitudes (Zaciorski, 1975; Kurelić et 
al, 1975; Jovanovski, 1998); ability of the locomotor system to realize or perform movements with 
optimal amplitude (Perić, 2003). Flexibility as a complex  motor characteristics exists primarily as a result 
of the actual muscle length and degree of mobility in the respective joints and it`s manifested through the 
amplitude of movement (Kukolj, 2006). The rang of motion exerted in certain joint is a measurement for 
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flexibility. Depending from the function of the active joint, the authors usually distinguish active and 
passive flexibility (Zaciorski, 1975, Jovanovski, 1998, Kukolj, 2006). In his work, Peric, D. (2003) 
speaks of two kinds of flexibility referred  as dynamic (phase) flexibility which dominates in fast 
movements and occurs in most of sports and static flexibility which is characteristic for movements with 
high range of motion and are performed slowly.  

Flexibility and it`s manifestation are determined by the length and elasticity of the muscules, mobility 
of the joints and the anathomical structire of the skeleton system and ligaments. These indicates of the 
importance of flexibility for the complete human health. Therfore, acordinng The American College of 
Sports Medicine, flexibility along with cardiovascular fitness, muscular strength, muscular endurance and 
body composition are determined as components of health related fitness (Jurimae & Jurimae, 2010).  

From the aspect of the structure of children`s motor space, the existance of flexibility as an 
independent motor factor is determined in several survey realized with children, conducted by Rajtmajer, 
1993; Sabo, 2002; Lašan et al, 2005; Saiti, 2007; Vlahovič et al, 2007; Delaš et al, 2008; Popeska, 2009; 
2011. In the researches realized by Rausavljevic, 1992; Bala, 2002; Bala et al, 2005 in which, according 
the obtained results, the motor structure is defined with one general motor factor, flexibility is isolated as 
a part of the mechanisam for regulation of muscule tonus and sinergetic regulation.  

There are several sensitve periods in development of flexibility. The first period is the age of nine and 
ten years, together with the speed, after that the period between the age of 13-14 years complementary 
with the exercises for strength and power. The latest sensitive period for development of flexibility is the 
period between 15 and 16 years of age when flexibility is improved together improvement of strength, 
speed and dynamic endurance. The results from applied tests for flexibility indicate that the best results 
the examiners have occurred in the period between six and nine years. This ability declines with increase 
of children’s age. Observation of children shows declining growth of flexibility with age, which indicates 
that children are naturally more flexible when they are younger. 

According to Haywood & Getchell (2004), flexibility declines if we do not train it, even in childhood. 
According to the results from the research realized by Krahenbuhl & Martin,1977 (referred to Haywood 
& Getchell, 2004), flexibility both for boys and girls declines mostly in the period between 10 and 14 
years. Results from other researchers have reported declination of flexibility in children at the age 
between seven and eight, or in the second grade of primary school. It`s considered that the decreasing of 
flexibility is a result of growth of the bones in length, process that is followed with increase of length of 
the muscles. Better flexibility is noted for the girls compared with boys, but it`s considered that these 
differences are result of greater acceptance of exercises for improvement of flexibility form the girls, not 
as a result of sex differences (Haywood & Getchell, 2004). Better results at flexibility tests obtained for 
girls, compared with boys obtained in the surveys conducted by Bala, 2003; Lašan et al, 2005; Pejčič & 
Malacko, 2005. The flexibility in boys’ declines after the 10 years of age, while in the girls, this process 
occurs two years later, at the age of 12. The results from the tests for flexibility are related with the 
strength of the abdominal muscles and other morphologic characteristics (Pistotnik, 2003), mainly with 
the changes of skeletal dimensionality (Rausavljevik, 1992).  

All previously explained notes, emphasize that motor abilities, including the flexibility are conditioned 
by children’s` age. In children, the manifestation and development of motor abilities is different in every 
certain age period. Therefore, findings about children’s` motor abilities in every age period, as well as 
specific manners of their manifestation and development and possibilities for their following and 
estimation, are the key issues for the PE teaching process. All these issues were foundation for this paper, 
which aim is to suggest motor tests with good metric characteristics used for estimation of flexibility at 7 
years old children, as well as to propose normative for evaluation of children’s achievements. These 
normative could be used as an objective manner for  determination of children’s achievements in order to 
follow their individual improvement.  
 
Material & methods  

The research was conducted as a part of larger study (Popeska, 2011) realized on a sample of 123 
examiners, 7 years old male children, pupils in second grade in five primary schools in Skopje, Republic 
of Macedonia. Flexibility was determined using following three tests: Deep bend on bench (FLDPK), 
Both legs extension lying on bag (FLRLG) and Legs extended forward bend on floor (FLPRP). These 
tests are primarily designed for use with older examiners - adolescents and students (Kurelič et al, 1975; 
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Metikoš et al, 1989). Afterward, they were modified and adapted in order to be suitable for use with pre – 
school and school children. The adaptation of the tests Deep bend on bench (FLDPK) was made by 
Dukovski (1984), while the other two tests: Both legs extension lying on bag (FLRLG) and Legs 
extended forward bend on floor (FLPRP) were modified by Popeska (2009). Recommendations of the 
authors that previously applied these tests were implemented in the measurement procedure. All used 
tests were applied as three – item tests, realized with three repetitions and are measured in cm. Aldo the 
number of repetitions is a small number considering the main goal – determination of metric 
characteristic, this number is accepted as methodologically correct, considering the age and possibilities 
of the examiners. Small number of repetitions of motor tests is also confirmed, approved and 
recommended in other studies realized with children (Bala 1981, Pisot & Planinsec,2005, Jurimae & 
Jurimae, 2010). 

Tests characteristics: discriminativity (sensitivity), asymmetric, homogeneity, reliability, validity and 
representatively are fortified for all three applied tests. Discriminativity, asymmetric and homogeneity 
were determined using the measures for tendency and dispersion, while reliability, validity and 
representativity were estimated based of Crombah α and Spearman – Brown`s (SB) coefficients of 
reliability, Pearson`s coefficient of correlation and factor analysis for determination of validity of the 
tests. The Kaiser-Meyer-Olkin`s measure was used for determination of reliability and representativity of 
the tests. Normative for children’s achievements in motor tests are defined using percentile classes and 
percentile values for 1, 3, 5, 10, 20, 25,30, 40, 50, 60, 70, 75, 80, 90, 95, 97 and 99 percentile. The results 
in the final table for estimation of children`s motor achievements are obtained with reduction of percentile 
distribution in 5 percentile classes defined as: above 95 percentile –excellent achievement; from 75 to 95 
percentile – achievement above average; from 26 to 75 percentile – average achievement; from 5 to 25 
percentile – below average achievement and under 5 percentile – very bad achievement 
 
Results 

Basic descriptive statistics parameters for all three applied tests for estimation of flexibility at 7 years 
old are presented in Table 1.  

 
Table1: Basic measures of central tendency, dispersion and normality of distribution of motor tests used for 

estimation of speed at 7 years old children (second grade) 
 

 Mean SD Sx KV MIN MAX Range skew kurt KS P 

FLDPK1 42,31 7,15 0,64 16,90 20 59 39 -0,51 0,64 0,13 p < ,05 

FLDPK2 41,28 6,50 0,59 15,74 24 56 32 -0,10 -0,06 0,08 p > ,20 

FLDPK3 40,59 6,49 0,59 15,98 26 57 31 0,22 -0,23 0,11 p < ,10 

FLRLG1 89,48 17,04 1,54 19,05 55 130 75 -0,15 -0,36 0,11 p < ,10 

FLRLG2 92,96 17,68 1,59 19,01 50 130 80 -0,39 -0,22 0,11 p < ,15 

FLRLG3 94,59 19,79 1,78 20,92 50 145 95 -0,34 -0,20 0,13 p < ,05 

FLPRP1 35,21 10,34 0,93 29,37 15 60 45 0,21 -0,43 0,07 p > ,20 

FLPRP2 36,89 10,15 0,91 27,50 15 60 45 0,13 -0,37 0,08 p > ,20 

FLPRP3 38,48 10,37 0,93 26,94 15 65 50 0,27 -0,10 0,07 p > ,20 

 
 
Results presented in Tables 2, 3 and 4 represent the obtained values from applied coefficients of 

reliability and represenativity, as well as the values for internal and factorial validity for every certain test 
applied for estimation of flexibility.  
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Table (2). Deep bend on bench (FLDPK), reliability, validity and representativity obtained at 7 years old children 

 
ajtems r   and  SMC H 1 h² 

FLDPK 1 (.80)   .94 .87 
FLDPK 2 .89 (.91)  .98 .96 
FLDPK 3 .79 .91 (.83) .94 .89 

Cronbach′s α .95  Lambda 2,72 
SB .95 % 90,79 

KMO .68  
 

Table (3). Both legs extension lying on bag (FLRLG): reliability, validity and representativity obtained at 7 years 
old children 

 
Ajtems r and SMC H 1 h² 

        FLRLG 1 (.81)   .95 .91 
FLRLG 2 .90 (.91)  .98 .96 
FLRLG 3 .87 .94 (.89) .97 .94 

Cronbach′s α .96  Lambda 2,81 
SB .97 % 93,63 

KMO .76  
 

Table (4).  Legs extended forward bend on floor (FLPRP): reliability, validity and representativity obtained at 7 
years old children 

 
ajtems r   and  SMC H 1 h² 

FLPRP 1 (.89)   .97 .95 
FLPRP 2 .94 (.93)  .98 .97 
FLPRP 3 .92 .95 (.91) .98 .96 

Cronbach′s α .98  Lambda 2,87 
SB .98 % 95,67 

KMO .78  
 

Table (5). Normative for determination of children`s achievements at the tests applied for evaluation of flexibility  
 

 Deep bend on bench FLDPK Legs extended forward bend on floor FLPRP 
7 years 7 years 

1 Bad achievement Up to 30  (sm) Up to 20 (sm) 
2 Under average achievement 31 – 37 21 – 29 
3 Average achievement 38 – 46 30 – 43 
4 Above average achievement 46 – 52 43 – 55 
5 Excellent achievement Above 52 Above 55 

 
Discussion 

According the values of the descriptive statistics parameters, presented in Table 1, we could it 
conclude that results from three applied tests, used for estimation of flexibility at seven years old children 
are normally distributed. Analysis of average values of results from applied tests point out on a 
progressive improvement of the results from first to the third repetition at following two tests: both legs 
extension lying on bag (FLRLG) and legs extended forward bend on floor (FLPRP). For the test deep 
bend on bench (FLDPK), the best average results is obtained in the first measurement and in the 
following repetitions, average results at the tests decrease continuously. According the values of the tests 
for discriminativity (the relation of x and SD, 3:1) and asymmetry (skwenes), applied tests are sensitive 
and easy to perform, except the test Legs extended forward bend on floor (FLPRP). According the results, 
for the seven years old children, this test is hard to perform. Results from all three applied tests are 
homogeneous.   

Results obtained for the coefficients of reliability and represenativity as well as the results for test 
validity are presented in Tables 2,3 and 4. Values obtained for Spirman – Brown and Cranach’s α 
coefficients of reliability (from .95 to .98) obtained from three movement tasks used for estimation of 
flexibility, point out on very high reliability of all applied tests. Compared between three tests, the highest 
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coefficient of reliability (.98) is obtained for the tests legs extended forward bend on floor (FLPRP).  
Validity of the tests is determined using factor analysis. Using Hotelling procedure of results from the 

three repetitions of all three tests used for estimation of flexibility, one significant root for every factor is 
isolated. The isolated factor explains the variability of the applied systems with values from  90.79% to 
95.67%. The variability of the test deep bend on bench (FLDPK) is explained with 90,76%, the variability 
of the test both legs extension lying on bag (FLRLG) is explained with 93,63%, while the test legs 
extended forward bend on floor (FLPRP) is explained with high 95, 67%. The high explained variability 
of the tests, points out that the results obtained from the three repetitions on the same test are not 
significantly different. This is confirmed with high projections of the isolated factor for each test (from 
.94 to .98). The high factor validity obtained for applied tests for estimation of flexibility is confirmed 
with significant coefficients of correlation (from .75 to .91) between results of each repetition of every 
single test. High values for KMO index from .68 to .78 obtained at three applied tests for flexibility, point 
out on good representativity of the tests.  

Results obtained for of coefficients of correlation, reliability, validity and representativity (table 2, 
3and 4) suggest that all three movement tasks used for estimation of flexibility of seven years old 
children, have good metric characteristics. We recommend these tests for further use with seven years old 
children. In situations of limited conditions for realization of measurements or in situation where short 
battery of tests is needed, as a test with best metric characteristics from these group of tests, we 
recommend the test legs extended forward bend on floor (FLPRP). 
 
Conclusions 

As a composed part of abilities that defines the human motor space, flexibility has an important role in 
the complex process of motor learning and determination of motor efficiency or motor behavior at 
children. Flexibility is one of the components for evaluation of health related fitness. This relation is 
result of conditionality of flexibility by the structure of skeletal and muscle system and their 
characteristics. Relations between flexibility and other motor abilities, as well as the impact of regular 
physical activity of maintaining of flexibility are one of the main reasons why this motor ability should be 
improved and developed during PE teaching process using PE contents. Therefore, findings about 
manifestation of flexibility in every certain period of age in children, possibilities for its improvement, as 
well as the standardized procedures for its estimation and evaluation in children, are especially important 
for PE teaching process and kinesiology in general.   

Therefore, the aim of this paper is to suggest a motor tests with good metric characteristics for 
evaluation of flexibility at 7 years old children as well as to propose a normative for evaluation of 
children’s achievements and individual progress. The research was realized on a sample of 123 
examiners, 7 years old male children, pupils in second grade in five primary schools in Skopje, Republic 
of Macedonia. Flexibility in children was assessed using following three tests: Deep bend on bench 
(FLDPK), Both legs extension lying on bag (FLRLG) and Legs extended forward bend on floor (FLPRP). 
Tests characteristics: discriminativity (sensitivity), asymmetric, homogeneity, reliability, validity and 
representatively are fortified for all three used tests. Obtained results point out on highly reliable tests, 
with high validity and good represenativity. According the results, all three tests have good metric 
characteristics and we recommend them for further use with 7 years old children. For all recommended 
tests, we suggest norms for evaluation and assessment of children’s achievements and individual 
improvement in flexibility. According the tests results, in situations of limited research conditions or 
when short battery of tests is needed, we recommend the tests Legs extended forward bend on floor 
(FLPRP) as a test with best metric characteristics for estimation of flexibility, proper for use with 7 years 
old children. Beyond the good metric characteristics, this test is also economic from the aspect of time 
and conditions for its realization. This finding is also confirmed by the authors Ikeda,T & Aoyagi, O. 
(2008) in their studies oriented toward designing of new motor tests for pre – school children and children 
in the early school period. They have also confirmed that flexibility tests realized activating the trunk 
muscles, such as tests used in our research, have higher reliability, validity and are more practice than 
other tests.   

Speaking about the evaluation of motor ability and realization of motor measurements, researchers that 
work on this issue determined certain difficulties that are also confirmed in our research. These 
difficulties mostly refers to age characteristics of the children that are manifested as reduced 
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concentration, attention and sort term focus, disorientation from the goal, lack of motivation, emotional 
instability as well as understanding of testing as a game, not as a assignment (Jürimae & Jürimae, 2001; 
Gallahue, 1987; Rajmajer, 1997). Related to this and in order to overcome these difficulties, certain 
procedures like motivation, encouraging, demonstration and previous tries of the motor tasks, which are 
unacceptable in work with adults, to be justified and recommended in work with children (Bala, 1999; 
Jürimae & Jürimae, 2001; Ikeda & Aoyagi, 2007, Rajtamer, 1997; Popeska, 2011). Therefore, in 
researches from this type as well as in everyday work with children, knowledge and appreciations of 
characteristics of children emotional and psychological development as well as their influence on 
children’s motor abilities are essential. This means respect of holistic approach in work with children.  
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Abstract:  

The research was conducted on a sample of  115 subjects, sixth and seventh grade primary school 
pupils of the primary schools in  Mladenovac, who in 2012/2013 school year attended only regular 
classes of physical education. For the purpose of this research a set of functional tests and three tests of 
explosive strength were applied and they were found to have valid metric characteristics. The aim of this 
research was to determine statistically significant canonical correlation between the functional abilities 
(as predictive system) on any single criterion variable of explosive strength dimension (as a criterion 
system) in primary school pupils, aged 12-13. Research results have shown that between the functional 
abilities and the explosive strength there were determined statistically significant relations (P=.001), 
therefore one can reach a conclusion that the explosive strength of the subjects will be manifested to a 
great extent depending on their functional abilities. 
 
Kewords: functional abilities,  explosive strength, canonical correlation analysis, primary school pupils. 
 
Introduction 

Teaching practice adhere increasingly to the research of the  anthropological characteristics of children 
and youth in order to apply  methods and forms of work which to the greatest extent contribute to the 
increased  efficiency of the regular and extracurricular physical education contents. 

Monitoring of the realization of the regular physical education curricula and the evaluation of the 
obtained results are all important for the improvement and upgrading of the educational practice of 
physical education curricula and stimulation of teachers for more creative and more responsible approach 
towards work. By applying such an approach one provides reliable data with the purpose of taking 
possible corrective measures in the practical realization of the  curriculum program contents (Zdanski and 
Galić, 2002; Višnjić, 2006).  

Functional abilities of men are highly complex and depend on variable and numerous factors, first of all 
on nervous - vegetative and endocrine system. Functional abilities can be described in a physiological 
sense as aerobic and anaerobic abilities. It is generally assumed that there is no functional ability of the 
cardiovascular system common to all life situations, but there are lots of specific abilities pertinent to 
different activities and situations  (Malacko and Popović, 1997). 

Explosive strength is defined as the ability to activate maximal number of muscle units in a time unit. 
Explosive strength has a very high coefficient of heredity, thus training it can contribute next to nothing. 
If one does not start training the explosive strength early enough,  the possibility to increase it is very 
slight. Sports which  are dominated by the explosive  strength are following: short distance running  (100 
and 200 m), 50 m swimming, shotput, discus throwing, javeline throw, hammer, sports games, boxing, 
karate, acrobatics, water jumping, skating, alpine jumps, table tennis, tennis, etc. 

Research on the relations of the functional abilities with the results of the explosive  strength was the 
subject matter of large number of research studies conducted on the population of schoolchildren athlets 
(Mitić, 2010; Stanković, 2011; Rakojević, 2011). These  authors have determined  that in schoolchildren 
athletes functional abilities significantly contribute to the achieved results efficiency of the explosive  
strength. 

Relatively scarce research was conducted on the population of primary school pupils. It can be assumed 
that significant influence of the functional ability on the results of explosive  strength is also evident in 
the primary school pupils.  

Basic aim of the research was to determine statistically significant canonical relations between the 
functional abilities (as predictor system) on any single criterion variable of explosive strength dimension 
(as a criterion system) in primary school pupils, aged 12-13. By realization of such a set objective one 
would create possibility to enable establishment of more rational procedures for more optimal planning, 
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programming and monitoring of the teaching process in order to verify harmonization of their 
development and if possible, to determine more valid and more purposeful guidelines of their further  
anthropological  development. 
 
Research Methods 
Subject sample  

This research was conducted on a sample of 115 subjects, sixth and seventh grade primary school 
pupils of the primary schools in Mladenovac, who in 2012/2013 school year attended only regular classes 
of physical education.  

For all subjects there were prior defined conditions which they had to meet in order to be considered 
eligible for the research:  

To exhibit perfect health conditions without any bodily deformities; 
To be encompassed by the regular physical education teaching process (PE curricula); 
To have taken part in all the measurements of the anthopological characteristics. 

  
Variable sample 

Functional abilities were comprised by the following tests: heart rate frequency at rest (FPUM), heart 
rate frequency after load (FPPO), anaerobic capacity Margaria test (FMARG) and lung vital capacity 
(FVKP). Variable of functional abilities were taken from the research of Heimar and Medved, 1997. 
Explosive strength was evaluated by means of three tests: standing three long jumps (MTRS), standing 
long jump (MSDM) and standing high jump (MSVIS). Applied set of variables for explosive strength was 
taken from the research of Kurelić et all., 1975. To determine the relationships between the two sets of 
variables out of which one set comprises functional abilities and the other set comprises explosive 
strength a canonical correlation analysis was applied. The obtained data were processed by means of the 
statistical package  Statistika 7.0. 

 
Results 
Canonical correlation analysis  
 

Table  1. Canonical correlation analysis of functional abilities with criterion system 
 

Can.R Can.R2 Chi-sqr. df P-Level 
.56 .31 43.33 86 .001 

Legend: coefficient of canonical correlation (Can.R), coefficient of determination (Can.R2), Chi-square test (Chi-sqr.), degree of 
freedom  (df.), significance  (p- Level) 

 
The results of canonical correlation analysis showed that within the relations between the predictor 

system of the functional abilities and criterion of explosive strength (Table 1), there was determined one 
significant canonical relation which is defined by the canonical factor (Can.R) with the statistically 
significant coefficient of correlation (.56), which is also confirmed by the percentage of common variance 
of the coefficient of determination Can. R2  with 31%  for both sets of measures and variables, thereby 
making the canonical factor (Can.R) statistically significant at the level P= .000.  The significance of the 
canonical factor is confirmed by the results of testing over Bartlett’s  Chi-square test (Chi-sqr.43.33) that 
the coefficients of the canonical factor are statistically significant (P= .000). 
 

Table  2. Canonical factors of predictive system of functional abilities 
 

Functional tests Root 1 
FPUM .32 
FPPO -.35 

FMARG -.38 
FVKPL .49 
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On definition of the canonical factor (Table 2.), the biggest projection had  vital lung capacity 
(FVKPL -.49) and Margaria test (FMARG -.38).  
 

Table 3. Canonical factors of criterion system of explosive strength 
 

Tests of  explosive strength Root 1 
MTRS .66 
MSDM .62 
MSVIS .71 

 
Criterion system of explosive strength (Table 3.), points to a high projection on canonical factor. The 

biggest significance had standing high jump test (MSVIS .71). 
 

Table  4. Cross-correlation matrix of predictive system of functional abilities and criterion system of explosive 
strength 

 
Cross-correlation MTRS MSDM MSVIS 

FPUM -.25 -.29 -.06 
FPPO -.24 -.20 -.33 

FMARG -.47 -.35 -.48 
FVKPL .58 .48 .49 

 
Cross-correlation matrix (Table 4.) is characterized by the coefficients of middle and low intensity. 

Most significant correlation is evident in vital lung capacity (FVKPL .58  with all tests of explosive 
strength, while there is somewhat smaller  correlation of Margaria test (FMARG .47) with all tests of 
explosive strength.  

 
Discussion   

The results of canonical correlation analysis showed in Table 1 point to the fact that within the 
relations between the predictor system of the functional abilities (heart rate frequency at rest, heart rate 
frequency after load, anaerobic capacity Margaria test and lung vital capacity) and criterion of the 
explosive strength (standing three long jumps, standing long jump and standing high jump, there were 
determined significant canonical relations which define canonical factor (Can.R) with the coefficient of 
correlation (.56%). The significance of the canonical factor is confirmed by the results of testing over 
Bartlett’s  Chi-square test (Chi-sqr.43.33) and P-Level (.000)  that the coefficients of the canonical factor 
are statistically significant. 

One of the main conditions of success in teaching physical education is that children possess the 
necessary inherited and acquired anthropological characteristics and a certain level of functional ability of 
an organ, organic system or organism as a whole.  

Functional abilities of children and adults are very complex and complicated, because in addition to 
the heart and blood vessels, they also depend on other factors, primarily of the nervous-vegetative and 
endocrine systems. It is believed that there is no functional capacity of the cardiovascular system common 
to all situations in life, but that there is a series of specific skills for different activities and situations 
(Malacko and Rađo, 2004). 

Some authors suggest (Ћeljaskov, 2004; Иavar et al ., 2009)  that the functional abilities of the 
vegetative system of child's organism (cardiovascular and respiratory) should be evaluated on the basis of 
their response to muscle load. In addition, these authors recommend that it is necessary that "warming up 
" at this age in the teaching process should be on average shorter than with the adults, due to the 
functional characteristics of the central nervous system and the functional and morphological 
characteristics of muscle, cardiovascular, respiratory and other systems of the organism. Furthermore, it is 
necessary in order to preserve a high level of working ability, to pause between loads more often, but the 
breaks should not be long-lasting. Prolonged inactivity reduces interests of children to participate in 
sports and adversely affects  the results of the acquisition of motor skills and knowledge. 
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For these very reasons, an insight into the values and capacities of these skills in school children at this 
chronological age  makes it much easier to upgrade the system of selection of candidates for the sport, 
and contributes to higher quality planning, programming and control of the performance of teaching 
process. 

On the basis of the determined relations  between the functional abilities and explosive power there 
can be set up goals and tasks of teaching programs and plan management activities in certain cycles to 
increase the levels of these dimensions, at the same time taking into account that the explosive power at 
this age is not yet sufficiently developed, but that it is already contained in the complexity of the 
functional abilities and morphological characteristics. This just means that due to the increased values of 
functional abilities and morphological characteristics, valorization of explosive strength in regulation of 
the intensity and duration of excitation is achieved. 
 
Conclusion 

Research results indicate that between functional abilities, as the predictor system, and the results of 
explosive strength as a criterion, there is a statistically significant correlation, thus achieving high 
projections of functional abilities tests and explosive strength tests on the canonical factor. The obtained 
research results will contribute to the rationalization of working with elementary school pupils, in such a 
way that in the course of the teaching process, special attention will be paid to the development of those 
functional abilities (heart rate frequency at rest (FPUM), heart rate frequency after load (FPPO), 
anaerobic capacity Margaria test (FMARG), lung vital capacity (FVKP) which are deemed to most 
efficiently explain achieved results in explosive strength, and it will contribute to achieving better athletic 
performance results. Moreover, the results of functional abilities and explosive strength will contribute to 
the individualization of teaching process, in such a way that the planning, programming, implementation 
and control of the teaching work is going to become appropriate to the individual abilities and 
characteristics of pupils. 
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Abstract:  

The research sample was comprised of  104  subjects, regular attendees of the primary schools in  
Mladenovac, schoolboys, aged 12 and 13, who attended regular classes of physical education. Research 
problem was so defined as to determine any statistically significant relations between the morphological 
characteristics and the dimension of the explosive strength. Profound insight into the relations between 
the anthropological dimensions is of vital importance for the performance of some sports activities in 
order to check and maintain, in the pupils of this chronological age, desirable anthropological 
harmonization and, on the other hand, to successfully realize and implement the teaching technology and 
curricular contents.  There were applied 13 anthropometric measures and three tests of the explosive 
strength. Research results on a multivariate level have shown that between the morphological 
characteristics and the explosive strength there were determined statistically significant correlations 
(P=.004), which in turn points out to the fact that the explosive strength of the researched subjects 
heavily depends on their morphological characteristics. 
 
Kewords: morphological characteristics, explosive strength, canonical correlation analysis, primary 
school pupils 
 
Introduction 

Monitoring the implementation of the program of regular physical education classes and evaluating 
the achieved results are important for improving educational practice of physical education classes and 
encouraging teachers to create more responsible and more creative attitude to work.  

Some researchers suggest (Zdanski and Galic, 2002; Visnjic, 2006; Bompa, 2006) that this approach 
would provide enough reliable data for taking any corrective intervention and measures in the practical 
implementation of the work program of physical education curricula. 

As part of these educational issues particularly significant are research studies focusing on the 
relations between the morphological characteristics and their effects on the results of motor skills.  

Human abilities and characteristics (Bala, 1981; Malacko and Raja, 2004) can be most successfully 
developed in so called "the sensitive stages" when it is objectively most favourable. These are periods of 
ontogenesis when based on the principles of natural laws one achieves the most significant pace of 
development in certain abilities and qualities of the individual, increase adaptive capabilities in relation to 
exogenous factors and create especially favorable conditions for the formation of certain motor skills. 

In the age of 11-14 children's organism is more susceptible to the external influences 
(transformations), if they by their orientation correspond to the basic tendencies of the natural flow of 
motor-morpho-functional changes.  

Studies of relations between the morphological characteristics and explosive strength were the 
research subject of a large number of authors on a sample of athletes and non athletes schoolchildren 
(Stojanovic et al. 1980; Visnjic, 2004, Jankovic, 2009; Projevic, 2009; Velickovic, 2009). Studies have 
shown that there is a statistically significant correlation with the results of the morphological 
characteristics of all forms of motor strength at high school students included in regular physical 
education curricula. 

There were few such studies conducted on the population of primary school pupils, aged 12 to 13, 
comprised only by the regular physical education curricula. It can be assumed that with primary school 
pupils at this age there is a statistically significant correlation of morphological characteristics and 
explosive strength.  
 The research problem was to find a statistically significant relation between morphological 
characteristics and dimensions of the explosive strength. Full knowledge of the relation between the 
anthropological dimensions is important for individual sports, so it would be possible to, on the one hand,  
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check and maintain the desired anthropological harmony with pupils of this age, and on the other hand, to 
successfully implement educational technology and program and PE curricula contents. 

 
Methods 
Subject sample 

The sample consists of 104 regular attendance elementary school pupils from Mladenovac, male, 
aged 12 to 13, included in regular physical education curricula.  

All subjects involved in the experiment were healthy, as determined by medical examinations and 
check-ups administered before and after the experiment. Also, subjects voluntarily gave their consent for 
testing and participation in research. 

 
Measuring instruments sample 
Measuring instruments for the evaluation of morphological characteristics  
 For the evaluation of the morphological characteristics there were applied 13 anthropometric measures 
(according to the research of Kurelić et al. (1975), which define the following dimensions: 

 
Longitudinal dimensionality of the skeleton: 

1.Body height .............................................. ...................................... (AVIS) 
2.Leg length .............................................. ....................................... (ADUN) 
3. Arms length.............................................. ....................................... (ADUR) 
Transversal dimensionality of the skeleton: 
4. Shoulder width .............................................. .................................(ASRA) 
5. Pelvic width .............................................. ......................................(ASKA) 
6. Hips width .............................................. .......................................   (AŠKU) 
 
Circular dimensionality and body mass: 
7. Forearm Circumference .............................................. .................(AONL) 
8. Thigh Circumference............................................. .......................(AONK)  
9.Maximum calf volume ............................................. ..............       (AOPK)  
10.Body  mass (AMAS)  
Subcutaneous adipose tissue:  
 11. Forearm skinfold............................................. .....................      (AKNL)  
 12. Abdomen skinfold ............................................. ...............       .(AKNT)  
 13. Thigh skinfold............................................ .......................        (AKNK) 

 
Measuring instruments for the evaluation of explosive strength  

For the evaluation of the level of explosive strength three tests taken from the research of Kurelić et 
al. were applied (1975): 
 
Explosive strength 

1. Standing three step jump...................................................................(MTRS) 
2. Standing long jump............................................................................(MSDM) 
3. Standing high jump............................................................................(MSVIS) 

 
Data processing methods  

To determine the relation between morphological characteristics and explosive strength a canonical 
correlation analysis was applied in order to explain the structure of relations between the two sets of 
variables. 
 
 Research results 

The results of canonical correlation analysis showed that the relations between the predictor system of 
morphological characteristics and criteria for explosive strength (Table 1) had one significant canonical 
relations which is defined by the canonical factor (Can.R) with statistically significant correlation 
coefficient (.55), which is confirmed by the percentage of common variance, coefficient of determination, 
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Can. R2  with 30%  for both sets of measures and variables, thereby making the canonical factor (Can. R) 
statistically significant at the level of P= .000. The significance of the canonical factor is also confirmed 
by the results of testing over Bartlett's  chi-square test (Chi-sqr.34.36) that the canonical factor 
coefficients are statistically significant (P= .004). 
 

Table  1. Canonical correlation analysis of  morphological characteristics with criterion system 
 

Lambda Can.R Can.R2 Chi-sqr. df P 
0.166 .55 .30 34.36 7 .004 

Legend: coefficient of canonical correlation (Can.R), coefficient of determination (Can.R2), Chi-square test (Chi-
sqr.), degree of freedom  (df.), significance  (p- Level) 

 
 

Table  2. Canonical factors of predictive and criterion system of morphological characteristics 
 

Anthropometric measures Root 1 
AVIS .15 

ADUN .19 
ADUR .22 
AŠRA .34 
AŠKA .21 
AŠKU .17 
AONL .18 
AONK .39 
AOPK .28 
AMAS .40 
AKNL -.43 
AKNT -.44 
AKNK -.46 

 
 

On the definition of canonical factors (Table 2), the largest projections have the following 
measures: thigh skinfold (AKNNK -.46), abdomen skinfold (AKNT -.44) and forearm skinfold (AKNNL 
-.43).  

 
Table  2. Canonical factors of predictive and criterion system of explosive strength 

 
Tests Root 1 
MTRS .66 
MSDM .63 
MSVIS .68 

 
 
Criterion system of explosive strength (Table 3) has a high projection on canonical factor. The largest 

significance of projection have the following tests: standing high jump (MSVIS .68), somewhat smaller  
standing triple jump (MTRS.66) and the least standing high jump (MSDM.63). 
 
Discussion 

Canonical correlation analysis of the results of the subjects in Table 1, 2 and 3 shows that the 
dimensions of morphological characteristics (longitudinal dimensionality of the skeleton, transversal 
dimensionality of the skeleton, circular dimensionality, body mass and subcutaneous adipose tissue), as a 
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predictor system, have statistically significant relations to the multivariate (P=.000) with the results 
achieved in explosive strength (standing three step jump, standing long jump and standing high jump as a 
criterion system in researched subjects. 

Given the size of the coefficient of canonical correlation Can.R (.55) and common variance Can. R2 

(30%), it can be concluded that the explosive strength of the subjects will be manifestted largely in 
relation to their morphological characteristics. On the definition of canonical factors (Table 1), the highest 
projection in this study are shown by the following measures: thigh skinfold (AKNK - .46),  abdominal 
skinfold (AKNT - .44) and forearm skinfold (AKNL - .43). These skinfolds that define the subcutaneous 
adipose tissue represent parasit factor for the results efficiency of the explosive strength. Criterion system 
which makes the explosive power (Table 3) indicates that a high projection on the caninical factor has a 
test standing high jump (MSVIS .68), somewhat smaller standing triple jump  (MTRS .66) and the least 
standing long jump  (MTAP .63) . 

According to some researchers (Bala, 2006; Durakovic, 2007) explosive strength is genetically 
conditioned with 80%, and represents an important dimension in defining the mechanism for the 
regulation of excitation intensity, which according to some researchers (Kurelić et al., 1975; Milanovic, 
2007) probably depends on the device for the control of the excitation in primary motor centers in those 
subcortical nuclei that play a role of amplification or modulator. This indicates that explosive strength 
influences the number of activated motor units, and is therefore responsible for the variability and 
covariability of all measures for morphological characteristics that most contribute to the manifestation of 
explosive explosive strength. 

Based on the obtained data it can be concluded that the best results in explosive strength will be 
achieved by those subjects who have lower levels of subcutaneous fat and higher levels of circular 
dimensionality of the body: circumference of the lower leg, thigh and upper arm.  

Results obtained in this study agree with studies of other authors (Durakovic, 2007; Malacko, 2009) 
who have in their research on samples of athletes obtained approximately the same parameters of 
statistically significant morphological characteristics for more efficient realization of explosive strength. 

5. Conclusion 
The study included a population of primary schools pupils from Mladenovac included in the regular 

physical education curricula. The main objective of this study was to determine the canonical relations 
between morphological characteristics and the results of explosive strength. There were applied 13 
anthropometric measures of morphological dimensions that define four dimensional model: longitudinal 
dimensionality of the skeleton, transversal dimensionality of the skeleton, circular dimensionality and 
body mass and subcutaneous adipose tissue. Motor skills (explosive strength) were comprised of the tests: 
standing triple jump, standing long jump and standing high jump. Data were analyzed by means of the 
canonical correlation analysis, where the obtained results indicate towards  statistically significant 
canonical relations in the multivariate level (P= .004) with the results of explosive strength. The obtained 
results of the morphological characteristics and explosive strength can be directly applied in the teaching 
process, and thus they could contribute to the efficient solution of a number of essential tasks relevant for 
the optimization and individualization of work, such as determining the methods and forms of work for 
the systematic monitoring and control of the effects in physical education curricula and possibilities of the 
application of the individualization of work with pupils of this age in order to develop morphological 
characteristics and explosive strength. 
 
Reference 
Bala, G. (1981). Structure and development of morfological dimensions of children in AP of Vojvodina. Novi Sad: Faculty of 

physical education,  University of Novi Sad (OOUR Institute of physical education). 
Bala, G., Sojanović, M. (2007). Measurement and definition of motor abilities of children. Novi Sad: Faculty of sport and 

physical education. 
Bompa, T. (2006). Theory and methodology of training. Zagreb: National and university publishing. 
Duraković, M. (2007). Kinothropology, Biological aspects of physical, Zagreb: Kinesiological faculty, University of  Zagreb. 
Janković, I. (2008). Adaptive changes of some anthropological characteristics in the course of six month implementation of 

physical education curriculum in primary school pupils. Doctoral dissertation, Pale: Faculty of physical education and sport. 
Kareliać, N., K. Momirović, M. Stojanović, J. Šturm, Đ. Radojević  &  N. Viskić-Štalec (1975). Structure and development of 

morfological and motor dimensions in youth, Institute for scientific research. Belgrade: Faculty of physical education. 
Malacko, J. (2009). Predictor validity of the tests for explosive and repetitive strength for diagnosing of aerobic endurance of 

girls aged 11-12. In I. Jukić, D Milanović. Acta Kinesiologica 4 (2010) 2: 28‐32 



 First International Scientific Conference  

Conference Proceedings 397

Malacko, J. & Rađo, I. (2004). Tehcnology of sport and sports  training. Sarajevo: Faculty of sport and physical education 
University of  Sarajevo.    

Milanović et al. (2007): Theory of training, Handbook for the university students. Zagreb: Kinesiological faculty, University of  
Zagreb. 

Projović, A. (2009) Influence of the experimental model of  explosive strength on the development of morphological 
characteristics, motor and functional abilities and the results in jumping disciplines in primary school pupils, Doctoral 
dissertation, Pale: Faculty of physical education and sport. 

Stojanović, M., Ilić N., Momirović, K. & Hošek, A. (1980). Relations of vital lung capacity and  anthropometric dimensions in 
young adult males, Kinesiology, 13, (1), 98-106. 

Višnjić, D. (2006). Teaching physical education: from the fifth to the eighth-graders: A guide for students, teachers and 
professors. Belgrade: Institute for textbooks and teaching aids. 

Višnjić, D., Jovanović, A. &  Miletić, K. (2004). Theory and methods of physical education. Belgrade: Faculty of Sport and 
Physical Education, University of Belgrade. 

Veličković,V (2009). Relations of morphological characteristics and motor abilities with short distance running speed in high 
school students. Master thesis. East Sarajevo: Faculty of physical education and sport. 

Zdanski, I. & Galić, M. (2002). Didactics of physical education, organizational forms of teaching in physical education (148-
165). Banja Luka: Faculty of Physical Education and Sport. 

 
 
 
 



Research in Physical Education, Sport, and Health, Ohrid, 2014.  

 Conference Proceedings 398 

 
 



 First International Scientific Conference  

Conference Proceedings 399

ANALYZE OF THE MORPHOLOGICAL CHARACTERISTICS MOTORICAL  
AND FUNCTIONAL ABILITIS OF PRIMARY EDUCATION 

 

UDC:373.3:796.012]-057.874 
 

Mitrichka Dzh. Stardelova, Catherina Spasovska 
Cyril and Methodius University , Faculty of Physical Education , Skopje , Macedonia 

 
Abstract : 

It was performed a measurement of the anthropometric, motor and functional capabilities of the 
students from 5th and 8th grade from Skopje. The purpose of this research was analyzing the changes that 
occur in the child’s body in terms of the anthropometric, motor and functional capabilities.  
The ultimate goal of this research is analyzing the development process of the students and how to alter 
the biological forms in the natural population growth, in terms of monitoring the growth and development 
of women. 
 
Keywords : Anthropometric , motor,  functional capabilities , growth , development . 
 
Introduction: 

The Physical Education with its social and health values exposes itself as a development of the human 
being as a biological and social being. The changes, that occur in humans as a result of motor efficiency 
or inefficiency occurred in humans from the day of birth until the end of their life,  are the main subjects 
of research of the contemporary Kinesiology. The physical culture - the Kinesiology – as a science is of 
particular importance to the general advancement of the nation and state, for prevention of diseases and 
also for the cultural development and the welfare of the country, especially with the help of kinesiology 
activities which are always in function of the human being, for the adaptation of the human being in terms 
of hyperkinesis and for his micro and macro scales adaptation for socialization and its resettlement. The 
Kinesiology and health education is of a great value for society. Therefore the kinesiology activities and 
their impact on the anthropological status of the human being, is becoming the main subject of research in 
modern Kinesiology. 
 
Methods of work: 

The survey was conducted on 200 females aged 10-14 years +/- 6 months.  The respondents are female 
students from the elementary school Vlado Tasevski – Skopje. The main objective of this research were 
the morphological , boimotor and functional characteristics of the students with the goal to be analyzed 
the development of the female students from 5th to 8th grade. The survey applied a total of 21 variable , of 
which 11 from the anthropometric area , 6 of the motor and 4 of the functional area. The measurements 
were performed in accordance with the standards for registration of scientific research work. Each gauge 
had its own doctor who was writing the results of the measurements. For the calculation of the results of 
this survey were used appropriate statistical methods that are performed by extracting specific 
information about the morphometric, motor and functional skills. For the determination of intergroup 
differences in the applied univariate and multivariate system variables separately for each group is used 
analysis of variance ANOVA. 
 
Results: 

From the results obtained in the study of anthropometric variables and tests of motor and functional 
skills are shown in table 1 , where you see the basic statistical indicators for fifth grade. The obtained 
differences between women from fifth to eighth grade are shown in table 2, 3 and 4. Results of regression 
analysis showed that the predictorial system of variables have a significant impact on the criteria variable. 

The purpose of this research is to make the cross-section image of the changes that occur in 
anthropometric, motor and functional development and  how these variables change from one calendar  
year to the next year analyzed by chronological age and how the natural growth without training works. 
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Table 1. Basic statistical indicators of variables- girls 5th grade 

 

Table 2. Regression analysis- girls 5th grade 

Red. 
Broj Varijabli r Part-R BETA SG t-test Q(BETA) 

1. AVIS -.72 .22 -.09 .02 -3.23 .00 
2. ASRA .19 .14 .36 .26 1.37 .17 
3. ASKA .19 .15 .86 .69 1.25 .21 
4. ATEZ .55 .29 .64 .34 1.87 .06 
5. ATDL -.02 .13 -.02 .10 -.19 .84 
6. ATDK -.24 .16 -.20 .14 -1.45 .15 
7. ASOG .30 .17 .29 .17 1.75 .08 
8. AONLI .04 .41 .13 1.33 .09 .92 
9. AONLS .43 .42 1.29 1.27 1.01 .31 

10. AOPL -.38 .24 -1.77 1.16 -1.52 .13 
11. AKFNL -.21 .14 -.03 .21 -.15 .88 
12. MEST50 .16 .21 .52 .69 .75 .45 
13. MESDM -.27 .18 -.12 .08 -1.47 .15 
14. MFDPK -.02 .15 -.05 .36 -.14 .88 
15. MIVZ -.04 .14 -.08 .25 -.31 .75 
16. MSIK .57 .15 .39 .10 3.78 .00 
17. MIPTM -.05 .13 -.05 .11 -.45 .65 

RO=.78    DELTA= .61  SIGMA=.62  Q(F)=.00 
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Table 3. Arithmetic average for girls 
 AVIS ASRA ASKA ATEZ ATDL ATDK 

8-ODD. 1633.0 34.97 27.59 54.65 72.60 96.50 

7-ODD. 1605.6 34.88 27.41 52.32 77.44 92.92 
6-ODD. 1603.8 33.75 26.66 49.18 77.22 91.36 

5-ODD. 1538.2 32.43 25.54 40.50 72.08 97.66 

 ASOG AONLI AONLS AOPL AKFNL MEST50 
8-ODD. 81.39 23.40 25.83 21.71 10.65 8.85 
7-ODD. 80.09 22.11 24.50 21.55 10.58 10.07 
6-ODD. 77.29 23.61 25.39 21.24 10.02 8.58 

5-ODD. 74.78 21.74 22.58 19.72 8.82 8.31 

 MESDM MFDPK MIVZ MSIK MIPTM FSFDM 
       
8-ODD. 161.20 26.58 11.51 32.44 28.54 17.60 
7-ODD. 154.69 26.20 10.23 42.17 27.90 14.40 

6-ODD. 143.96 25.60 9.39 35.51 23.74 18.36 

5-ODD. 140.66 26.08 8.68 28.09 24.02 16.82 
 FPVM KPS KPD 
8-ODD. 88.06 127.28 82.42 
7-ODD. 84.98 120.60 79.84 
6-ODD. 96.18 127.06 88.80 

5-ODD. 84.64 123.76 87.68 

 
Table 4. Multivariate analysis of variance 

 Value p-level 
Wilks' Lambda 0.1233  
Rao R (147,2493) 15.81399 0.00 
Pillai-Bartlett Trace 2.74395  
V (147,2646) 11.60490 0.00 

 
Table 5. Univariate analysis of variance 

 
 

Mean sqr 
Effect 

Mean sqr 
Error 

F(df1,2) 
7,392 

 
p-level 

AVIS 107963.1 3825.499 28.22196 0.000000 
ASRA 85.7 4.772 17.94937 .000000 
ASKA 100.4 5.508 18.22708 .000000 
ATEZ 1707.9 39.956 42.74453 0.000000 
ATDL 1705.6 37.757 45.17390 0.000000 
ATDK 1285.6 78.852 16.30404 .000000 
ASOG 571.8 24.101 23.72474 .000000 
AONLI 80.9 2.618 30.91166 0.000000 
AONLS 258.9 2.710 95.53054 0.000000 
AOPL 57.6 1.597 36.06870 0.000000 

AKFNL 44.8 11.548 3.87855 .000424 
MEST50 103.6 1.394 74.30127 0.000000 
MESDM 3111.1 335.694 9.26780 .000000 
MFDPK 257.6 12.514 20.58376 .000000 
MIVZ 386.1 26.039 14.82643 .000000 
MSIK 16027.5 567.392 28.24772 0.000000 

MIPTM 1590.7 100.402 15.84302 .000000 
FSFDM 93.2 5.155 18.07360 .000000 
FPVM 1042.5 76.525 13.62347 .000000 
KPS 380.8 82.903 4.59346 .000060 
KPD 1628.8 30.351 53.66496 0.000000 
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Discussion: 
Based on the research subject and the main objective of this research, the results confirm that the 

natural growth  in anthropometric, motor and functional development is present in all female school 
samples from 5th to 8th  grade and is characterized with the occurrence of normal biometric development 
with lower values in motor area, and functional area with many higher values in anthropometric 
dimensions, with great changes especially in the volume and mass of the body and longitudinal 
dimensions. 

The survey confirms that the need of the Physical Education or health education is of particular 
importance for shaping the child’s organism as biological and social being and also for prevention against 
diseases of civilization achievements and for the fight against the hyperkinesis.  
 
Conclusion: 

The results of the main statistical indicators in the area of motor and functional dimensions among the 
school children from 5th to 8th grade are objective information system about the differences in growth rate 
of anthropological features. The research confirmed the differences in all variables and female 
interviewees. Statistical data obtained in the area of the anthropological, motor and functional skills of 
every examinee can especially be used for preparation of standards and criteria, standards and norms for 
inspection, monitoring and evaluation of psychomotor skills among students, as well as modify the 
current curriculum for physical education. 
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Abstract: 

The research tested 54 school boys, football players, aged 14-16. The following tests were used: one 
motoric test - standing long jupm (for explosive power), and 6 (six) anthropometric measures. The goal of 
the research is to check the effect that anthropometric measures have on the explosive power of football 
players.Through regressive and lysis, it is established that there is statistically significant correlation 
(p=0,00000) between the explposive power and the system of anthropometric measures. 
 
Keywords: football players, 14-16 years old, anthropometry, explosive power. 
 
 
Introduction 

Anthropometric and motoric space are mutually related as segment of the anthropologic space. 
The goal of this research is to find and study relations between the anthropometric characteristics and 

motoric space, represented by the standing-long-jupm test (СДМ) - for assessing the explosive power. 
Researches treating similar problems were conducted by the folowing authors: Kurelic and co-authors 

(1975), Idrizovic (1987), Schnajder and Hofman (1987), Popovski and Saiti (1998), Madic and Tsismalou 
(2003), and others. 
  
Material & Methods 

The research tests were conducted on 54 school boys - football players, at the of 14-16. They were 
treated by the following tests: one motoric test - standing long jump (for explosive power) as a variable of 
criteria; and 6 (six) anthropometric measures as a predictory system of variables. The predictory system 
of variables includes: body height (ATV), arm length (ADR), volume of forearm (AOPL), volume of 
overarm (AONL), calf volumen (AOPK) and body weight (ATT). 

For result are presented basic statistical parameters: number of acceptable respondents, arithmetic 
mean, standart deviation, minimal result, maximal result, range between minimal and maximal results, 
standard deviation, skewness, kurtozis, maximum difference between frequency and level of significance. 

The relation between the predictor system of anthropometric variables and the criteria variable is 
determined by the regresive analysis in manifest space. 
 
Results 

The obtained results, presented in Table 1, suggest hat the football players at school age have 
considerably homogeneous values in all three of the treated variables. 

The results of Kolmogorov - Smirnoff test, regarding the values of max D and “p”, also provide 
suggestion of expressively homogeneous results. 

On the base of the results from the applied regresive analysis, it is established that the system of 
anthropometric variables has statistically significant effect un the result achieved in the standarding long 
jump with multiple correlation of R=.841, and coefficient of determination RI=.707. With F- test=18.879 
and 6; and 47 degrees of freedom p=0.000. 

On the univariant level, out of total six anthropometric measures, three have statistically significant 
relation to he criteria. These are: body height (ATV), volume of overarm (AONL) and body weight 
(ATT). As for measures: arm length (ADR), volume of forearm (AOPL) and calf volumen (AOPK), there 
is not established statistically significant relation to the criterion. 
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Table 1: Basic statistic parameters 
 

 N Mean Min Max Range S.D. Skew Kurt max 
D p 

SDM 54 159,91 120 220 100 7,14 0,28 2,85 0,15 p < ,20 
ATV 54 161,27 147,50 173,60 26,10 6,47 -0,27 -0,53 0,09 p > ,20 
ADR 54 70,25 64,20 76,50 12,30 2,65 -0,20 -0,20 0,07 p < ,20 
AOPL 54 20,54 18,00 23,90 5,90 1,25 0,30 0,57 0,13 p > ,20 
AONL 54 21,69 18,00 29,00 11,00 1,73 1,55 5,24 0,15 p < ,20 
AOPK 54 31,58 22,60 36,50 13,90 2,83 -1,35 2,00 0,18 p < ,20 
ATT 54 47,54 36,00 59,00 23,00 5,02 -0,01 -0,24 0,08 p > ,20 

 
Table 2: Regressive analysis in the manifest space 

 
Regression Summary for Dependent Variable: VAR1 (ke.sta)  
R= ,84068775 RІ= ,70675589 Adjusted RІ= ,66932047  
F(6,47)=18,879 p<,00000 Std.Error of estimate: 3,7205  
  St. Err.  St. Err.   

 BETA of 
BETA B of B t(47) p-level 

Intercpt   59,98 22,27 2,69 0,01 
ATV 0,56 0,10 1,36 0,25 5,43 0,00 
ADR -0,02 0,10 -0,34 1,99 -0,17 0,86 
AOPL 0,06 0,12 0,30 0,60 0,50 0,62 
AONL -0,25 0,11 -0,95 0,43 -2,22 0,03 
AOPK -0,03 0,09 -0,07 0,20 -0,36 0,72 
ATT 0,40 0,12 0,51 0,16 3,28 0,00 

  
Conclusions 

The research was conducted on a sample of 54 school boys - football players aged 14-16. They were 
tested with: one motoric test - standing long jump (for explosive power) as a criterion variable; and six (6) 
anthropometric measures as a predictor system of variables.  

On the base of the used linear pregressive analysis in the manifest space, the following conclusions 
can be provided:  

1. The predirectory system of anthropometric variable has statistically significant effect on the 
criterion variable “standing long jump”. 

2. Partly statistic effect in the changed predictor system on the criterion have the variables: body 
height (ATV), volume of overarm (AONL) and body weight (ATT). 
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Abstract 

The game of handball consists of movements with and without a ball, changes in directions of 
movements with fast and sudden sprints, diverse jumps, groundings, as well as crashing into the opposing 
team’s players when coming into direct contact .In order for these movements to be carried out 
successfully among other abilities, coordination abilities and situation-related motor abilities bear 
impact as well. The aim of this paper is to determine the correlation between coordination abilities and 
situation-related motor abilities of young female handball players. The test group consisted of 60 female 
handball players 12 to 14 years of age who play for Nais Women’s Handvall Club from Nish. In order to 
rate their coordination abilities a set of 7 different variables was applied. Their situation-related motor 
abilities were rated based on a battery of 8 different tests. Through canon-based correlation analysis a 
valuable factor in regard to statistics was isolated (p .000) which indicated the significance of the 
correlation between areas that were monitored.  
 
Key Words: Coordination, Situational – motor abilities, Correlation, Female handball players 
 
Introduction 

The activity of handball players is based on general motor abilities which facilitate gaining knowledge 
in specific situational technical and tactical elements, all extremely important for achieving success in the 
sport. 

Young and talented female handball players can be recognized by adequate morphological 
characteristics (body height, arm length and hand size), distinct basic and motor abilities (coordination, 
above all, followed by speed, strength, stamina and precision), the pace of learning motor elements and 
the successfulness in reacting in complex situations that occur in the game (Bojic, 2008). The age of 14 
marks the end of the most convenient period (the sensitive phase) for the development of almost all motor 
abilities (Petkovic, 2008). That is the reason why it is important that by that age the training process of 
female handball players is organized in such a way that all the abilities and skills are gained and perfected 
and the basic and specific handball movements are learnt.   

The latest changes in and amendments to the handball rules made in 1999, focusing specifically on the 
limiting the duration of the attack (‘the passive play’) require that the players should have quick passes, 
sudden and frequent changes in the direction and the course of movements, with or without the ball but 
efficient attacks and goal scoring as well (Bojic, Petkovic and Kocic, 2010).  

The new characteristics of the game have influenced the training process itself, especially those parts 
related to the physical, technical and tactical and psychological preparations of both male and female 
handball players. Athletic exercises and movements without the ball have been reduced to the minimum 
in the training process of young handball players. If all the specific movements are practised without the 
ball in training sessions, difficulties occur when the ball needs to accompany those movements in the real 
game. Such movements are then slow, the passes at higher running speed are imprecise and poorly 
coordinated and the overview of the game is bad . All these factors have a negative influence on the final 
score. For the reason previously stated, when it comes to the training process within which technical and 
tactical elements are worked on and the abilities relevant for the successfulness in the game are 
developed, female handball players make all the movements with the ball.  

Many authors insist upon the fact that the variety and dynamics of movements have positive influence 
on coordination development which is a dominant motor ability needed for being successful in any sport 
(Srhoj et al. 2006; Hirtz & Starosta 2002; Kuleš & Šimenc, 1983). The most important motor abilities 
required in handball are coordination, agility, explosive strength, stamina, as well as technical and tactical 
readiness of players (Pivač, 1998). The success  also depends on the level of situational and motor 
abilities, which are the most responsible elements for realizing all technical and tactical tasks within the 
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game (Katić, Čavala & Srhoj, 2007). It is beyond any doubt that the ability to coordinate is one of the 
most complex motor abilities of man (Stanković & Malacko, 2011). A great number of handball experts 
have tried to find the connection between coordination and other basic situational and motor abilities and 
the influence they have on the successfulness in the game  (Kurelic, Momirovic, Mrakovic & Sturm, 
1979). It has been determined that specially programmed training processes, with consideration to the age 
and biological maturity, bring about the increase of the level of motor, situational and motor and 
functional abilities of both male and female handball players  (Bojić et al., 2007; Bojić, 2006; Bompa, 
2005; Križan, 2006; Azumane et al., 2002; Maksimović, 2000; Stanković& Malacko, 2011; Kurelić et al. 
1975). 

The aim of the research was to establish the  relationship between coordination and situational and 
motor abilities of young female handball players. 

 
Methods 
Participants  

60 female handball players, aged 12 to 14 (body height 167,5±6,7 cm, body mass 58,8±9,8 kg, BMI 
= 20,8±2,5 kg/m2 ) belonging to the handball school within the female handball club NAISA from Nis, 
Serbia, participated in the research. At that time they had all been in the sport for at least three years. All 
their parents approved of their participation in the research.  
 
The measuring instruments 

A set of 15 variables  was used in the research. They were all related to spatial basic coordination and 
situational and motor abilities.  

The basic coordination abilities were estimated through the following measuring instruments:  
- eight with bending, sideway steps, dribbling (Metikoš& Hošek, 1972); bat coordination, receiving 

and throwing the ball from the sitting position, jumping over a horizontal rope (Kuleš & Šimenc, 1983); 
sideway vaults (Rapp & Schoder, 1977). 

A set of 8 variables was used for estimating situational and motor abilities (Pavlin, Šimenc & Delija, 
1982) 

- shooting precision from a 7meter-distant high stand, shooting precision from an 8meter-distant step, 
jump shot precision from 9 meters, starting speed with the ball in a 20-meter run, the ability to throw and 
catch the ball rebounded off the wall with one hand, the speed of dribbling in ‘eights’, the speed of 
dribbling along a 3 meter-long line of a square, the speed of players’ movement with and without the ball 
with shooting on goal 
 
Data processing methods 

The aim of the research yielded for the statistical data processing. The basic parameters of descriptive 
statistics were calculated: mean value (Mean), standard deviation (St.Dev.), minimum (Min.) and 
maximum (Max.) results and range (Range). 

Canonical-correlation analysis (CCA) was used for measuring the relationship between the system of 
coordination variables and the system of situational and motor abilities. Determining the statistical  

significance of the hypothesis of the global relationship between the two different systems of 
variables:  - statistically significant typical squares, Rc- canonical coefficient of the correlations between 
the statistically significant pairs of canonical factors, Rc2 – squres of canonical correlations, 2 – 
Bartlett’s chi-squre test and p-test of statistical significance ranging from .05 to .00 (p = .05 - .00). All the 
data gathered were processed by Statistica 7.0 programme. 
 
Results 

The analysis of the results of the basic descriptive parameters of the coordination abilities shown in 
table 1 clearly indicates that all the tests have good discriminatory aspect, since their standard deviation 
(Std. Dev.) is up to six times within the range (Range). It can also be noted that there is no sifnificant 
deviation of the results, except in the jumping over a horizontal rope test (Range 33,00), where the huge 
range among the results proves that there are few examinees with the maximum and few with the 
minimum results.  
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Table 1. Basic descriptive parameters of coordination abilities. 
 
 Mean Min Max Range St.Dev. 

Eight with bending [sec.] 20,4 16,8 25,5 8,7 1,9 

Sideway steps [sec.] 20,1 15,8 24,8 9,0 2,2 

Dribbling with one hand [sec.] 8,6 6,2 12,5 6,3 1,1 

Bat coordination [sec.] 9,9 5,4 20,6 15,2 2,8 

Receiving and throwing the ball from the sitting position [sec.] 8,8 5,4 17,4 12,0 2,5 

Jumping over a horizontal rope [n/20 sec.] 14,7 2,0 35,0 33,0 7,5 

Sideway vaults [n/15 sec.] 41,0 31,0 51,0 20,0 4,3 
 

Table 2 shows the results of the basic statistical parameters of situational and motor abilities, from 
which it is obvious that the range between the minimum and maximum results is fairly constant and that 
there are no significant deviations from the mean values, apart from the variable Throwing and catching 
the ball rebounded off the wall with one hand (Range 22,00). 
 

Table 2. Basic descriptive parameters of situational and motor abilities 
 
 Mean Min Max Range St.Dev. 

Shooting from a 7meter-distant high stand [n/4 shoots] 1,5 0,0 6,0 6,0 1,3 

Shooting from an 8meter-distant step [n/4 shoots] 1,7 0,0 6,0 6,0 1,5 

Jump shot from 9 meters [n/4 shoots] 1,4 0,0 6,0 6,0 1,2 

Starting speed with the ball in a 20meter run [sec.] 3,8 2,8 5,1 2,3 0,5 
Throwing and catching the ball rebounded off the wall with one 
hand [n] 22,3 12,0 34,0 22,0 5,1 

Dribbling in ‘eights’ [sec.] 6,5 3,5 8,5 5,0 0,9 

Dribbling along a 3meter-long line of a square [sec.] 9,1 6,1 14,3 8,2 1,7 
Players’ movements with and without the ball with shooting on 
goal [sec.] 26,3 21,8 33,4 11,6 2,6 

 
 

Canonical-correlation analysis was used to establish the relationship between the variables related to 
coordination abilities, on the one hand and the ones related to situational and motor abilities of young 
female handball players, on the other. 

Table 3 shows the matrix of the cross-correlation between coordination variables and situational and 
motor variables. Table 4 shows the isolated canonical function. 

The analysis of the matrix of the cross-correlation between the system of criteria variables 
(situational and motor abilities) and predictor coordination variables (Table 3) indicates relatively high 
and statistically significant pair coordination of both anthropological aspects. The following predicator 
variables: eight with bending (0,25) and sideway vaults (0,26) show statistically significant relationship with the variable 
shooting from an 8meter-distant step. The closest relationship is between the criteria variable dribbling 
along a 3meter-long line of a square and almost all predicator variables (sideway steps 0.36; dribbling with 
one hand 0.30; receiving and throwing the ball from the sitting position 0.48; jumping over a horizontal 
rope  -40.0; sideway vaults 0.24). The variables estimating the leg coordination (sideway vaults 0.24) as 
well as the whole body coordination (receiving and throwing the ball from the sitting position -0.33 and 
jumping over a horizontal rope -0.24) are closely related to the speed of movement with the ball (starting 
speed with the ball in a 20meter run). 
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Table 3 Correlations between coordination abilities and situational and motor abilities 
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Eight with bending [kg/m] -0,12 0,25 0,01 -0,02 -0,05 -0,04 -0,16 -0,03 

Sideway steps -0,06 0,11 0,07 0,24 0,05 -0,04 0,36 0,15 

Dribbling with one hand -0,15 0,17 -0,04 -0,12 0,02 -0,12 0,30 0,02 

Bat coordination -0,09 0,18 -0,18 0,08 -0,08 0,11 0,10 0,19 
Receiving and throwing the ball 
from the sitting position -0,10 0,17 0,15 -0,33 -0,13 -0,12 -0,48 -0,16 

Jumping over a horizontal rope 0,00 -0,04 0,01 -0,24 -0,03 -0,14 -0,40 -0,20 

Sideway vaults 0,06 -0,26 -0,01 -0,21 -0,19 0,10 -0,24 -0,02 

 
 

By solving the equation typical of cross-correlation matrix, a specific factor was isolated (table 4). 
While determining the relationship between predictor system of coordination variables and criteria 
situational and motor variables using Bartlett’s chi-square test (χ2), a very high canonical correlation resulted  0.83 
(R = 0.83), which was statistically significant at the 0.00 level (p = 0.00). Canonical correlation square (R²), which explains 
the common variance of the variables of the two out of all the sets of the analyzed systems of variables, 
was R² = 0.69, indicating that the isolated function was explained by 69% of all the variables. 

 
 

Table 4. The number of significant factors 
 
 R R² Chi-sqr. df p 

0 0,83 0,69 107,48 56 0,000 
1 0,58 0,33 47,95 42 0,244 

2 0,51 0,27 27,33 30 0,606 

3 0,36 0,13 11,62 20 0,928 

4 0,27 0,07 4,72 12 0,967 

5 0,13 0,02 1,00 6 0,985 

6 0,06 0,00 0,20 2 0,906 
 
 

The analysis of the matrix of the canonical factor structure of coordination abilities in table 5 shows 
that the range of the statistically significant correlation coefficient goes from 0.15 to 0.71. The canonical 
factor within the coordination aspect is best defined by the following tests: sideway steps (-0.49), 
receiving and throwing the ball from the sitting position (0.71),  jumping over a horizontal rope (0.56), 
sideway vaults (0.44). Therefore, the canonical factor is defined by those variables of coordination which 
measured the leg and the whole body coordination. The data obtained indicate extremely high correlations 
between the listed exhibited motor variables and the identified motor factor. Hence, it should be pointed 
out that in this matrix the variables with good results have positive and negative signs. 
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Table 5 The structure of the isolated factor 
 

The canonical factor within the coordination abilities aspect The canonical factor within the situational and motor abilities aspect 
Eight with bending 0,15 Shooting from a 7meter-distant high stand -0,06 
Sideway steps -0,49 Shooting from an 8meter-distant step 0,06 
Dribbling with one hand -0,15 Jump shot from 9 meters 0,10 
Bat coordination -0,16 Starting speed with the ball in a 20meter run -0,56 
Receiving and throwing the ball from the sitting 
position 0,71 Throwing and catching the ball rebounded off the 

wall with one hand -0,19 

Jumping over a horizontal rope 0,56 Dribbling in ‘eights’ -0,14 
Sideway vaults 0,44 Dribbling along a 3meter-long line of a square -0,83 
  Players’ movements with and without the ball with 

shooting on goal -0,30 

 
The canonical factor within the situational and motor abilities aspect of the young female handball 

players is defined by the high values of the statistically significant canonical correlation coefficient of the 
following exhibited variables: starting speed with the ball in a 20meter run (-0.56), dribbling along a 
3meter-long line of a square (-0.83) and players’ movements with and without the ball with shooting on 
goal (-0.30). this canonical factor is very well defined by the applied situational tests so it can be defined 
as the factor of the speed of movement with the ball. 
 
Discussion 

It is considered that the high level of the basic motor, situational and motor, cognitive and functional 
abilities is an important prerequisite for the efficient learning of new motor structures, their perfecting and 
successful implementation (Hirtz & Starosta, 2002). 

One of the most important abilities defining the success of handball teams is precision. This ability is manifested when 
shooting and it directly affects the result to be a success or failure since the goals scored are the only indicator of how successful 
a team through different stages of the competition has been (Bulava, Rodić &Gruić, 2011). Due to the characteristics 
of movements in the game of handball, many authors have emphasized the importance of the basic and 
specific coordination for the successful realization of almost all technical and tactical tasks within the 
game (Kuleš & Šimenc, 1983; Maksimović, 2000; Srhoj, Rogulj, Zagorac & Katić, 2006; Bojić, 2008). 
The research by Katić et al. (2007) had the results similar to ours, confirming the positive relationship 
between the agility and coordination factors and the ability of the players to move fast with or without the 
ball. The canonical correlation analysis proves that there is the statistically significant relationship 
between the coordination abilities and the situational and motor abilities of the young female handball 
players. The high values of the correlation between the criterion variable dribbling along a 3meter-long 
line of a square and almost all predicator variables of coordination can be explained by the fact that the 
speed and the sudden changes of the movement directions with or without the ball are conditioned by 
good coordination of the whole body of the players. The structure of the function within the coordination 
aspect is defined by almost all applied exhibited variables so it is interpreted as the factor of the leg and 
the whole body coordination. when it comes to the situational and motor abilities aspect, the function is 
defined as the factor of the speed of movement with or without the ball. Based on the established 
relationships between coordination abilities and situational and motor abilities of the young female 
handball players, the conclusion is that such relationships logically appear where the movement structures 
are similar even if in just a few phases. It can also be noted that the relationships exist where the 
movements are made by the same muscle groups. These results prove that the successful realization of all 
the tasks in modern top-rank handball, among all the factors involved, also depends on good coordination, 
technical and tactical, situational and motor abilities of the female players. 
 
Conclusion 

There is a statistically significant relationship between the coordination abilities (the predicator 
system) and the situational and motor abilities (the criteria system) of the young female handball players. 
The results of the canonical correlation analysis and the structure of the isolated factors indicate the 
existence of a strong relationship between the legs and the whole body and the speed of movement with 
the ball of the young female handball players. The results obtained lead to the conclusion that the young 
female handball players who have sound coordination are more successful in realizing situational and 
motor tasks. 
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Abstract 

This paper explores canonical relations between motoric abilities and anthropometric characteristics 
of students from secondary school. The purpose of this research is to determine the relationship between 
anthropometric characteristics and motoric abilities. The results analyzed are obtained from sample 
students in secondary school "Sami Frasheri " - Kumanovo, of 100 male population. To establish the 
connection between these two researches, it has been utilized the canonical correlation analysis as a 
method.From the results obtained, it has been determined that there is a statistically significant 
relationship between these two researches.By applying the Bartlet - s lambda test it has been determined 
that the research spaces (morphological and motoric) are interconnected with a single pair or only one 
statistically significant canonical factor, the significance level p = 0,003.From the relationship between 
the factors of space and canonical also anthropometric characteristics and spatial motoric skills, it can 
be concluded that students who had lower longitudinal and transverse dimensions of the skeleton (lower 
height, weight, etc.) achieved lower scores on motoric tests as: taping the hand (МТР), agility on the 
ground (МОТ) and elevation of the body on Swedish table (МПТШМ), and lower scores on tests like: 
Sword (МШ), jump from place (МСДМ) and mixed Chin-ups (ММЗ), students with a greater amount of 
body and normally larger diametrical joints achieved much better results in the above motoric tests.  
 
Key words:  anthropometrical characteristics, motor abilities, canonical correlation, students. 
 
Introduction 
      Because the teaching process is very complex due to its structure, transformations are concerned with 
the anthropological status of children and youth belonging to a multidimensional dynamic system. 
Therefore it is necessary to analyze the anthropological  performance . 
      With anthropological features we understand  a system of organizing all the qualities, skills and motor 
information, and their interrelationship. Some of the features are: anthropometric characteristics, 
functional and motor skills, cognitive abilities, qualities or characteristics, personality and social status. 
     The determination of the dimensions that define the relationship between anthropometric 
characteristics and motor abilities is very complex and multidimensional problem. The relationship 
between anthropometric characteristics and other anthropological premises, has always been the subject 
of many research, where it was found a significant statistical relationship between the anthropological 
premises, therefore in this research as a main problem is to establish the connection or relation between 
anthropometric characteristics and motor abilities, students in high school. As most esteemed researchers 
in this area of research in  Balkan we can mention: Hadžikadunić, (1987), Krezić, (2002), Tanović and 
Mahmutović, (2005), Jašarević (2004 and 2006), Mekić, ( 2008 ), Zeljković, (2009), Величковиќ (2012), 
Ибри (2012), Попеска and Митевска Петрушева (2012), Пржул и Цицовиќ (2012) and etc. . 
   The information and results that we get from the analysis of the connection and relationship between 
anthropometric characteristics and motor abilities, as well as determining the anthropological status of 
students in high school, is the essential quality of planning and programming for teaching physical and 
health education . 
 
Methods 
     The purpose of this research is to determine canonical correlation between a particular system of 
anthropometric measures (predictors) for estimating: longitudinal dimensionality the skeleton, transversal 
dimensionality skeleton, volume and body mass and subcutaneous adipose tissue, another system of 
motor tests (criteria) among high school students. 
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     The research area took place in  the state high school " Sami Fraseri " - Kumanovo. The tested sample 
consisted of 100 male students. The research used a total of 25 variables from which: 13 variables to 
assess the anthropometric characteristics and 12 variables to estimate the anthropomotoric capabilities. 
     The results of this research are taken only by those students who regularly followed the teaching of 
health and physical education and participated in all the anthropometric measurements and motor tests. 
    For canonical  relation between the two research area, anthropometric and motor space, it is  used 
canonical correlation analysis as statistical method, and the results are processed with programs such as 
statistica 7.0 and SPSS 16.0. 
 
 
Results 

 
Table 1.  Descriptive statistic 

 
Variables Mean  Minimum  Maximum  Std. dv.  Skewnees  Kurtosis  
АВИСТ 171.390 156.0000 185.000 6.49148 -0.124340 -0.649948 
АСВИС 89.750 76.0000 95.000 4.08588 -0.940463 0.660872 
АДН 105.210 93.0000 119.000 4.63473 0.469024 0.643755 
АШР 39.012 30.6000 45.000 2.33659 -0.324525 1.037275 
АШК 28.871 23.8000 39.000 2.74437 0.803645 1.598568 
АШП 31.923 26.0000 37.200 2.36036 -0.133900 -0.149211 
АТЕЖ 61.450 40.0000 100.000 11.64923 1.041497 1.968523 
АОГК 83.322 72.0000 108.000 7.16647 0.877766 1.448378 
АОН 23.555 19.0000 33.000 2.75873 0.610480 0.677964 
АОП 23.255 19.0000 28.500 2.08832 0.282573 -0.314968 
АКНН 9.445 4.5000 22.000 3.96733 1.068734 0.547779 
АКНГ 9.181 5.0000 19.000 2.77036 1.436097 2.351954 
АКНС 10.829 3.5000 33.000 5.81123 1.601313 2.637635 
МОТ 5.586 3.9000 10.000 1.16795 1.794937 3.593067 
МТР 25.190 18.0000 46.000 3.63122 1.875474 9.905761 
МТН 42.370 20.0000 58.000 7.01608 -0.670993 0.354623 
МДПК 20.745 10.0000 44.000 6.74630 0.534394 0.440469 
МШ 162.020 133.0000 190.000 13.97182 -0.046730 -0.652113 
МСНКР 6.090 2.0000 20.000 2.84301 1.648331 5.249980 
МТМ 613.330 470.0000 830.000 63.47752 1.181209 2.082517 
МПМ 1080.810 711.0000 1420.000 88.63803 -0.033675 3.639560 
МСДМ 200.350 155.0000 290.000 21.21243 0.521420 2.069232 
МВЗ 36.323 8.0000 100.000 19.67715 1.353798 2.277405 
МПТШ 11.430 1.0000 35.000 8.11689 1.066637 0.302862 
ММЗ 13.940 4.0000 23.000 3.06106 0.085884 0.693451 
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Table 2. 
  

Variable
s    МОТ     МТР     МТН   МДПК     МШ МСНКР    МТМ    МПМ 

АВИС 0.065354 -0.250430 -0.020943 -0.123411 0.259739 -0.116311 -0.019166 -0.126933 
АСВИ 0.002683 -0.228242 -0.000617 -0.103659 0.192422 -0.130217 -0.248541 0.017160 
АДН 0.063832 -0.183652 -0.051493 -0.146390 0.179475 -0.155533 -0.020872 -0.201916 
АШР 0.133242 -0.251467 -0.000335 -0.113673 0.094857 -0.181415 -0.037694 0.005771 
АШК 0.050331 -0.301192 -0.118521 -0.086277 -0.009942 -0.038889 0.023434 0.002352 
АШП 0.242746 -0.410166 -0.189176 -0.098965 -0.002832 -0.049082 -0.070872 -0.151472 
АТЕЖ 0.138338 -0.275933 -0.043583 -0.088817 -0.056096 -0.098528 0.057783 -0.087841 
АОГК 0.108312 -0.135901 0.066513 -0.052020 -0.010092 -0.150366 -0.018168 0.074179 
АОН 0.120039 -0.164908 0.050603 -0.141572 -0.100922 -0.108820 -0.013977 -0.052873 
АОП 0.129166 -0.214917 0.073466 -0.123676 -0.058856 -0.096627 -0.025672 -0.039926 
АКНН 0.037409 -0.076394 -0.154723 -0.130411 -0.171019 -0.187980 -0.193415 -0.103075 
АКНГ 0.111972 -0.163105 -0.143430 -0.181262 -0.136029 -0.184971 -0.137100 -0.129807 
АКНС 0.105065 -0.057705 -0.079841 -0.192300 -0.168018 -0.171288 0.008493 0.041413 
 

Таble 3. Cross - correlation of anthropometric and motor skills 
 

Variables МСДМ    МВЗ МПТШ    ММЗ 
АВИС 0.059370 -0.196782 0.005412 0.181140 
АСВИ -0.004807 -0.206779 0.090077 0.115893 
АДН 0.062431 -0.118956 -0.024710 0.137597 

АШР 0.096574 -0.339092 -0.126978 0.086672 
АШК -0.010339 -0.287213 -0.060515 0.096344 
АШП -0.056650 -0.341645 -0.178619 -0.000925 
АТЕЖ -0.064412 -0.390112 0.010538 0.222563 
АОГК -0.026663 -0.345620 -0.019179 0.169324 
АОН -0.027777 -0.302723 0.026901 0.236633 
АОП 0.064775 -0.239507 0.030412 0.255240 
АКНН -0.271004 -0.270365 -0.009139 0.107770 
АКНГ -0.192260 -0.394137 -0.077794 0.196161 
АКНС -0.243131 -0.312240 -0.036757 0.047911 

 
Тable 4. Matrix of coefficient of the canonical correlation and anthropometric and motorical variables 

 

Canonical R Canonical R-
sqr. Ch-sqr. Df p Lambda 

Prime 

0.675469 0.456258 207.5748 156 0.003710** 0.089487 
0.590601 0.348809 155.1767 132 0.082616 0.164576 
0.539580 0.291146 118.2868 110 0.278023 0.252731 
0.509759 0.259854 88.6937 90 0.519197 0.356535 
0.450242 0.202718 62.8156 72 0.771478 0.481710 
0.438393 0.192189 43.3325 56 0.891819 0.604190 
0.360930 0.130271 24.9779 42 0.982800 0.747934 
0.260014 0.067607 12.9746 30 0.997090 0.859962 
0.209808 0.044019 6.9545 20 0.996828 0.922317 
0.164949 0.027208 3.0830 12 0.994927 0.964787 
0.085713 0.007347 0.7106 6 0.994258 0.991771 
0.029814 0.000889 0.0765 2 0.962484 0.999111 
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Таble 5. Structure of canonical factors and anthropometric variables 
 

Root variable CAN 1 
АВИС -0.496499 
АСВИ -0.117803 
АДН -0.466551 
АШР -0.505627 
АШК -0.426074 
АШП -0.639638 
АТЕЖ -0.543761 
АОГК -0.279180 
АОН -0.341816 
АОП -0.378622 
АКНН -0.066749 
АКНГ -0.353858 
АКНС -0.124141 

 
Таble 6. Structure of canonical factors and  motor variables 

 
Root 

variable CAN 1 

МОТ -0.361189 
МТР 0.610268 
МТН 0.357895 
МДПК 0.208939 
МШ 0.030533 
МСНКР 0.060979 
МТМ -0.252198 
МПМ 0.452121 
МСДМ -0.005332 
МВЗ 0.529309 
МПТШ 0.329035 
ММЗ -0.169243 

 
Discussion 

  In order to determine the relationship between anthropometric characteristics and motor abilities we 
used canonical correlation analysis, which is very efficient and good mathematical - statistical procedures, 
which is used to determine the relationship between two multidimensional systems. 

  Table 1 shows the results of basic statistical parameters of anthropometric and motor variables such 
as: the minimum score, maximum score, mean as the main indicator, the standard deviation as the main 
indicator, and major indicators of the shape of the distribution curve, asymmetry curve or indicator 
skewness, and curvature of the curve indicator. From this table we can conclude that the values of all 
variables had a major difference between the minimum and maximum result . Value standard deviations 
in tests (АТЕЖ, АОГК, АВИСТ, МТН, МДПК, МШ, МПМ, МСДМ, МВЗ и МПТШ), are on a high 
level for results that are heterogeneous or results that had high variability, while other tests are at a low 
level, indicating that discrimination is not good, and these are  results that are homogeneous and that have 
low variability. The asymmetry of the curve is small in almost all variables and the other with negative 
values (hipokurtic), which means that the distribution is normal (below 0), while the rounded value of the 
curve for most variables is below 2.75, which means that these values are platikurtic character except 
variables (МОТ) and (МПМ) which results in meso kurtic character (results around 3.00) and test 
(МСНКР) and (МТР), which results in lepto kurtic character (scores greater than 4.00). 

The analysis of cross - correlation of anthropometric characteristics and motor abilities (Table 2, 3), 
identified correlates of low degree. We have statistically significant correlations between (АШП) and 
(МТР), in value. -41, (АШК) and (МТР)in value. -30, also we have significant correlations between 
motor test (МВЗ), which is a static test power, with most anthropometric tests including: (АШР), 
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(АШП), (АТЕЖ), (АОГК), (АОН), (АКНГ), and (АКНС), values that are in between. to -30 . -39. Other 
ratios have statistically significant correlations and therefore we will not comment . 

   From applying the Bartlet - s lambda test it was determined that between anthropometric variables 
(such predictical system) and motor variables (such crtiterium system), is connected with each other only 
with couple of factors canonical statistically significant level of p = 0,005, this connection between the 
first pair of canonical factors is in a high level, it shows the ratio of canonical corelation, the value Rc = 
(,675) , while the coefficient of determination (Can R2) which explains the proportion of variance 
between the two rooms is 45 %. To explain the structure of  canonical dimension is necessary to define 
the structure of  canonical factors . 

In Table 5, 6, we explain the structure of canonical factors anthropometric characteristics and motor 
abilities. Since only canonical factor have space of anthropometric characteristics (Table 5), we have the 
most important proections in the variable of width of the pelvis (АШП) in value. -63, Body weight 
(АТЕЖ), in value. -54, width of shoulders (АШР), in value. -50, the amount of the body (АВИСТ), in 
value. -49, the length of the leg (АДН), in value. -46, while slightly weaker proections  are in the 
variables: size of the upper arm (АОН), in value. -34 , forearm volume (АОП), with value. -37 , and the 
skin fold of the back (АКНГ), in value. - 35, with this canonical factor we can define a factor of 
longitudinal and transversal dimensionality  the skeleton. Since also the only canonical factor space of 
motor skills ( Table 6), we have the most important proections in  variables: taping hand (МТР),, the 
value .61 , agility on the ground (МВЗ), the value .52 , and fivejumps (МПМ), the value .45 , while 
slightly weaker proections are in the variables : taping with leg (МТН), in value. 35, elevation of the body 
on  Swedish table (МПТШМ), in value. 32, making this canonical factor can define the structure factor 
movements and static power. 
 
Conclusion 

 This paper explores canonical relations between motor abilities and anthropometric characteristics at 
students from high school. The purpose of this research was to determine the relationship between 
anthropometric characteristics and motor abilities, analyzed results are obtained from a sample that was 
taken out of high school in secondary school " Sami Fraseri " - Kumanovo, in a sample of 100 male 
respondents. To establish the connection between these two researches it is  used a canonical correlation 
analysis. 

 From the results, it  was determined that there is a statistically significant relationship between these 
two researches. 
   From applying the Bartlet- s lambda test it was determined that research spaces (morphological and 
motor) are interconnected with a single pair or only one statistically significant canonical factor, the 
significance level p = 0,003. 

From the relationship between the factors of space and canonical also anthropometric characteristics 
and spatial motor abilities, we can conclude that students who had lower longitudinal and transversal 
dimensions of the skeleton (lower height, weight, etc.) achieved lower scores on motor tests as: taping 
with hand (МТР), agility on the ground (МОТ) and elevation of the body on  Swedish table (МПТШМ), 
and lower scores on tests like : Sword (МШ),  jump from place (МСДМ) and mixed Chin-ups (ММЗ), 
students with a greater amount of body and normally larger diametrical joints, achieved much better 
results in the above motor tests. 
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Abstract 

Aiming at determining the structure of the anthropometrical characteristics, it has been conducted a 
research of 100 sample population of secondary school students at “Sami Frasheri” in Kumanovo, aged 
15-year-old. In conducting the foreseen objectives, there have been applied a total of 13 variables from 
anthropometrical space, namely: three variables to estimate the dimensionality of the longitudinal 
skeleton, three variables to estimate the dimensionality of the transversal skeleton, four variables to 
estimate the volume and mass of the body and three variables for the assessment of the skin folds of the 
body. On the basis of the obtained results of factorial analysis, it can be concluded that in latent space on 
anthropometrical characteristics of students of secondary education, there is an existence of three latent 
dimensions which can be defined as a: factor in the transversal dimension of the volume of the skeleton 
and the body, factor of the longitudinal dimension of the skeleton, and factor in skin folds of the body. 
 
Keywords: students, anthropometrical characteristics, factor analysis. 
 
 
 Introduction 
     Nowadays there is a large number of proffesional and sience newspapers that are oriented in 
confirmation of space of antropomethric size, especially of antropomethric and motor skills in which it    
can be clear directly in achieving of sports results. 
     To develop these dimensions in right way, it's necessary to be planned and programmed the work to be 
in harmonization with individual features, and features of children and younger. The control of relations 
of antropomethric dimensions in individual sport activity, and for other motor skills situations to the 
children and younger, which provides the plan and schedule of teaching physical education for primary 
and high school, it should be based on mathodological sience. In this way, the ipmortant received 
information,objective measuring instruments, Achieved with high safety to confirm transformation 
process that bring us in final results. 
Having in consideration the importance for anthropometrical characteristics, this research confirms the 
structure of students from the secondary school. 
      
 Methods 
   The survey was conducted on a sample of 100 male students aged 15 years, in high school, "Sami 
Fraseri" - Kumanovo. The research used a system of 13 anthropometric variables, including: three 
longitudinal assessment of skeletal dimensionality, three assessment transversal dimensionality of 
skeleton, four to assess the volume and mass of the body and three to assess the subcutaneous adipose 
tissue . 
    The purpose of this research is to determine the structure of the anthropometric characteristics of 
students 15 years of age. 
   Interconnectedness of the applied system of variables is determined by intercorrelation of matrix and its 
factorization is performed with Hotelingov method of principal components. In addition, the number of 
significant principal components is determined by Kaiser - Gutman - Conn's criterion for significant 
taking every possible component calculated characteristic root greater than or equal to 1. Significant main 
components transform with Varimax - rotation (orthogonal transformation) and direct oblimin position 
parallel and orthogonal projections . 
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 Results 
 

Таble 1. Descriptive statistical parameters of anthropometric variables 
 

 Min. Max. Mean Std. Dev. Skewness Kurtosis 
АВИСТ 156.00 185.00 171.3900 6.49148 -.124 .241 -.650 .478 
АСВИС 76.00 95.00 89.7500 4.08588 -.940 .241 .661 .478 
АДН 93.00 119.00 105.2100 4.63473 .469 .241 .644 .478 
АШР 30.60 45.00 39.0120 2.33659 -.325 .241 1.037 .478 
АШК 23.80 39.00 28.8710 2.74437 .804 .241 1.599 .478 
АШП 26.00 37.20 31.9230 2.36036 -.134 .241 -.149 .478 
АТЕЖ 40.00 100.00 61.4500 11.64923 1.041 .241 1.969 .478 
АОГК 72.00 108.00 83.3220 7.16647 .878 .241 1.448 .478 
АОН 19.00 33.00 23.5550 2.75873 .610 .241 .678 .478 
АОП 19.00 28.50 23.2550 2.08832 .283 .241 -.315 .478 
АКНН 4.50 22.00 9.4450 3.96733 1.069 .241 .548 .478 
АКНГ 5.00 19.00 9.1810 2.77036 1.436 .241 2.352 .478 
АКНС 3.50 33.00 10.8290 5.81123 1.601 .241 2.638 .478 

 
Таble 2. Intercorrelation of  the anthropometric variables 

 
 АВИС АСВИС АДН АШР АШК АШП АТЕЖ АОГК АОН АОП АКНН АКНГ АКНС 

АВИСТ 1.000            

АСВИС .683 1.000            
АДН .792 .425 1.000           
АШР .516 .515 .317 1.000          

АШК .202 .259 .088 .355 1.000         
АШП .484 .496 .348 .552 .617 1.000        
АТЕЖ .493 .482 .322 .459 .593 .660 1.000       

АОГК .412 .449 .263 .468 .559 .596 .844 1.000      
АОН .274 .353 .136 .408 .512 .526 .844 .723 1.000     
АОП .424 .428 .275 .388 .415 .471 .822 .671 .834 1.000    

АКНН .054 .285 -.020 .124 .321 .266 .503 .390 .543 .466 1.000   
АКНГ .164 .376 .035 .252 .337 .348 .612 .525 .612 .525 .751 1.000  
АКНС .088 .308 -.060 .154 .296 .288 .584 .479 .624 .439 .721 .710 1.000 

 
 
 

Таble 3. Kaiser-Meyer-Olkin-ov adequacy ratio of the correlation matrix 
 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .851 

Bartlett's Test of Sphericity 

Approx. Chi-Square 1.013E3 

Df 78 

Sig. .000 
 
 
 
 
 
 



 First International Scientific Conference  

Conference Proceedings 419

Таble 4. Matrix factors applied in anthropometric measures and its orthogonal rotation VARIMAX 
 

  FACMAT   VARIMAX 
  H1 H2 H3       h2

 V1  V2 V3 
АВИСТ 0.575 0.704 0.283 0.906 0.037 0.222 0.925 

АСВИС 0.645 0.379 0.331 0.669 0.308 0.211 0.728 

АДН 0.38 0.716 0.306 0.751 -0.077 0.076 0.86 

АШР 0.592 0.397 -0.16 0.534 0.028 0.541 0.49 

АШК 0.627 -0.055 -0.569 0.72 0.137 0.837 -0.033 

АШП 0.734 0.252 -0.325 0.709 0.125 0.749 0.364 

АТЕЖ 0.932 -0.043 -0.108 0.882 0.537 0.699 0.323 

АОГК 0.84 -0.008 -0.204 0.747 0.413 0.711 0.266 

АОН 0.852 -0.249 -0.125 0.804 0.612 0.644 0.123 

АОП 0.818 -0.057 -0.02 0.672 0.519 0.557 0.304 

АКНН 0.61 -0.551 0.332 0.786 0.878 0.123 -0.003 

АКНГ 0.708 -0.449 0.296 0.79 0.855 0.222 0.101 

АКНС 0.643 -0.541 0.281 0.785 0.867 0.184 -0.005 

 
Таble 5. Eigen values and contribution of latent dimension 

 

Compon
ent 

Initial Eigenvalues Extraction Sums of Squared 
Loadings Rotation Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of 
Variance 

Cumulative 
% Total % of 

Variance 
Cumulative 

% 

1 6.429 49.456 49.456 6.429 49.456 49.456 3.494 26.875 26.875 
2 2.242 17.244 66.700 2.242 17.244 66.700 3.472 26.704 53.578 
3 1.085 8.346 75.046 1.085 8.346 75.046 2.791 21.468 75.046 

 
Таble 6. Matrix assembly (direct parallel projections) 

 
 OB1 OB2 OB3 
АВИСТ .055 .935 -.036 

АСВИС .019 .725 .263 

АДН -.072 .898 -.122 
АШР .512 .404 -.114 
АШК .931 -.218 -.055 
АШП .751 .223 -.056 
АТЕЖ .606 .187 .401 
АОГК .661 .125 .266 
АОН .567 -.015 .500 
АОП .452 .198 .417 
АКНН -.066 -.038 .917 
АКНГ .031 .052 .866 
АКНС .007 -.053 .890 
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Таble 7. Matrix structures (orthogonal projections ) 
 

 OB1 OB2 OB3 
АВИСТ .403 .951 .130 
АСВИС .413 .773 .383 
АДН .225 .852 -.015 
АШР .620 .585 .166 
АШК .823 .135 .309 
АШП .814 .507 .299 
АТЕЖ .850 .484 .688 
АОГК .823 .422 .567 
АОН .774 .282 .739 
АОП .706 .437 .640 
АКНН .310 .077 .883 
АКНГ .420 .196 .887 
АКНС .365 .086 .885 

 
 

Тable 8. Intercorrelation orthoblique factors 
 

Compo
nent 1 2 3 

1 1.000   
2 .388 1.000  
3 .426 .153 1.000 

 
 
 
Discussion 

In tables 1 are shown the results of basic statistical parameters of anthropometric variables: the 
minimum score, maximum score, mean as the main indicator, the standard deviation as the main 
indicator, and major indicators of the shape of the curve, curve asymmetry or skewness indicator and the 
curve indicator or kurtosis. 

From this table we can conclude that the values of all variables had a major difference between the 
minimum and maximum results. Value standard deviations for anthropometric tests (АТЕЖ, АОГК, 
АВИСТ) are in a high level, and it is about results, which are heterogeneous and that have high 
variability, while other anthropometric tests at a low level, indicating that discrimination is not good and 
these results are homogeneous and had low variability. 

The asymmetry of the curve is small in almost all variables and the other with negative values 
(hipokurtic), which means that the distribution is normal (below 0), while the rounded value of the curve 
for most variables is below 2.75, so that all these values are platikurtic, meaning that the results are 
distributed arithmetic mean. 

 Table 2 shows the coefficients of intercorrelation for all anthropometric variables among students 15 
years of age. Out of 78 coefficients intercorrelation , 68 coefficients are statistically significant. High 
correlations are presented between: АТЕЖ and АОГК, АОН, АОП, with values ( 0.844, 0.844, and 
0.822), and also between the variables АВИСТ with АДН, 0.792 with a value between АОП and АОН , 
the value 0.834 , and between АКНН and АКНГ, the value 0.751 , and between АКНН and АКНС, 
0.721 with a value between АОКГ and АОН, with value 0.723, and between АКНГ and АКНС, with a 
value 0.710. We also have significant correlation coefficients with some coefficients with low 
correlations. 

Index adequacy correlation matrix is shown in Table 3 , where the ratio of Kaiser-Meyer-Olkin is high 
(.851), which indicates that is suitable for the factors. 
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Review of Tables 4 and 5, where according Hoteling - Lesser method, shown in the factor matrix 
(FACMAT) applied anthropometric variables and Varimax- rotation, comunalitiy (h2), the significant 
characteristic roots (Total), the percentage of total explained variance (% of variance), it is evident that 
the applied system variables formed three significant principal components that explain a total of 75.04 % 
of the variance of the research area. The first principal component has characteristical root LAMBDA = 
6.429 and the total variability as described participates with 49.45 %. The second major component 
whose characteristic root is 2.24, as described in the total variability participates with 17:24 %. And the 
third major component whose characteristic root is 1.08, as described in the total variability participates in 
8:34 %. 

After VARIMAX rotation and rotation OBLIMIN hair or rotation of the coordinate system applied 
variables in order to get a more appropriate structure of the latent space anthropometric also received 
three latent factors where more projections have received the oblimin rotation Table 6 and 7. 

At first many significant factor projections retained variables to estimate the transversal 
dimensionality skeleton (АШР, АШК,АШП) and the variables to estimate the volume and the mass the 
body (АТЕЖ,АОГК, АОН,АОП). Saturation of all variables of F1 are high and positive, ranging from 
(.62) to (.85). From here the latent dimension can be defined as a factor of transversal dimensionality of 
skeleton volume and body. 

Significant projections to the second factor (F2) retained variables to estimate the longitudinal 
dimensionality of skeleton (АВИСТ, АСВИС, АДН), with very hig saturation of positive (.77) to (.95) 
which can be defined as a factor of longitudinal dimensionality of the skeleton. 

Also significant projections to the third factor (F3) retained variables to asses the skin folds of the 
body (АКНН,АКНГ,АКНС), a very high and positive saturation of (.883) to ( .887)  which it can be 
defined as a factor of the skin folds of the body. 

Table 8 shows intercorrelation factors, which may conclude that there is a significant correlation 
between F1 and F3, with a value of .426, also low correlation there between F1and F2, worth .388, just 
between F2 and F3, we don’t have  significant correlation, which is logical since it is known that the 
longitudinal dimensionalityty of skeleton is independent of the relationship between latent dimensions 
according to the skin folds of the body. 
 
Conclusion  
    After receiving the results, using factor analysis, it can be concluded that the latent space 
anthropometric characteristics of students from high school "Sami Fraseri" - Kumanovo exist three latent 
dimensions that can be defined as:  
- Factor of transversal dimensionality  of  skeleton volume and body  
- Factor of longitudinal skeleton and dimensionality 
- Factor in skin folds of the body. 
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Abstract: 

The aim of the study was to assess the incidence, etiology and spectrum of zygomatic bone injuries 
sustained during sports treated at the Department of Maxillofacial Surgery, using the retrospective 
database between 2002 and 2012, as well as to suggest protective measures.The ratio of males (95%) to 
females ( 5%) was 19:1.The highest incidence was at age between 11-30 years. The study indicated that 
50% (n=10) resulted from football injuries followed by basketball (n=7; 35%).Most common anatomical 
region of zygomatic bone fracture during sports injuries was in the orbital rim (40%) and zygomatico-
frontal suture (33.33%).The most common characteristic of zygomatic fractures in this study was pain 
(n=14), hematoma (n=10), asymmetry (n=8) and edema (n=7). Forty five percent (45%; n=9) of patients 
were treated with closed reduction and 30% (n=6) with conservative methods. However, we have 
addressed the prevalence, distribution, and pattern of trauma to the zygomatic region from various sports 
injuries.  
 
Key Words: zygomatic fractures, trauma etiology, football. 
 
Introduction 

Zygomatic fractures can lead to substantial long-term functional, esthetic and psychological 
complications.These fractures represent one of the more common conditions encountered today in our 
modern mechanized life. Etiologies vary from country to country. The mechanism of injury is usually 
direct impact and one of the common cause are sports injuries. Contact sports are more dangerous due to 
their nature, causing extensive and multiple injuries. This study was done to see which sport was more 
injurious and to assess the pattern of injury. 
 
Material & methods  

Data were obtained throught a 10 year (2002-2012) retrospective study involving 20 patients admitted 
and treated for zygomatic fractures at the Department of University clinic for Maxillofacial Surgery – 
Skopje.Data relating to age, sex , type of sport, trauma site and treatment method were collected.Other 
data presented included clinical diagnosis, radiographic examination findings for evaluation of the 
fracture. 
 
Results 

Between January 2002 and December 2012, 284 patients were hospitalized at the University clinic for 
Maxillofacial Surgery - Skopje as a result of zygomatic injuries. Among them, 20 patients (7.04%) 
sustained zygomatic injuries during participating in sports. As shown in figure no.1, the incidence of 
sports-related zygomatic injuries has been constancy since 2002 to 2012.  

            
 Figure no.1 The number of patients with zygomatic 

bone fractures resulting to the year. 
Figure no.2 Males to females distribution according to 
the study population (’02-’12) 
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The study group comprises 19 males (95%) and 1 female (5%) and include 1 children at the age under 
10. The patients age ranges from less than 10 to above 40 years and the mean age is 24.25 years.There 
was a male predominance (Fig. 2) and the highest incidence of sports injuries was noted among men in 
11-30 years age group (65 %; Fig.2a).Male : female ratio was 19:1. 

            
 
 
 

The etiology of facial fractures has changed over decades and they continue to do so.The major 
etiology of sport injuries were football (50 %), followed by basketball (35 %) (Fig.3) .The minor sport 
etiology in the study population were karate (10 %) and skiing (5 %). 

            
 
 
 

Figure no.4 shows the radiographic views requested for diagnosis of these fractures and they are: 
Hurtz view (62.96 %), Computed tomography (11.11 %), P-A view (11.11 %) and submentovertex–“ jug 
handle” view (7.41 %). Most common anatomical region of zygomatic bone fracture during sports 
injuries was in the orbital rim-margo infraorbitalis (40%) and zygomatico-frontal suture (33.33%), 
followed by arcus zygomaticus (13.33%), zygomatico-temporal suture (6.67%) and crista 
infrazygomatica (6.67%). Regarding site distribution involvement of left side 12 (60%) was more than the 
right side 8 (40%), while bilateral involvement of ZMC fracture was not identify in our patients. 

            
 
 

The presenting features of zygomatic fractures are shown in figure 6. Pain (26.42 %), hematoma 
(18.87 %), assimetry (15.09 %) and oedema (13.21 %) were the commonest forms of clinical signs and 

Figure no.2a Distribution of sport-related zygoma 
fractures according to the gender and age range 
frequence. 

Figure no.2b Age wise prevalence of sport-related 
zygomatic bone fractures. 

Figure no.3 Etiology of zygomatic bone fractures in 
retrospective study sports-related patients. 

Figure no.4 Distribution of radiographic investigation 
in relationship with study population. 

Figure no.5 Anatomic site-wise distribution of 
zygomatic bone fractures. 

Figure no.6 Clinical features according to the 
zygomatic fractures resulting from sport injurie. 



 First International Scientific Conference  

Conference Proceedings 425

symptoms on admission in our study. The management modalities (Fig.7) of zygomatic bone fractures 
was : closed reduction (45 %), open reduction and internal fixation (20 %) and conservative with 
antibiotic and antiedematious medication (30 %). Six of the twenty zygomatic fractures no required 
exploration and one patient refused the treatment.The average hospitalization period was 3.73 days 
(Table1; Fig.8). 

            
 
 
 

Age 
groups 

0-2 
days 

3-5 
days 

6-8 
days 

refuse 
treatment 

< 10 0 1 0 0 
11 - 20 3 4 0 0 
21 - 30 1 2 3 1 
31 - 40 1 2 0 0 
> 40 0 2 0 0 

 
 
 
Dicussion 

Research into sports-related injuries is important in identifying risky components of the game and to 
implement methods to address and reduce potential injuries32. A review of the literature on the various 
types of sport-related trauma revealed that craniomaxillofacial injuries are of the most common2,3,5,7,11,20. 
With regard to facial injuries, the most frequently reported maxillofacial bones fractured involve the 
nasal, zygomatic, and mandibular bone from contact sports, such as soccer ,basketball, karate, rugby, 
skiing as a consequence of an impact from another player1,4,9,15,20. 

Etiologies are different in different parts of the world due to different factors. This study is the first to 
examine all types of sports game related zygomatic injuries treated in the University clinic for 
Maxillofacial surgery – Skopje. The results of our study shows that frequency of zygomatic fractures 
related sports injuries treated in our University clinic is not very high for the period 2002-2012.We have 
noted that sports-related zygomatic bone fractures accounted for 7.04 % of all zygomatic fractures in the 
ten years period of time. This is comparable to other countries where the incidence of sports-related facial 
fractures seems to vary from 3% to 15% depending on geographical region and the socioeconomic status 
of the area15,22,25,44.There are few studies in literature highlighting sports-related facial injuries in a 
different region. Dominance of males is a universal fact in the most of studies. In our study not 
surprisingly, males to females ratio it remained 9:1 with mean age 24.25 years. From the other studies , 
ratio of males to females oscillate between 3,2 - 19 : 113-16,36,40,42,47.  

In this study, common involved age group is between 11-30 years. Similar results were obtained by 
other authors: Kai Lee 32(16-30), J P Nicholl et all30 (16-25),  Gholamreza Shirani20 (18-25), 
Wojciechowicz Jolanta et all 47(21-30) , Lim LH 35(below 35) ,  Sean M Carroll 41(below 30) , Cagri 
Delilbasi15 (11-29). Alamgir, Hifsa Hameed, Syed Majid Hussain Shah6 reported that the frequency of 
sports-related injuries in their study is 5 % . Sean M Carroll, Mohamed A Jawad, Mark West and T P F 
O'Connor41 reported a figure of 16.3 % from Australia, 3 9% from the USA, 4 and 17.4% from Sweden. 

Figure no.7 Management modalities of zygomatic bone 
fractures. 

Figure no.8 Hospitalization period resulting from age 
gropus . 

Table no.1 Hospitalization period with different age 
gropus who were treated in the same clinic. 
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In our study injuries during football were noted predominantly, followed by injuries during basketball. 
Football and rugby are popular sports in both Japan and western countries. Some reports have shown that 
these two sports have high risk for facial injury15. Soccer accounted for the highest proportion of injuries 
in the United Kingdom32. 

Frenguelli et al reported that, in Italy, soccer is responsible for 64.8% of maxillofacial traumas, which 
are generally a result of impact between players19. 

Cagri Delilbasi, Michikuni Yamazawa, Kimiko Nomura, Seiji Iida and Mikihiko Kogo15 reported that, 
baseball and rugby were most associated with maxillofacial fractures in their study and zygomatic bone 
fractures35 were the most common followed by zygomatic arch fracture, but in Japan popularity of 
baseball producing the greatest number of facial fractures. 

Gholamreza Shirani et all20 demonstrates that the zygoma was the second most frequently fractured 
facial bone, after nasal bones accounting for 12%. Similar results were obtained by Wojciechowicz 
Jolanta ,Maslanko Grazyna , Palysewicz Bozenna , Olszewska Katarzyna47 , fractures of the middle third 
of the face were registered on the second place , followed by zygoma, nasal bone and orbita. 

Studies conducted by Iida et all. and Thoren et al. demonstrated that accidents during cycling are the 
leading cause of facial fractures among children22,26. 

Wojciechowicz Jolanta , Maslanko Grazyna, Palysewicz Bozenna,Olszewska Katarzyna reported that 
among all injuries sustained during cycling, football and roller skating injuries are dominating47 .Whereas 
studies conducted by Mourouzis et al., Maladiere et al., Roccia et al. oraz Caroll et al. indicate that the 
leading cause of facial fractures are injuries sustained in football47 . 

Antoun JS, Lee KH demonstrated that accidents during  rugby (52.0%), cycling (15.3%), cricket 
(7.1%), and soccer (4.8%) are the leading cause of sports-related maxillofacial fractures over an 11-year 
period in her own study13. In the study of Roccia F, Diaspro A, Nasi A, Berrone S40 sport producing the 
greatest number of injuries who are : soccer (62.3%), followed by skiing (14.5%), and horseback riding 
(6.5%). Study conducted by Sean M Carroll, Mohamed A Jawad, Mark West and T P F O'Connor41 
football, soccer and hurling indicate the leading cause of facial fractures. Research conducted by 
Exadaktylos29 demonstrates that the main cause of maxillofacial injuries are shot by paintball with 59.8 
%. The management of these injuries includes appropriate treatment. About more than half of the patients 
in this study were treated surgically. Surgery was required in 65 % of patients (n = 13) and conservative 
treatment in 30% of patients. 

Cagri Delilbasi et all15 reported that fifty-five of the 100 patients were treated by surgical intervention, 
including mini-plate and wire fixation. In the study of Kai Lee32 , Mourouzis C 37 , open reduction and 
internal fixation was the most common form of treatment , followed by closed reduction. Roccia 
F, Diaspro A, Nasi A, Berrone S40 show that most used treatment in sports-related maxillofacial trauma 
was surgery in 93.5% of the patients, with an average hospitalization period of 3.5 days. 

However, every incidence of sport-related injurie is influenced by the popularity of sports in every 
country. Opportunities for prevention are not limited when it is considered that a lot of can be done today 
to prevent a sport injury. 
 
Conclusions 

Causes and patterns of facial fractures vary with the age. In this study, the majority of the patients 
were young patients (11-30 years); football was the leading cause of fractures.According to the site of 
fracture , various modalities of treatment were used and all the patients achieved satisfactory functional 
and esthetic results without any complications after operation. Facial guards can cushion a blow and 
provide protection against injuries to the orofacial area. According to the American Dental Association, 
the use of faceguards and mouth protectors prevent more than 200 000 orofacial injuries in football 
annually. The author and co-author conclude by emphasizing the importance of prevention in sports 
injuries. 
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Abstract: 
The aim of this research was to determine if there is a significant difference between the test used to 

estimate explosive and repetitive strength between karatekas and judokas, members of the male cadet 
national team of Serbia. The research was carried out on a sample of 30 young karatekas and judokas, 
aged 14 to 16. The analysis of the results of the arithmetic means of the tests used to estimate explosive 
and repetitive strength showed that there are significant differences. Namely, young judokas scored better 
results in all three tests for repetitive strength, while in the tests for estimating explosive strength, the 
young karatekas had better results in two of the conducted tests. 
 
Key Words: judo, karate, explosive strength, repetitive strength. 
 
Introduction 

Explosive strength is defined as the ability to invest maximal energy in a single movement in as short 
a period of time as possible. This factor is manifested in all types of movements in which the entire body, 
its parts or load (the apparatus being used) continue their movement due to the obtained impulse, that is, 
the initial acceleration (Malacko, 1991). Repetitive strength represents the ability to work for extended 
periods of time, where it is necessary to overcome the current external load of up to 75% of one repetition 
maximum. If we are dealing with overcoming external load (a weight or a partner), what we are dealing 
with is absolute strength, and in the case when the athlete is repeatedly overcoming the weight of his own 
body (pull-ups, push-ups), what we are dealing with is repetitive strength (Velebit, 2003). 

Chaabene et al. (2012) in their review article which covered the most important physical and 
physiological characteristics of karatekas, reached the conclusion that explosive strength plays a decisive 
role in determining the capacity of karatekas for maximum sports achievement. It was determined that the 
result for the vertical jump significantly differs between karatekas competing at the national and 
international rank. It was also determined that sports results in karate to a great extent depend on muscle 
strength manifested by small loads, more so than extensive loads.  

In the study carried out by Katić et al. (2010) the influence of basic motor skills on the performance of 
specific motor tasks among elite karatekas was studied. The aim of this study was to identify the motor 
structures which determine the high level of performance in karate. In the factor analysis of the basic 
motor variables, three significant factors, among them explosive and repetitive strength, were isolated.  

Obadov, Drid and Nurkić (2006) used a sample of 361 third and fourth grade schoolchildren from the 
territory of Vojvodina to study the differences in the morphological characteristics and motor skills of 
children who regularly took part in judo activities and those who only regularly took part in their physical 
education classes. The results obtained from the schoolchildren, aged 9-10, showed that in the 
manifestation of explosive strength of the lower extremities, a difference was determined in favor of the 
young judokas. A high level of significance was determined for the results of repetitive strength of the 
torso, also in favor of the schoolchildren which take part in judo. Similar results were obtained by Drid, 
Obadov and Bratić (2006) on a sample of 159 third and forth grade female schoolchildren on the territory 
of Vojvodina. Bratić, Nurkić and Cicović (2014) cite that the various types of strength and coordination 
manifestation are the most important elements that determine success in a match.  

Since there is clear evidance that different types of strength have are important for success in judo and 
karate, the aim of this research is to carry out a comparative analysis of the results of the tests for the 
evaluation of explosive and repetitive among karatekas and judokas of the cadet age, all members of the 
national team of Serbia.  
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Material & methods  
Participants 

This research was carried out on a sample of 30 young karatekas and 30 young judokas, aged 14 to 16. 
The participants, by winnig a medal in the Serbian National Championship, qualified for a place on the 
list of potential representatives for the European Championship and the Balkan Championship. The data 
collection procedure satisfied the international ethical standards and was in accord with the Helsinki 
declaration. All of the participants volunteered to participate in the testing and were previously informed 
about the testing protocol described in the study project material. The ethics committee of the Faculty of 
Sport approved the study prior to its beginning.  

Measuring instruments  
The selected motor tests enabled the accurate evaluation of latent motor dimensions. The factors at the 

basis of which we find the physiological mechanisms were isolated as the latent dimensions of the second 
order (according to the structural model of Gredelj, Momirović, Hošek and Metikoš, 1975), and 
represented with three motor tests each.  

Repetitive strength was measuring using the following tests: MRSZGP – pull-ups, MRSPTL – sit-ups 
(for 30 seconds), MRSSKL - push-ups (for 30 seconds). 

Explosive strength was measured using the following tests: MESKDA - standing long jump, MEBML 
- throwing a medicine ball from lying position, MESABL – the Abalak test. 

Test protocol 
All of the measurings of the motor skills of the participants were carried out in the morning hours. The 

air temperature in the facility was optimal for the realization of the testing. The order of the tests of 
measuring was planned in advance and determined for all the groups of participants based on the stop 
system and circular form of work, since this enabled the alternate engagement of large muscle groups and 
different functional mechanisms, as well as the minimal influence of one test on the next one. In addition, 
care was taken about the influence of fatigue from previous work, so that the length of the pause between 
the tests depended on the test requirements.  

Data collection and analysis 
The statistical data analyses were calculated using the SPSS statistical program. The basic descriptive 

parameters were calculated. In order to determine the statistically significant difference, the student t-test 
for independent samples was used.  
 
Results 

The parameters of the distribution of motor skills among the judokas and karatekas are shown in 
Tables. 1 and 2. For each variable the following values were determined: the arithmetic means (MEAN), 
the median (MED), the standard deviation (SD), the minimal result (MIN), maximum result (MAX), the 
result range (RANGE). For each variable the critical values of kurtosis (Kurt) and skewness (Skew) were 
given. 
 

Table 1. Basic descriptive parameters for evaluation of explosive and repetitive strenght in judokas 
 

  MEAN MED MIN MAX RANGE SD SKW KURT 
MESABL 30,50 30,00 24,00 40,00 16,00 3,95 0,36 -0,46 
MESKDA 152,90 154,00 120,00 210,00 90,00 22,19 0,70 0,36 
MEBML 28,40 28,00 20,00 39,00 19,00 4,69 0,39 0,13 
MRSZGP 36,13 36,00 30,00 43,00 13,00 3,29 0,17 -0,64 
MRSPTL 35,73 35,00 29,00 43,00 14,00 4,18 0,03 -1,34 
MRSSKL 34,37 35,00 25,00 43,00 18,00 3,78 0,06 0,54 

 
By gaining insight into the basic parameters of the distribution of the applied variables, in the 

evaluation of the skills of the judokas and karatekas (table 1 & table 2), we can note that the results are 
well-grouped and have a normal distribution around the means.  
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The measure of the result distribution indicates that most variables are well suited for the measuring of 
motor skills in the group of selected athletes. This is also confirmed by the values of the standard 
deviation and the range of results, which is a good indicator of the possibility of the differentiation of the 
results of the participants.  
 

Table 2. Basic descriptive parameters for evaluation of explosive and repetitive strenght in karatekas 
 

 MEAN MED MIN MAX RANGE SD SKW KURT 
MESABL 37,00 37,50 29,00 42,00 13,00 3,48 -0,69 0,02 
MESKDA 166,73 168,50 124,00 192,00 68,00 18,60 -0,49 -0,61 
MEBML 23,67 23,00 16,00 37,00 21,00 5,98 0,45 -0,77 
MRSZGP 21,23 21,00 15,00 27,00 12,00 3,32 -0,11 -0,74 
MRSPTL 31,53 31,00 21,00 39,00 18,00 4,09 -0,20 0,67 
MRSSKL 26,13 27,00 10,00 38,00 28,00 5,58 -0,74 1,63 

 
By analyzing the results of the arithmetic means of the motor tests, which indicate the differences in 

the explosive strength between the judokas and the karatekas, we can note that the difference is 
manifested in such a way that the karatekas scored higher values on the results in comparison to the 
judokas for the standing long jump and the Abalak test, while the judokas scored higher values on the test 
of throwing a medicine ball. 
 

Table 3. Differences of the arithmetifc means (explosive strenght) 
 
 SV SD N T DF P 
MESKDA 152,90 22,19     
MESKDAK 166,73 18,60 30 -2,72 29 0,01 
MEBML 28,40 4,69     
MEBMLK 23,67 5,98 30 3,27 29 0,00 
MESABL 30,50 3,954     
MESABLK 37,00 3,484 30 -8,38 29 0,00 

 
By reviewing the arithmetic means of the motor tests which were used to measure repetitive strength, 

we can clearly note that between the judokas and karatekas there is a statistically significant difference in 
three of the applied variables  - pull-ups (MRSZGP), push-ups for 30 seconds (MRSSKL) and sit-ups 
(MRSPTL). The obtained difference is manifested in such a way that the judokas scored higher values for 
repetitive strength than the karatekas. 
 

Table 4. Differences of the arithmetifc means (repetitive strenght) 
 
 SV SD N T DF P 
MRSZGP 36,13 3,29     
MRSZGPK 21,23 3,32 30 17,07 29 0,00 
MRSPTL 35,73 4,18     
MRSPTLK 31,53 4,09 30 3,57 29 0,00 
MRSSKL 34,37 3,78     
MRSSKLK 26,13 5,58 30 6,41 29 0,00 
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Dicussion 
From structural analysis of judo and karate it stems that it is the different manifestations of strength is 

an ability that determine success in a match. From the various types of strength, we consider the 
following to be the most important for a match: the ability to maximally use energy in a unit of time, the 
ability to perform the maximum number of contractions with a certain amount of resistance, and thus the 
ability to develop maximum muscle strength. Today, the modern elite judoka and karateka is marked by 
pronounced muscular body build, and as far as motor skills are concerned, absolute, repetitive and 
explosive strength are exceptionally important.  

A judo match is characterized by the complete constant contact between two fighters, especially after 
the changes made to the rules (IJF, 2013), which aimed at providing a short bout for the grip (kumikata) 
with a greater number of attacks. A karate match, on the other hand, for the most part takes place at a 
distance with quick changes in direction, and from which the attack takes place. Based on the obtained 
results, we can conclude that the repetitive strength of judokas is statistically significantly greater than 
that of the karatekas, which was to be expected.  

Considering the chronological age of the participants, the most dominant work is done on strength 
endurance, but more attention is paid to explosive strength than in the previous years. It is extremely 
important to emphasize that young judokas and karatekas before starting weight lifting had a certain 
number of years of training behind them, and that their physical constitution is ready for new strength 
stimuli. In this period, there is an individual approach to strength development of judokas and karatekas 
which takes into consideration one’s category and extent of knowledge. The load increases up to 90%, the 
rest periods are shorter, and the requirements are made for work on target groups of muscles. The 
development of repetitive and explosive strength are the dominant types of contractions in an isotonic and 
plyometric sense.  

Explosive strength is an important factor of success in both combat sports, which are the focus of this 
paper (Chaabene et al. 2012, Katić et al. 2010, Obadov, Drid and Nurkić, 2006). While karate is 
characterized by dynamic movement (carried out in small bouts) where fighters with great speed perform 
a certain attack or defensive technique, judo is characterized by long periods of time in which the fighters 
make contact with their hands, and from that contact try to implement a certain technique by forcing their 
opponent to lose balance  (primarily through arm strength and upper body strength and proper 
movement). This could explain why karatekas scored higher results on the tests used to measure 
explosive strength of the lower extremities (the long jump, the Abalak test), while the judokas scored 
higher results on tests which measured explosive strength of the upper body (throwing a medicine ball). 
 
Conclusions 

By analyzing the results for the differences in the arithmetic means of the tests for the evaluation of 
explosive and repetitive strength, a statistically significant difference was determined. The young judokas 
scored results in all three applied tests of repetitive strength, while for the tests of explosive strength the 
young karatekas scored better results in two of the three applied tests. The significance of this study is 
reflected in the determination of the differences in the motor skills between the young judokas and 
karatekas. Since the applied measuring instruments support the hypothesis that they can be used to isolate 
the aforementioned dimensions of the experimental sample, as well as the fact that these dimensions are 
significant for success in motor activities – judo and karate, the results of this study can have a wide 
application, and thus could have practical and theoretical importance. In that case, it is possible to 
individualize the programming of the training process, taking into consideration the extent of the 
development of the manifest dimensions of each individual, and thus depending on the model of the 
dimensions for that particular sports activity, to focus and regulate the transformational process of 
training.  

In addition, this battery of tests can be used to guide and select candidates for judo and karate, and on 
the basis of the potential of the athletes, taking into consideration the predictive significance of manifest 
and latent dimensions, to predict the success of certain judokas and karatekas. 
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Abstract: 

The researches that have been conducted so far show that longitudinal and transversal dimensions of 
human skeleton are greatly influenced by genes in comparison to volume and body weight (Djuraskovic, 
2009; Malacko, 2001). The low level of physical activity together with the increased level of calorie 
intake lead to increased body weight. The growing number of obese people from birth to the old age is 
more and more present in the world and Serbia as well (Malina, 2004; Zdravkovic et al., 2009). The aim 
of this research was to establish the differences in absolute and relative values of longitudinal, 
transversal dimensions of skeleton, body weight and BMI in pupils measured in the period between 2012 
and 2014. The results have shown that the average height in 2012 was 135.94±5.72 cm and in 2014 is 
146.4±5.78 cm. The remaining longitudinal and transversal dimensions have increased in accordance 
with the body weight. BMI has increased as well, it was 18.66±2.95 kg/VTm2 in 2012 and 20.63±3.65 
kg/VTm2 in 2014. This indicates that the pupils that were classified as normal-weight children in 2012, 
have become overweight and obese by the year 2014. The differences in the absolute values were 
established for all the variables which is the result of normal growth and development. There were no 
statistically significant differences in relative values. 
 
Key words: anthropometric characteristics, absolute and relative value. 
 
Introduction 

Tracking of growth and development during the school period has to be systematic and continual in 
order to objectively evaluate the regularity of the developing period. The growth of body measures is 
slower in preadolescent than adolescent period. The periods of growth and development are often 
intertwined, primarily due to the fact that chronological and biological age do not match, and that they are 
under the influence of endogenic factors (genetics, endocrine glands). Childhood is usually divided into 
two phases, including early and middle childhood. The two phases start at the age of 5 or 6 and continue 
to 10 or 11 years of age. Middle childhood is arbitrary because it precedes adolescent period which may 
be different from childhood. The end of adolescence is under great influence of external factors (social 
factors) and internal (the growth period) factors which is the reason why it is very hard to determine when 
the adolescence start (Malina, 2003). 

A great number of studies have detected the shift in biological maturity towards younger age in 
comparison to previous generations (Mišigoj-Duraković, 2008), thus in girls it is shifted to the age of 10 
or 11 and in boys 11-13. It is considered that biological maturity influences the physical characteristics of 
children. Children may feel superior/inferior to their peers of the same chronological age because they are 
more or less mature (Beunen & Malina 2008, Malina 2004, Jansens et al., 2002). There is evidence of 
rapid rise in height, and probably other measurements as well, during the middle childhood period but not 
in all children. Inter-individual differences in the period of growth contribute to great variability of 
morphological measurements in children (Malina & Bouchard, 1991). Therefore, one unique system for 
the evaluation of maturity may not be enough for a detailed description of growth and development in the 
middle childhood period, because children of the same age are different according to the level of 
biological maturity or in other words maturity status (Coelho e Silva et al, 2004). Maturity status of a 
child is going to influence the growth and development measures and the differences between the 
contrastive groups of children are the result of great differences in the degree of maturity (Baxter-Jones & 
Sherar, 2007).The easiest and most frequent way of tracking growth is the establishment of height and 
body weight at different ages. Most of the studies which dealt with this issue were interested in tracking 
the absolute measures of morphological status, and very few were interested in tracking the relative measures.  
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Thus the aim of this research is to establish the increase in absolute and relative morphologic measures 
of the same group of boys at the age of 8 and 10 during a two-year period, as well as their comparison 
which will help us get the needed information about the developmental trend of absolute measures in 
relation to relative measures. 

 
Material & methods  

The sample comprised 33 boys 8 and 10 years of age, students of Duško Radović School in Niš, 
measured in 2012 at the age of 8 and then in 2014 at the age of 10, in other words when they were second 
and fourth-year students respectively. All the boys were healthy at the time. 

We measured 11 absolute and relative morphological measures: height expressed in cm (TVIS), body 
weight expressed in kg (TMAS), body mass index expressed in kg/VTm² (BMI), arm length expressed in 
cm (DURU), relative arm length expressed in % (DURUR), leg length expressed in cm (DUNO), relative 
leg length expressed in % (DUNOR), shoulder width expressed in cm (ŠIRA), relative shoulder width 
expressed in % (ŠIRAR), hip width expressed in cm (ŠIKU), relative hip width expressed in % (ŠIKUR). 
Absolute values of morphological measures were measured according to the instructions of International 
Biological Program- IBP (Weiner & Lourie, 1981). Relative values of longitudinal and transversal 
measures were measured in relation to body height by means of the following formula: Rmera= Amera x 
100/TV, Rmera stands for relative value of the morphological measure being measured, Amera  is absolute 
value of the given morphological measure, TV is the value of body height. 

Descriptive statistical analysis was used in order to obtain basic parameters, and establish arithmetic 
means of morphological measures measured at the age of 8 and 10, minimum and maximum values of 
absolute and relative measures, standard deviation of arithmetic mean, coefficient of variance, as well as 
the value of skewness and kurtosis of the distribution curvature. Multivariate/univariate analysis of 
variance was used in order to establish the increase in morphological measures of boys measured in 2012 
and 2014 (one-way MANOVA/ANOVA). Statistical package 7.0 for Windows was used for data 
analysis. 
 
Results  

Table 1 and 2 show descriptive statistical parameters of boys measured in 2012 and 2014, at the age of 
8 and 10. Based on the value of skewness (Skew.) and kurtosis (Kurt.) of the distribution curvature we 
may conclude that the results of all morphological measures are normally distributed, which is a 
precondition for the use of multivariate and univariate method for establishing the increase in 
morphological measures of boys measured at the age of 8 and 10 in 2012 and 2014.  

 
Table 1. Descriptive statistical parameters of boys 8 years of age measured in 2012  

 N Mean  Min.  Max.  Std.Dev.  Coef.Var.  Skew. Kurt. 
TVIS 33 135.94 121.80 147.50 5.72 4.21 -.16 .41 
TMAS 33 34.70 24.00 55.00 7.10 20.47 .67 .69 
BMI 33 18.66 14.76 26.30 2.95 15.80 .72 -.15 
DURU 33 56.82 52.60 62.20 2.37 4.17 .49 -.43 
DURUR 33 41.82 39.22 44.28 1.11 2.65 .25 .34 
DUNO 33 75.15 68.00 83.00 3.85 5.13 .47 -.46 
DUNOR 33 55.29 50.49 58.37 1.70 3.07 -.38 .95 
ŠIRA 33 31.61 27.70 35.20 1.57 4.95 -.24 .73 
ŠIRAR 33 23.27 20.37 25.21 1.06 4.57 -.67 .57 
ŠIKU 33 23.88 21.00 28.20 1.64 6.85 .47 .44 
ŠIKUR 33 17.55 16.10 19.50 .87 4.97 .41 -.61 

Legend:  N- Number of boys; Mean – arithmetic mean; Min. – minimum result; Max. – Maximum result; Std.Dev. Standard deviation of 
arithmetic mean; Coef.Var. – Coefficient of variance; Skew. – skewness of the distribution curvature of the results; Kurt. – Kurtosis of the 

distribution curvature of the results 

  
If we analyze the average values in Table 1, we can see that the body height of boys 8 years of age 

measured in 1012 is 135.94 cm, body weight is 34.70 kg, and BMI 18.66 kg/BHm². The remaining 
absolute values of longitudinal and transversal body dimensions are in accordance with the body height of 



 First International Scientific Conference  

Conference Proceedings 437

boys that age. Relative values were analyzed as well, the results show that the values are also in 
accordance with the body height. 

The results of the boys 10 years of age measured in 2014 (Table 2) show that the average body height 
is 145.2cm, the average body weight is 44.44 cm, and BMI 20.63. These values are within the range of 
average values normal for that age (Gerver & DE bruin 1996). The remaining absolute values of 
longitudinal and transversal body dimensions are in accordance with the body height normal for that age, 
and the results of relative values, which are in accordance with the body height normal for that age, 
indicate that there has not been any change in relation to body height. 
 

Table 2. Descriptive statistical parameters of boys 10 years of age measured in 2014 
 N Mean  Min.  Max.  Std.Dev.  Coef.Var.  Skew. Kurt. 

TVIS 33 146.47 135.60 165.00 5.78 3.94 0.95 2.04 
TMAS 33 44.44 28.00 63.00 9.09 20.47 0.38 -0.47 
BMI 33 20.63 14.55 28.19 3.65 17.68 0.53 -0.61 
DURU 33 61.21 56.60 67.70 2.53 4.13 0.06 0.38 
DURUR 33 41.79 40.13 43.34 0.95 2.27 -0.11 -1.05 
DUNO 33 81.35 73.50 92.00 4.17 5.13 0.56 0.11 
DUNOR 33 55.52 52.81 58.08 1.32 2.38 -0.04 -0.59 
ŠIRA 33 33.62 30.00 37.20 1.86 5.53 -0.05 -0.54 
ŠIRAR 33 22.97 20.45 26.01 1.26 5.49 0.10 0.15 
ŠIKU 33 28.90 23.00 34.00 2.57 8.90 -0.11 -0.20 
ŠIKUR 33 19.73 16.58 22.90 1.55 7.83 0.20 -0.56 

 
After the evaluation of arithmetic means of all morphological measures in boys at the age of 8 and 10, 

measured in 2012 and 2014 respectively, we calculated the increase of the mentioned measures on 
multivariate level by means of multivariate analysis of variance (Table 3). After the analysis of the 
received results, for the given sample, we established statistically significant difference of centroids of the 
measurement conducted in 2012 and the one conducted in 2014 (Q= .000). 

 
Table 3. Multivariate variance analysis of the increase in morphological measures of boys 
Wilks Lambda F Effect - df Error - df Q  

.330 9.96 11 54 .000*  
 Wilks lambda– coefficient value of Wilk's test for the equality of centroids; F– coefficient value of  the F-test for testing the 
significance of the difference; Effect df, Error df– degrees of freedom; Q– coefficient of the significance of the  difference 

of centroids; *- statistically significant level of difference between the measured centriods 

 
 Since the value of the coefficient of the significance of the difference of group centroids is quiet 
higher than the limit values (Q= .000) at the multivariate level, it would be advisable to check, at the 
univariate level, the greatest increase in the morphological measures. 
 

Table 4. Univariante variance analysis of the increase in morphological measures of boys 
Varijabla Mean 2012 Mean 2014 Priraštaj F (1; 64) P 

TVIS 135.94 146.47 10.53 55.43 .000* 
TMAS 34.70 44.44 9.74 23.52 .000* 
BMI 18.66 20.63 1.97 5.85 .018 
DURU 56.82 61.21 4.39 52.91 .000* 
DURUR 41.82 41.79 -.03 .01 .930 
DUNO 75.15 81.35 6.2 39.31 .000* 
DUNOR 55.29 55.52 .23 .41 .525 
ŠIRA 31.61 33.62 2.01 22.62 .000* 
ŠIRAR 23.27 22.97 -.3 1.09 .301 
ŠIKU 23.88 28.90 5.02 89.54 .000* 
ŠIKUR 17.55 19.73 2.18 49.61 .000* 
Legend: Mean diff. BOYS – arithmetic mean of increases of measures in boys; Mean diff. GIRLS -  arithmetic mean of 

increases of measures in girls; F - value of the coefficient of the F-test for testing the significance of the difference; df 1, df 2 – 
degrees of freedom; p – coefficient of the significance of the difference of arithmetic means; *- statistically significant level of 

difference between the arithmetic mean. 
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By analyzing Table 4, that shows the results of the variance analysis at the univariate level, we may 
conclude that there is statistically significant increase in all absolute morphological measures, while 
significant increase is detected only in relative hip width (RHW) as far as relative measures are 
concerned. The results of the boys at the age of 8 measured in 2012 (Table 1) show that the average 
height was 135.94 cm, and in 2014 it is 146.47 cm (Table 2). We may conclude that the boys have grown 
10.53 cm within the given period. The increase in body weight is 9.74 kg. Body mass index was 18.66 
kg/BH m² in 2012, and in 2014 it is 20.63 kg BH m². During these periods, the boys can be classified as 
overweight according to the criteria (Cole et al., 2000). It is interesting to stress the fact that the absolute 
hip width has significantly increased in comparison to shoulder width, and that the increase of the relative 
shoulder width is negative, while there has been a significant increase in the relative hip width. This may 
be explained by the greater increase in body weight and body mass index, or in other words the obesity of 
ten-year old boys.  
 
Discussion 

The research conducted on the same target group of boys, at an early school age,  at the age of 8 and 
10, or the second and fourth-year students, indicates that the height and  analysed longitudinal and 
transversal body dimensions are in the range of a normal growth and development for the analysed 
developmental period (Gerver & DE bruin, 1996; Mišigoj-Đuraković, 2008).Body mass index average 
values indicate that the boys belong to the group of overweight children in the second grade , and fourth 
grade as well. The increase in body weight is the result of the decreased level of physical activity, and 
obesity is an issue in the modern society. Low level of physical activity together with the excessive 
calorie intake lead to the increased level of body weight. One of the reasons of obesity is the fact that 
spontaneous physical activity of preschool children is decreased by 50 % in school children (Maksimović 
& Matić, 2009). The number of obese people, starting from birth and continuing to the old age, keeps 
increasing in the world and Serbia as well (Malina, 2004; Zdravković et al., 2009). 

The average increase in height and body weight of the analysed sample is greater compared to the majority 
of previous studies in this anthropological area. Those studies have shown that the aging is continuously 
followed by the increase of body height, 5-8 cm in average, as well as the body mass up to about 2-3 kg 
annually (Popović, 2008). The relative values of arm and leg length in boys indicate that the extremities are 
normally developed. The average values of shoulder and hip width of the same group of boys at the age of 8 
and 10 indicate that shoulders and hips are normally developed (Đurašković, 2009). 

The increased body weight and body mass index in this research are the result of the increased levels 
of body fat, obesity, and not the increased muscle mass. Since we cannot influence genetic factors, it is 
important to control environmental factors that influence body weight and height and circular and 
transversal measures ratio. The influence of environmental factors is great during the middle childhood 
(preadolescence) and we may influence those factors in order to prevent excessive calorie consumption at 
the expense of the acceleration of growth, where instead of greater height we have greater body weight 
(Gligorijević, 2008). 

Baneful influence of the external environment come from inadequate family eating habits and extra 
school snacks. Changed eating habits, as well as fast food that contains great percentage of fat and meat, 
have a negative impact on children and their weight. These eating habits are common today, because 
parents work long hours and children are left to eat outdoors in fast food restaurants. That is why it is 
important to promote healthy lifestyle and thus control the problem of obesity. 
 
Conclusion   

According to the results of this research conducted on the group of boys 8 years of age measured in 
2012 and the same group of boys at the age of 10 in 2014, it may be concluded that the increase in height 
is 1.53 cm. Body weight has increased by 9.74 kg, and the average arm and leg length are in accordance 
with the average height of boys at the age of 8 and 10. The same may be said for hip and shoulder width. 
It is evident that the increase of absolute longitudinal and transversal measures in boys within the two-
year period is statistically significant, while the increase in relative measures is only relevant for the hip 
width and it is statistically significant for the given period. The relative values of upper and lower 
extremities are in accordance with the height, and the relative shoulder and hip width are normal for that 
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age. The average values of body mass index indicate that body weight increases with age thus increasing 
levels of body fat, and not muscle mass.  
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Abstract: 

The increasing of teaching hours fund, mandatory classes for "Sports and recreation" in all years of 
study, the involvement of students in sports activities, as well as the possibilities for enrichment the 
programs with new sports activities preferred by the students, should be a priority and benefit of every 
modern society. Therefore, in order to create a program that respect students needs, we realize this 
research with aim is to determine the students attitudes for realization of the subject Sport and recreation 
and to determine further directions for its improvement. The research was realized on a sample of 339 
male and female respondents, students at the first year of study at the Faculty of Tourism and business 
logistics in Skopje, University “Goce Delcev” – Sthip. Using the sociometric methods (likert scale , 
dichotomous and categorical scale), we analyzed students attitudes about the subject " Sports and 
recreation". The research was realized using a questionnaire conducted of answered seven 7 survey 
questions with multiple choices.   
 
Key words: students, attitudes, sport and recreation, sociometric methods, questionnaire 
 
Introduction 

Respecting the need for permanent movement, creation of habits for regular physical activity as well 
as acquisition of knowledge for successful individual practicing of different forms of physical activity, the 
subject Sport and recreation was implemented in curricula at all thirteen of Faculties at the University 
“Goce Delcev” in Stip. Starting form the school year 2010/2011, the subject “Sport and recreation” was 
introduced and implemented in the curricula of the faculties, as compulsory subject for all full term 
students of all Faculties at the University “Goce Delcev. Starting from the school year 2011/2012 sport 
and rcreation is introduced at the Faculty of Tourism and bussiness logistics, teaching center Skopje.  

Establishment of this subject is according the Bologna declaration and the credit-transfer system in 
education. Its establishment is justified especially from the aspect of student’s needs and necessity of 
regular physical activity. Sport and recreation is maintained with number of classes 0+2+2 that means that 
students attend only practical exercises. This subject is obligate for the full – time students in first year of 
studies, it does not bring any credits. Students do not take exam and final grade from Sport and recreation. 

According characteristics of the subject Sport and recreation and proposed curriculum for its 
realization, the basic goal of the subject Sport and recreation is to satisfy student’s basic needs for 
movement and physical activity, considering their abilities, needs and preferences. Determinate this way, 
the leading point in creation of the main goal of Sport are students real needs. The start of studies is a 
critical period when youth people stops with physical activity and sports and decreasing process of 
physical ability is significant for these period for many young people. Aldo the period of late adolescent 
is specific for development pick of motor and functional abilities.  Therefore, Sport and recreation 
activities has assignment through planed and dosed physical activity to satisfy students needs for 
movement and to cause certain transformational changes in positive way.  

The realization of Sport and recreation activities gives possibilities for continuous sports activities, 
practiced in order to improve and maintain motor abilities and physical condition on good level. 
Suggested activities are appropriate for individual possibilities of each student, used in order to make 
positive transformational changes in all segments of human anthropologic status, to promote active and 
healthy way of life, to create good habits and prevent many diseases caused from the contemporary way 
of life, characteristic for modern student’s population.  
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Starting from the idea and desire to ensure more qualitative teaching process that corresponds to 
student needs and interests, we have realized this research with aim to examine student’s opinions and 
attitudes for Sport and recreation activities, there organization, realization and effects, with a final goal – 
it’s enriching and improvement.       
 
Material & methods  

The main goal of this research is to determine student’s attitudes for realization of the subject Sport 
and recreation. The research was realized on a sample of 339 participants, full – time students in the first 
year of study at the Faculty of Tourism and Business Logistics in Skopje, part of the University “Goce 
Delcev”. All students involved in the research, attended Sport and recreation classes during the school 
year 2012/2013. Related to sex and sport preparation, the sample of examiners embrace different 
categories of examiners treated as one group.  

The research was realized using questionnaire. Besides the general information for subjects (age, sex 
and faulty), the questionnaire conducted seven questions with several choices of offered questions 
(dichotomous and categorical scale). In general, the questions refers to students attitudes toward 
establishment of Sport and recreation, the number of years when it could be practiced during the studies, 
preferred contents (contents that student prefer), preferred number of classes to attend during the working 
week etc. Following questions were used as variables in the research:  

(1) In which year the subject "Sports & Recreation" should be included: only in I-st year, I-st and II-nd 
year, III and IV-th year or in all years of graduation;  

(2) How many classes per week should be organized the exercises for the subject "Sports and 
Recreation”: 1x 90 '2 x 60' 3 x 60 '4 x 45' each day in 45 ';  

(3) In the framework of the subject "Sports & Recreation", would you like to have occasional 
swimming lessons and skiing: a /yes, in additional fund classes, b / yes in the current fund of classes, c / 
no. 

(4) How do you see the classes of "Sports and Recreation": a / the classes encourage the 
sportsmanship, b / like a daily need of the modern humans, c / culture of healthy living, d / educational 
imposed obligation. 

(5) Which one of offered activities by this program for the subject "Sports and Recreation" mostly you 
prefer: a / sports games (handball, football, basketball, volleyball), b / martial arts (karate, judo, boxing, 
wrestling), c / ping-pong, tennis, badminton, d / sports-rhythmic gymnastics, d / aerobics, dance and folk 
dances, f / fitness, pilates, e / athletics 

(6) Do you support the idea of introducing the subject "Sports & Recreation" mandatory at all the 
faculties: a / I support, b / I support paritially, c / I do not support.  

(7) In your opinion, which of the following institutions you believe it would take initiatives to 
introduce the subject "Sports & Recreation" mandatory at all the faculties: a / Government b /MES 
(Ministry of Education), c/Bureau for Development and diversity of the education, d / Rectorate of 
University “Goce Delcev”, /all together, f /none of them 

The fulfilling of the questionnaire was anonymous and not obligatory; students participated by their 
own will.  
 
Results 
Student’s answers obtained for all seven questions in the questionnaire that represent student’s attitudes 
for the subject Sport and recreation, for better view, are presented with graphics – graphics form 1 to 7, 
numerically and with percents, presented in Tables from 1 to 7.   
 

Question 1: In which year of the studies the subject "Sports & Recreation" should be realized included   
 

Pie Chart (STAVOVI.STA 32v *10c)

ZASTAPST

 43.7 %

 35.4 %

 6.8 %

 14.2 %

 
Graphic 1  Table 1 

Total 339 
students 

a/only in I-st year b/ I –st and II -nd 
year 

  c/ IIIrd и IV–th 
год.  

d/all of years  

numerical    148    48 23 120 
percentage   43.7%     14.2% 6.8% 35.4% 
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Question 2: The second question in how many classes per week should be organized the exercises for the subject 
"Sports and Recreation” 

 
Pie Chart  (NEW .ST A 7v*10c)

NEDST UD

 1 .4  % 7 .8  %

 9 .3  %

 2 4 .6  %

 5 6 .8  %

 
 
Graphic 2 Table 2 
 

Question 3: In the framework of the subject "Sports & Recreation", would you like to have occasional swimming 
and skiing lessons. 

 
Pie Chart (NEW.STA 7v*10c)

PLISKIST
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 2 9 .5  %

 3 6 .3  %

 
 
Graphic 3  Table 3 

 
 

Question 4: How do you see the classes of "Sports and Recreation? What does it means for you?" 
 

Pie Chart (NEW.STA 7v*10c)

PODRAZST

 13.9 %

 29.7 %

 13.3 %

 43.0 %

 
 
Graphic 4 Table 4 
 

Question 5: Which one of offered activities by this program for the subject "Sports and Recreation" mostly you 
prefer? 

 
Pie Chart (NEW.STA 7v*10c)

PREFERST

 44.4 %

 3.2 %

 12.6 %

 12.9 %

 9.4 %

 7.1 %

 10.3 %

 
 
 
 
Graphic 5 Table 5 
 
 

Question 6: Do you support the idea of introducing the subject "Sports & Recreation" mandatory at all the 
faculties? 

 
Pie Chart (NEW.STA 7v*10c)

ZADOLZST

 44.8 %

 23.0 %

 32.2 %

  
 

Graphic 6        Table 6 
 

Total 339 
students 

a/1х 90‘ b/ 2 х 60‘ c/ 3 х 60‘ d/4 х 45‘ e/секој ден по 45‘ 

numerical 196 85 32 27 5 
percentage 56.8% 24.6% 9.3% 7.8% 1.4% 

Total 339 
students 

a/ yes, in additional fund 
classes 

b / yes in the current 
fund of classes 
 

c/no 

numerical 116 123 100 
percentage 34.2% 36.3% 29.5% 

Total 339 
students 

  а/ encouraging 
the sportmanship 

b/ daily need of 
the modern 
humans 

  c/culture of 
healthy living 

d/ educational 
imposed 
obligation 

numerical 46 98 142 44 
percentage 13.9% 29.7% 43% 13.3% 

Total 339 
students 

а/sport 
games         

b/materia
l arts 

c/ ping-pong, 
tennis, 
badminton 

d/Rhyt
mic 
gym. 

e/ 
aerobics, 
dance 
and folk 
dances 

f/ 
fitness,p
ilates 

g/athletic
s 

numerical 151 35 24 32 44 43 11 
percentag
e 

44.4% 10.3% 7.1% 9.4% 12.9% 12.6% 3.2% 

Total 339 
students 

а/I support,    б/I support paritially        в/I don’t support   

numerical 152                     109 78 
percentage 44.8%                 32.2% 23% 
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Question 7: In your opinion, which of the following institutions you believe it would take initiatives to introduce the 
subject "Sports & Recreation" mandatory at all the faculties 

 
Pie Chart (NEW.STA 7v*10c)

VERUVAST
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 19.8 %

 7.4 %

 4.1 %  32.4 %

 
 
 
Graphic 7  Table 7 
 
 
 

Table 8: Matrix of intercorrelation of variables used to asses students attitudes about the subject "Sports & 
Recreation" 

 
 ZASTST NEDSTUD PLSKIST PODRAST PREFEST ZADOLST VERUVS 

Representation by year 1.00 .99 .40 -.96 .99 .97 .41 
 

Number of classes per week .99 1.00 .52 -.99 .97 .99 .53 
 

Occasionally swimming 
lessons and skiing .40 .52 1.00 -.64 .30 .61 1.00 

How do you see the 
teaching of Sport and 
Recreation 

-.96 -.99 -.64 1.00 -.92 -1.00 -.65 

Which sport do you prefer? .99 .97 .30 -.92 1.00 .94 .31 

Obligatory at all faculties .97 .99 .61 -1.00 .94 1.00 .62 

In which institute do you. .41 .53 1.00 -.65 .31 .62 1.00 

 
Analyzing the results presented in Table 8, it could be noticed that most of the correlation coefficients 

of the seven variables used for estimation of students attitudes (N=339) are positive and statistically 
significant. The coefficients of intercorelation have values that vary from medium to high significance, or 
particularly from .31 to 99. 
  
Discussion 

The first question in the questionnaire refers to students opinions for the number of years of study 
when Sport and recreation should be realized. Obtained results point out that more than the half of 
questioned students, or 43,7% think that  Sport and recreation should be attended only in the first year of 
study, or as it is in the current curricula of the Faculties. It encourages the fact that 35,7 % form 
questioned students answered that Sport and recreation as a subject should be realized in years of study. 
On the basis of obtained results we can conclude that in general first year students have positive attitude 
toward the subject "Sports and recreation". The answers that emerged from this research gives us the right 
to correct orientation guidance to completely efficiently solution of the quality of teaching, increasing the 
number of classes, introducing in all years of study not only in the first year, mandatory in all faculties, is 
in favor of improving the anthropological status of students and the need for a "culture of healthy life" 
that we strive for.                      

The second question refers to weekly duration of Sport and recreation classes. At this question, half of 
the questioned students, particularly 56,8% chose the option once a week class that last 90 min; 24,6% of 
the examiners selected duration of the classes to be 60 min class, two times a week. The percent of the 
students that select the options for attending Sport and recreation classes three, four time a week or every 
day during the working week decreases inversely proportional with increasing of the number of classes 
for Sport and recreation during the week.  This result is not good for the efficiency of the teaching 
process, because as is known, the higher frequency of physical activity during the week is a condition for 
higher efficiency, better results and greater health benefits.  

Total 339 
students 

 а/The 
goverment 

b/ MES c/Bureau 
of 
developm
ent  

d/Rectorate 
of Shtip 
University 

e/ all 
together 

f/ none of 
them 

numerical        82 110 14 25 67 41 
percentage       24.2% 32.4% 4.1% 7.4% 19.8% 12.1% 
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The third and the fifth question refers to contents realized as a part of the Sport and recreation-
teaching program, as well as to the preferred activities that according the students preferences should be 
included in current Sport and recreation curriculum. Analyzing the obtained results, 36,3% from students 
included in the research want activities such as swimming and skiing to be included in current fond of 
Sport and recreation classes while 34,2% thinks that these two sports should be included as an addition 
fond from current classes for Sport and recreation. According 29,5% of interviewed students, swimming 
and skiing should not be at the list of contents from the subject Sport and recreation.   

The question that refers to the curriculum contents that students most prefer, almost half of the 
interviewed students or closely 44,4% selected activities like sports games (football, handball and 
volleyball) The number of choices made for other activities is significantly smaller, particularly 12,9% 
from interviewed students chose aerobics and traditional dances, 12,6 % chose fitness and pilates, 10,3% 
martial arts, 9,4% sports gymnastics, 7,1% chose tennis, table tennis and badminton and only 3,2 % chose 
athletics. These answers give the future directions for designing the Sport and recreation curriculum and 
its adaptation to student’s interests. In terms of preference of certain sports, most of them chose sports 
games (football, basketball, handball. volleyball). Worrying fact is the small number of students that 
opted for athletics that should be subject of analysis of some future research. Similar results are obtained 
in the research conducted by Popeska, Stojanova&Petruseva (2010) realized with students hat attended 
Sport and recreation classes in Stip.   

The forth question refers to the meaning and the importance that the subject Sport and recreation has, 
according to students opinions. The highest percent of interviewed students, or for 43% this form of 
activity is a step for development of culture of healthy living and healthy lifestyle, for 29,7%  of students 
is a reflection of everyday need of contemporary life. From the total number of students, 13,9% think that 
sport and recreation is a form to encourage the sports and wining spirit, while only 13,3% of interviewed 
students do not approve the realization of this subject and for them it`s an obligation. These results are 
partly confirmed in the similar research realized by Popeska, Stojanova & Mitevska – Petruseva (2011). 
Obtained results indicate that the higher percent of the students are aware of the importance and the 
meaning of regular physical activity. In future, it remains to Sport and recreation teachers using different 
activities and additional theoretic lectures to teach students about the values and benefits of regular 
physical activity. At this way, they would be able to influence on students positive attitude toward 
physical activity that will results with greater awareness and activity. This awareness will result with 
regular and active participation in Sport and recreation teaching process.    

From the analysis of attitudes of the students towards the last question in the questionnaire, we can 
conclude that most of the students select the option for MES (Ministry of Education) and the Government 
and the smaller percent of interviewed students chose the option the Bureau for Development of 
Education. This suggests the properly focusing and locating the responsible institutions that could help in 
resolving this requirement. 

The obtained coefficient of intercorrelation with values that move within the medium and high 
significance, point out on high cohesion among the answers given by students. 
 
Conclusions 

Based on the results obtained in the research, we can conclude that in general, first year students at the 
Faculty of Tourism and business logistics have positive attitudes toward the subject Sport and recreation. 
Answers obtained in this research remain orientation frameworks for future improvement of Sport and 
recreation curriculum as well as the process of its organization and realization. The changes could be 
made from the aspect of increasing the number of classes during the week and attendance of Sport and 
recreation in more than one school year during the studies; implementation of this subject as compulsory 
subject in all years of study; enrichment of contents suggested in Sport and recreation curriculum with 
several activities preferred by the students, such as swimming, skiing etc. The final goal of all these 
activities is to create persons with positive attitude toward the need of regular physical activity and 
creation of “culture for healthy life style”. Students as a movement force of the society, in this research 
confirmed that they completely understand the necessity for physical activity.      

From the aspect of preferred contents, most of the interviewed students selected sports games 
(football, handball, volleyball) as most wanted activities to participate in. It concerns the fact that very 
small percent of interviewed student select the athletics as preferred sport.  
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In general, obtained results points out that actives teaching Sport and recreation for first year students 
from the Faculty of Tourism and business logistics in Skopje, at University ″Goce Delcev″ in general 
cause positive reactions and effects at students. This gives an opportunity for further improvement and 
enrichment with contents and activities, as well as a material equipping with sports equipment. This in 
other hand would enrich the number of proposed activities that would help in larger compatibility with 
student’s needs and interests.    
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Abstract: 

The research is conducted over a sample of 107 volleyball players, members of the teams of the first 
volleyball women’s league, in the season 2011/12 in Republic of Macedonia. The participants are at the 
age from 14 to 25, female gender from the following cities: Skopje, Veles, Strumica, Prilep, Krushevo and 
Tetovo. There are 8 variables for estimation of the motoric capabilities and 7 for estimation of the 
situational and motoric knowledge that are applied. In order to determine the relations we applied 
regression analysis, wherein as a criterion are considered the variables for estimation of the situational 
and motoric knowledge and as a predicate are considered the variables for estimation of the motoric 
capabilities. The results show that the predicative system of variables has statistically significant 
influence over the following criterion variables: DPR_4, OPLL, SMC_4 and SMC_2. 
 
Key words: volleyball, motoric capabilities, situational and motoric knowledge, regression. 
 
Introduction  

Volleyball is a sport in which an efficient realization of interdependent technical and tactical elements 
is neccessarry. Those elements further depend on series of related factors, including antropomotorical 
characteristics and situational and motoric knowledge. 

The presence of certain structural elements during the game, largely depends on the individual 
qualities of the person, on its involvement and collaboration with the other players. 

Many authors study the sport activity as a specific human activity. They stress the importance of all 
these factors in order to have active and successful participance in the competition and achievement of 
top sports results, and the need of specific integrity of the abovementioned activities. 
 
Working method  

The research is conducted over a sample of 107 volleyball players, members of the teams of the first 
volleyball women’s league, in the season 2011/12 in Republic of Macedonia. 

The participants are at the age from 14 to 25, female gender from the following cities: Skopje, Veles, 
Strumica, Prilep, Krushevo and Tetovo. 

This sample of participants shall be divided into few subsamples according to their developmental 
period of life. 

In the research are applied the following variables of estimation of the motoric capabilities: Japan – 
test (steps in side) /sec/ (JAPT), 2. Sitting on ball / sec/ (SEDT), 3. Fast running 9-3-6-3-9 meters /sec/ 
(BRTR), 4. Fast running backwards 9 meters /sec/ (BTN_9), 5.Reached height when spiking /cm/ 
(DOFS), 6. Reached height when blocking /cm/ (DOFB), 7. Throwing heavy ball over the head when 
jumping /cm/ (IMNG), 8. Throwing heavy ball from breasts from place /cm/ (IMOG).  

For estimation of the situational and motoric knowledge the following variables are applied: 1. Passing 
ball with fingers to zone 4 (DPR_4), 2. Passing ball with fingers to zone 2 (DPR_2), 3. Rebound of ball 
with forearm to left side (OPLL), 4. Rebound of ball with forearm to right side (OPLD), 5. Precision of 
spiking from zone 4 (SMC_4), 6. Precision of spiking from zone 2 (SMC_2), 7. Precision of serving 
(SERV). 
 
Results  

The results from the regression analysis, wherein as a criterion is considered the variable for 
estimation of the situational and motoric knowledge DPR_4 and as a predicate are considered the 
variables for estimation of the motoric capabilities, are presented in table 1. It is noticeable that the 
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predicative system of variables has statistically significant influence over the criterion variable (Q(F) = 
0.007), the coefficient of multiple correlation  (RO = 0.436) shows statistically postitive important 
relation between the predicative system and this variable, and the coefficient of determination (  = 
0.190) shows deka 19% of the variance of criterion could be explained with the variance of these 
predicative variables. The coefficients of correlation between the predicative variables show stiatistically 
important relation only between the variable JAPT (R=-,21) with the criterion. 

 
Table 1. Regression analysis of the variable DPR_4 with the variables for estimation of the motoric capabilities 

among the total sample of participants 
 

  R Part-R Beta T-test Q 
JAPT -,33 -,21 -,25 -2,16 ,03 
SEDT -,20 -,04 -,05 -,43 ,67 
BTN_9 -,24 -,05 -,05 -,51 ,61 
BRTR -,24 ,01 ,01 ,08 ,94 
DOFS ,33 ,03 ,10 ,32 ,75 
DOFB ,31 ,02 ,06 ,19 ,85 
IMNG ,26 ,12 ,20 1,16 ,25 
IMOG ,23 -,05 -,08 -,49 ,62 

R .436                         R2 .190                         Q.007                   
  

In table 2 are presented the results from the regression analysis, wherein as a criterion is considered 
the variable for estimation of the situational and motoric knowledge DPR_2 and as a system of the 
predicates are considered the variables for estimation of the motoric capabilities. It is noticeable that the 
predicate system of variables has statistically important influence over the criterion variable with (Q(F) = 
0.209), the coefficient of multiple correlation (RO = 0.320) shows statistically positive important relation 
between the predicative system and this variable and the coefficient of determination (  = 0.102) shows 
that 10% of the variance of the criterion could be explained with the variance of these predicative 
variables.  

 
Table 2. Regression analysis of the variable DPR_2 with the variables for estimaton of the motoric capabilities 

among the total sample of participants 
 

  R Part-R Beta T-test Q 
JAPT -,08 -,03 -,03 -,26 ,80 
SEDT ,09 ,10 ,12 1,03 ,31 
BTN_9 -,19 -,13 -,14 -1,25 ,21 
BRTR -,01 ,06 ,08 ,64 ,52 
DOFS ,26 ,12 ,41 1,22 ,22 
DOFB ,23 -,06 -,19 -,59 ,56 
IMNG ,11 ,03 ,06 ,30 ,76 
IMOG ,11 -,03 -,05 -,29 ,77 

R .320                         R2 .102                         Q.209                  
 

 
 In table 3 are presented the results from the regression analysis, wherein as a criterion is 

considered the variable for estimation of the situational and motoric knowledge OPLL and as a 
predictable system are considered the variables for estimation of the motoric capabilities. It is noticeable 
that the predictable system of variables has statistically important influence over criterion variable (Q(F) 
= 0.000), the coefficient of multiple correlation (RO = 0.550) shows positive statistically important 
relation between the predictable system and this variable, and the coefficient of determination shows that 
30% of the variances of the criterion could be explained with the variance of these predictable variables.  
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Table 3. Regression analysis of the variable OPLL with the variables for estimaton of the motoric capabilities 
among the total sample of participants 

 
  R Part-R Beta T-test Q 
JAPT -,35 -,19 -,20 -1,91 ,06 
SEDT -,20 ,00 ,00 ,04 ,97 
BTN_9 -,47 -,37 -,39 -3,96 ,00 
BRTR -,32 -,11 -,12 -1,08 ,28 
DOFS ,17 -,13 -,38 -1,27 ,21 
DOFB ,17 ,11 ,30 1,07 ,29 
IMNG ,14 ,17 ,28 1,73 ,09 
IMOG ,06 -,18 -,27 -1,80 ,07 

R .550                         R2 .302                         Q.000                  
 
 

In table 4 are presented the results from the regression analysis, wherein as a criterion is considered 
the variable for estimation of the situational and motoric knowledge OPLD and as a predictable system 
are considered the variables for estimation of the motoric capabilities. It is noticeable that the predictable 
system of variables has statistically important influence over criterion variable (Q(F) = 0.103), the 
coefficient of multiple correlation (RO = 0.351) shows positive statistically important relation between 
the predictable system and this variable, and the coefficient of determination (  = 0.123)  shows that 
12% of the variances of the criterion could be explained with the variance of these predictable variables. 

 
Table 4. Regression analysis of the variable OPLD with the variables for estimaton of the motoric capabilities 

among the total sample of participants 
 

 R Part-R Beta T-test Q 
JAPT -,24 -,07 -,09 -,74 ,46 
SEDT -,15 -,02 -,03 -,24 ,81 
BTN_9 -,30 -,19 -,22 -1,95 ,05 
BRTR -,23 -,09 -,12 -,94 ,35 
DOFS ,15 ,04 ,12 ,35 ,73 
DOFB ,12 -,02 -,06 -,20 ,84 
IMNG ,05 -,02 -,03 -,17 ,87 
IMOG ,05 -,04 -,07 -,43 ,67 

R .351                         R2 .123                        Q.103                
 

Table 5. Regression analysis of the variable SMC_4 with the variables for estimaton of the motoric capabilities 
among the total sample of participants 

 
  R Part-R Beta T-test Q 
JAPT -,16 -,01 -,01 -,11 ,91 
SEDT -,30 -,20 -,23 -2,06 ,04 
BTN_9 -,10 ,09 ,09 ,85 ,40 
BRTR -,28 -,02 -,02 -,20 ,84 
DOFS ,35 ,11 ,35 1,10 ,28 
DOFB ,31 -,03 -,09 -,29 ,78 
IMNG ,34 ,06 ,11 ,63 ,53 
IMOG ,31 ,02 ,03 ,16 ,87 

R .457                         R2 .209                        Q.003                
 

In table 5 are presented the results from the regression analysis, wherein as a criterion is considered 
the variable for estimation of the situational and motoric knowledge SMC_4 and as a predictable system 
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are considered the variables for estimation of the motoric capabilities. It is noticeable that the predictable 
system of variables has statistically important influence over criterion variable (Q(F) = 0.003), the 
coefficient of multiple correlation (RO = 0.457) shows positive statistically important relation between 
the predictable system and this variable, and the coefficient of determination (  = 0.209)  shows that 
20% of the variances of the criterion could be explained with the variance of these predictable variables. 

In table 6 are presented the results from the regression analysis, wherein as a criterion is considered 
the variable for estimation of the situational and motoric knowledge SMC_2 and as a predictable system 
are considered the variables for estimation of the motoric capabilities. It is noticeable that the predictable 
system of variables has statistically important influence over criterion variable (Q(F) = 0.003), the 
coefficient of multiple correlation (RO = 0.452) shows positive statistically important relation between 
the predictable system and this variable, and the coefficient of determination (  = 0.205)  shows that 
20% of the variances of the criterion could be explained with the variance of these predictable variables. 

 
Table 6. Regression analysis of the variable SMC_2 with the variables for estimaton of the motoric capabilities 

among the total sample of participants 
 

  R Part-R Beta T-test Q 
JAPT -,25 -,14 -,16 -1,39 ,17 
SEDT -,22 -,07 -,08 -,69 ,49 
BTN_9 -,15 ,06 ,06 ,56 ,58 
BRTR -,28 -,03 -,04 -,30 ,76 
DOFS ,37 ,14 ,45 1,41 ,16 
DOFB ,32 -,08 -,25 -,81 ,42 
IMNG ,34 ,11 ,20 1,13 ,26 
IMOG ,30 -,02 -,02 -,15 ,88 

R .452                         R2 .205                        Q.003                
   

In table 7 are presented the results from the regression analysis, wherein as a criterion is considered 
the variable for estimation of the situational and motoric knowledge SERV and as a predictable system 
are considered the variables for estimation of the motoric capabilities. It is noticeable that the predictable 
system of variables has statistically important influence over criterion variable (Q(F) = 0.103), the 
coefficient of multiple correlation (RO = 0.351) shows positive statistically important relation between 
the predictable system and this variable, and the coefficient of determination (  = 0.123)  shows that 
12% of the variances of the criterion could be explained with the variance of these predictable variables. 

 
Table 7. Regression analysis of the variable SERV with the variables for estimaton of the motoric capabilities 

among the total sample of participants 
 

  R Part-R Beta T-test Q 
JAPT -,15 -,09 -,10 -,86 ,39 
SEDT -,08 -,04 -,05 -,44 ,66 
BTN_9 -,14 -,02 -,03 -,24 ,81 
BRTR -,05 ,13 ,17 1,34 ,18 
DOFS ,30 ,10 ,32 ,97 ,33 
DOFB ,28 -,04 -,13 -,41 ,68 
IMNG ,23 ,05 ,09 ,49 ,63 
IMOG ,26 ,06 ,10 ,61 ,54 

R .351                         R2 .123                        Q.103                
 
  Conclusion   

The research is conducted over a sample of 107 volleyball players, members of the teams of the first 
volleyball women’s league, in the season 2011/12 in Republic of Macedonia. The participants are at the 
age from 14 to 25, female gender from the following cities: Skopje, Veles, Strumica, Prilep, Krushevo 
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and Tetovo. There are 8 variables for estimation of the motoric capabilities and 7 for estimation of the 
situational and motoric knowledge that are applied. In order to determine the relations we applied 
regression analysis, wherein as a criterion are considered the variables for estimation of the situational 
and motoric knowledge and as a predicate are considered the variables for estimation of the motoric 
capabilities. The results show that the predicative system of variables has statistically significant 
influence over the following criteria variables: DPR_4, OPLL, SMC_4 and SMC_2, which confirms the 
previous research that the motoric capabilities are closely connected to the efficiency of the performance 
of the elements in volleyball. 
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Abstract: 

This paper elaborated the results of a survey of 104 sports students in elementary schools, elementary 
school " Vlado Kantardziev " and school " Krste P.Misirkov " in Gevgelija. Pupils are aged 8-12 years. 
The majority of respondents are male ( 62 respondents ) , most of them said they prefer sport ( 89 ) , most 
play basketball ( 40 ) ,and  soccer  ( 30 ) , but many students in their leisure are playing computer games 
( 26 ) , or learn foreign languages ( 32 ) . Majority of students also want to represent their school in 
official matches (91). Survey results show that students in childhood love to do sports. But from 
traditional sports interest in handball is small, there is also little interest in tennis among students. The 
recommendations of this paper is that primary schools should devote more attention to these sports to 
increase students' interest in them. Also because many students want to represent their school in official 
matches. Recommendation of this paper is to establish a school league for primary school students 
modeled on Western countries and the United States. 
 
Key Words: school sport, sports competition, primary school, improvement of sports 
 
Introduction 

Sport is an integral part of every society, country. Through sports, community, state and especially 
individuals - athletes, owners of the sports clubs, sports professionals, get great benefit profit. For some 
people sport is a basic way of existence. As an integral part of society and overall socio - economic 
relations, development and promotion of sport should be aligned with the socio - economic development 
and concept development of sport. Concept development of sport understands introducing programs for 
development of sports in the youngest population with the introduction of realistic tasks, programs and 
priorities in the development of sport composed of inseparable part of physical education. Physical 
education is part of the general culture, material and spiritual achievements in sports, geared towards 
physical development and health. What happens in sports is a real picture of what is happening in society. 
The main feature of the sport’s competitive nature. The dispute is a proper tool for targeting young people 
in the life and education. From the pedagogical point of view, sport is sport and guiding educational tool 
that leads to self-improvement and youngest self-determination, and building team spirit through 
participation in sports competitions. The sport is basically the foundation of the educational process of 
children and youth. Educational process puts the sport in order to complete the education and 
dissemination of sports culture between all participants in the educational process. Sport is an activity 
through which all persons who may be involved in sports closer to each other and socialize. It is one of 
the basic activities that contribute to the approximation of EU citizens and especially closer to the 
youngest. Sport contributes to the promotion of health and health culture, socialization and connection of 
those involved in sporting events and cultural and recreational connecting people involved in sporting 
events. European approach to defining the sport, defines dispute as the totality of all types of physical 
activities through free or organized participation, participants have the opportunity to highlight or 
improve their physical fitness and mental health outcomes of winning competitions and social 
development relations .The idea of sport for fostering peace and mutual understanding between different 
nations and cultures derived from Europe. European approach to sport defines sport as an activity that has 
a special role in the countries members of the European Union in terms of encouraging the activities of 
volunteers, social and cultural integration. 
 
Material & methods  
In the applied part of this paper is used a method of questionnaire consisting of five questions that were 
surveyed respondents, 91 students in primary schools " Vlado Kantardziev " and " Krste P.Misirkov " 
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Gevgelija. Pupils at the age of 8 - 12 years. The majority of students are ispitaciite - male respondents and 
62 male respondents and 29 - pipils are females. Most of the surveyed students or 89 students said they 
prefer to sport and  that they mostly likely play basketball ( 40 ) , soccer ( 30 ) , but in their leisure time 
many of the students are playing computer games ( 26 ) , or learn foreign languages ( 32 ) . The obtained 
data are processed graphically and in tables. See Appendix 2 for graphs. 
 
Results 

The majority of respondents are male ( 62 respondents ) , most of them said they prefer sport ( 89 ) , 
most play basketball ( 40 ) ,and  soccer  ( 30 ) , but many students in their leisure are playing computer 
games ( 26 ) , or learn foreign languages ( 32 ) . Majority of students also want to represent their school in 
official matches (91). 
 

 
Graph 1 

 
Graph 2 

 
Dicussion 

The Sport prevents young people to live in an environment dominated by negative and bad examples 
of behavior. The sports changes the youth. Although it can be observed some negative effects of violent 
sports events and debates, sports is synonymous with positive and fair play. The dispute sportsmanship is 
a positive example for students that encourages positive behaviors and promote competitive spirit in life 
in general. Sport is indicative of the moral behavior of young and  has a big role in the moral development 
of a person, especially in education and personal life of the individual. Person’s character and moral 
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behavior are not only obtained by birth also they are obtained by acquireing and learning. The behavior of 
children in sports helps in the discovery of their behavior in the future because the behavior of children in 
sports activities helps in predicting their behavior to different challenges in life. During sports games and 
competitions, children behave spontaneously, relaxed, relaxed. At the same time, parents, coaches and 
olders have the opportunity to take sports moment’s assessment of the forms of behavior depending on 
the situation may encourage or streamline certain behaviors. Parents should respect the decisions of their 
children and to enable the child can discover and track Suites capabilities and should not impose their 
personal goals and concerns. It is likely that if parents are into some sports almost is certain that children 
will love the sport. Elementary school is where children have the opportunity to learn about themselves, 
to learn personal skills and express their desire for it if they want to play sports and would like to practice 
sports. In order to consider the situation of children in primary schools, especially in recognition of the 
fact of whether the kids want to play sports and compete, practical research is conducted in elementary 
schools in Gevgelija . The results of the survey show that students want children to play sports. If I had 
the opportunity to choose themselves from traditional sports, students would choose basketball and the 
results of the survey show that the interest in handball and tennis is small. 

Research on sport as a social phenomenon analyzes sport as a single entity which contains specific 
features. The basic classification of the sport derives from the definition that explains what sport is. 
According to the basic definition, sports differentiates itself as educational or pedagogical process and as 
a top sport or recreational sport. Each of these segments has a different content, different order and a 
different social function. Analysis and knowledge of the specific characteristics of these segments of the 
sport contributes to the creation of various sports models whose parts are mutually conditioned and 
complement, but still retain their autonomy in terms of defined objectives, plans and shaping the content 
of sporting activities. 

In the literature it is known differentiation of sport in the narrow and broad sense. Sport classified in 
the narrow sense covers all activities of the people on the one hand there are participants competitors on 
the other hand there are fans - fans, audiences who also are involved in sports activities . Sport in the 
narrow sense only contains in the competitive sports. Sport in the broader sense include all sports 
activities character not only competitive sport. These include organized activities from entertainment, 
sports and recreational games, entertainment and socializing. 

Modern thoughts on sports associated with the smallest young. Features of the sport have changed and 
limit the introduction of the sport as part of everyday life are increasingly shrinking. Sport has become 
commonplace to students and they start with sports activities from an early age. The youngest are turning 
to sport ever since early age. Great influence to guide youth towards sports parents and their attitude 
towards sports activities. Never to be direct children in sports if they do not want to do. Children need to 
be mentally and physically prepared to participate in sporting events. 

The involvement of students in sports and their active participation in sports activities is characteristic 
of modern sport in developed countries. Young talents who show their sporting qualities of organized 
sporting events an opportunity for some engagement at your wish. The involvement of young people in 
sport requires a special commitment from the coaches and sports professionals for work with youth is 
specific and different from working with the elderly. Environment in which the child grows shapes, 
directs and develops the developmental potential of each person. During its lifetime each person goes 
through life more periods stages. There are a number of differences between individuals in terms of age 
of the individual passes each developmental period or stage. Generally accepted division of the stages of 
intellectual development division of Jeana Paigeta  under which children aged 7 to 11 years are called 
stage of concrete operations. The development of child athletes are implemented through multiple phases: 
introduction to the issue, stage of investment in sport, stage of realizing the perfect sports scores and 
maintenance phase of the achieved results.  

Historically, the dispute differentiate the following three stages: physical culture and physical 
education and education, sport and mass sport competition. 

Phase of physical education or physical education and education means the immediate behavior of the 
individual, the individual’s own body and personality, and establishing a balance between spirit and body, 
which is typical for ancient Athenians. 

Phase of sports competition marks the extent of the development of the sport which is typical 
competition which is inherent to man while it determines sport in the narrow sense of the word .Phase of 
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mass sport determines the highest level of development of the sport and it is the mass which is 
characterized by the participation of many people in sporting activities. In terms of whether the sport is 
dominated competitive nature, sports can be: competitive and noncompetitive. 

Inherent competitive sports for athletes who are motivated to play sports just for achieving victory 
feeling of satisfaction and all that brings victory . In competitive sports, victory is synonymous with the 
sport. For the sport of great importance to achieving victory over opponents or competitors in a game. 
Noncompetitive sport free, unlimited sport, characterized by democracy, independent, individual choice 
behavior and decision -making by athletes. Noncompetitive sports highlights universal values and it can 
participate anyone who has a desire to play in, with no restrictions in terms of age, sex, economic 
condition, fitness and so on.  

 
Conclusions 

Sport encourages positive behavior among participants. Participation in sporting events contributes to 
increase respect and tolerance among participants in sports events. Through sport outweigh the 
differences in religion, race, nationality and gender are the cause of misunderstanding and sometimes 
quarrels. Therefore it is recommended that children from a young age to experience the benefits that sport 
provides. According to the research results, we can recommend the need to pay more attention to primary 
schools to increase interest among students for all kinds of sports through the promotion and 
implementation of educational instruction. 

Research shows that kids want to play sports as a great advantage to start the project of establishing 
the school competitive leagues for elementary schools. The project for the establishment of school league 
competition for primary schools could be implemented at the local, regional and national level as an 
opportunity for sport and competition would have all children who are schooled regularly because many 
students want to represent their school in official competitions which confirms the positive impact of 
sport in youth - students in fostering competition and team spirit. 
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Abstract: 
Aim of the study was to investigate the characteristics of the technical and motor training of young 

basketball players of 15-18 years of age by R. Albania. Approbation educational and training program in 
the two years period, which focuses on the characteristics of young basketball players was made. 
 
Key Words: Basketball, young basketball players, features of technical and motor training 
 
Introduction 

Features of the organism of adolescent basketball players (15-18 years old) from anatomy - 
physiological and psychological perspective are related with completion of the process of growth of body 
height, weight increase and improve the functions of all organs and systems. Ossification of the spinal 
cord ends at 18-25 years of age. In a very short time after 14 years of age tendons and joints are 
strengthened and developed, as well as muscle mass. The duration of the current attention reaches 40 
minutes [8]. 

According to E. Messina [6], the characteristics of basketball training in adolescents is associated with 
predominance in team exercises with more technical training and less tactical. At these players is more 
important knowledge of the basic elements than tactical play of the team. The philosophy of the game 
should be direct to speed and aggressive play. 

Tsarova R. and T. Frutis [7] examine the physical and technical preparation of 15 years-old basketball 
players. Evaluation is performed with T- assessments and the wheel correlation to determine the 
proportion of the various indicators of physical and technical preparation of the girls. 

M. Terzieva [5] experiment in classes of physical education and sport various training programs to 
improve the basketball skills of 16-17 students, depending on their physical and technical qualities and 
skills. 

Tsarov K., R. Tsarova [6] have established the factor structure of physical and technical preparedness 
of 14 years-old basketball players. 

L. Petrov [3] study the development of motor skills in young basketball players 12-18 years of age 
during the 1992-2003 year and have established deterioration of boys and sportsmen , a result of the 
continued restraint of children and  poor conditions for sport in future. D. Jovanovic - Golubovic and M. 
Kosich [1] study cadet basketball players to establish the link between situational - motor precision in 
shooting at motion and basic motor skills such as speed, explosive power and flexibility. 

N. Popov, Y. Barbas [4] indicate that the most important criteria for initial selection in the sports 
games are physical properties and motor abilities. Later the significance is shifted to psycho-motor and 
intellectual sphere to emotional volitional sphere. Significance headed to psychological phenomena and 
essential qualities of the individual sportsman.) 
 
Material & methods  
Scientific problem. There are no studies in Albania in terms of the characteristics of motor and technical 
training in young basketball players 15-18 years old, covering all basketball teams in the cadet age. 
Working hypothesis. We suppose that after the second year of implementing an own program of 
basketball training process to 15-18 years old basketball players will get better results than the standard 
method used up to now in Albania. 
Aim of the study: To study the characteristics of technical and motor training in 15-18 years old 
basketball players from Albania. 
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Tasks: 
1. Examine and analyze the issue, according to sources of information - books, internet, 

international basketball seminars, etc. 
2. To analyze the characteristics of the physical and technical preparation of young basketball 

players from Albania in the period 2011-2013 year; 
3. Develop and approve educational and training program for cadets - 15-18 years old basketball 

players. 
4. To compare the results of the initial and final level in the two-year old process of experimental 

and control groups and to determine the influence of the applied methodology the physical and 
mechanical properties of young basketball players. 

The subject of scientific research is to study the characteristics of motor and technical training of young 
basketball players from Albania. 
An object of study is the influence of the applied method on the physical properties and motor skills of 
sportsmen on their technical basketball training. 
Studied contingent are basketball cadet teams (up to 18 years old) from the city of Elbasan - Elbasani, 
Teuta, Durres, Skenderbeu, Korca and Apollonia, city Fier, Albania and teams in average level from 
Bulgaria at the same age. 
Methodology. The team of Elbasan trains 5-6 times a week for two hours a day and makes about 22 
training days in a month , training all the 12 months of the year. In this way, the team makes 520 training 
hours per year. 

 
Table 1. Control tests used in the study 

Control tests Units Measurement 
accuracy Direction Code 

1. Jump with two feet Cm 1 + skok 
2. Triple jump Cm 1 + sk3 
3. Running 20 m S 0.01 - B20 
4.  Pushups N 1 + Lo 
5.  Dribbling between three stands S 0.01 - drs 
6. Running and protective move between three stands S 0.01 - bs 
7. Shuttle run S 0.01 - sov 
8. Jump shot N 1 + so 
9. Free Throws n 1 + nu 

 
Results 

Tables with numbers 2 and 3 and Charts 1 and 2 are presenting the initial and final results of the two-
year experiment. 

Table 2.1. First study. Motor training. 
 

 1 2 3 4 
 elb1 skok elb1 sk3 elb1 B20 еlb1 Lo 

X 227.93 655.6 3.12 22.13 
S 16.03 47.27 0.14 7.62 
V 7.03 7.21 4.49 34.43 

Min 200 580 2.93 7 
Max 250 715 3.42 31 

R 50 65 0.49 24 
t 0.0004 0.03 0.01 0.001 

 
Table 2.2. First study. Technical training. 

 
 5 6 7 8 9 
 elb1 drs elb1 bs elb1 sov elb1 so elb1 nu 

X 8.06 10.41 30.11 3.33 6.13 
S 0.39 0.49 1.13 2.02 1.92 
V 4.84 4.71 3.75 60.66 31.32 

Min 7.48 9.53 28.27 1 4 
Max 8.79 11.3 32.27 8 10 

R 1.31 1.77 4 7 6 
t 0.0003 0.0003 0.008 0.003 0.04 
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Table 3.1. Second study. Motor training 
. 

 1 2 3 4 
 elb2 skok elb2  sk3 elb 2 B20 Elb2 Lo 

X 249.33 688.07 3 31.47 
S 15.51 44.66 0.11 6.07 
V 6.22 6.49 4 19.29 

Min 225 606 2.87 21 
Max 275 755 3.25 41 

R 50 149 0.38 20 
d 21.4 32.47 0.12 9.34 

 

Table 3.2. Second study. Technical training. 
 

 5 6 7 8 9 
 elb2 drs elb2 bs elb2 sov elb2 so elb2 nu 

X 7.64 9.69 29.19 5.07 7.2 
S 0.41 0.51 0.81 0.88 1.15 
V 5.37 5.26 2.77 17.36 15.97 

Min 7.1 9.08 27.92 4 5 
Max 8.63 10.89 31.02 7 9 

R 1.53 1.81 3.1 3 4 
D 0.42 0.72 0.92 1.74 1.07 

Chart 1. 

Tests for technical training - indicators of basketball players in 
Elbasan - first and second study
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Chart 2. 

Motor training - achievements of basketball players in Elbasan - first and second 
study
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Discussion 
Although the differences are not reliable Pt<95%, there are improvements of results in the following 

indicators of physical training: 
- Improvement in the standing jump  with two feet with 21.4 cm; 
- Improvement in the triple jump with 32,47 cm; 
- Improvement in 20m running  with 0.12 s; 
- Improvement in test "Pushups" to denial with 9.34 units. 

In terms of indicators of technical ability there are the following changes: 
- Minimum improvement of dribbling between stands by 0.41 s, the same was observed in running 

between stands – improvement with 0.71 s and in shuttle race with 0.92 s.  
- In jump shot and free throws the improvement is between 1 and 2 points. 
Thereby the hypothesis is corroborated that the applied method of preparation gives better results in 

improving of motor and technical abilities of young basketball players. 
Тhe achievements of the team of Elbasan, compared to the average in Albania and Bulgaria in 

basketball players in the same age, have differences  as follows: 
1. The team of Elbasan marks better achievement in the "jump" test from the average in Albania (x> 

20.93 cm), but lags from Bulgarian basketball players (x <18.41 cm). 
2. In the test "Jump 3" the team of Elbasan again has better achievements than the average from 

Albania (x> 20.93), but lags far of Bulgaria (x <68.73 cm). 
3. The test for speed "B20" informs about the best development of the team of Elbasan, which 

outclasses players from Albania and Bulgaria with 0.2 and 0.1 s. 
4. In the test "Pushups" is observed again the superiority of the basketball experimental team 

Elbasan with 31.47 units from the average in Bulgaria (30.5) and the average in Albania (20). 
Apparently the strength of the upper limbs is not a priority in Albanian teams 

 
 

Chart 3. Comparing the achievements of physical preparedness of basketball players in Elbasan, average from 
Albania and Bulgaria 
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Chart 4. Comparing the achievements of the technical preparedness of basketball players from Elbasan, average 
from Albania and Bulgaria 
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The features of technical preparedness is related to the learning and training process in 

childhood years and the competition in the game of young basketball players. The achievements 
of the team in Elbasan are influenced by the model which is applied within 2 years. 

Achievements of the team of Elbasan, compared to the average in Albania and Bulgaria of basketball 
players in the same age,  are presented to Figure 4, but the differences which are not reliable (Pt <95%) 
are the following: 

 The team of Elbasan marks better achievements in the "drs" test (dribbling between stands) than 
the average for Albania (x <1.04 s), but lags from Bulgarian basketball players (x> 2.74 s). 

 The "bs" test (running between stands) informs about speed endurance and the technique of 
specific movement. Again the team of Elbasan is with the best achievement (20.82 s), followed 
by Bulgarian basketball players (21.6) and the average level in Albania (x +22.1). 
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 Test "sov" (shuttle running from line to line) is very characteristic for the movement in 
basketball. It informs about the best development of this quality in the team of Elbasan, which 
outclass players from Albania and Bulgaria with the minimum 0.2 and 0.1 s. 

 In "so" test (jump shot) is observed a slight superiority of experimental basketball group Elbasan 
with 9.99 hits from the average in Albania (9.1) and well below the average in Bulgaria (13.9). 
It’s important to develop this technical element. 

 The feature of free throws shots (test "nu") is standard on this shooting in the basket. 
Experimental group Elbasan outclasses Albanian average (8.13 goals against 7.8), but lags from 
Bulgarian teams that have achievement 13.8. 

 
Conclusions 

1. The features of physical and technical preparedness in 15-18 years old basketball players in the Republic of 
Albania are not well studied in this respect, this study is a novelty. 

2. The observed experimental group of adolescents from Elbasan – Albania have showed better results after 
two years of sport and pedagogical experiment in physical preparedness in all respects. In test "jump" - 
with 21.4 cm, "jump3" - with 32.47 cm, "B20" - 0.12 s and "Lo" - 9.34 units. 

3. The technical preparedness of the experimental group also records a growth during the experiment. The 
improvement is minimally in dribbling between stands with 0.41 s, the same is observed in running 
between tables - improvement with 0.71 s and a shuttle running with 0.92 s. The improvement in jump shot 
and foul shot is between 1 and 2 points. 

4. In a comparative analysis between the experimental group, the average level in Albania and the average 
level in Bulgaria it’s observed a slight superiority of the team of Elbasan from the average levels in Albania 
and Bulgaria regarding of specific basketball movement (test "bs" and test "sov"). The experimental group 
has better achievements than the average in Albania, but lags from Bulgaria in the other technical features 
dribbling between stands, jump shot and foul shot. 

5. The developed educational and training program for age "cadets" - 15-18 years old basketball players is 
successful. In the next stage of its development should be emphasize to a greater degree of technical 
training of the players in the part for jump shot, free foul shot and dribbling in difficult conditions. 
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Abstract: 
A survey covering a sample of 90 respondents, divided into three groups: 30 basketball players, 30 

parents and 30 coaches, a questionnaire was applied as a research technique to assess the extent of inner 
organization of the basketball club Rabotnicki. In order to determine the factor structure on the scale of 
subjective evaluation, a questionnaire has been designed following the Likert scale, corresponding to the 
age characteristics of the respondents involved. The scale used to evaluate the extent of organization of 
the basketball club, consisted of 15 variables (statements). Based on the resulting matrices of inter-
correlation, it can be concluded that the questions listed in the questionnaire are well through and 
designed in a way that produces valid and reliable data. By factor analysis of the variables for 
assessment of the organization of the basketball club, three latent dimensions (factors) have been isolated 
defined as follows: „factor of club management“, „factor of club members parents“ and „factor of 
expertise and role of the coaching staff in the club“. It has been essential in this study to identify the 
importance of the training/coaching process as a fundamental sports function and the most significant 
factors of the sports management.  

 
Key words: basketball players-cadets, parents, coaches, basketball club, management. 
 
Introducing 

Management is today`s phenomenon, necessity of the modern way of life and work, oriented to 
effective performance of certain tasks and activities. The management as a phenomenon is semantically 
dragging in organization i.e.  organizing in a way that in both practice and theory, organization and 
management present an unbreakable unity. Regarding management, we can refer to the author Henry 
Fayol who in 1916 defined management as managing with predicting, planning, organizing, coordinating, 
commanding and controlling things/tasks. Harold Koontz, 1961 in his book „The Management Theory 
Jungle“ defines management as an art of managing tasks through and with people who are informally 
organized in groups. According to that, the management is observed and described as a process of 
directing certain activities, ventures or systems for more effective achievement of goals, meanwhile 
including the functions of planning, organizing, leading and controlling (Damjanovska M.& all, 2012). 
Regarding sport, in sports organizations including other organizations too-the managers use the same 
techniques, processes and theories of managing which secure business effectiveness and stable position of 
the sports organization in the long run. Neshic M. (2007), Tomic M.(2007) define the sport management 
as a process of predicting, planning, organizing, conducting, securing staff and also controlling human, 
material, financial and the rest of the organizational resources of the sports organization in order to 
achieve the determined goals .The sport management secures the functioning of the whole system of the 
sports organization i.e. establishes a system for selecting talents, secures professional work, generates 
general conditions for the preparation of the sportsmen for their greatest successes, generates assumptions 
for organizing sports competitions, secures material and financial resources and of course, secures 
communication inside the sports organization but also out of the sports public. 
 
Methods 

For the necessities of this research a questionnaire was used, prepared according to Likert scale. 
Ninety examinees were questioned divided into 3 groups: 30 basketball players, 30 parents and 30 
trainers who were supposed to show their attitude considering the management of the club. The sports 
club organizational scale is constructed by Srdić V.2011. 
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The questions in the questionnaire correspond to the adult characteristics of the examinees. The scale 
which was used to evaluate how much the basketball club is organized contained 15 variables. The 
research is carried out in the period September-October 2013. 

Suitable conditions, which allowed free work, were provided for the completion of the questionnaire 
(a room big enough and well lighted enough where the questioned individuals will be comfortable). 
Before completing the questionnaire, the examiner described the way in which the questionnaire should 
be completed. Each group (of examinees) completes the questionnaire within a certain period of time of 
the day. The questionnaire completion  lasted 10 min. 

All of the basic information obtained from the research were processed using appropriate statistical 
methods. The latent structure of the system of variables is determined using the Hotteling’s  method of 
the main components. The number of the main important components is defined according to Guttman-
Kaiser criterion. Statistically important characteristic roots are considered those, which have values 
bigger or equal to 1.00. In the further process, the main important components are transformed in 
Varimaks position. 
 
Discussion 

Table 1 presents intercorrelation between the variables of the organizational setting subjective 
evaluation scale. The intercorrelation matrix is based on relations between individual variables for 
organizational setting evaluation of the club. Correlation coefficients only indicate the relations between 
variables, while a more in-depth analysis and detailed information will be presented in the multivariate 
and quantitative methods and procedures. 

 
Table 1.  Intercorrelation between variables on the organizational setting 

subjective evaluation scale 
 

 
The intercorrelation matrix is a starting point for obtaining the entry data for multivariate methods, 

which allow for a more detailed data analysis. The analysis of the intercorrelation matrix representing the 
15 applied variables for the club’s organizational setting evaluation (table 1) shows that the matrix 
contains mainly medium and high correlation coefficients. The obtained correlation coefficients between 
most of the organizational setting evaluation items are statistically significant and range between .20 and 
.94. This indicates that the matrix has a rather consistent structure, which on the other hand proves that 
the scale is well structured and adequately adjusted to the research subjects sample and its characteristics. 
Low correlation coefficients would mean that the questions in the scale are divergent and that they do not 
match the research subject sample. Alternatively, if too high correlation coefficients were obtained, that 
would mean that the questions in the scale evaluate the same thing. 

The structure of the basketball club organizational setting subjective evaluation scale has been 
determined by a factor analysis and is presented on tables 2, 3 and 4. After calculating the intercorrelation 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1,00                             

2 ,89 1,00                           

3 ,83 ,85 1,00                         

4 ,43 ,38 ,36 1,00                       

5 ,57 ,50 ,44 ,63 1,00                     

6 ,60 ,52 ,53 ,65 ,94 1,00                   

7 ,37 ,38 ,31 ,22 ,31 ,30 1,00                 

8 ,37 ,38 ,36 ,30 ,34 ,37 ,92 1,00               

9 ,49 ,47 ,45 ,64 ,71 ,74 ,49 ,56 1,00             

10 ,49 ,46 ,46 ,51 ,63 ,67 ,45 ,54 ,67 1,00           

11 ,53 ,50 ,45 ,46 ,65 ,70 ,45 ,48 ,63 ,70 1,00         

12 ,61 ,59 ,44 ,55 ,70 ,69 ,48 ,48 ,65 ,74 ,75 1,00       

13 ,61 ,60 ,55 ,42 ,56 ,56 ,53 ,55 ,54 ,62 ,69 ,73 1,00     

14 ,18 ,25 ,20 ,22 ,20 ,23 ,69 ,74 ,45 ,45 ,39 ,41 ,58 1,00   

15 ,46 ,44 ,45 ,59 ,50 ,57 ,39 ,45 ,58 ,67 ,69 ,64 ,51 ,38 1,00 
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matrix for all applied variables (attitudes-assertion), the matrix has been factorized by applying 
Hotelling's method of principal components. In cases where more than one component was identified, the 
significant main components were rotated in Varimax-position. We applied Kaiser-Guttman criterion for 
determining the number of significant components. It presupposes that all factors (significant 
components) are significant if their characteristic roots are higher than or equal to 1.00 (λ≥1). 
Interpretation of the structure has been carried out using the parallel projections of the treated variables of 
the identified factors. 

Intercorrelation matrix factorizing resulted in obtaining three main components  (table 2). Those three 
main components explain 77.95% of the common variability.  The first main component explains most of 
the variability of the variance (56.18%), the second main component explains 12.52%, and the third 
9.25% of the variability of the variance. 

 
Table 2.  Characteristic roots and explained parts of the common variance and variables  

on the basketball club organizational setting subjective evaluation scale 
 

 LAMBDA % KUM % 
1 8,43 56,18 56,18 
2 1,88 12,52 68,70 
3 1,39 9,25 77,95 

 
 

Table 3. Hotelling's method of principal components of variables on the basketball club organizational setting 
subjective evaluation scale 

 
Variables H1 H2 H3 h

2
 

The influence of the coach in setting up the general goals of the club ,76 -,33 ,48 ,91 

The role of the coach in setting up the general goals of the club ,73 -,26 ,56 ,92 

The role of the coach in setting up and realization of the sports competition goals of the club ,69 -,29 ,56 ,86 

The efficiency of the club’s management in ensuring material and financial means ,66 -,24 -,36 ,62 

The role of the club’s management in the sports results achieved so far ,79 -,32 -,29 ,82 

The influence of the club’s management on the sports results achieved so far ,83 -,33 -,26 ,86 

The role of the parents in the sports results achieved so far ,63 ,65 ,16 ,85 

The influence of parents in the current sports scores ,68 ,64 ,11 ,88 

The efficiency in awarding professional work corresponding to the results achieved ,81 ,01 -,26 ,73 

The influence of the new international rules on the changes in the basketball game ,82 ,05 -,21 ,71 

The overall organization of the basketball game in Macedonia ,82 -,02 -,17 ,70 

The organization of the club as a whole ,86 -,04 -,12 ,75 

The work quality of the administrative and technical services of the club ,81 ,13 ,14 ,69 

Parent support to the club ,54 ,70 ,02 ,79 

Conditions, training facilities ,75 -,01 -,20 ,60 

 
 
All assertions of the first main component have a relatively high projection and it could be considered 

the general factor for effective basketball club organization setting.  
On the bases of the values of cumulatively (h2) table 3, we can conclude that the questions on the 

scale are well structured and adequately adjusted to the research subjects sample and its characteristics 
(obtained low values of uniquetet, i.e. small measurement error). 
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In order to obtain a better position of Parsimony, the initial coordinate system is rotated to a 
orthogonal Varimax position. Table 4 shows the main components of a matrix of isolated 

 
Table  4.  Varimax rotation variables on a scale for subjective assessment of organization  

of basketball club  
 

Varijables V1 V2 V3 

The influence of the coach in setting up the general goals of the club ,36 ,13 ,87 

The role of the coach in setting up the general goals of the club ,28 ,18 ,90 

The role of the coach in setting up and realization of the sports competition goals of the club ,25 ,14 ,88 

The efficiency of the club’s management in ensuring material and financial means ,78 ,05 ,13 

The role of the club’s management in the sports results achieved so far ,86 ,05 ,28 

The influence of the club’s management on the sports results achieved so far ,87 ,07 ,32 

The role of the parents in the sports results achieved so far ,17 ,88 ,20 

The influence of parents in the current sports scores ,24 ,89 ,18 

The efficiency in awarding professional work corresponding to the results achieved ,75 ,36 ,19 

The influence of the new international rules on the changes in the basketball game ,71 ,40 ,22 

The overall organization of the basketball game in Macedonia ,71 ,35 ,28 

The organization of the club as a whole ,71 ,34 ,34 

The work quality of the administrative and technical services of the club ,47 ,50 ,46 

Parent support to the club ,17 ,87 ,02 

Conditions, training facilities ,67 ,32 ,21 
 

 
Table 4, shows that the highest projection on the first varimax factor have the following variables: 

„The efficiency of the club’s management in ensuring material and financial means“, „The role of the 
club’s management in the sports results achieved so far“, „The influence of the club’s management on the 
sports results achieved so far“,  „The efficiency in awarding professional work corresponding to the 
results achieved“, „The influence of the new international rules on the changes in the basketball game “, 
„The overall organization of the basketball game in Macedonia“, „The organization of the club as a whole 
“ and „ Conditions, training facilities“, so this latent dimension can be defined as a factor of Club 
Management. 

On the second varimax factor higest saturation have the folloving variables: „The role of the parents 
in the sports results achieved so far“, „The influence of the parents on the sports results achieved so far“, 
„Parent support to the club“ and „ The work quality of the administrative and technical services of the 
club“. The last variable (assertion) has a high projection on the first and third factor. Second factor can be 
defined as a factor of the parents of competitors in the club.  

 On the third factor higest projection have this variables: „The influence of the coach in setting up 
the general goals of the club“, „The role of the coach in setting up the general goals of the club“, „The 
role of the coach in setting up and realization of the sports competition goals of the club“ and the same 
can be defined as a factor of expertise and role of the coach in the club.  
 
Conclusion 

Previous research, especially in our country in the field of sports management in basketball are very 
rare. This research shows the current model sports organization (basketball team) in order to define the 
objective assumptions for the development of a new more efficient model. Every sport organization exists 
for transformation of input into output information to meet the specific needs of service recipients in the 
environment and the organization (Segić S. 2004). 

When defining the model certain factors that determine the organization - the club. It was essential to 
determine the importance of the training process as a fundamental sport function and the most important 
factors of the sports management. 
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With factor analysis of the variables to assess the organization of the club three isolated latent 
dimensions are defined as: 

1.  Factor of management in the club. The sport management is one of the most important and most 
complex activities that to the sport organization-club it allows in the most economical, most rational and 
most efficient way to implement the sport and business functions. The sport organization and the sport 
management relate reversible, without management the sport organization has no integrity to act and 
develop, and vice verse, without the sport organization-club the management cannot ensure its functional 
content. 

2  Factor of parents of the athlets in the club. Parents of children athletes are an important external 
factor in the sports environment because through their beliefs and values affect the ability of perception 
and participation of children in sport. They are encouragers, supporters, motivators or factor that 
contributes to the development of exceptional performance and therefore need to be in close 
communication with the coach-manager.   

3.  Factor of expertise and role of the coach in the club. The coach-manager is an active participant 
in all functions of the management in the sport organization. It should possess organizational skills to 
perform managerial work, training process, to follow the latest knowledge of a particular sport, in this 
case basketball, because they are the key categories "main engine" in the management mechanism of the 
sports organization.  

The results of this study important measure can be used in order to improve the managerial 
job in basketball club Rabotnicki, understanding the organization of the work, especially in the 
youth categories where management should pay particular attention to the thriple 
communication: coach-athlete-parent.    
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Abstract: 

A research aiming to determine intergroup differences in offense-defense variables among four 
studied subsamples was conducted on a sample of 368 basketball players from the NBA league, the 
Euroleague, the Adriatic (ABA) league, and the First Macedonian Basketball League. A total of fourteen 
variables were applied to assess the performance of each player, eleven of which were offense and three 
were defense variables. Based on the results of the performed multivariate analysis of offense variables it 
was found that there are statistically significant differences in the arithmetic means of the following 
applied variables among the four subsamples: total two-point field goals (FG), total two-point field goals 
attempted (FGA), and assists (ASS). NBA respondents achieved best results in the total two-point field 
goals (FG) variable, meaning they attempt more two-point field goals compared to other respondents, 
which by all means allows them to achieve higher scores. NBA respondents have the highest number of 
assists (ASS) per game. The results of the multivariate analysis of defense variables show statistically 
significant differences in the arithmetic means of the following applied variables among the four 
subsamples: defensive rebounds (DR) and total rebounds (TOTR). NBA respondents achieved the best 
results in these two variables. 
 
Keywords: basketball, shot, rebounds, variance, goal 
 
Introduction 

Competition is the most adequate and stringent test for all positive and negative aspects of a team, 
while the analysis of the structural elements of a game directly and unarguably reflects all flaws and 
advantages. One cannot acquire reliable information about individual or team performance by simply 
watching the games or conducting an inadequate analysis. Although many factors influence a game 
outcome, efficient implementation of certain structural elements of a basketball game is crucial. This 
issue has been studied by many authors, the most significant of which are: Dežman B. and Jeras G., 
Trninić S., Viškič-Štalec J., Dizdar D. and Birkič Z., Naumovski M., Daskalovski B., etc. 

 
Research topic and purpose 

• The topic of this research are the offense-defense variables in the NBA, the Euroleague, the ABA 
league teams, and the teams that play in the best league in our country. 

• The purpose of this research is to determine intergroup differences in the offense-defense variables 
among the four subsamples. 
 
Approach 
Respondent sample 

The respondent sample was chosen from the top basketball players in the NBA league, the 
Euroleague, the ABA league, and the First Macedonian Basketball League. These are professional 
basketball players. The total respondent sample consists of 368 basketball players and it is divided into 
four subsamples: 

First subsample covers the NBA league and has a total of 101 respondents. Second subsample covers 
the European Basketball League and has a total of 95 respondents. The third subsample includes the First 
Macedonian Basketball League and has a total of 71 respondents. The fourth subsample covers the 
Adriatic League and has a total of 101 respondents. 
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Variables sample 
 A total of 14 variables–to assess the performance of each player included in this study–were 
applied in this research. 
Variables to assess the performance of players 

1. Number of Minutes played in the game  MIN 
2. Total Two-Point Field Goals   FG 
3. Total Two-Point Field Goals Attempted  FGA 
4. Three-Point Shooting    P3 
5. Three-Point Attempts    P3A 
6. Free Throws     FT 
7. Free Throws Attempted    FTA 
8. Offensive Rebounds    OR 
9. Defensive Rebounds    DR 
10. Total Rebounds     TOTR 
11. Assists      ASS 
12. Steals      ST 
13. Turnovers     TO 
14. Points      PTS 

 
Univariate and multivariate analysis of variance (ANOVA, MANOVA) were applied to determine the 

quantitative and qualitative intergroup differences; while univariate differences in variables analyzed 
were determined with the LSD post hoc test. 
 
Results and discussion 
Univariate and multivariate analysis of variance of offense variables in all four subsamples 

 
Table 1. Offense variables multivariate differences in all four subsamples 

 
 Wilks's     
 Lambda Rao's R df 1 df 2 p-level 

1. .558605 6.891872 33 1040 .000000 
 

Table 1 shows the multivariate analysis of variance results for offense variables which clearly indicate 
the statistically significant difference in the arithmetic means among respondents from all leagues studied. 
Wilks's lambda is .558605 and if approximated by Rao's R = 6.891872 and degrees of freedom df1 = 33 
and df2 = 1040 it would be significant p = .0000 (p < .01). 

 
Table 2. Univariate differences of offense variables in all four subsamples 

 

VAR. Mean sqr Mean sqr F(df1,2)  
 Effect   Error     3.363 p-level  

MIN 294.1216 348.6419 .84362 .470692 
FG 42.3805 5.5903 7.58101 .000063 
FGA 323.0787 17.5554 18.40335 .000000 
PZ .5686 .9255 .61435 .606070 
PZA 4.5250 4.3659 1.03644 .376411 
FT 1.4911 3.5847 .41597 .741643 
FTA 4.7553 6.1348 .77514 .508475 
OR .5437 1.3253 .41029 .745705 
ASS 10.9012 3.5285 3.08945 .027181 
TO 1.3279 1.6434 .80801 .490051 
PTS 57.3311 37.3689 1.53420 .205270 
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Table 2 shows the results of univariate analysis of offense variables in all four subsamples and it 
clearly indicates that the statistically significant differences in the arithmetic means among subsamples in 
the multivariant field are due to the presence of significant variable differences: total two-point field goals 
(FG), total two-point field goals attempted (FGA), and assists (ASS). Hereinafter results will be presented 
only for variables with established statistically significant intergroup differences. 

The LSD test is used to determine the differences between individual variables and the level of 
statistical significance among the four subsamples. 

 
Table 3. LSD test for the total two-point field goals (FG) variable in respondents of all four subsamples 

 
   {1}      {2}      {3}      {4}    
 3.504951 2.484210 3.070423 2.019802 
1   {1}  .002680 .235758 .000011 
2   {2} .002680  .114586 .169854 
3   {3} .235758 .114586  .004325 
4   {4} .000011 .169854 .004325  

 
Differences in the total two-point field goals variable (FG) for all four subsamples are shown in Table 

3. It can be concluded that there is a .00268 (p < .01) and a .000011 (p < .01) statistically significant 
difference in this variable among NBA and Euroleague respondents, and among NBA and ABA league 
respondents, respectively. The NBA players achieve better results. First Macedonian Basketball League 
respondents statistically make significantly larger number of two-point field goals – .004325 (p < .01), 
compared to ABA league respondents. The results show that Macedonian basketball players make 
approximately the same number of two-point field goals as NBA respondents. 

 
Table 4. LSD test of the total two-point field goals attempted (FGA) variable in respondents of all four subsamples 

 
   {1}      {2}      {3}      {4}    
 7.801980 4.557895 6.535211 3.831683 
1   {1}  .000000 .051377 .000000 
2   {2} .000000  .002775 .225419 
3   {3} .051377 .002775  .000038 
4   {4} .000000 .225419 .000038  

 
Table 4 shows the differences in the total two-point field goals attempted (FGA) variable among all 

four subsamples. As with the previous variable, it can be concluded that for this variable there are also 
statistically significant differences of .00 (p < .01) and .00 (p < .01) among NBA and Euroleague 
respondents, and among NBA and ABA respondents, respectively. NBA respondents attempt more two-
point field goals. First Macedonian Basketball League respondents have statistically significant larger 
number of two-point field goals attempted compared to Euroleague respondents; significance level equals 
.002775 (p < .01). They also have statistically significant larger number of two-point field goals 
attempted compared to ABA league respondents. Level of significance equals .000038 (p < .01). 

 
 

Table 5. LSD test of total assists (ASS) variable of respondents in all four subsamples 
 

 {1} {2} {3} {4} 
 1.980198 1.357895 1.281690 1.247525 

1   {1}  .021036 .016874 .005873 
2   {2} .021036  .796139 .681309 
3   {3} .016874 .796139  .906598 
4   {4} .005873 .681309 .906598  
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Table 5 shows the differences in the total assists (ASS) variable in all four subsamples. It can be 
concluded that there are statistically significant differences in this variable of .021 (p < .01) and .005 (p < 
.01) among NBA and Euroleague respondents, and among NBA and ABA league respondents, 
respectively. There is also a .016 statistically significant difference among NBA and First Macedonian 
Basketball League respondents. It should be pointed out that the NBA rule is as follows – each final pass 
that leads to a score is considered an assist, while in the Euroleague the pass directly before the score is 
considered an assist. 
 
Multivariate analysis of variance of defense variables 
 

Table 6. Multivariate differences between selected variables in all four subsamples 
 

 Wilks's     
 Lambda Rao's R df 1 df 2 p-level 

1. .954352 1.897755 9 881 .048977 
 

Table 6 shows the results of the multivariate analysis of offense variables which clearly indicate a 
statistically significant difference in the arithmetic means between respondents from: the NBA, the 
Euroleague, the Macedonian League, and the ABA league. Wilks's lambda is .558605 and if 
approximated by Rao's R = 6.891872 and degrees of freedom df1 = 33 and df2 = 1040 it would be 
significant p = .0000 (p < .01). 

 
Table 7. Univariate differences between defense variables in all four subsamples 

 
 Mean sqr Mean sqr F(df1,2)  
 Effect Error 3.364 p-level 
DR 21.42488 4.425667 4.841050 .002571 
ST .10371 1.066752 .097220 .961537 
TOTR 23.29980 6.854284 3.399306 .017968 

 
Table 7 shows the results of the univariate analysis of defense variables in respondents from all four 

championships. The table shows that the statistically significant differences in the arithmetic means of the 
multivariant field among respondents from the four championships are due to the presence of significant 
differences in the following variables: defensive rebounds (DR) and total rebounds (TOTR). 

 
Table 8. Arithmetic means of defense variables in all four subsamples 

 
 DR ST TOTR 
1 3.079208 .702970 4.039604 
2 2.063158 .757895 3.084211 
3 2.309859 .732394 3.211268 
4 2.148515 .683168 2.980198 

 
Table 8 shows the differences between arithmetic means of defense variables in all four subsamples. 

The LSD test is applied to establish the differences between individual variables and their level of 
statistical significance among all four subsamples. 
 

Table 9. LSD test of the defensive rebounds (DR) variable in respondents from all four subsamples 
 {1} {2} {3} {4} 
 3.079208 2.063158 2.309859 2.148515 

1   {1}  .000806 .018735 .001804 
2   {2} .000806  .455236 .776659 
3   {3} .018735 .455236  .620750 
4   {4} .001804 .776659 .620750  
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Table 9 shows the differences in the defensive rebounds (DR) variable in all four subsamples. It can be 
concluded that there is a statistically significant difference of .000806 (p < .01) and .001804 (p < .01) 
among NBA and Euroleague respondents, and among NBA and ABA league respondents, respectively. 
Statistically significant difference of .018735 (p < .01) in the same variable exists among NBA and First 
Macedonian Basketball League respondents. 

 
Table 10. LSD test for the total rebounds (TOTR) variable in respondents of all four subsamples 

 
 {1} {2} {3} {4} 
 4.039604 3.084211 3.211268 2.980198 

1   {1}  .011079 .041780 .004270 
2   {2} .011079  .757230 .781193 
3   {3} .041780 .757230  .569107 
4   {4} .004270 .781193 .569107  

 
Table 10 shows a statistically significant difference of .011079 (p < .01) and .041780 (p < .01) among 

NBA and Euroleague respondents, and among NBA and First Macedonian basketball League 
respondents, respectively. The table also shows a statistically significant difference of .004270 (p < .01) 
among NBA and Adriatic League respondents. 
 
Conclusion 

Based on the results obtained and the analysis conducted the following conclusions were reached: 
- The multivariate analysis of offense variables showed that there are statistically significant 

differences in the arithmetic means of the following applied variables among the four studied subsamples: 
total two-point field goals (FG), total two-point field goals attempted (FGA), and assists (ASS). NBA 
respondents achieved the best results in the total two-point field goals (FG) variable. NBA respondents 
achieved the best results in the total two-point field goals attempted (FGA) variable which by all means 
allows them to achieve higher scores. On average, the NBA respondents have the highest number of 
assists (ASS) per game. 

- Multivariate analysis of defense variables showed that there are statistically significant differences in 
the arithmetic means of the following applied variables among the four studied subsamples: defensive 
rebounds (DR) and total rebounds (TOTR). NBA respondents achieved the best results in these two 
variables. 
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Abstract 

The retrospective clinic study was conducted from May, 2006 to November, 2010, at the clinic for 
Maxillofacial surgery in Skopje, Macedonia. In our study were registered 12 patients (9 male and 3 
female) with a fracture of the lower jaw, caused by sports injuries. The aim of this study is to determine 
occurrence of fractures of the lower jaw in terms of gender, age, the type of the fracture and the number 
of days that patient stayed in the hospital. For processing the results we used Statistica for Windows 7.0. 
Results show us dominance of male in the second decade of their lives. Most of the fractures are located 
in the angle of the lower jaw. 
 
Key words: fracture, mandible, sports injury, trauma, incidence. 
 
 
 
Introduction 

Mandible is the bone that is directly and most frequently exposed to the action of external forces and 
influences that leads to its fracture, which in turn is most common fracture in the area of the face.(4,22,28,30) 
Because of their severe consequences, traumas that occur in mandibular (lower jaw) area become of great 
interest to surgeons who treat them. Because of their specificity and complexity, these fractures differ 
from traumas that occur in another location.(18,20) Specificity of the fractures in the facial jaw area comes 
from its anatomo-topography, physiology and its complex function.(12,15,16)  
 
Aim of the study 

The aim of this retrospective study is to determine the incidence of occurrence of fractures of the 
mandible incurred due to a sports injury, occurrence of fractures of the lower jaw in terms of gender, age, 
the type of the fracture and the number of days that patient stayed in the hospital. All of them are treated 
at the clinic for Maxillofacial surgery in Skopje, Macedonia for the period of 4 years, from May, 2006 to 
November, 2010. 
 
Material and methods 

This was a retrospective clinic study which was made for a period of 4 years, from May, 2006 to 
November, 2010, where were involved 12 patients who were admitted and treated for mandible fractures 
related with sports injury at the clinic for Maxillofacial surgery in Skopje, Macedonia. Data relating with 
gender, age, the type of fracture, type of sport and number of days that patient stayed in the hospital were 
collected. 
 
Results 

Between January, 2004 and June, 2011, 432 patients were hospitalized at the clinic for maxillofacial 
surgery in Skopje, Macedonia with mandible fractures. Among them, 12 patients were with fractures 
caused by sports injury, or 2,78%. At figure no.1 is presented sex distribution, the group comprises 9 
male (75%) and 3 female (25%) patients with age ranges between 11 and 28 years old and the mean age 
was 17,67 years.  
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Figure no.1 Sex distribution  

 
In this clinic study we have male predominance which was noticed in the 2nd decade (8 patients, 6 

male and 2 female) and 4 patients (3 male and 1 female) in the 3th decade, figure no.2. 
 

 
Figure no. 2 Distribution of sport related mandible 
fractures according to the gender and age range 
frequencies 

 
The major etiology of sport related mandible fracture in our retrospective clinic study was basketball 

with 58,33%, followed by karate with 25% and boxing with 16,67% (figure no.3). 
 

 
Figure no. 3 Etiology of sport related mandible 
fractures 

  
On figure no. 4 we present the male and female ratio in the etiology of sport related mandible 

fractures.  
 

 
Figure no.4 Male and female ratio in etiology of 
sport related mandible fractures 
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The most common anatomic region where the fractures were diagnostic was in collum mandible with 
4 patients, followed by angulus mandible with 3 patients, 2 patients with corpus and processus condylaris 
mandible and 1 fracture was diagnosed on capitis mandible.(figure no.5) 
 

 
Figure no. 5 Anatomic site – wise distribution of 
mandible fractures 

 
At figure no.6 was presented the period of hospitalization for each type of mandible fractures. The 

average hospitalization period was 5,4 days. 
 

 
Figure no.6 Hospitalization period for each type of 
mandible fractures 

 
 
Discussion 

Mandible fracture is the most frequent diagnose which is registered at the clinic for Maxillofacial 
surgery all over the world.(1,11,13) Mandible fractures are on the second place after the fracture of the nasal 
bones, which are diagnosed and treated from general and plastic surgeon and 
otorhinolaryngologists.(21,23,26) Greatest number of injuries in the face-jaw complex, which includes the 
lower jaw occurre from traffic accidents, fights and sports related injuries.(22) Greatest number of patients 
are males who are in the third decade of their life.(22) Patients with fractures of the lower jaw have the next 
clinical signs and symptoms: pain, swallow on the face due to the rich net of blood vessels, lymph nodes, 
subcutaneous fat tissue, muscles and connective tissue.(29) This is followed by change of the color of the 
skin and the oral mucosa, hematomas, deformity of the face caused by the swallow and the location of the 
fractures.(29) Crepitation between bone fragments is the clinical sign which is followed by strong pain and 
this depends on muscle activity. Other signs which are present are trismus, paresis or paresthesia of lower 
mandible nerve, intraoral bleedings, open fractures, hypersalivation and foetor ex ore.(30)  

Sports related injuries like a reason for a mandible fractures, in our retrospective clinic study are 
presented with 3%.(5) According to Ph.Dr.Vaskov(30), from the research which he made at the period of 
1998 to 2003, sports related fractures are presented with 2%. According to a research made in Freiburg, 
Germany(13), sports related mandible fracture are presented with 10%, and according to data from WHO 
(World Health Organisation), sports related mandible fractures are presented with 4%.(19,24)  
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The most frequent localization of mandible fractures which are connected with sports injuries are 
angulus and column mandible, followed by corpus mandible. From data base of WHO, sports injuries 
first lead to fractures in the corpus region, next is column mandible, and the last is angulus mandible.(19,24) 

In terms of diagnostics of mandible fractures(8), it is recommended to follow the diagnostic protocol 
suggested by American College of Surgeons (ACS)(3), which is the program from Advanced Trauma Life 
Support.(7,15,27) 

Chayra and colleagues(9) made a research in which they concluded that using the panoramic rtg picture 
helps in diagnosting the mandible fracture in 92% of the patients.(8,11,13,20,25) 

 

 
Image no. 1 Suggested radiographic image for evaluation of 
facial fractures(13) Taken from Pathria and Blaser (25), 
Manson(20), and Donof(11) 

  
 

Patients with different types of fractures spent different time in hospital. Anyway, the average 
hospitalization period was 5,4 days.  

In terms of treatment of mandible fractures, the most effective ways are closed and open 
reduction.(2,6,10,18,21) 

 
Conclusion 

The presence of mandible fractures in terms of gender was with male predomination with 3:1 male : 
female ratio. In terms of age, the second decade was the most recent period when the fractures were 
diagnosed and most of the patients were male. Next period when mandible fractures were recent was third 
decade, same with predominance of male. In terms of type of mandible fractures the most recent 
localizations were processus condylaris, angulus and collum mandible. Patients with fracture of the 
angulus and corpus of the mandible spend longer time in hospital compared with collum and capitis of the 
mandible. 

Anyway, for prevention of occurring mandible fracture during a sports game, it is recommended that 
players should have specially made mouth protection. This will further lead to less fractures of the 
mandible.(14,17) 
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Abstract: 

Running in particular running disciplines begins from different types of start. The greatest efficiency, 
that is speed of start is enabled by sprint disciplines where start has a support, that is where start is 
performed from a starting block.Depending on individual abilities of a runner and his/her morphological 
characteristics, it is necessary to choose a variant of a crouched start technique which suits a runner best 
and which enables him/her the most efficient initial running.Basic condition is functioning of all 
parameters of an athlete in order to define one out of three types of crouched start, which usually depend 
on musculature with dynamics of movement of almost each athlete, so that it is not the same whether an 
athlete uses so-called long start usually used by beginners, middle start used in athletic practice or short 
start used by a very small number of top athletes. What start depends on will be explained in the paper. 
Middle distance, long distance and the longest distance running start begins from sprint or standing start. 
However, it is well-known and in this paper ascertained that in certain disciplines, the best results are 
achieved by athletes who have longer right leg step in the curve. What also is very important is going out 
of the last curve towards finish.It is established that during going out of the last curve, athletes who use 
smaller left step and rather shortened right one when they enter the middle of the track in finishing phase, 
achieve better results.  
 
Key words: speed, running, starting block 
 
Introduction 

If we work on learning of starting techniques, then order of training is the following: first we learn 
standing start, then half standing (ralay race start) and crouched (sprint) start comes last . 

Through its historical development, start in running had different forms and it is discussed as the 
subject of  this work. 

Nowadays, the importance of correct, fast and efficient start of a race is very big. Thus, there is a well 
known principle – the shorter the athletic discipline which a runner competes in, the bigger the 
importance of starting. For example, milliseconds related to reaction to the shot of a starting pistol in 
sprint on 100m, can have a crucial influence on the final result of a race. Also, a marathon runner cannot 
be very late at the start because mass of other runners can prevent him/her for achieving a good result . 

There is a supposition that observation of historic development of different types of starting will lead 
to creation of new ways which can influence improvement of the final result. 

The old phrase “immobile line” offers an explanation that a starting and finishing lines were marked 
(carved) in the ground. Namely, those lines were regularly refreshed and taken care of in order not to be 
moved or erased and in that way enable some competitior to be in a privileged position. There were 
starting lines in running during archaic period of the Olympic Games. 

The very act of starting a race which runners applied, was a subject of interest for a large number of 
historians. It is logical that a lot of theories related to the ways of starting a race were developed. It is a 
fact that start has a big influence on a course and finish of a race. However, in this early period of the 
Olympic Games runners started a race from a natural, high position of a runner from the starting line. 

In the most developed period of the Olympic Games (5th century BC) stone panels appeared at starting 
position. 

Stone panels had two chiseled gouges (valvides) positioned horizontally to direction of movement -  2 
cm deep, 4 cm wide and at 16 cm of distance of one from the other. In this way competitors had a good 
strongpoint for start. There were 20 starting panels along the longer side of a racetrack in Olympia. There 
were holes at every 4 feet (1,25 m), what is the width of a contemporary athletic track (1,22 m). There 
were bollards in those holes which separated runners at the start of competitions. 
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Types of some ways of starting a race 
Feet positioned close, arms positioned normally, and hips at the level of shoulders or slightly higher. 
Armin Hary (World Record 100 m 1960., 10.0 s) 
Livio Berruti (Olymic winner at 200 m in Rome with 20.5 s and tied World Record) 
Tommie Smith (World Record and Olympic Record at 200 m in Mexico with 19.83 s ) 
Donal Quarrie (Olympic champion at 200 m in Montreal) Feet positioned close, shoulders moved 

slightly forward, and hips rised slightly higher than the level of shoulders. 
 Paul Dryton (World Record at 200 m with 20.3 s from 1962.) 
James Hines (World record and Olympic Record at 100 m with 9.95 s from Mexico) 
Pietro Mennea (World Record at 200 m with 19.72 s from 1979.) 
Feet positioned close, arms positioned normally on the ground, hips positioned high in relation to the 

level of shoulders. 
Ira Murchison ( tied World Record at 100 m with 10.1 s from 1956.)  
Robert Morrow (Olympic record and tied World Record at 200 m with 20.6 s from Melbum) 
Harry Jerome (tied world Record at 100 m with 10.0 s  from 1960.) 
Calvi Smith (World Record at 100 m with 9.93 s from 1983.) 
Normal distance between feet, arms positioned close to the trunk with shoulders positioned forward 

and hips positioned high in relation to the level of shoulders 
 Alan Wells ( a participant of the Olympic Games in Moscow at 100 m) – Position with feet positioned 

very close, shoulders slightly leant forward and significantly raised hips. 
Robert Hayes (Olympic champion from Tokyo and tied World Record at 100 m with 10.0 s ) 
Henry Carr ( World Record at 200 m with 20.0 s from 1964 in Tokyo) 
Carl Lewis ( World Record at 100 m with 9.86 s) 

 

 
Valerij Borzov (SSSR) won at 100m and 200m in the Olympic games in Munich in 1972, starting with 

feet positioned close in the starting block, hips raised very high and head bent very low. Later he 
introduced a technical finesse – support only on one hand, the opposite one of the front leg in the starting 
block, whereas the other arm is positioned high behind at the angle of 90° in the joint of  the elbow 
(picture 9). This was soon prohibited by rules. 

The first spikes (track and field running shoes) were used at the competition in New York in 1868 by 
WilliamCurtis. 

 

 
 

Starting block was constructed by George Bresnahan and William Tuttle in 1927.  Sprinter George 
Simpson was the first to start the race from the starting block (the wooden one) in a 100 yard race in 
Chicago in 1929.  With the explanation that athletic track should be protected, IAAF did not officially 
allow usage of starting blocks until 1938. 

Using the starting block enables firm support for runners’ legs in order to realise the spring impulse. At 
the moment of shooting the starting pistol, when runners jump off from starting blocks, the leg which is 



 First International Scientific Conference  

Conference Proceedings 483

positioned behind develops maximum force of 1000 N, whereas the leg which is positioned forward up to 
637 N. 

Top sprinters have  a   latent period (time from the moment of stimulation – the shot, to the beginning 
of muscular contractions)  and a  p e r i o d   of   m o t i o n (time from breaking off  the support of the 
starting block to the moment of leaving them at the sound of the shot). These periods range in a time 
interval of 0.30-0.40 s. Out of this time, latent period takes up 0.10-0.18 s  (for beginners it is 0.20-0.25 
s). 

Arm positioned on the side of a leg on the front support of the starting block swings backwards. 
Forearm of the arm which moves forward should be parallel to the ground. In case that a forearm starts 
moving upwards, body of a runner would straighten up too early, what is not good. Swing of the arm 
backwards should be performed as energetically as possible in the upward direction. 

In a relay race 4x100 m during the first and the third change, a runner takes half standing starting 
position – relay race start, (picture 13) in the following way – left leg is positioned forward, and the right 
leg along the line which marks the running start zone, (within running start zone). With the right hand 
resting on the ground, a relay runner lifts his/her left hand up and backwards, while looking over or under 
his/her left shoulder in direction of a runner who carries a buton. For the second change, a runner also 
takes half-standing start, but this time his/her right leg is positioned forward, and the left one along the 
line which marks a running start zone. With the left hand resting on the ground, a relay runner lifts his/her 
right hand up and backwards, while looking over or under his/her left shoulder in direction of a runner 
who carries a buton. 

When the first runner comes to the distance of 6-8 m (beginners), or 9-11 m (top athletes) from the 
second runner, that is when he/she is at the level of a control mark, then the second runner starts abruptly 
from the half-standing start position, trying to develop maximum speed of running.  

Running on middle, long, longer and the longest distance tracks strats from the position of standing 
start. When a runner hears the starter’s command “On your marks”, the runner who up to that moment 
was 1 m in front of the starting line, positions his/her front leg directly next to the starting line, and 
his/her back leg at a distance of 1,8-2 feet behind. Legs are bent in all three joints (front leg slightly 
more), the trunk is leant slightly forward, so that body mass is mostly transferred to the front leg. The arm 
opposite of the front leg is positioned forward, in front of the runner, and the other backward. A runner 
calms down in that position in which he tends to maintain his/her balance. When a starter shoots, a runner 
stretches the leg positioned forward with the help of the swing of teh back leg and arm (the arm opposite 
of the back leg swings forward and vice versa). 

 
Conclusion 

While observing development of start in athletic running, it can be said that at the beginning (in 
ancient Greece in the Olympic Games) standing start was used as the simplest form. 

Since1887 when Sherill was the first to crouch and introduce so-called “crouched start” till nowadays, 
it has not changed significantly in external form of movement, but in technical details, that is finesses, 
crouched start has had constant changes. Thus, in the beginning, runners started from dug holes and later 
a starting block, which is still used, was constructed. It is a fact that a starting block itself, that is support, 
influenced certain variant of starting techniques, because hips were very low on command ’Set’ when 
races started from dug holes, whereas today hips are raised relatively high (above shoulders) on command 
’Set’ when races start from starting blocks.   

Today there are three types of start in official athletic competitions: crouched start (sprint start), half-
standing start (relay race start)  and standing start. However, there is “flying start”, for example, for 
running at 20 m, which is most often used when testing maximum speed of running for both beginners as 
well as for top sprinters. It can be said that athletic rules clearly define starting techniques for running and 
the way of using starting block. However, while learning starting technique and how to improve speed of  
start itself, various additional devices are used (elastic rubber as tractive power and other training 
devices). 
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Abstract: 

Athletic rules do not prohibit discus throwing without a twist, but it is mostly thrown with a twist. The 
best discus throwers in the world on the average throw discus with a twist 8-10m farther than without a 
twist. They start a twist standing with their backs turned in direction of throwing, and they turn around 
for about 540 degrees. Length of discus flight is influenced by speed of release, aerodynamic features of a 
discus, angles of discus release and discus flight, wind and height a discus is released from. Exercises 
which have influence on a result of discus release in different weather conditions will be explained in the 
paper. Overtaking part is characterized by a twist consisting of 4 phases: a double support phase, the 
first single support phase, no support phase and the second single support phase. Maximum exertion 
starts from ultimate upper position with arms positioned backwards and moves along the arch of a 
largest radius in optimal lowest position. Balance is kept by changing legs after final exertion where 
discus release is a consequence of active work of leg muscles and it prevents stepping out of the ring. 
Strength development is shown by strength of muscles conditioned by neuro-muscular coordination. 
Exercises for strength development and mobility- speed are standardly applied in trainings and they are 
what final result depends on. 
 
Key words: strengt, training, disc thrower  
 
Introduction 

Discus throwers belong to the group of very strong and tall athletes. It can be said that their 
constitution is morphologically the largest of all athletes. Since length of a throw partly depends on the 
height it is thrown from, besides long jumpers, discus throwers are the tallest athletes. Discus throwers are 
very strong persons, because besides other things, strength plays almost a decisive role at the moment of 
discus throwing. Other abilities such as mobility of thoracic and pelvic areas as well as agility, that is 
coordination of movements, also play an important but less significant role.  

Since length of a throw can be influenced most by development of strength, most attention is devoted 
to this segment. A trainer who teaches discus throwers how to achieve great sports results has to be well 
acquainted with a problem of strength development.   

Besides previously mentioned factors, good selection also has an exceptionally significant role in 
selecting talented future discus throwers, because, for example, not only tall and strong young people 
should be looked for, but also those who have relatively longer upper limbs, since in that case it is 
possible to work on a discus longer and as a consequence achieve greater length.  

This work represents a small contribution to the problem of training strength development of discus 
throwers. 
 
Preparatory part 

It consists of three phases : initial position, discus holding and a swing. 
The first phase - initial position 
A thrower is turned backward in direction of throwing and stands next to the edge of a rear part of a 

circle. Legs are in straddle position of shoulder width or slightly more. Body mass is equally distributed 
on both legs. 

The second phase – discus holding 
Discus is held in a relaxed hand beside the body and it lies on bent last joints of all fingers, except a 

thumb which is on the external side of a discus. A thumb and a little finger are positioned slightly more 
aside and they mostly have the role of a ‘stabilizer’. Distance between fingers is about 1 . 5 - 2  cm.  
Persons with longer fingers and larger hands hold discus more easily.  
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The third phase - swing 
Swing with the arm which holds a disc represents the beginning of the whole movement of a disc 

thrower. Using a swing, a disc thrower prepares him/herself for a particular rhythm of throwing, for 
successful turn and maximum exertion during throw and at the same time, in that way a path which is 
worked on during acceleration of a discus is lengthened.  1-3 swings are done. 

 Swing of the arm from the left to the right side has the aim to twist the body as much as possible, so 
that the axis which goes through joints of shoulders makes the angle of 90° with the axis which goes 
through joints of hips. Legs are bent in all three joints and then it comes to the so-called lowest position. 
A thrower feels tension from the left hip over right shoulder to the hand which holds a discus. Half turn 
which is realized has to be preserved till the end of discus throwing.  
 
Overtaking part 

This part is characterised by rotation comprised of four phases: double supporting, the first single 
supporting, a phase with no support and the second single supporting phase. 

The first phase – double supporting 
 Rotation starts by turn of a front part of a left foot and in that way of a knee in direction of throwing, 

with simultaneous turning of right foot. 
The second phase – the first single supporting 
When the right foot is lifted from the ground, a thrower enters the phase of a single leg support. Body 

mass  is moved to the front part of  left foot, which is slightly bent in the joint of a knee, with 
simultaneous strong leaning of a body  in direction of throwing – so called standing start. Shoulder and 
the hand with a discus fall behind in comparison with moving of legs during that time. 

 The third phase – a phase with no support 
 A phase with no support begins with active arch movement of the right leg towards the center and 

with the rebound/ jump of the left leg.  The so-called jump over has to be fast, low and deliberately 
interrupted in the middle of the circle. The same principle applies for jump over in discus throwing as 
well as to the first step of ncrouched start. Namely, it has to be the longest in the shortest time interval, 
which means the fastest and quite understandably relatively short. In order to do this, it is necessary to 
rebound on the left foot as strongly as possible, as if you wanted to jump 100m in length, and on the other 
hand, the right leg which, by its movement previously helped this rebound, should be positioned foot on 
the ground as fast as if you wanted to destroy every length of this rebound. 

The fourth phase – the second single supporting 
The second single supporting phase, which is very important, begins after landing on right foot. 

Length of a throw partly depends on how right leg is positioned after rotation to the ground. 
Position of a foot during rotation in a discus throwing circle is the following: a discus thrower lands on 

the right leg, which is bent in the joint of a knee, near the centre of the circles, a disc thrower is leant in 
the opposite direction of throwing direction, with a slight half-turn of the body to the right side. In that 
phase, the right leg and the hip overtake the right arm with a discus, what is called overtaking of a discus. 
Axes which go through joints of shoulders and hips cross at that moment.  
 
Maximum strain  

It begins at the moment of positioning of the left foot on the ground,  that is when a thrower is in a 
double supporting phase. A discus is moved along the arch of the largest radius from the utmost upper 
position when arms are raised sideways to the optimally lowest position. After passing that lowest point, 
we have rotation of the right leg, stretching and transfer of weight to the left leg (it is already on the 
ground slightly to the left side of the imagined line of direction of throwing), together with previous 
pushing of the right hip and shoulder forward. Because of that, trunk turns itself with chest turned in 
direction of throwing (a small arch is created). Now the axes which go through joints of shoulders and 
hips are parallel and at that moment a discus leaves the hand.  

Movement of a discus in the part of maximum strain should happen along the most distant points of  
radius. Exactly when stretching of legs finishes, a discus starts flying under the angle of about 36-38° 
against the horizontal line. It is ejected  in the following way – a forefinger gives rotation around the axis 
which is perpendicular to a disc plane (clockwise), and the whole palm regulates disc incline in the future 
airstream. 
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Keeping  balance 
Change of legs after strain and throwing out of a discus is a consequence of active work of leg 

muscles and its function is prevention of leaving the circle. There are two ways of balance keeping: the 
first, when rotation around vertical axis of the body on the right leg is continued and the second, when 
after change of legs TA goes down. 

 
Development of  strength  

Exercises different in coordination and effort are used for development of general strength, starting 
from elementary ones and finishing with those from the discipline of athletics. 

It is important to do exercises in a way that demonstration of muscular strength happens against the 
effect of meeting of mobile and immobile support, and also of the body mass (jumps in depth with short 
rebound, rebounds on a training device with a pendulum, and other.). 

Special attention is devoted to athletic exercises with load: throwing of heavy devices, exercises with 
jumps done with a sack on shoulders, running, jumps and other exercises. Structure of movements is 
slightly changed in such exercises and strength is developed under conditions which are close to those 
necessary for an athlete.  

Research surveys showed that "explosive" strength and jump of examinees who apply load in jumps 
and throwing (devices with additional load), increase more than those of sportspeople who did not apply 
load. They should be interchanged both during a single training as well as in a series of trainings. All 
dynamic exercises should be done gradually, starting from slow movements towards faster ones, from 
easier to more difficult. In the future work, priority is given to exercises which are done as quickly as 
possible. Such exercises are used with maximum static effort (isometric method). Especially high 
demands are put in front of nervous centres which bring about particular muscle groups strain and 
increase their functional abilities. 

 Exercises for strength development are mostly applied in a preparatory period. However, in a 
competition period, there are a lot of specific exercises with character of strength (which often require 
maximum effort) not only for maintaining the achieved level of strength development, but also, in a lot of 
cases, for its increase. Basic exercises for strength development which require great effort are included in 
a training three times a  week, whereas exercises with smaller load are included in every training. Besides 
this, special exercise for strength development should be done at home every day. 

Increased strength of particular groups of muscles can be used in running, jumping and throwing only 
on the basis of highly coordinated nervous control of muscular activity, which is most efficiently 
improved by complete muscular activity. Thus, exercises for strength development in a week cycle should 
be connected with repeated exercises without load. 
 
Training of a disc thrower  

1) warm up (20-25 min.): trotting, throwing a medicine ball in different ways with a partner; 
2) snatch without putting down 5-6 x 5; 
3) lifting power of weights to the limit of stretched arms above the head in a supine position on a  

bench at the angle of  30° 5-6 x 5; 
4)  half squatting with rising to toes and load on the back 4x10; 
5)  rotation with load in hands from a prone position over gymnastics horse with lower leg fixed  

4x10; 
6) imitation of strength (load, confrontation) with technical assignment; 
7) series of jumps from one leg to another 6x25 m; 
8) exercises for flexibility development (5-6 min.) 

       Total time 1.5 hours, 20 series, 200 repetitions. 
An example of contents of a training primarily aimed at stimulation of muscular strength growth in 

pelvic-upper leg area: 
1) warm up (15 min.): trotting, general developmental exercises; 
2) snatch without weight release 2x10; 
3) full squatting with straightening up and load on shoulders 10x 5-6; 
4) bending of a lower leg with overcoming of resistance (lying face down) 3-4x5; 
5) weightlifting between legs in falling out position 3-4x10; 
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6) exercises for abdominal muscles 1x10; 
7) rising to toes with loads on shoulders 4-5x10.       

        Total time 1.5 hours, 25 series, 250 repetitions. 
An example of contents of a training primarily aimed at stimulation of strength growth of muscles 

which bend, stretch and rotate body: 
1) warm up (15 min.): trotting, general developmental exercises; 
2) snatch without weight release 2x10; 
3) raising legs one in front of another  in hanging position 6-8x10; 
4) side hamstring stretch standing with feet wide apart with load on shoulders  3-4x10; 
5) hamstring stretch from lying position 3-4x10; 

6)    lifting power of weights to the limit of stretched arms above the head in a prone position 3 x4-5; 
7)   squatting with straightening up on toes and load on  shoulders 1x 10-12 times; 
8)   exercises for mobility and relaxation (5-6 min.).  
        Total time 1.5 hours, 20 series, 160 repetitions. 
An example of contents of a training primarily aimed at stimulation of strength growth of muscles of 

arms and shoulder zone: 
1) warm up (15 min.): trotting, general developmental exercises; 
2) snatch without weight release 2x10; 
3) arm swings from hanging position 5x6-8; 
4) lifting power of weights to the limit of stretched arms above the head in a supine position 10x5 
5) upward side raising of arms (while standing or sitting) 6x5; 
6) exercises for abdominal muscles 2x10; 
7) push ups on parallel bars from hanging position with load on the waist  6x5-6; 
8) exercises for mobility and relaxation (5-6 min.). 

        Total time 1.5 hours, 30 series, 220 repetitions. 
 
An example of contents of an autumn preparatory phase training: 

- trotting 500 m; 
- general developmental exercises (best in a group) 20-25 min.; 
- throwing medical balls in a wall or a net with a particular technical assignment (5-10 min); 
- imitation of strength (with load or resistance) (4-6 series); 
- throwing of heavy devices within limits of 45-50 attempts; standing jump with touching the ceiling, 

etc. 12-25 times; - playing football with a tennis ball 5 min at most.; 
- exercises for flexibility development (2-5 min.). 
        

An example of contents of an autumn preparatory phase training: 
- slow running 1000 m; 
- exercises of general physical character 20 min.; 

 
Conclusion 

It is well known that all athletic throwers have to be prepared well in the field of strength. There is an 
additional obligation for discus throwers to exercise additional flexibility of muscles and tendons and to 
connect this with exercises for strength development. 

It is very important for discus throwers to do basic preparation of strength in preparatory period. It 
represents the basis for further superstructure. If the right choice of exercises and proper load are used 
(they are mostly of general physical character), than it is logical to expect satisfactory results in 
competitions. 

Besides general strength development, discus throwers have to do a lot of exercises of specific 
character, that is exercises which contribute to strength development a lot, since strength has a big 
influence on result. A slightly heavier or a slightly lighter discus than the one in competition is used in 
ejection from a position or with a turn. 

It is advisable to include a lot of exercises for development of mobility of joints, especially of the 
shoulder zone, spine and pelvic zone. They are necessary, because after every exercise with load, neck 
muscles, which were shortened, have to be  brought to normal length. 
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This graduation thesis to some extent points to particular segments, and especially the segment of 
strength, which are significant for achieving good quality sports results. 
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Abstract: 

The purpose of this research is to identify and explain the difference between organizers of the game, 
shooting guard, small forward, power forward and centers based on some statistical indicators of the 
situation of women. We sample of 151 female players league "Eurobasketitwomen2013" situation 
statistical indicators are lodged under the five positions of the basketball game. According to the 
positions of the game as the organizers of the game (11), shooting guard (51), small forward (34) power 
forward (22) and centers (33). 12 statistical variables are used to assess the situation of the space of the 
game of basketball situation that is six variables are situational efficiency (efficiency of three equally 
successful and unsuccessful for him), an indicator of assisting, two indicators of dance (in defense and 
attack), a pointer to the blockade of the ball, stealing balls and lost balls for each player separately. 
Players dominate center in most of the indicators of the situation according to the positions of women's 
basketball game. According analysis of variance (ANOVA) of the situation between the groups of women 
tested. Situation indicator for two point shot success has a meaningful difference in the probability level 
of 0.016. Shot for two points unsuccessful has reached statistically significant differences at 0.024, while 
blocking opponents realized a statistically significant difference of 0.002. Indicators point shot for three 
successful three-point shot for the unsuccessful, the attack jumps, jumps in defense and lost balls have a 
meaningful contribution from 0.000. Results of the study show that in all positions of the game have 
contributed to satisfies statistically significant differences, highlighting two point shot for successful and 
unsuccessful, three point shot to successful and unsuccessful, blocking, jumps in attack and defense jumps 
lost balls for each of the positions in basketball players females. 
 
Key words: Differences, women, basketball, five positions, indicators of situation.  
 
 
Introduction 
   During the development of basketball there are five main positions of players: 1 - organizer of the 
game(PG),  2 - shooting guard(SG), 3 - small forward(SF), 4 - power forward(PF) and 5 - centers(C). The 
organizer of the game is very important for assists(Trninic, S. & Dizdar, D. 2000,Trninic, S . & Dezman, 
B. 2005). Shooting guard is the main actor realizes the distances to two and three points (Bajgoric, B., 
Bonacci, D. & Firic, G. 2008). Small forward player are those who know the shot from a distance of two 
and three points, seep. As such accurate shooting is a common responsibility for the position players. 
(Trninic, S. & Dizdar, D. 2000, Sindik, J. & Nazor, D. 2011). Power forward basketball player to be big 
and strong in the game under the basket (Trninic, S. & Dizdar, D. 2000,  Jeličić, M., Trninić, M. & 
Jelaska, I.2010). Centre for the game is the player who knows how to use his height to score points and 
also to prevent the opponent from scoring close distances cart (Perica, A., Trninic, S. & Jelaska, I. 2011, 
 Perica A., Trninić, S.& Jelaska, I.2011). The purpose of this research is to identify and explain the 
difference between organizers of the game, shooting guard, small forward, power forward and centers 
based on some statistical indicators of the situation of women.  
 
Material & methods 
     We sample of 151 female players league "EuroBasketitWomen2013" situation statistical indicators are 
lodged under the five positions of the basketball game. According to the positions of the game as the 
organizers of the game (11), shooting guard (51), small forward (34) power forward (22) and centers (33). 
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Figure. 1 Positions, height body and age of female 
 

   Cm Age 

Organizers of the game(11) 1.7909 28 
Shooting guard (51) 1.7808 29 
Small forward (34) 1.8535 29 
Power forward (22) 1.8686 29 
Center (33) 1.8952 29 
Total(151) 1.8357 29 

 
Description of variables:  
    12 statistical variables are used to assess the situation of the space of the game of basketball situation 
that is six variables are situational efficiency (efficiency of three equally successful and unsuccessful for 
him), an indicator of assisting, two indicators of dance (in defense and attack), a pointer to the blockade 
of the ball, stealing balls and lost balls for each player separately.  
 
Situational efficiency indicators:  
Successful cheap shot (SCS) - the number of points scored in the cage during free-throw line.    
Unsuccessful shot free (USF) - number of unsuccessful point during the free-throw line.                       
Two point shot for the successful (TPSFSU2) - the number of points scored in playpen within the area 
bounded by 6.75 meters.  Two point shot for the unsuccessful (TPSHUN2) - number of unsuccessful point 
within the area bounded on the line of 6.75 meters.  
Three point shot for the successful (TPSHFSU3) - the number of points scored in playpen outside line 
bordering 6.75 meters. 
Three point shot to unsuccessful (TPSHUN3) number of unsuccessful point outside the line bordering 
6.75 meters. 
 
Indicators of aid during the game: 
Jumping in attack (JA) - capture the ball in the basket or transition table in the attack. Jumping in 
protection (JP) - catch the ball in the basket or transition table in defense. Assists (AS) - the number of 
guns acquired during development of the game when the player is successful in throwing the basket.                           
Blocking the ball during the shot (BD) - number of stop shooting and successful implementation during 
the transition phase to phase protection. Stealing balls (SB) - balls get kidnapped - phase defense during a 
game of basketball moment.            Lost balls (LB) - balls which is lost in the attack phase, as the result of 
inaccurate passing over a certain action in the game. 
The data collected are official statistics for each game separately, so the data recording is performed by 
personnel Officials specially trained for this work in computer programs for keeping statistics in 
basketball game. The data collected are official statistics (Trninić, S.1996).  
 
Statistics Analysis 
   Data were analyzed with SPSS package statistic program under Windows 11 version where through 
basic statistical analysis of the results has been distributed to each variable separately with statistical 
method, arithmetic average (X) and standard deviation (Std. Dev.).  For the differences between the 
positions of the players listed is applied method of analysis univariant variance (ANOVA).  
 
Results 
  In the table. 1 descriptive statistics and indicators on the situation of representatives of the elite players 
in EuroBasketitWomen2013. For each position are housed separately statistical analysis indicators 
basketball game. Given the arithmetic mean (Mean) and standard deviation (SD). Players dominate center 
in most of the indicators of the situation according to the positions of women's basketball game. 

Registered in the results table. 2 have to do with differences indicated by uni-variant analysis of 
variance (ANOVA) on the indicators of the situation between EuroBasketitWomen2013 tested groups. 
Shot success has a meaningful difference in the probability level of 0.016. Shot for two points 
unsuccessful has reached statistically significant differences at 0.024, while blocking opponents realized a 
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statistically significant difference of 0.002. Indicators point shot for three successful three-point shot for 
the unsuccessful, the attack jumps, jumps in defense and lost balls have a meaningful contribution from 
0.000. 
 

Table no. 1 Basic parameters statistical indicators of the situation 
 

   Organizers of 
the game  (11)  

Shooting guard 
(51)  

Small forward 
(34)  

Power forward 
(22)  

Centers               
(33)  

 Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 
SCS  9.90±9.08  15.66±10.86  14.58±12.95  11.81±8.38  17.00±15.42  
USF  26.18±24.20  40.50±26.16  37.38±31.69  75±20.31  40.06±33.57  
TPSFSU2  5.72±6.13  11.25±8.31  10.76±9.35  9.27±7.52  16.42±14.97  
TPSHUN2   13.72±14.47  23.41±4.16  24.08±22.32  19.27±7.52  36.03±33.43  
TPSHFSU3  6.54±9.27  5.01±4.16  4.17±4.83  3.86±16.32  0.63±1.24  
TPSHUN3  12.27±11.56  13.00±10.16  11.05±12.44  10.90±5.16    1.81±3.04  
JA  0.60±0.68  0.58±.47  0.80±0.58  .84±.85  1.56±0.83  
JP  1.48±1.52  1.51±.87  0.87±1.47  1.93±1.32  3.04±1.83  
AS   1.25±1.44  1.63±1.08  1.02±0.88  4.32±16.23  0.68±0.65  
BD  0.91±0.82  1.55±.86  1.25±0.99  1.45±1.17  1.48±0.82  
SB  0.67±0.56  0.81±.53  0.56±0.47  0.71±0.78  0.62±0.66  
LB  0.67±2.09  0.06±.10  0.17±0.23  0.40±1.11  0.48±0.58  

   
Table no. 2 ANOVA’s indicators for indicators of the situation between the positions of women players 

 
  SS df MS F p 

SCS  
Between: 659.119  4 164.780 1.127 0.346 
Within:  21,339.184 146  146.159   
Total:    21,998.303  150    

USF  
Between:  3,060.244 4 765.061  0.947  0.439 
Within:  117,938.786  146 807.800   
Total:  120,999.031  150    

TPSFSU2  
Between:  1,288.585  4  322.146  3.137  0.016 
Within:  14,994.656  146  102.703   
Total:  16,283.241  150    

TPSHUN2   
Between:  6,294.452  4  1,573.613  2.911  0.024 
Within:  78,921.100  146  540.555   
Total:  85,215.552  150    

TPSHFSU3  
Between:  493.592  4  123.398  5.806  0.000 
Within:  3,102.804  146  21.252   
Total:  3,596.395  150    

TPSHUN3  
Between:  2,775.530  4  693.882  6.486  0.000 
Within:  15,620.494  146  106.990   
Total:  18,396.024  150    

JA  
Between:  20.963  4  5.241  11.565  0.000 
Within:  66.163  146  0.453   
Total:  87.126  150    

JP  
Between:  52.405  4  13.101  6.930  0.000 
Within:  276.014  146  1.891   
Total:  328.419  150    

AS   
Between:  203.160  4  50.790  1.312  0.268 
Within:  5,649.802  146  38.697   
Total:  5,852.963  150    

BD  
Between:  4.814  4  1.204  1.391  0.240 
Within:  126.311  146  0.865   
Total:  131.125  150    

SB  
Between:  1.483  4 0.371  1.000  0.000 
Within:  127,802.410  146  875.359   
Total:  127,803.893  150      

LB  
Between:  4.648  4 1.162  4.354  0.002 
Within:  38.966 146  0.267   
Total:  43.613  150    
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Discussion and Conclusion  
  Results of the study show that have significant dominance in all statistical parameters of the situation 
center on position players. Results show that in all positions of the game have contributed to satisfies 
statistically significant differences, highlighting two point shot for successful and unsuccessful, three 
point shot to successful and unsuccessful, blocking, dancing in attack and defense jumps lost balls for 
each of the positions in basketball players females.  
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Abstract: 

In this study, we analyzed the technique of wedge turn performance in relation to the characteristics 
of the respondents’ motor characteristics. The aim of this study was to determine the difference between 
the levels of wedge turn techniques acquisition in reference to the motorical characteristics of the 
subjects. In a sample of 30 students, average age 22 years, male, evaluation of motor abilities (explosive 
strength and coordination) was performed using 6 measurment instruments and a situational-motor test 
with one measuring instrument. Alpine skiing technique is evaluated over a wedge turn, the technical 
element of alpine skiing that is present in the basic form of skiing program. Based on the obtained results, 
using multivariate analysis of variance (MANOVA) and discriminant analysis (DISKRA), it can be 
concluded that, the differences and clearly defined limits are not established for the degree of adoption of 
wedge turning technique between sub-samples compared to the threatied motor characteristics. 
 
Key Words: Alpine Skiing, V Turn, Motoric Characteristics. 
 
Introduction 

Development and improvement of ski equipment, primarily skis, led to the emergence and production 
of the first carving skis, which have enabled the development of new techniques of carving skiing (Hirano 
i Tada, 2005; Horterer, 2005). Carving skiing technique allows driving on the curb turn and turn 
performing without skidding the whole time. Also, the appearance of carving ski, caused certain 
innovations in the learning process of carving ski technique. 

In the learning process of ski technique, as a transitional phase between the elements of the plow and 
parallel skiing techniques the so-called ski wedge position, in which the last parts of the skis are less 
widespread than in the pulmonary position, is frequently used (Lesnik et al. 2002). Using the V- ski 
position in the learning process, either as a methodological exercise or as an element of ski technique, 
preparations for the whole turnaround performing using the parallel ski technique is gradually made 
(Cigovski et al. 2010). Such an approach in the learning process completely omits elements of the plow 
ski technique (Murovec, 2006). 

Therefore, it is important to identify the factors that play a significant role in the adoption of 
techniques of skiing, as for every novice skier to adopt the elements of ski technique at a high level, 
through the alpine ski schools. (Joksimovic et al. 2009). 

It can be said that the success in alpine skiing depends primarily on the level of the adopted specific 
motor skills. 

Wedge turn is one of the elements of ski carving technique, which is present in the basic form of 
skiing. Applying the V-turn, beginner, at first time he is changing direction and passes from one to the 
other direction towards the stern line and through all time of the turn performing, while the edges of skis 
are carved in the snow surface. 

It is because of the new approach of alpine ski learning, the aim of this study was to determine the 
difference between the levels of acquisition techniques of wedge turn in relation to motoric characteristics 
of respondents (beginner ski). 
 
Material & methods 

As already presented in the introductory remarks, the key problem, and overall challenging nature of 
this study, is linked to the performance analysis of the wedge turn in alpine skiing in relation to motoric 
characteristics of the subjects. 

Measurement of motoric characteristics was carried out at the Faculty of Sport and Physical 
Education, just before going to the students’ practical mandatory skiing training. Estimation techniques 
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were performed on the ski slopes of Kopaonik realized after a seven-day program. Three teachers with the 
identical program executed ski teaching for seven days, a total of 42 hours. During the day, teaching was 
carried out with a fund of 6 hours where the first three hours were applied for learning the elements of ski 
technique and three hours afternoon were applied for training purposes. 

Assessors were teachers who have vast experience in this business. Every respondent was evaluated 
by all tri assessors from different positions. Three independent assessors gave an evaluation of each 
respondent for demonstration of selected elements of ski technique - V turn, and as the final score the 
average of the three grades was calculated. Assessment of acquired knowledge at the level of respondents 
was valued by the scale of 5 to 10, which relates to the conduct of a bow ski turns, speed control based on 
the completion of turn, the proper attitude that ensures the focus in the middle of the foot, the ease and 
softness of demonstration. In the processing of the data, based on the final (formed) score of performed 
wedge turn, the sample of respondents was divided into three subgroups named: “poor”, “fair” and 
“good”. The first sub-sample (poor) included the patients who got grades 5 and 6 for the techniques of 
wedge turns, the second sub-sample (fair) included the patients who received grades 7 and 8 for presented 
method of V-turning and third subsample (good) included the patients who received grades 9 and 10 for 
presented method of V-turning. 

The sample of respondents included 30 students of the Faculty of Sports and Physical Education, ski 
beginner male, average age 22 years, divided into three subgroups with respect to the performance 
technique of wedge turns, as follows: first sub-sample consists of 8 subjects classified as (poor), the 
second consists of 14 respondents classified as (fair) and the third sub-sample consists of 8 subjects 
classified as (good). 

The sample of the measuring instruments in motoric characteristics space included: jump in the 
distance from the spot, throwing the medicine ball from the chest high from sitting down in a chair 
position, 20 m running with high start, air agility, side steps, 20 step outs  with a baton dragging.  
 
Criterion variable in this study was the V-turn. 

In accordance with the research method, appropriate statistical analysis of data is chosen. The first part 
presents the central and dispersion parameters, measures of asymmetry and flattening against the 
monitored parameters. The second part analyzes the differences between subjects for the wedge turn 
technique in relation to motoric characteristics. Then the characteristics and homogeneity of each 
subsample in relation to the performance technique of wedge turns were defined, in order to determine the 
distance between them. In the end, the results are shown graphically. 

To avoid losing information, finding the finest links and information on the nonparametric sizes, 
scaling is performed on the data tables of contingency. Based on the above it can be seen that the scaled 
data can be subjected to the application of multivariate analysis of variance (MANOVA), and 
discriminant analysis (DISCRA). 

The purpose of the application of mathematical and statistical analysis aims to determine the 
characteristics of each subsample, and homogeneity of the distance between them in respect of derivative 
features that could be performed reliably and accurately predicting the prognosis of a given reliability. 
 
Ressults & discussion 
The main parameters of the motoric characteristics of the subjects in relation to the V-turn 

Central and dispersion parameters, measures of asymmetry and tracked flattening features of motoric 
characteristics represent wedge turn and they are focused on the possibility of using parametric 
procedures. 

Results shown in table 1 indicate that higher values of Skewness (sk) indicates that the distribution is 
asymmetrically negative, which means that the curve of the distribution tends to higher values, that has 
higher values than the normal distribution in: 20 m running with high start (MTRC20M) (.49), air agility 
(MOKRVAZ) (.46), side steps (MKORSTR) (.83), 20 step outs  with a baton dragging (MISKP) (1.16). 
Reduced values of Skewness (sk) indicates that the distribution is asymmetrically positive, which means 
that the curve of the distribution tends to lower values, that has smaller values than the normal 
distribution in: jump in the distance from the spot (MSDM) (-.70), throwing the medicine ball from the 
chest high from sitting down in a chair position (MBACMED) (-.14).  
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Value distributions are generally moving in the normal distribution (p) in: jump in the distance from 
the spot (MSDM) (.92), throwing the medicine ball from the chest high from sitting down in a chair 
position (MBCMED) (.95), 20 m running with high start (MTRC20M) (.82), air agility (MOKRVAZ) 
(.48), side steps (MKORSTR) (.70), 20 step outs  with a baton dragging (MISKPR) (.75).  

 
Table 1. The central and dispersion parameters and measures of asymmetry and flattening of motor characteristics 

of respondents - poor (8) 
M SD Min Max CV Sk Ku p 

 MSDM 216.25 44.17 135.0 256.0 20.42 -.70 -.75 .923 
 MBACMED 370.63 63.27 280.0 450.0 17.07 -.14 -1.41 .946 
 MTRČ20M 3.53 .51 2.8 4.4 14.54 .49 -.73 .819 
 MOKRVAZ 4.50 .70 3.8 5.6 15.50 .46 -1.32 .477 
 MKORSTR 24.50 2.34 21.9 29.0 9.54 .83 -.38 .704 
 MISKP 40.55 20.36 19.7 83.0 50.22 1.16 .38 .751 

Legend: M (mean) SD (standard deviation), Min (minimum value); Max (maximum value), CV (coefficient of variation), Sk 
(standardized coefficient of asymmetry, curvature), Ku (standardized coefficient of elongation or flattening). 

 
Table 2. The central and dispersion parameters and measures of asymmetry and flattening motoric characteristics 

of subsample - fair (14) 
 

M SD Min Max CV Sk Ku p 
 MSDM 231.36 15.31 194.0 246.0 6.61 -1.27 .63 .768 
 MBACMED 424.00 55.92 290.0 490.0 13.19 -.95 .39 .976 
 MTRČ20M 3.41 .27 2.8 3.9 7.83 -.37 -.21 .977 
 MOKRVAZ 4.06 .25 3.7 4.6 6.28 .44 -.73 .923 
 MKORSTR 21.89 2.53 15.2 26.0 11.54 -1.10 1.75 .978 
 MISKP 63.90 33.42 21.9 100.0 52.31 -.25 -1.82 .489 

Legend: M (mean) SD (standard deviation), Min (minimum value); Max (maximum value), CV (coefficient of variation), Sk 
(standardized coefficient of asymmetry, curvature), Ku (standardized coefficient of elongation or flattening). 
 

Higher values of Skewness (sk), table 2, indicates that the distribution is asymmetrically negative, 
which means that the curve of the distribution tends to higher values, that has higher values than the 
normal distribution in: air agility (MOKRVAZ) (.44).  Reduced values of Skewness (sk) indicates that the 
distribution is asymmetrically positive, which means that the curve of the distribution tends to lower 
values, that has smaller values than the normal distribution in: jump in the distance from the spot 
(MSDM) (-1.27), throwing the medicine ball from the chest high from sitting down in a chair position 
(MBACMED) (-.95), 20 m running with high start (MTRC20M) (.37), side steps (MKORSTR) (-1.10), 
20 step outs  with a baton dragging (MISKP) (-.25). 

Value distributions are generally moving in the normal distribution (p) in: jump in the distance from 
the spot (MSDM) (.77), throwing the medicine ball from the chest high from sitting down in a chair 
position (MBCMED) (.98), 20 m running with high start (MTRC20M) (.98), air agility (MOKRVAZ) 
(.92), side steps (MKORSTR) (.98), 20 step outs  with a baton dragging (MISKPR) (.49).  
 
Table 3. The central and dispersion parameters and measures of asymmetry and flattening motoric characteristics 

of subsample - good (8) 
 

M SD Min Max CV Sk Ku p 
 MSDM 239.13 13.22 215.0 255.0 5.53 -.82 -.53 .917 
 MBACMED 442.25 39.29 378.0 490.0 8.88 -.64 -.88 .988 
 MTRČ20M 3.43 .26 3.1 3.8 7.70 .19 -1.33 .808 
 MOKRVAZ 4.35 .31 3.9 4.9 7.03 .43 .12 .804 
 MKORSTR 21.64 2.50 16.5 24.5 11.54 -.97 .45 .998 
 MISKP 80.05 22.92 24.3 94.3 28.63 -2.12 2.79 .576 

Legend: M (mean) SD (standard deviation), Min (minimum value); Max (maximum value), CV (coefficient of variation), Range 
(Range), Sk (standardized coefficient of asymmetry, curvature), Ku (standardized coefficient of elongation or flattening). 
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By reviewing results from table 3, it can be conluded that higher values of Skewness (sk), table 2, 
indicates that the distribution is asymmetrically negative, which means that the curve of the distribution 
tends to higher values, that has higher values than the normal distribution in: 20 m running with high start 
(MTRC20M) (.19),air agility (MOKRVAZ) (.43). Reduced values of Skewness (sk) indicates that the 
distribution is asymmetrically positive, which means that the curve of the distribution tends to lower 
values, that has smaller values than the normal distribution in: jump in the distance from the spot 
(MSDM) (-.82), throwing the medicine ball from the chest high from sitting down in a chair position 
(MBACMED) (-.64), side steps (MKORSTR) (-.97), 20 step outs  with a baton dragging (MISKP) (-
2.12). 

Value distributions are generally moving in the normal distribution (p) in: jump in the distance from 
the spot (MSDM) (.922), throwing the medicine ball from the chest high from sitting down in a chair 
position (MBCMED) (.99), 20 m running with high start (MTRC20M) (.81), air agility (MOKRVAZ) 
(.80), side steps (MKORSTR) (1.00), 20 step outs  with a baton dragging (MISKPR) (.58).  

 
Analysis of differences between respondents based on performance of V-turn in relation to motoric 
characteristics 

In this chapter, clam that there is significant difference between respondents in performing the 
technique of V-turn according to their motoric characteristics will be proven or rejected.  
 
Table 4. Significance of the difference between  respondents in the performance of wedge turn technique in relation 

to motoric characteristics. 
 

Analiza n F p 
MANOVA 6 1.680 .104 
DISKRA 6 1.627 .121 

 
Table 4 shows the results of multivariate analysis of variance (MANOVA) and discriminant analysis 

(DISKRA) to determine the significance of differences between subjects in the wedge turn technique in 
relation to motoric characteristics. 

When looking at individual motoric characteristics using multivariate analysis of variance 
(MANOVA), one can see from the values of p =.104 that there is no difference between respondents in 
the wedge turn technique. 

Also, when considering the motoric characteristics of a system using discriminant analysis (DISCRA), 
based on the value of p =.121, it is clearly shown that there is a no clearly defined difference between 
respondents in the technique wedge turn. 

A review of Table 5, using multivariate analysis of variance (MANOVA), shows that the resulting 
value of p>.1 means that no significant differences between subjects in the wedge turn technique in 
relation to : jump in the distance from the spo (.210), 20 m running with high start (.738). 

Considering that, resulting value p<.1 indicates that there is significant defference between subjects in 
the wedge turn technique, latently manifested in following variables: throwing the medicine ball from the 
chest high from sitting down in a chair position (.033), air agility (.071), side steps (.044), 20 step outs  
with a baton dragging (.029).  
 

Table 5. Significance of differences between respondents in the wedge turn technique in relation to motoric 
characteristics. 

F p 
 MSDM 1.652 .210 
 MBACMED 3.877 .033 
 MTRČ20M .307 .738 
 MOKRVAZ 2.918 .071 
 MKORSTR 3.526 .044 
 MISKP 4.055 .029 
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Characteristics and homogeneity of the subsamples based on performance of V-turn in relation to 
motoric characteristics 

Considering results and analysis of the sample of 30 respondents so far, in accordance with the 
methodology applied, the logical sequence of the research was to determine the characteristics and 
homogeneity of each subsample based on technique of the V-turn and a distance between them. 

The fact that p =.121 discriminant analysis (DISKRA), means that it wasn’t possible to define border 
between subsamples on the basis of a wedge turns technique, and it wasn’t possible to determine the 
feature of each sub-samples based on performance of V-turn in relation to motoric characteristics. 
 

Table 6. Distance (Mahalanobis) between subsamples in the wedge turn technique in relation to motoric 
characteristics 

 
 Poor Fair Good 

Poor .00 1.71 2.03 
Fair 1.71 .00 1.11 

Good 2.03 1.11 .00 
 

By calculating, the Mahalanobis distance between the subsamples in the wedge turn technique another 
indication of similarity or difference is derived. Distance from Table 6 indicates that the minimum 
distance is between subsamples of good and fair (1.11) and the most distant subsamples are good and 
poor (2.03). 

 
Table 7. Grouping of subsamples in the wedge turn technique in relation to motoric characteristics 

 
Level Closeness 

Fair, Good 1.11 
Poor, Moderate 2.02 

 
 

Based on present dendrogram it can be seen that the closest sub-samples are good and fair with 
distance 1.11, and the biggest difference are between the poor and fair subgroups, distance 2.02. 

 

1 2 3

2.02

1.11

 
Legend: poor (1) fair (2) good (3) 

 
Graphic of differences between the subsamples in the wedge turn technique in the reference with 
three most discriminating motoric characteristics 

Based on the graphic display ellipses (confidence interval) it may be possible to observe the 
characteristics and relative position of each of the three sub-samples of respondents (poor (1) fair (2) 
good (3)), on the basis of a wedge turn technique in reference with the three most discriminating 
(characteristics) motoric characteristics: air agility (MOKRVAZ), 20 step outs  with a baton dragging 
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(MISKP), throwing the medicine ball from the chest high from sitting down in a chair position 
(MBACMED). 

 
Figure 1. Ellipses (confidence interval), V turn of subjects with air agility and 20 step outs with a baton dragging 
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Legend: poor (1), fair (2), good (3); air agility (MOKRVAZ-mot7); 20 step outs with a baton dragging (MISKP-
mot9) 
 
On the chart (1) axis (horizontal axis) is the air agility (MOKRVAZ ) and ordinate (vertical axis) is the 20 
step outs with a baton dragging (MISKP). 
It is possible to note that in relation to the air agility subsample-fair (2) has the lowest value of the 
motoric characteristics, and the highest value has a subsample - poor (1). Compared to the 20 step outs 
with a baton dragging, sub-sample – poor (1) has a minimum value of motoric characteristics, and the 
highest value has a subsample - good (3).  

 
Figure 2: Ellipses (confidence interval), V-turn of respondents with air agility and throwing the medicine ball from 

the chest high from sitting down in a chair position 
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Legend: poor (1), fair (2), good (3); air agility (MOKRVAZ) and throwing the medicine ball from the chest high 
from sitting down in a chair position (MBACMED) 
 

On the chart (2) axis (horizontal axis) is the air agility (MOKRVAZ-mot7) and the ordinate (vertical 
axis) is the throwing the medicine ball from the chest high from sitting down in a chair position 
(MBACMED-mot5). 

It is possible to note that in relation to the air agility, the subsample - fair (2) has the lowest value of 
the motoric characteristics, and the highest value has subsample - poor (1). In relation to the throwing the 
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medicine ball from the chest high from sitting down in a chair position subsample - poor (1) has the 
lowest value of the motoric characteristics, and the highest value has subsample - good (3). 
 
Figure 3: Ellipses (confidence interval), V-turn of subjects with 20 step outs with a baton dragging and throwing the 

medicine ball from the chest high from sitting down in a chair position 
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Legend: poor (1), fair (2), good (3); 20 step outs with a baton dragging (MISKP) and throwing the medicine ball 
from the chest high from sitting down in a chair position (MBACMED) 

 
On the chart (3) axis (horizontal axis) is the 20 step outs with a baton dragging (MISKP-mot9) and the 

ordinate (vertical axis) is the throwing the medicine ball from the chest high from sitting down in a chair 
position (MBACMED-mot5). 

It is possible to note that compared to the 20 step outs with a baton dragging, sub-sample – poor (1) 
has a minimum value of motoric characteristics, and the highest value has subsample - good (3). In 
relation to the throwing the medicine ball from the chest high from sitting down in a chair position - poor 
(1) has the lowest value of the motoric characteristics, and the highest value has subsample - good (3). 

 
Conclusions 

A sample of 30 subjects, divided into 3 subgroups was analyzed based on the score obtained for the 
displayed wedge turn techniques. 

In accordance with pre-determined objectives of the research, methodological approach, this research 
analyzed the differences between the subjects in the wedge turn technique in relation to the motoric 
characteristics. 

Based on the results and their interpretation following conclusions can be drawn: 
In the motoric characteristics of respondents using multivariate analysis of variance (MANOVA. 104) 

and discriminant analysis (DISKRA. 121), the results show that there is no difference found and no 
clearly defined limit between a 3 subsamples in the technique wedge turning regarding the motoric skills 
of respondents. 
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Abstract 

The contemporary approaches in the development of preschool children are directed towards a 
comprehensive, holistic approach, which in itself includes all the aspects of the development of the 
personality. The most recent official documents, such as the Standards for Early Learning and 
Development, and the Program for Early Learning and Development of 2014, fully follow and support 
the holistic approach. In that direction, there have been offered certain domains that instigate the child’s 
development, such being: Physical Health and Motor Development; Socioemotional Development; 
Development of an Approach to Learning; Development of Language, Literacy, and Communication; as 
well as Cognitive Approach and Acquiring Basic Knowledge. In this case, children’s development should 
be done in a complementary manner, through connecting all the developmental domains, hence making 
the advancement of one domain represent a stimulus for the development of another domain. The needs of 
this research place the focus of attention on the first domain: physical strength and motor development, 
as one of the more significant domains in the preschool period.The research that was undertaken aimed 
to examine the competences, i.e. the skills of the kindergarten teachers for appropriate realization of the 
content in the framework of the domain of physical health and motor development.The initial assumption 
that is the starting point is the fact that teachers do not possess narrowly-defined professional 
competences and that they have the need for additional professional help for properly instigating 
preschool children’s development.The research was done in 3 kindergartens in the city of Skopje, with 
their additional clones. The working sample was the teachers from these kindergartens from the three age 
groups (small, medium, and large). 
 
Key words: Competences, Kindergarten Teachers, Physical and Health Development, Kindergartens 
 
Introduction 

The physical development of children aged between 0 and 6 is undoubtedly characterized as being the 
fastest and highly expressed. In that sense this domain deserves to be suitably treated both on a 
theoretical-program level, and on the level of practical realization of its content. The key values that are 
expected from children between the ages of 0 and 6 years, representing the foundation in defining the 
standards of early learning and development in this domain, are: 

1. “Physical competence and good physical condition, which provides a high level of preparation 
for attending school and actively participating in the learning process; 

2. Active participation of the children in their surrounding environment; 
3. Capability for applying healthy and safe practices in everyday activities.” (Damovska, L., et al. 

(2009). 
The physical development of children aged between 0 and 6 is visible through the way that children 

develop their ability to sit down, walk, or to use their senses, through feeling the space they move around, 
through using a pencil, paintbrush, and other materials. It is precisely the domain of Physical Health and 
Motor Development, as a chief domain in this research, that has been analyzed in the framework of its 
subdomains, which are: Gross Motor Development, Fine Motor Development, Healthy and Safe 
Behavior, and Sensorimotor Development. 

The key subjects that connect the theory and practice of the physical development of preschool 
children are the kindergarten teachers and their competences for realizing the content of this domain. 
 
Methodology 

The issue of the research is directed towards studying the competences and skills of the kindergarten 
teachers for appropriate realization of the content in the framework of the domain of physical health and 
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motor development. The research included the use of a qualitative and quantitative approach: the research 
technique of surveying in order to come to relevant data. The teacher’s survey consisted of several 
questions, for example: Do you think that you are skilled enough to successfully realize the program for 
Early Learning and Development; Which domain of development do you feel the need for further 
professional training; Have you noticed any exceptions in the group motor development of the children 
from your group; Have you noticed any difficulties in the fine motor development in your work with the 
children from your group; Do the children from your group have a habit of healthy and safe behavior; 
How do you stimulate the sensorimotor development in the work with children from your group; Do you 
feel the need for professional support in the realization of the content regarding the segment of physical 
education. In order to study the attitudes of the teachers regarding their skills for realization of the content 
in the domain of health and physical development, a working sample of kindergarten teachers were 
surveyed. This research included 105 teachers from 3 kindergartens in Skopje.       

 
Table 1: 

Name of Kindergarten Municipality Number of Kindergarten 
Teachers 

Prolet Karposh 32 

Rosica Gjorche Petrov 38 

Srnichka Aerodrom 35 

N=105 
 
 
Data Analysis 
The research undertaken concluded with the following data: 
 
Graph 1: Do you think that you are skilled enough to successfully realize the program for Early Learning and 

Development? 
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(77.27%) of the participants answered that they are skilled enough to successfully realize the program, 
(15.9%) of the participants answered that they are not skilled enough to successfully realize the program, 
and that they feel the need for further attending seminars, while (6.82%) of the participants stated that 
their practical work on an everyday basis helps them develop the skills for realizing the program, or as 
some of them explain: “Aside from the training for Early Childhood Development, our everyday activities 
with the children have additionally helped us to become even more skilled in our realization of the 
program.” 
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Table 2:  Which domain of development do you feel the need for further professional training? 
 

Domains of Development: answered: percent: 

Physical Health and Motor Development 30 29% 

Socioemotional Development 19 18% 

Development of an Approach to Learning 18 17% 

Development of Language, Literacy, and Communication 16 15% 
Cognitive Development and Acquiring Basic Knowledge 22 21% 
Total: 105 100% 

 
According to the data from this Table, the participants felt the need for further professional training in 

the domains of Physical Health and Motor Development, and Cognitive Development and Acquiring 
Basic Knowledge, while they felt the least amount of need for further training in the domain of 
Socioemotional Development. 

In the framework of this question, there have been observed several attitudes that the kindergarten 
teachers noted in regard to their additional professional advancement: “My views are that in our 
profession there has been a need for additional professional improvement and enhancement of our 
knowledge through seminars, professional guest lectures, etc.”; “I think that for all the domains we need 
additional training aimed at expanding our knowledge”; “I feel that I need such professional improvement 
and enhancement of all my knowledge.” 

 
 

Graph 2: Have you noticed any exceptions in the group motor development of the children from your group? 
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(68.18%) of the participants answered that no exceptions have been noticed in the group motor 
development, (31.81%) of the participants answered that only with a certain number of children in the 
group have there been noticed exceptions in the gross motor development, especially regarding jumping 
on one foot, throwing a ball, alking on a balance beam, controlling one’s balance, and body coordination. 
Considering the question Have you noticed any difficulties in the fine motor development in your 
work with the children from your group the kindergarten teachers stated that: “With certain children in 
my group I have noticed difficulties in the fine motor development, not being able to properly hold a 
spoon or highlighter, or to button/unbutton clothing”; “some children still can’t use scissors on their own, 
or tape/untape”; “I have noticed these difficulties in the fine motor development with those children who 
spent a shorter amount of time in kindergarten (for example, difficulties in holding a highlighter or 
crayons with their forefinger and thumb, holding a spoon, etc.).” 
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Graph 3: Do the children from your group have a habit of healthy and safe behavior? 
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(52.27%) of the participants gave an affirmative answer: “Yes, in accordance with the program” or “Yes, 
the children are able to wash their hands, wipe their nose and throw away the waste on their own, they 
know the traffic light colors and they recognize signs of danger and dangerous situations”, while 
(20.45%) of the participants answered that “A larger part of the children have habits of healthy and safe 
behavior”, and (18.18%) of the participants answered that “At that age the children are beginning to 
acquire those habits” or “Thanks to the domain of physical health and motor development, the children 
are slowly getting used to healthy and safe behavior, and attentiveness”, while (9.09%) of the participants 
answered “In this age group (2-3 years old) children still don’t have a habit of healthy and safe behavior”. 

Regarding the question as to How the kindergarten teachers stimulate the sensorimotor 
development in the work with children, the following answers were given: (75%) of the participants in 
their answers noted play as a way in which they stimulate sensorimotor development. “Through everyday 
activities: observation both inside and outside of the building, various games with a variety of materials, 
walks and outdoor activities” or “Through games (mobile, musical, competitive, discovery)” or “…the 
children actively participate in a range of didactic games with visible visual and auditory perception”. 
(25%) of the participants mentioned the following: practical work, research experience, observation, 
using their senses, etc. “I stimulate the children’s sensorimotor development through games in which the 
senses are used – sight, hearing, touch, smell, taste; through toys with small parts, threadon beads, 
assembling and disassembling.”  
 
 
Graph 4: Do you feel the need for professional support in the realization of the content regarding the segment 

of physical education? 
 

0 10 20 30 40 50 60 70

They don’t feel the need for it, but they 
accept professional support

Yes, and that would be very helpful

Yes, only if there are novelties

 
 



 First International Scientific Conference  

Conference Proceedings 507

(65.9%) of the participants answered that “…I do not have any need for professional support, but if it is 
for the children’s sake, for them to acquire new skills and knowledge, I most certainly accept the 
support.” (22.73%) of the participants answered “Yes”, and some other answers are: “It would be of great 
help”, “I think that professional support is always helpful”. (11.36%) of the participants answered “Yes, I 
do feel the need for it, but only if there are novelties”. 
 
Conclusion 

At the end of the research, it can be concluded that the kindergarten teachers who include activities for 
the children in the kindergartens in general feel more skilled to realize the program for early learning and 
development. But their competences for the narrowly-defined activities should be even further developed 
in the context of their further advancement. Aside from the initial education, with the help of which they 
have acquired basic competences, in their professional work the kindergarten teachers should be given 
support for the development and improvement of their knowledge, competences and skills. 

In that direction, one should consider models of professional improvement of the teachers, as well as 
models of support in the realization of the more specific program content, especially since the domain of 
Health and Physical Development has its own significant specificities, yet it is often put aside, away from 
the activities with an academic or cognitive streak. This is how an appropriate stimulative environment 
can be enabled – an environment in which the children, being the primary creators of the educational 
process, would be given the chance for development, in the framework of their individual opportunities. 
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Abstract 

Considering contemporary conditions, the industry associated with sports and management has 
evidently noticed growth and became even more attractive as a segment where the use of the business 
based philosophy considering planning and implementation is enforced. Sports structurally analyzed, 
includes a wide range of activities, processes and human resources from the area of the sports industry, 
which more extremely is focused on the modernization of management methods and the  techniques for 
attracting and retaining customers.Management procedures used in sports include an extremely wide 
range, starting from the  focus on a specific, particular segment of business operations, such as 
marketing or financial management inthe purpose of sports up to a so called basic usage, or holistic 
management model, where all aspects of sports management, should be applied.Sports management can 
theoretically be determined in many ways, but in essence it is a combination of skills related to planning, 
organizing, coordinating, motivating and controlling in the context of the organization or department 
whose primary product or service are associated with sports. At the same time, managing processes and 
relations in sports is a very extensive field of research, which offers plenty of modes of specialized 
training and education for individuals, groups and sports entities, especially those which consider the 
sports industry as a profession that has a necessity of managing.As an exceptionally growing business 
segment, sports management employs a serious number of human resources, generates a huge volume of 
economic activities and processes, and affects in a positive way the determination and accumulation of 
peoples’life quality. Initially considering the general interest and need of Sports management, through 
defining the most important aspects of its long- founded management, the research effort will focus on the 
opportunities for professional development in the field of sports management. The fundamental factors 
that determine the theoretical-empirical approach to sports management on one hand, as well as the 
opportunities available for professional development of educated individuals, groups and entities in this 
segment on the other hand, will be integrally treated in order to present future directions and 
recommendations for more extensive outreach and development.Therefore, the paper will pay particular 
attention to the most important aspects related professionals who are integrated in the sports world and 
that effectively and efficiently build careers using different aspects of management. 

 
Keywords: management, sports, opportunities, sports management, professional development 
 
Introduction 

Sports management as a rapidly growing field of knowledge, skills, experiences and capabilities, 
attracts growing attention among theorists and further on undoubtedly among practitioners in this area. 
An important part of human resources are attracted to sport, considering it as any other profession.In 
todays’ complex environment, it is not enough to guarantee success in the profession, which is embodied 
by the behavior and interests of owners and managers of sports institutions, which in first line have a 
strong business orientation towards sport, and secondly are the aspects that point out their attraction and 
passionate interest in sports.Depending on the nature of sport, access to it and the system of integration of 
its participants, management models can cover starting from entrepreneurial activities that include profit 
activities, such as the management of the sports center, but can be also more geared towards integrated 
management of a particular sports program. From their dominant orientation, management activities are 
differentiated to perform functional elements of a chain of sports elements and processes,up to integrated, 
holistic management, where all aspects of the management of sports as a business should be applied in 
daily operational activities that often occurs in a number of sporting facilities or certain sports 
organizations. 
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The function and role of sports and sports management 
As a growing and propulsive activity the industry, which treats the area of sports is booming and 

becoming a relevant segment for analysis and targeting, especially since it has become increasingly 
dominated by the business models for its management. According to studies conducted by the U.S. by the 
Association of manufacturers of sports products and their report issued in 2008 (SGMA, 2008), the 
number of people who have joined a health club in 2007 reached a number of 42.7 million, which in 
comparison to 1990 has increased for21 million. At the same time, more than 72 % of the children at an 
age of 11 years in the U.S. in 2008 were engaged in team sports. The women's basketball league in the 
United States attracts approximately 2 million fans each season, as opposed to approximately 20 million 
fans who attend on average during the regular competitions throughout the season in the 
NBA.Considering the evolution and looking on the historical development of science in sports 
management, its foundation is recorded in the late 60s of last century, especially by emphasizing the need 
for specially trained and educated staff that would be activated in the segment of sports management in 
order to proactively identify and meet the needs of each category of sports activity. 

Therefore, given the professional opportunities for individual, group and institutional training, with 
extensive knowledge and skills in this area, a challenge is imposed for systematic management of sport. 
Sports management is fairly young as an academic discipline (Chaplin, 2006), which can be defined in 
different ways and usually is a combination of skills related to planning, organizing, delegating, 
controlling, budgeting, management and evaluation in the context of the organization or department 
whose primary products or services are related to sports (Parks et al. 2007).Sports itself can involve a 
wide range of activities, encompassing particular segments of the sports industry that is increasingly 
focused on attracting consumers, which should be undoubtedly managed, especially given the fact that 
sports management is a multidisciplinary field that integrates the sports industry and management 
(Lussier et al. 2009). 

It is extremely necessary to make a more detailed model of connecting management and sports, which 
is a dimension that often, especially in the past was the part where failure encountered, and in particularly 
when there was no adequate opportunity to recognize the great importance of the sports industry 
considering modern way of life, which is an aspect still even today partially present. Some of these biases 
are based on the simple view of sport, associated with activities that are related and based on leisure, 
recreation and apart from everything considered as entertaining activities. Considering certain 
circumstances and context, sometimes sports aspects are treated unfairly with less seriousness and 
importance. Reality  is very different in a sense that sports in modern conditions is an extremely 
important business segment, which employs a huge number of people, generates huge volumes of 
economic activities, a segment which is used to evaluate and assess the quality of life of the population . 

From the large number of research efforts in terms of dimensions in sports management the following 
deserves attention in the categorization of four factors (Wuestand Bucher, 2005) which analyses and 
conceptualizes sports management through the following components:sports world, managing sports 
experience, organized sports and Sports enterprise.Basically, all these factors influence the formation of 
different aspects of sports management, through their interdependence and mutual conditionality, shown 
in the following Figure 1.1.   

 
Figure 1.1. Four factors in the analysis of sports management 

 
Source :Wuest, DA, Bucher, CA, (2005)Foundations of Physical Education, Exercise Science, and Sport, 15 -Th edition, 
McGraw-Hill Humanities / Social Sciences / Languages, Boston, p.482 
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Throughout the entire evolutionary expansion, developed were and still are exiting a great number of 
professional organizations that bring together professionals from the field of sports management.The 
potential growth of organized sports and the need for professional sports administrators was mentioned 
for the first time in 1957, in a letter from O'Malley, the chairman and major shareholder of the baseball 
club “Dodgers ", to Dr. James Mason, who was a member of the Ohio University, USA at that time. That 
initial impulse resulted in the establishment of the first official program for postgraduate studies that 
provided an integrated preparation for jobs in the sports industry since 1966th. The evolutionary path of 
science related to sports management then continued in the founding of the Organization of Sports 
Management Resources Science and SMARTS, within the University of Massachusetts in 1970, which 
basically, is the base for creating the most important institution related to promotion of sports 
management and encouraging more activities in that particular area of research, professional applicative 
papers and professional development within this narrow specialized area, which resulted in the founding 
of the North American Organization for Sports management (NASSM), constituted in 1985, furthermore 
just two years later followed by the publication of the Journal of Sports management . 

The revolutionary activities in setting the grounds of modern sports activities and procedures which 
are necessary to be managed, are reflected through the initiatives in this area that are carried out through 
the years, until today (Parks et al., 2007). In this sense, according to NASSM a proper definition of sports 
management was set where it is considered to be "a field of research that offers specialized training and 
education required for individuals who are looking for a job in any part of the industry " (sports industry), 
( Ziegler, 2007). In the 80s of the last century existed approximately twenty programs concerning the 
field of sports management in North America, which grew until 2000 up to2001(Parkhouse et al., 2001). 
One of the main reasons for the rapid increase of the number of academic programs in the field of sports 
management is the recognition that the value of sports depends on the way sports is managed (Chaplin, 
2006).Considering the affirmation and wider popularization of sports management, recently the World 
Association for Sports management (World association for Sports management) has been created, more 
precisely in 2012 which is comprised of six core sports organizations around the world such as: the North 
American, the European, Australia and New Zealand, Asian, Latino and Afro-American organization for 
sports management.  

 Perspectives for professional development in the field of sports management 
  The development of science in sports management has developed along with several different 

opportunities for professional development, which is a dimension which rises from the acknowledge that 
in sport, treated as a business segment, managers determine the desired organizational performance, 
which are necessary to reach in the sports field. Therefore, programs in the field of sports management, 
educate and prepare human resources for diverse management positions in areas such as university 
athletics, professional teams, fitness centers, recreation centers, training, managing various sports bodies, 
organizations and institutions, responsibilities in the area of marketing, youth sports organizations, and 
the production and trade of sports products .The most important modalities of building a career in the 
sports industry are presented in the following Table 1.1. and Figure 1.2. 
 

Figure 1.2. Opportunities for professional development in the field of sports management 

 
 
Source: Wuest, DA, Bucher, CA, (2005), Foundations of Physical Education, Exercise Science, and Sport, 15th edition. ed. 
McGraw-Hill Humanities / Social Sciences / Languages, Boston, p.484. 
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Based on this categorization is important to distinguish the nature of the areas include career 
development, as well as the dimensions of professional development in the field of sports management, 
particularly in terms of highlighting the following : sports administration, sports clubs and centers, sports 
facilities, sports/leisure services, sports marketing, sports communication (Wuest, 2005). 

 
Table 1.1. Examples of careers in sports management 

 
Source: Lussier R., Kimball D. (2009), Applied Sports management Skills, Thomson Learning. USA p.4 

 
The field called sports administration or administrative positions in the field of sports, there are 

countless opportunities for education and professional development. In the field called sports 
administration or administrative positions related to the segment of sport, there are countless 
opportunities for education and professional development. Thus, at every level of education and 
professional development differences in the approach considering the regulation of this dimension could 
be distinguished such as: 

At the level of high schools, there are administrative positions in the field of sports management and, 
depending on the size of the school and its sports orientation, positions arise such as sports manager and 
even an expanded sports associations, including beside the sports manager, also an assisting sports 
manager. 

At the level of college or universities, there are more opportunities, and the number of administrative 
positions and the specific duties depend, to a large extent of the nature and size of the sports program. The 
most important administrative position in the field of sports management is the sports manager, deputy 
manager and assisting sports manager. Other positions that might be found in the faculty sports program 
are financial manager, marketing manager, recruiting coordinator, coordinator for regulation, coordinator 
of academic advising, etc.  

The basic conclusion in determining the profile of activity concerning sports managers at every level 
of education, suggests that in the educational institutions which have developed a greater complexity in 
its performance, the sports manager is responsible for performing a countless number of tasks and 
responsibilities which treat the model of management in sports. In such organizations and educational 
institutions, sports managers deal with managing the growing volume of complex activities, processes 
and relationships, ranging from supervising coaches and their assistants, to organizing a system for 
matches, monitoring changes in relevant legislation, preparing the criteria for the organization of a regular 
diet for the athletes, up to their security, and all this by relying on the extensive help of their associates. 

Compensation for the main actors in sports management – those holding the titles in sports 
administration, directly depend on the size and character of the responsibilities of the sports program. In 
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the modern market economies, fees for sports managers are ranging from $ 25,000 to $ 100,000. This is 
the most serious indicator for the treatment of sports management in a society reflected in the reward for 
individuals who, despite their strong desire to be in touch with sports and work with athletes, feel the 
need for adequate financial satisfaction for the invested efforts and energy. 
 
Profile of professional staff in the field of sports management 

Considering modern terms, a growing number of companies from all business areas stimulate the 
organization of recreational and expert sports opportunities for their employees, in appropriate structured 
sports programs. The number of companies that are serious and integrated on long term considering 
sports as an element within their daily existence and activity is growing. With the proliferation of these 
programs the need for building qualified professionals who would take planning and implementation of 
such activities, processes and relationships as well as experts sporting and recreational aspects, present in 
large companies is emphasized. The responsibility of these sports managers involves performing a series 
of responsibilities, among which in particular stands out the establishment of detailed program activities, 
organizing sports teams, scheduling of events, providing training, supervision of staff, etc. The tendency 
of increasing corporate recreation leads to opening more opportunities for the establishment of qualified 
sports professionals  

The managers of sports facilities considering their working profile, can be found in various contexts of 
their employment, but traditionally managers of sports facilities are usually employed directly after 
graduation, considering this as one of the structural segments of society which are nationally needed, in 
the facilities of the local administration, commercial facilities such as sports centers, swimming pools and 
water parks, golf clubs, hockey playgrounds and more. With the increasing number of fitness centers and 
sports centers increases the potential of individuals who have an interest and professional orientation for 
managing sports facilities. Depending on the size of the object and details of its program, the number of 
individuals who assist sports managers can vary from independent execution of responsibilities, to a state 
in which the sports manager will be assisted by an assistant or even other staff which will work directly 
under his control. 

In this sense, one of the main responsibilities of managers in sports the safety of individuals who use the 
services at the facility, which includes assurance that the facility and equipment is proper order 
considering the safety and health of everyone playing sports, as well to ensure that it is in compliance 
with the required standards governing this area. Expert knowledge regarding the proper functioning of the 
facility, the health and hygiene conditions are extremely important for each individual. Therefore, in the 
institutions where sports matches are held, such as stadiums, theaters etc. the manager should ensure the 
application of the policies concerning operational guidelines in order to ensure the safety of visitors and 
the participants.Also, they need to manage the business aspects of the institution, which at the end of the 
year impose strong potential impact on the financial success or failure of the same.  

Sales of sports apparel, athletic footwear, and licensed sports goods increases worldwide, given the 
extent of its presence and the degree of influence, can be counted in billions. With increased public 
interest in sport, fitness and sports activity sales are stimulated, and therefore stores for sports equipment 
and even schools, faculties and universities that have major athletic events, have become very powerful. 
Job opportunities and professional development in the area of sales of sports equipment, or as a sales 
manager of sports nutrition, beverages and supplements significantly increased in recent years and this 
trend is expected to continue and grow in the future. 

In the U.S., many organizations, such NCAA, Women's Sports Foundation, the Olympic Committee 
allows students which have interest acquire a practice in this field. The increasing interest in the 
management of sports in the world can be seenas well in the role of telecommunication media such as 
television, radio, newspapers and magazines, which have contributed to the afirmation and growing 
number of career opportunities in sports communication media . In the last decade there has been an 
growing sports events coverage by the media, and still risingthere are even broadcasts of sports that 
traditionally not on the list of most popular, such as bodybuilding,bowling etc.  

Today it is normal to have specialized channels that broadcast onlysports events and live shows 
dedicated to the sport. The growth of the role of the internet, opened countless webpages that on a daily 
basis and in real time disseminate the latest information from the sports world . The sports media around 
the world represent an excellent opportunity for a career that is very popular considering the job 
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opportunities that are presented on radio and television stations, newspapers, internet portals and more. 
Therefore, a number of indivuduials use their skills to become entrepreneurs in the field of sports, 
developing services and products to meet the needs and interests of the people. The broad area of sports 
education and sports science offers great entrepreneurial opportunities that motivate and encourage  

In modern terms, one of the most noticable entrepreneurs in the field of sports are personal trainers. 
These professionals work on one- one base with clients, designing and implementinga fitness program 
that is specially designed and adaptedtaylored tothe needs of the client. Personal trainers usually visit 
clients at home or in thesports center where exercises are performed, in order to continuously monitor 
theor workouts. A very large part of the population that is interested inimproving their health and physical 
condition, willing to pay the professionals who will learn more skills that are needed to increase their 
level of health . Programs of personal trainers can be focused on assessing and improving their level of 
fitness and endurance, creating guidelines for nutrition, stress management, weight loss etc.Some 
profesionals that have more experience can be consultants on various Internet sites for health clubs, 
training staff and providing advice concerning diets, advice on health promotion etc. 

 
Professional opportunities in sports management in Macedonia  

In Macedonia, as a young and open market economy, the field of sports management is a topic 
that is discussed in the last decade and it is becoming more attractive by increasing awareness of the role 
and importance of sports and sports management as a whole. Sports in all, gets a more important place in 
the Macedonian society, which gradually creates conditions for greater development opportunities for 
professional development in this area .The interest in studying sports management and the development 
of academical programs enable a detailed methodological and systematic way of approaching sports and 
sports activities, processes and relationships. In terms of educational programs that providean appropriate 
and detailed education of sports management, currently in Macedonia there are only two programs for 
postgraduate studies existing, focusing on sports management. 

The most notable expansion in Macedonia since theindependence, is currently experienced in 
club sports and partially representative sport, which in turn affects the tendency for developing greater 
professionalisation ofthose involved in sports in Macedonia. Efforts, engagements and intentions of the 
state to increase quality of sports is reflected in the creation of appropriatesportinfrastructure facilities, 
which impose the need of people who will actively managethose facilities in aself- sustainable manner, 
expected to grow even more both in the present and in the future.In Macedonian clubs, regardless 
whichnparticular sports considered, they have a distribution of the most common positions that are 
structurally important for their existence and survival, presented in Table 1.2. 

 
Table 1.2. Common jobs in Macedonian sports clubs 

 
Sports Clubs Sports activities Sports management activities 

coach 
assistant coach 
doctor 
physiotherapist 
Coaching Youth 
Coaching the goalkeepers 
Athletic Coach 
Doctor 

President of the Board of Directors 
Chief Executive Officer 
Non-executive directors 
Administrative Coordinating Body 
President 
Vice President 
General Secretary 
Sports director 
Coordinator of Youth 
Board Member 
Director 
Deputy director 
Marketing Manager 
Web-Coordinator 
Professional Staff 
Head of professional staff 
Assistant 
Coordinator of professional administrative work 
Economist 

Source : Adopted according to the organizational structures of several sports clubs in RM, 2014 
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Along with professional sports positions, it is important to note that sports and recreation has indicated 
noticable growth, therefore a growing number of recreational facilities such as a variety of fitness 
facilities, various recreational sports organizations,the promoting of a variety of recreational 
opportunities, sports tourism and etc. In the area of sports there are many individuals who are involved 
and which integrate the activities related to sports and sports management.Although sports in Macedonia 
considered as a whole, faces a number of real challenges and problems, especially in the area of finance 
and the system of transformation of complete ownership of sports clubs, it is increasingly confronted with 
the necesity for a professional approach towards its management, starting from the national 
representations, club and individual sports on one side, and all aspects of recreational sports, on the other 
.In this contex, evidently the biggest growth of awareness of the importance of sports and sports life and 
the accepted reality that sport and management must be handled systematically, relying on specialized 
experts trained in many areas of life sports, such as sociologists, psychologists experts in teamwork, role 
playing sports etc. 
 
Conclusion 

In the field of sports and sports management, especially worldwide4, there are many diverse 
opportunities for professional development, which is reflected through the most illustrative conclusions 
following below as a result of the overall research process : 

1. As a specialized scientific fiels, sports management has been developing intensively in the last 
thirty years and still shows a positive trend of growing, which is expected to continue at the same 
pace in the years to come. Sports is a very serious industry that generates huge revenues, expressed 
through billions of dollars and euros worldwide, and that in itself means a lot of business 
opportunities . World literature in the field of sports provides a myriad of information on possible 
directions and tendencies of development ofqualityinsports and sports professionals, allowing 
managers a serious base on informationfor their further research and analysis. 

2. With the development of awareness concerningsports,the increasing sports success and interest of 
the population thereof, sports workersa higher attractiveness on one hand and on the other there is a 
need to establish new specialized jobs for resourcesthat will possess knowledge, experiences and 
skills in the field of sports management. In this sense, worldwide there are many programs that 
provide appropriate education for prospective staff and continuous areformed new ones in 
accordance to the compliance requirements and guidelines for development of specific types of 
sports. 

3. Indeveloped market economies, a growing number of people are involved professionall, in the field 
of sports and not just as athletes, but especially in the management of different processes, activities, 
events, human resources and finished products associated with sports . As a result of this 
momentum, the need for systematic management of all elements of sports emphasizes its 
importance, oriented towards long-term success and benefit, not only for the sports industry, but 
also for the health and well being of the involved individuals, groups and sports institutions. 

4. Regardless of the acknowledgement whether it is a national team, club events or individual sports 
or even the recreational segment of sports andhealthy living, the entire sports infrastructure, sports 
marketing, media and communication especially in the area of sports, emphasizes the necessity of 
intense and methodical rounded education and vocational training, which undoubtedly must be 
continuously managed  

5. In Republic of Macedonia there istraditionally still a lack of professionalism and specialization 
when it comes to sports management. Knowledge, skills and overall professional education in this 
field is still limited, but noticed are serious examples of positive steps made, considered as early 
movements in the right direction, especially visible in certain clubs or national teams . 

6. In our country, there is still a lack of serious, multiple and interdisciplinary analytical data and 
information concerning the representation, and level of significancet for the reached level of 
development of sports management. In this sense, the emphasis isthatsports and its proper 
managementhave a strong positive impact on the overall quality of life, thus the necessity of 
increasing efforts is stressed,to successfully implement which is not only an obligation of the state, 
but all municipalities, organizations and institutions, to the level of each individual. 
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Abstract: 

Rapid progression of elderly population is a main demographic characteristic of XXI century all over 
the world. In Republic of Macedonia during the last 30 years a number of individuals older than 65 years 
rise 260 %. There are a lot of diseases frequently present in elderly. Physical condition is important 
factor of so called "healthy aging". The mean aim of this study was to evaluate the health status and some 
physical characteristics of institutional elderly in Republic of Macedonia. 363 elderly subjects (mean age 
73.5 ± 6.0 y) from three Geriatric institutions in Republic of Macedonia were included in this study. 
Demographic and medical data were collected and health status was investigated according to clinical 
examination, anthropometry (stature, body weight, BMI, arm and calf circumferences triceps and sub-
scapular skin-fold thickness, elbow diameter and knee height); nutritional status (Mini Nutritional 
Assessment – protocol) and biochemical analysis (blood sedimentation, hematology, MCV, alkaline-
phosphate, glucose, urea, SGOT, SGPT and analysis of urine). Following physical characteristics were 
investigated: muscle strength with arm dynamometry, activity daily leaving (ADL) and instrumental 
activity daily leaving (IADL). 51 elderly (14 %) were selected in category of healthy elderly (HE), 
according to SENIEUR protocol, and 86 % were NON-SENIEUR elderly with pour health and nutritional 
status. 75.8 % of NON-SENIEUR elderly had more than 2 ADL and IADL disabilities and significantly 
lower arm dynamometry (male, 6.5 ± 2.8; female, 6.3 ± 1.9 kg/W on dominant arm), according to HE 
(male, 9.6 ± 2.6; female 8.0 ± 2.0 kg/W). It can be concluded that high percent of institutional elderly in 
Republic of Macedonia had disabilities and must be included in special programs of physical fitness for 
elderly.                

 
Key Words: arm dynamometry, activity daily leaving, instrumental activity daily leaving, elderly,   
                   SENIEUR protocol  
 
Introduction 
     Central demographic characteristic of XXI century is rapid aging of the human population all over the 
world. It is expected that until to 2020 year, elderly people will be 15% of world population with 
distribution of 70% (700 millions) of elderly in less developed countries and 30% (318 millions) of 
elderly in high industrialized countries (WHO World Health Statistic, 2009; Kinssela & Wan, 2009). 
Similar demographic expansion of elderly population is evident in Republic of Macedonia (R. of 
Macedonia). During the last 30 years a number of individuals older than 65 years in our country rise 
260%, so the number of elderly in R. of Macedonia coverage 13% of the total population (Institute of 
social activities in Skopje report, 1999). 
     This expansion of older population can made serious financial problems in the systems of health care, 
because elderly population has many health problems, like vascular, degenerative, infective and cancer 
diseases (Effros, 1993; Vercelli et all., 1998; WHO report no. 27, 1999). Because of this, every factor, 
therapeutic procedure or pharmacological substance, which can promote so called "healthy aging", can be 
of very big importance for the elderly, the health system in one country and even for overall society. A lot 
of data show that sport and physical activity are important physiological factors of qualitative aging and 
promotion of health in elderly (Dionigi, 2006; Opdenacker et all, 2009; Hamer et all, 2014).   
     In R. of Macedonia there are a little data about the physical condition of elderly population, so the 
mean aim of this study was to evaluate the health status and some physical characteristics of institutional 
elderly in R. of Macedonia. 
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Material & methods  
     In prospective study organized by Department of MEP physiology and anthropology, Medical faculty, 
University "Ss Cyril and Methodius", Skopje, were included 363 subjects (N = 162 males, N = 201 
females) older than 65 years (mean age 73.5 ± 6.0 y), from following geriatric institutions in R. of 
Macedonia: "11 November", Skopje; "Aerodrom", Skopje; and "Zafir Sajto", Kumanovo. All participants 
gave personal agreement about the participation in this study.    
     Demographic and medical data were collected from the medical records of the participants. First was 
done blood collection, following by anamnesis, medical examination, anthropometry and examination of 
some physical characteristics. Biochemical parameters, together with data from anamnesis and medical 
examination were incorporated in SENIEUR protocol, specially created by Ligthart, to provide selection 
of control group of healthy elderly for studies in a field of gerontology (Ligthart, 1984). All the 
participans who fullfiled the criteria of SENIEUR protocol was selected like SENIEUR elderly, or 
healthy elderly (HE) and were the control group in the study. The participants who did not fullfil the 
SENIEUR criteria were selected like group of NON-SENIEUR elderly (NON-SE). NON-SE elderly was 
divided in two sub groups, according to the state of disabilities, NON-SE with less than two ADL 
disabilities (NON-SE I) and with two and more disabilities (NON-SE II).    
     Early in the morning, before breakfast, blood collection was done with heparin and K-EDTA vacuum-
tubes and it was collected urine, which was analyzed immediately with test strip Combi 11 (Macherey-
Nagel, Germany). Following biochemical analyses were done with photo-spectrometry on Humalyzer 
2000 (Biotek, Germany): alkaline-phosphate, glucose, urea, SGOT and SGPT. Blood sedimentation was 
done with Westergreen method. Hematology and MCV were done with blood counter.       
    Anthropometry was done according to the International Biological Program (IBP) with standard 
anthropometrical instruments (Maver et all, 1987). Following anthropometric parameters were 
investigated: stature (cm), knee height (cm), body weight (kg), BMI, calculated from body weight in kg 
divided with square of stature in m2; arm and calf circumferences (cm), triceps and sub-scapular skin-fold 
thickness (mm), and elbow diameter (cm). All anthropological instruments were calibrated and their 
precision was permanently controlled during the measurement. All measures were taken by same person 
and every measure was read in a moment when instrument was on the examiner.        
    Nutritional status was calculated according to Mini Nutritional Assessment – protocol (MNA), 
specially created by Guigoz for nutritional assessment of elderly and scored like following: well-
nourished - MNA score equal and up to 25, risk of malnutrition - MNA score between 17- 24.5; and 
malnourished - MNA score below 17. MNA-protocol was fulfilled with data of anamnesis, medical 
examination and anthropometry (BMI and arm and calf circumferences) (Guigoz et all., 1996). 
     Following physical characteristics were investigated: muscle strength with arm dynamometry 
according to Collin's dynamometer, specially manufactured and graduated for elderly people, and in a 
moment of measurement participant made most influential pressure with dominant and not-dominant arm 
(Baumann et all., 1996); activity daily leaving (ADL) and instrumental activity daily leaving (IADL) with 
standard scale (Hazzard et all., 1990). 
    Statistical analysis was done with SPSS. From descriptive statistic, the measures of central tendency 
and variability (mean ± sd) are shown. Differences between two groups were analyzed with t-statistic and 
with nonparametric Mann-Withney test, in a case of asymmetric statistical distribution. Differences 
between more than two groups were analyzed with parametric analysis of variance or with nonparametric 
Kruskal-Wallis test. Correlation between some variables was investigated with multiple regression 
analysis. The level of significance was 0.05.  
 
Results 
     Distribution according to age, gender, health status evaluated according to SENIEUR and nutritional 
status evaluated according to MNA, is shown in figure 1. In our institutional elderly (N = 363) SENIEUR 
protocol selected only 14.0% (N = 51) pearsons with good health condition, who can be term "healthy 
elderly" (HE). Classification of the nutritional status according to MNA show that only 33.3% of the 
elderly have normal nutritional status. Instead of malnutrition, the most common reasons for poor health 
status were presence of eliminatory clinical diagnoses in the SENIEUR protocol like: cardiac 
insufficiency, atherosclerosis with complications, infection, malignancy, uncontrolled hypertension, higer 
gradus of dementia and depression.      
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Figure 1. Distribution according to age, gender, SENIEUR/NONSENIEUR category  
           and MNA-score categories on institutional elderly in R. Macedonia      

 
Table 1. Distribution of disabilities s on institutional elderly in R. Macedonia  
VARIABLE                                                  HE (SENIEUR) (N = 51)            NON-SENIEUR (N = 312)    
ADL   less than two disabilities                       34 (66.7 %)                              75 (24.2 %)     
           two and more disabilities                      17 (33.3 %)                            237 (75.8 %) 
IADL  less than two disabilities                       42 (82.0 %)                               79 (25.0 %)  
           two and more disabilities                        9 (18.0 %)                             233 (75.0 %)  

 
     NON-SE eldery has the same distribution of ADL and IADL disabilities (table 1). In the group of 
healthy elderly (SENIEUR) there was a lower percent of elderly with two and more ADL (66.7%), and 
IADL disabilities (18%). 
 
Table 2. Analysis of variance on differences of some health indicators and muscle strength on  
                                                   insitutional elderly in R. Macedonia      

VARIABLE HE (SENIEUR) 
(N = 51) 

NON-SE I 
(N = 79) 

NON-SE II 
(N = 233) 

Significance 

Body weight (kg)          M 
                                     F 

67.4  10.0 
63.3  5.4a 

65.9  8.7 
61.7  7.6a 

55.5  5.4 

51.3  5.6a 
   < 0.0001 
  < 0.0001 

Body mass index          M 
                                     F 

25.9 ± 2.6 
25.3 ± 2.8 

25.5  2.0 
24.7  2.6 

20.5  2.0 
23.7  2.6a 

  < 0.001 
  < 0.001 

Upper arm                   M 
circumference (cm)      F 

27.0  2.3 
25.8  2.1a 

24.3  2.2 
24.0  1.9 

19.3  1.5 
19.3  1.3 

  < 0.0001 
  < 0.0001 

MNA-score                  M  
                                     F 

26.6 ± 4.2 
26.3 ± 4.5 

23.5 ± 3.0 
25.7 ± 3.4a 

19.5 ± 2.8 
22.7 ± 3.4a 

  < 0.0001 
  < 0.001 

Glucose (mmol/l)         M 
                                     F 

6.9 ± 3.7 
7.3 ± 4.5 

7.2 ± 4.2 
8.3 ± 4.8a 

6.9 ± 3.7 
9.3 ± 4.8a 

      n.s. 
   < 0.05 

Hemoglobin (mmol/l)   M 
                                     F 

13.5 ± 2.8 
 12.4 ± 2.4a 

12.5 ± 2.2 
 11.2 ± 1.9a 

10.9 ± 1.7 
10.2 ± 1.2 

  < 0.001 
  < 0.001 

Muscle strength (kg/W) 
dominant arm              M  
                                     F 
non-dominant arm       M 
                                       F 

 
9.6 ± 2.8 
8.0 ± 2.5 
9.0 ± 2.4 
7.5 ± 2.0a 

 
8.2 ± 2.3 
7.2 ± 2.1a 
7.2 ± 2.0 
6.8 ± 1.9 

 
6.5 ± 2.0 
6.3 ± 2.2 
5.6 ± 1.6 
5.5 ± 1.9 

 
  < 0.0001 
  < 0.001 
  < 0.0001 
  < 0.001 

asignificant difference between males and females 
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    Following health indicators: body weight, BMI, upper arm circumference, MNA-score, blood glucose 
and hemoglobin shown significant differences between NON-SE I with less than two ADL disabilities 
and NON-SE II with two and more disabilities, compared with HE (SENIEUR). Muscle strength is the 
lowest in NON-SE II, but differences according to gender are not evident (table 3). Regression analysis 
shows that MNA-score is the most important prediction factor of muscle strength (table 3).   
 
Table 3. Multiple regression and analysis of variance on multiple regression of risc factors and  
                               muscale strength on institutional elderly in R. Macedonia 
Independent  
Variable 

                     Muscle strength of upper arm              
                    Slope ± SG               Significance (p)               

Gender (M/F) 
Age (to 75y / >75y) 
Reduction upper arm circum. (yes/no) 
MNA-score  
Present diseases (to 2/>2) 
Pharmaceuticals (to 2/>2) 
ADL-disabilities (do 2/>2) 

                 0.127  0.200                              0.535 
                 0.380  0.140                              0.216 
                 0.636  0.175                              0.032 
                 0.707  0.150                             0.012 
                 0.612  0.121                              0.042 
                 0.199  0.135                             0.632 
                 0.422  0.172                              0.128 

Analysis of variance  R = 0.770     R² = 0.741     F = 4.318 (p = 0.002) 
 
Discussion 
     The relevant demographic data about the population of R. of Macedonia are connected with the results 
from the last census of our population in 1999 year, and according to these data 13 % of the population in 
R. Macedonia is elderly. If the coefficient of aging is on its critical level of 12 %, that is a sign that our 
population is affected from process of aging (Institute of social activities in Skopje report, 1999). This 
expansion of elderly, not only in R. Macedonia, but all over the world, will force upon the need for 
significant changes in the systems of medical care and to adapt them to the health needs of elderly. It is 
important to evaluate the health condition in elderly, because of planning on different aspects of their 
medical care. This study is one of the scarce geriatric studies in R. Macedonia, and it is specially directed 
to the category of  so called institutional elderly, or the elderly placed in geriatric centers (Rush, 1997). 
     There is a balanced distribution in the age structure, between the age categories 65-75 years old 
(41.2%) and 75.1-85 years old (42.3%), but the number of elderly aged 85.1 year and older are lowering 
extremely (16.5%). This can be in connection with a pour health status of this investigated group of 
elderly, estimated according to the criteria of SENIEUR protocol and according to MNA-score. Other 
studies show better health and nutritional status in this category of institutionalized elderly, compared 
with elderly from this study (Langiano et all, 2009; Garcia et all, 2007) 
     Evaluation of some parameters which are indicators of the condition of physical fitness in elderly, 
specially the ability for activity daily living (ADL and IADL), the same is in connection with the 
ascertainment about the pour health status of the investigated elderly. 75.8 % of NON-SE elderly had 
more than two ADL and IADL disabilities. Physical characteristics of the HE are better, according to 
lower percent of disabilities and significantly higher values of muscle strength, estimated according to 
arm dynamometry. This is expected, because the group of HE in our study pass the strict criteria of the 
SENIEUR protocol, and it is a representative sample of the elderly (Ligthart, 1984).              
     Regression analysis in our study shown that pour nutritional status is connected with lower physical 
characteristics of elderly. This can be explained with the evidence that geriatric malnutrition is 
dominantly protein with reduction of the body proteins (muscles) (Sharkey et all, 2004). Reduction of the 
muscle mass is evident according to significantly lower arm circumferences in NON-SE, compared with 
HE, has the influence up to physical characteristics of investigated institutional elderly.         
     This study shows that there is a need for serious health and nutritional intervention in institutional 
elderly in our Geriatric centers, and it is necessary to take measures for improvement of physical fitness 
abilities. This can disable more seriously consequences like: exacerbation of the ability daily leaving and 
appear of walking and balance problems and hip fractures (Waters et all, 2000; Sharkey et all, 2004). 
    Ssport and physical fitness, if intensity and form adequate to the aging organism, like specialy designed 
programs for physical fitness in elderly, have significantly improvement of physical characteristics of 
elderly, their health status and the quality of leaving. Some studies shown that continously, application of 
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adequate physical activity has an anti-aging efect and it can slow down the physiological processes of 
aging ((Dionigi, 2006; Opdenacker et all., 2009; Hamer et all, 2014).       
 
Conclusions 

It can be concluded that 86 % of the institutionalized elderly in three geriatric centers in R. of 
Macedonia are with pour health and nutritional status, and only 14 % can pass the strict criteria of the 
SENIEUR protocol. The most common reason for exclusion form SENIEUR group is presence of 
eliminatory clinical diagnoses.  

75.8 % of NON-SENIEUR elderly has more than two ADL and IADL disabilities and significantly 
lower arm dynamometry compared to the group of healthy elderly. Most significant predictor of muscle 
strength is MNA-score, which is indicator of nutritional status in elderly.    

In order to improve the health and physical characteristics of institutionalized elderly in R. Macedonia, 
there is need for urgent nutritional intervention and implementation of special programs of physical 
fitness for elderly. 
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Abstract 
In Macedonia there are many different types of media that companies can use to get their message to 

the audience. Television, as a traditional media, has the greatest impact on consumer attitudes about a 
particular brand by raising their awareness of its existence in the market. But the social networks also 
have a great contemporary significance on younger consumers. Macedonia is a country with the largest 
number of television stations per capita. But if your goal is to build a positive attitude between potential 
consumers aged 20-40 years (especially between the female population), according to this paper, then it 
is the best to use the following media: (1) Internet (2) television (3) outdoor advertising (4) print media 
and at the end (5) radio. 
 
Keywords: media, print media, television, internet, radio, perception. 
 
Introduction 
The main objective of the paper is to recognize the influence of the media in Macedonia on the consumer 
attitudes on a particular brand. In this context, we analyzed: (a) the habits of the audience in the use of 
different types of media; (b) consumer opinion on the type of media that are most exposed during the day 
and (c) the impact on the media for brand awareness and desire for consumption and purchase. During the 
preparation of this paper we have used several research methods and techniques.  

For the analysis, we used a relevant literature and an official data collected through online surveys, 
personal interviews with marketing and media professionals. R. Macedonia is a country with the largest 
number of television stations per capita. In comparison, the economic powerhouse Singapore has only 
eight TV stations. The largest influx of TV stations and new concessionaires was recorded in summer 
2008th. In the structure of media ownership in Macedonian broadcasting, there are two characteristics 
(Mediaonline, 2014): 1) behind the largest and most influential media houses there are owners of 
powerful trade, manufacturing, mining or other companies, or those who are close to certain political 
parties and 2) most local media are owned by individuals, with other smaller local businesses, so the 
media work is not their primary occupation.  

A dramatic development in the Macedonian television market was the closure of the most popular 
channel A1 TV in July 2011, which in 2010 had a 25% share of the market. The broadcasting 
company went into bankruptcy in the summer of 2011 and then the frequency was withdrawn by the 
Electronic Communications Agency.  

The closure of the "A1" TV was a chance for the second TV station (TV "Sitel" has had a 
massive  increase in audience share from 8% in 2010 to almost 29% in 2012) and the third (TV "Channel 
5") to take the leading positions on the media market. (Mavise.obs.coe, 2014) In November 2012 
Macedonia there are officially registered 67 private television stations and one public television  
"MTV", which has 3 channels (Broadcasting Council, 2012). In November 2011, in accordance with the 
Council, 80 television stations, 77 private and three public service channels were registered (Broadcasting 
Council of RM, 2011). 

The cable industry (serving 50% of homes) has been subject to several consolidation processes. The 
most important cable operator is the Bulgarian company Blizoo. Makedonski Telekom (controlled by 
Deutsche Telekom) launched MaxTV,  the first Macedonian IPTV package,  in November 2008. By June 
2013 it had 80 000 subscribers . Cosmofon (a subsidiary of Telekom Slovenije) launched a four-channel 
3G package (Boom TV) for its mobile telephone network in the summer of 2009. Under the 
Telekom Slovenia Group, three telecommunications  companies (Cosmofon, Germanos and On.Net) 
merged in 2010 under the name One. In September 2009, Cosmofon also launched a DTT 
network (Boom TV) and by the end of 2012 it had almost 60 000 subscribers. The Free DTT system was 
launched in 2012, and switch-off was completed in the “Former Yugoslav Republic of Macedonia” in 
June 2013. (Mavise.obs.coe, 2014) 
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Today, the television market in Macedonia consists of 52 private and 4 public channels, the latter 
operated by the public service broadcaster MRT. Four of the private channels have national coverage (TV 
Alsat, TV Kanal 5, TV Sitel and TV Telma), 10 regional and 37 local. The first public channel, MTV1, 
is a generalist channel, the second, MTV2, is a cultural channel aimed at various ethnic minority 
communities in the country, the third channel is the Assembly  channel and the 4th channel is an 
international satellite channel. (Mavise.obs.coe, 2014) 

On June 1, 2013 the process of digitization of TV signals began on the whole territory of Macedonia, 
which improved the signal reception, the clarity and quality. According to a growing number of 
marketing managers, the TV Media Market in Macedonian is in a state of complete chaos.  

First, the price lists of all TV stations in Macedonia, with the exception of “Macedonian Radio 
Television” are based on the pricing model EUR/second. Almost all national TV stations sold a total of 
realized Rating of a particular target group - GRPs "(Gross Rating Points GRPs).  

Second, television stations use the model price for a second and then approve the biggest and not 
transparent price discount.  

Third, sponsorship packages or a number of broadcasts across different programs of a given TV 
station have a fixed budget (often very low budget). TV stations offer more favorable terms if companies 
go directly to them (without marketing agencies), if given a bigger budget and larger percentage of the 
allocation to the designated TV-station.  

In Serbia, Croatia, Bulgaria and Greece TV stations are selling and buying rating points. In Kosovo, 
Albania and Montenegro, TV stations still sell seconds and therefore are in last place in the region. (AMC 
Communications Montenegro, 2012).  

The Internet as a digital medium is often considered as a new marketing tool. On this subject there are 
numerous debates and analyzes worldwide. If the rate of penetration of the Internet in Southern Europe 
for 2012 is 61%, and for the first quarter of 2012 in Macedonia amounted to 58.3% we can safely 
conclude that the rate of Internet penetration in Macedonia is among the major European level (Bureau of 
Statistics, 2012). Internet Media market in Macedonia is rising both in terms of the number and quality of 
online media that exist on the Macedonian media market and in terms of the budget is determined for 
Internet advertising. Currently registered domains and approximately 2000mk daily emerging online 
media start too enthusiastically, without marketing strategies, which often results in the mildest form of 
abandonment of enthusiasm, keeping alive the expectation that it will happen by chance or ultimately 
leading to their extinction. Macedonian market is too small to be commercially operated as a lot of online 
media. 

In 2011 the company invested budgets for advertising media in accordance with data from the "AGB 
Nielsen" and "Ipsos" declined by 8% on a general level. The largest decline was seen in the print media 
(19%) and then invested in the budgets for TV advertising (≈ 7%). Growth is seen only in the budgets 
allocated for advertising on the Internet. If we compare the situation with budgets invested in advertising 
media in the first half of 2012 to the same period in 2011, we may observe a decline in budgets invested 
in advertising on television and in print media, and the growth of the budget invested in advertising on the 
Internet. The largest decline was seen in Media budgets that are invested for propaganda in the press 
(down from 31%). Besides the constant growth of the budgets for Internet advertising, unfortunately, they 
are still very low, ie smaller than those for print media and television and can affect the overall media 
picture. 

In accordance with all the above data we can conclude that despite the existing chaos in the process of 
trading on the Macedonian media market, television with approximately 70% is still the most widely used 
medium for advertising by companies.  

In 2012 the largest decline in advertising budgets was recorded in the print media (31%). Most 
noticeable decline in weekly inserter (38%), monthly magazines (34%) and newspapers (33%). This 
decline is due to the crisis and dwindling advertising budgets in 2011, 2012 and in early 2013 stopped out 
a number of weekly and monthly magazines ("Click", "Sports Club", "Playboy", "Life Magazine", "1G", 
"Globe", etc..) 

 
Results from the online survey 

For marketing managers is important for analyzing the impact of certain media on attitudes and 
behavior of consumers when buying certain brands. For this purpose, we conducted an online survey in 
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the period January-April 2014 to 150 participants. In the following we will present some of the results 
obtained through the survey. The majority of respondents (70%) were aged from 20 to 40 years, the 
remaining 28% of respondents were aged between 41-60 years and only 2% were aged over 60 years. 
51% of all respondents were female and the remaining 49% were members of the male sex. 
 

Chart 1. Exposure of respondents by types of media throughout the day 
 

 
Source: Own an online survey conducted March-April 2014 

 
The question - what medium are you most exposed to throughout the day? - The majority of 

respondents – 81% reported for the Internet, 10% reported for television, 7% reported for radio and only 
2% reported in the press. 

Between the 81% which reported for the Internet, 92% of them (of which 61% are women and 39% 
men), are between 20 and 40 years, 6% between 41 and 60 years and 2% of respondents aged over 60 
years. From this we can conclude that the Internet is a medium through which during the day companies 
can contact and influence to the greatest number of potential customers especially the female population 
aged 20 to 40 years.  

The question: Which type of medium respondents prefer to “consume” during the day? 
The majority of respondents 72% aged 20 to 40 years reported that the Internet is a medium that they 

most want to consume 14% of respondents said television, 11% prefer radio as a medium, and 3% want to 
consume print media.  

 
Graph 2. Type of medium that most respondents prefer to consume during the day 

 

 
Source: Own an online survey conducted March-April 2014 
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About a question related to the influence of different types of media on consumer attitudes for a 
particular brand - 86% of respondents said that the Internet influences their views on a particular brand, 
11% said that the Internet has very little impact, and (3%) reported that the Internet has no effect on their 
views on a particular brand. As for the TV 79% of respondents said that television influences their views 
on a particular brand, 15% said that television has very little impact, and (6%) reported that television has 
no effect on their views about a particular brand. In terms of print media, 42% of respondents said that the 
press affect their views on a particular brand, 45% of respondents said print media partially affected, and 
13% of the print media have utterly impact on their views on a particular brand. In terms of radio, 24% of 
respondents reported that radio affect their views on a particular brand, 65% of respondents said radio 
partly influence their perceptions of a particular brand, and 11% for radio has no effect their views on a 
particular brand  

 
Chart 3. Influence of different types of media on consumer attitudes about a particular brand 

 

 
Source: Own an online survey conducted March-April 2014 

 
Respondents were equally divided about the impact of external advertising on their perceptions of a 

particular brand. Conclusion - The quantitative number of media in Macedonian media market is really 
great in terms of the number of media per capita. Television and the internet have the greatest impact on 
consumers for building awareness for a specific brand. But if your target audience is aged between 20 to 
40 years (especially the female population) then the internet has the greatest impact. 
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Abstract: 
In the present insightful transformations of the economic, political, educational, health, social and 

sporting scene, process of transformation, implementation and quality delivery of top level sport 
management and sport administration service faces many crucial encounters and very specific every-day 
situations. In various countries, sport is very important part of the public interest for the governments and 
that is why the sport is linked to many public sectors and public activities. Sport can be found as a tool 
for development of the society with many governmental actions related to the health, culture, social 
cohesion, education, recreation and other sections of public life. On the other side of the “iceberg” is the 
sport management and sport administration staff of the that must deliver best possible service to all 
stakeholders of the Olympic sport organisations (OSO) represented by the athletes, sport clubs, National 
sport federations (NSF), National Olympic Committee (NOC), International Sport Federations (ISF), 
International Olympic Committee (IOC) and that is sincere challenge. 

 
Key words: sport management, strategic management, performance management, sport administration, 
Olympic Sport Organisations 

 
Introduction  

The new role of the diverse and especially process oriented management levels allows OSO to be 
more open to the new “aggressive” requirements that can be quickly changed in the complex and dynamic 
environment. On this way, process-oriented OSO can have greater dynamic capabilities in comparison 
with the traditionally structured OSO. We must change while knowing that change is a long process and 
athletes do not have that time. A change into something better is a never-ending process. Process as a 
term can be understood as a series of interdependent and linked steps and/or procedures which, at every 
stage, consume one or more resources (human, time, material, finance) to convert inputs (data, material, 
parts, etc.) into outputs that later serve again as (controlled, changed and larger) inputs for the next stage 
until a known final goal is reached. Also, a process can be understood as a series of coordinated tasks, 
procedures, actions and/or activities, conducted in a limited time, intended to achieve a best possible 
result and/or to accomplish a specific organizational goal(s) that could produce a change or development 
of the present situation/final result with the use of limited human, time, material and financial resources, 
and sport management and sport administration are no different. Leadership is a key to any successful 
process oriented company. Every top level sport manager, in his work inside of the OSO, must give his 
best in every-day delivery of the executive performance related to the: 

-Well organized internal structure of the OSO  
-Execution of performance management of the OSO 
-Effective management of the human resources of the OSO 
-Transparent finance management in the OSO using appropriate rules and procedures 
-Sport marketing in the OSO in close collaboration with the OSO stakeholders 
-Organizing top-level sport events (best use of the human, time, finance and material resources) 
According to Bonoma & Slevin, 1978, from Gulick & Urwick, 1959, the main management functions 

can be categorized as follows: 
·Planning: outlining philosophy, policy, objectives, and resultant things to be accomplished, and the 

techniques for accomplishment 
·Organizing: establishing structures and systems through which activities are arranged, defined, and 

coordinated in terms of some specific objectives 
·Staffing: fulfilling the personnel function, which includes selecting and training staff and maintaining 

favorable work conditions 
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·Directing: making decisions, embodying decisions in instructions, and serving as the leader of the 
company 

·Coordinating: interrelating the various parts of the work 
·Reporting: keeping those to whom you are responsible, including both staff and public, informed 
·Budgeting: making financial plans, maintaining accounting and (finance) management control of 

revenue, and keeping costs in line with objectives. 
The main management tasks of the top sport management people are:  
-to identify and target the main stakeholders, give them the best possible service and support,  
-to execute “stakeholder” management,  
-to execute analysis of internal and external factors,  
-to implement adapt practical experience of the well-organized OSO,  
-to execute top qualityanalysis of the present real situation, using data from the focus group 

brainstorming and the main internal (GA, EB, NSF, sport clubs, Athletes Commission members) and 
external factors (the Government, local self-government, sports journalists, experts from educational 
institution),  

-to create a reorganized and much more effective OSO.  
 
System of governance 

In the process of Sport management and Sport administration, establishing a system of Sport 
governance is a crucial moment. Generally speaking, the General Assembly and the Executive Board of 
the OSO are the main organs in establishing of the system of governance, even though sometimes one or 
two persons may assume the role of an entire system. This person(s) is making all strategic decisions 
using the basic principles of strategic management.  

 

 
Figure 1. Strategic (and performance) management circle 

 
Strategic management involves analysis (“Where are we now?”), vision (“Where do we want to be?”), 

action (“How do we get there?”), as well as control and strategy (“Are we getting there?”) of the OSOs 
(Figure 2.).  

Performance evaluation is another kind of control (Figure 2), usually conducted on an annual basis. 
This evaluation should be carried out by the Audit Committee and/or by the GA. Performance achieved 
refers to the final results obtained annually and presented by the top management (Secretariat/Secretary 
General of the OSO) at the GA of the OSO. Performance perceived by the (main) stakeholders is an 
essential part of the performance management system since their approval of what the OSO have done 
and their (dis)satisfaction with the action(s) and work, as well as the final result, provide the proper 
balance, necessary stability and appropriate legitimacy on a satisfactory /high level in order to bond our 
OSO with the main stakeholders. Accountability is more related to the social sports entities that have a 
duty to provide a service to their members and evaluation of the use of their funds in a transparent way. 
Legitimacy is measured by the level of approval in public opinion.  

In this part of the research, the presentation “Identifying and Exploring Strategic Issues” by Joan 
Duncan, during the MEMOS XIII in Lausanne (2009), was taken into consideration since, in the process 
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oriented reorganization of the OSO, solution must be found by involving of important internal parts of the 
OSO such as:  

- Executive Board (Committee) 
- Staff 
- Key Leaders  
- Funders 
- Strategic Partners 
- Stakeholders 

 
Figure 2. A performance management system within an organization 

 
All of the above can use some regular or specific tools such as discussion papers, surveys, focus 

groups, interviews, workshops etc. In terms of management supervision, the Executive Board must 
engage in and agree with the values of the organization and the strategic direction of the organization 
which translates into a: 

- Strategic plan; 
- Operational plan; 
- Financial plan to support operations; 
- Monitoring and performance evaluation program, and 
- Periodic review and recast of the above. 
  

Theoretical framework and methodological procedures used 
Research results are to be used for reorganizing the work and increasing the efficiency of executing 

OSO main stakeholders’ service expectations thus producing higher-level sports results coinciding with 
the level of service provided to the said stakeholders.  

The main questions give the direction of the methodological procedures used by the author of this 
research. Also, another logical question was raised as to the experiences of other OSO and what and how 
they are leading the sport management of the OSO. With regard to all these questions, for the purpose of 
the research the following actions were taken:  

-Brainstorming and SWOT analysis with a focus group; and 
-Sending questionnaires to the 15 diverse in organization European NOCs-OSO that are subject to 

examination.   
Furthermore, the focus group consisted of people of various profiles who could provide valuable 

views and opinions on the necessary steps and actions to be taken in the future, as well as identify, define 
and locate the main stakeholders, upon which the reorganization of the future structure, services and 
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process-oriented of the OSO depends. The focus group was composed of representatives of the Athletes 
Commission, the National Sports Federation, sponsors, Executive Board of the NOC, high-educational 
institutions, local self-government, a sports journalist, and NOC representative as a moderator of the 
focus group. 

The first part of the focus group session involved a SWOT analysis, followed by brainstorming, the 
key goal of which was identifying the main stakeholders. The next step was to prioritize them according 
to power and interest, and the final was to gain understanding of what motivates our main stakeholders 
and what is required in order to attract their attention, establish high-level cooperation, promote mutual 
inclusion in shared activities and develop future high-level sports programs. 

 

 
Figure 3. Strategy worksheet 

 
The SWOT analysis will give a much clearer view of the strengths, weaknesses, opportunities and 

threats that we have to identify if we are to proceed with strategic actions for developing the strengths, 
overcoming the weaknesses, exploiting the opportunities and blocking the threats (Figure 3.). Thus, as 
well as by pursuing our actions, we shall arrive at the very important issue of strategic objectives. On the 
basis of the data collected with the questionnaire and the obtained results, important and valuable 
information are gathered that are then used as foundation for the research. There are numerous different 
methods of collecting data, one not necessarily better than the other. The quantitative methods of data 
collection are based on random sampling and structured instruments for data collection that respond 
differently to a different kinds of experiences, so that the results they produce are easy for evaluation and 
assessment.  

 
Identifying the stakeholders 

As per the reference materials consulted, as well as the author’s personal experience, the key – direct 
and indirect – stakeholders fall into two main categories: national and international stakeholders in the 
OSOs.  

 
Table 1. National Stakeholders of the OSOs (according to the author of this work) 

 
 Primary group Organizational 

group 
Direct Support 

Group 
 I group stakeholders  
(direct support group)  

Athletes (Players) NSF/NOC/Clubs  Sponsors/Partners/ 
 Government 

II group stakeholders 
(indirect support groups) 
 

Media Managers  Government 
Local authorities Families/Supporters   TV Spectators 
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Table 2. International Stakeholders of the OSOs (according to the author of this work) 

 
 Primary group Direct Support Group 
I group (direct) stakeholders  IOC/ANOC/EOC   Sponsors/Partners 
II group (indirect)  
Stakeholders 

ISFs/WADA/CAS Foreign Governments 
OCOG/SPORT ACCORD Media 

 
 
Athletes are the essence of sport and therefore of our work. They are our top priority and most 

important groups.  Athletes are members of sports clubs, which are members of the NSFs and of the 
National Olympic Team at the Olympic Games. Securing financial support – however unromantic it may 
sound - is among the highest priorities of all stakeholders, athletes especially, and that is where the third 
main (direct support) group comes in: sponsors and/or partners.  

The rest of the stakeholders, according to Chelladurai & Madella, may be placed in the second group 
depending on the point of view, or depending on who the lead actor is: the NSF, the NOC or the sports 
club. For each main actor there are different priorities and expectations. 

The sports clubs are interested in having a large membership, i.e. spectators, a considerable number of 
young players, i.e. good solid base, as well as top players, long-term sponsors/ partners, municipal 
support, good relation with the media, prime-time TV presentation, and good sales of club souvenirs, i.e. 
core business goods.  

The NSFs have supreme interest in organizing an excellent system of national championships (regular 
championship, Cup’s), successful national teams on all levels (junior and senior, male and female), an 
increasing number of top-level athletes with top-level results, that is, role models, excellent relations with 
the sponsors/ partners and the media. It is important to stress that good relations with the Government is 
one of the crucial factor in the development of sports. Despite all financial resources available, the 
Government could never be disregarded as source of funding. One should also note, however, the 
Government as a funding source is inconsistent, as well as threatening the independence and autonomy of 
the OSO. Also, in Government-funded projects there is often the case of quid pro quo, since governments 
prefer taking over “silent” control over sports. The issue of the unreliability of government funding on 
account of their inconsistence has been addressed a number of times in the past: one is never certain how 
much money one would get, when one would get it, what they would ask in return, not to mention the 
problem with the OSO autonomy and independence in a situation where the annual budget of the OSO 
largely depends on government funding. The author was therefore hesitating whether to include the 
government among the national stakeholders (Table1). The Government was nevertheless incorporated in 
the direct support group since they often provide direct financial and logistical support, particularly when 
they have a sincere desire and strategic benefit to help, promote and develop the sport, on a national as 
well as international level. The author prefers sport systems similar to the British Olympic Association 
wherein government funding is prohibited by law, while there is a wealth of other sources that work 
perfectly well for the British NOC (BOA) and British OSOs, such as lotteries (100% goes to the British 
NOC), private funding, partners, sponsors, IOC, etc. 

The third stakeholders - the sponsors/partners – need to be well connected with all players and make 
the greatest profit overall, that is, if possible, achieving the maximum benefit with minimum investments. 
However, one must not lose sight of the fact that without the support from the sponsors, the development 
of sports would be practically impossible. It is also important to note that, generally, in well-organized 
sports systems, 70% of the OSOs annual budget originates from private sources. 

Furthermore, the new Olympic system, that is, the direct Olympic stakeholders, indicated by J.L. 
Chappelet (Figure 4.), presents the new lead players or stakeholders of the Olympic Movement - the 
WADA and the CAS, Organisations founded by the IOC – and includes professional leagues as well.  

At this stage it is very important to separate the main stakeholders and then manage stakeholders by 
means of so-called stakeholder management. 
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Figure 4. New Olympic system 

 
As we become more successful in our career, the actions we take and the projects we run are bound to 

affect an increasing number of people. The more people we affect, the greater the chance that our actions 
impact people who have power and influence over our projects. These people could be strong supporters 
of our work – or they could block it. 

 
Stakeholder management 

Stakeholder management is a vital discipline that successful entities use to get crucial support from the 
target group, as well as from other important factors in the field. It helps them ensure the success of their 
projects in a situation where others have failed. 

There are two essential factors related to stakeholder management: stakeholder analysis and 
stakeholder planning. Stakeholder analysis is the unique proceeding of identifying the key entities that 
may potentially work in one’s favor and to one’s benefit. Only then can stakeholder planning ensue, 
aimed at getting the support that helps one in the final successful realization of one’s goal. 

The positive outcome of using of the abovementioned strategy should be pointed in the direction 
where the OSO may use the opinions of the most important stakeholders in order to better formulate its 
projects, at least at the beginning. This may provide the necessary starting support and help improve the 
projects’ quality. In addition, very important is the support of strong and vociferous stakeholders that may 
facilitate the securing of additional funding so that the projects have a better chance to achieve greater 
success. Frequent and quality communication with all main stakeholders early on may help establish a 
situation in which all parties involved are aware of everyone’s needs and responsibilities, creating an 
atmosphere of mutual understanding. It is thus easier to support one another in situations when they agree 
to disagree. The reaction to the project of entities involved may be anticipated, which may be taken into 
consideration in the strategy and actions so that overall support is secured in the end.  

The first step in stakeholder analysis is to identify the main stakeholders, and then research into their 
power, influences and interests so that focus and priorities in the approach may be established. The final 
step is to develop a good understanding with the most important stakeholders in order that one works out 
the best way to win their support. After using this tool to create a stakeholder map, the stakeholder 
planning tool is employed to plan the route of communication with each stakeholder. 

 
Identifying the main stakeholders 

The first step in our stakeholder analysis is to brainstorm who may be potential stakeholders by 
considering everyone affected by one’s work, especially the ones with influence or power over it, as well 
with an interest in its successful or unsuccessful conclusion. Furthermore, it is important to note that even 
though stakeholders may be both physical and legal entities, direct communication is ultimately carried 
out with individual people. One must eventually be able to identify the proper individual stakeholders 
within a stakeholder organization. 
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Prioritizing stakeholders 
The list of people and Organisations affected by one’s work may be long. Some of them may have the 

power either to block or advance it. Some may be interested in what one is doing, others may not care. A 
good way of resolve any of these doubts is to talk to the stakeholders directly – people are often quite 
open about their views, and asking people's opinions is often the first step toward building a successful 
relationship with them. As the work one does and the projects one runs become more important, it will 
affect a greater number of people. Some of these people have the power to undermine one’s projects and 
position, while others may be strong supporters of one’s work. Stakeholder management is the process by 
which key stakeholders are identified and their support secured. The first stage of the process is 
stakeholder analysis, whereby one identifies and begins to understand the most important stakeholders. 
 
Conclusion 

OSO persistently meet new directions leading them to a continues quality change and change often 
means doing something new, something unknown which lead us to the natural reaction – resistance to 
change. The top sport management and sport administration people must overcome this resistance and 
implement new quality sport administration and sport management techniques to remain high performers. 
Balancing budgets and securing funding is a clear primary main target. Management and administration 
stuff in the OSO must improve their personal, team, and cultural management skills if they want to adapt 
themselves to a rapidly changing world. Overwhelmingly, current management wisdom touts the goal of 
getting decisions made as low down in the organization as possible. People closest to the work in the 
OSO are more motivated if they have some control over their work and over their own destinies. Process 
of delivery of quality and best possible Sport administration and Sport management service in the same 
time is an art, a science, a philosophy and a skill. To maintain their duties, obligations and 
responsibilities, sport managers must follow, refresh, upgrade and implement new management and 
administration techniques that are widely scattered within and outside the organization. Sometime, top 
managerial and administration people must deliver best possible practice in situation where they miss 
basic human, financial, material and time resources that they must deliver in the situation where sport 
depend, sometimes even too much of P.E.S.T. factors (political, economy, sociological and technology). 
In the presence of such an influenced factors, sport marketing is very important issue especially 
implementation of sport marketing mix which is combination of “4P” (product, price, promotion and 
place). OSO have an option to add, subtract or modify 4P elements in creation of best possible market 
strategy.  

Nevertheless, it is important to note that past any organizational changes and process oriented 
reorganization, as good or suitable as it may be, the top sport management and sport administration 
people, always, must take into account the basic principles of good governance of the OSOs: 

- Every OSO must have a clear vision, mission and strategy; 
- There has to be a clear structure of membership, guaranteeing the autonomy, independence and 

quality of work of the OSOs; 
- Clear and transparent legislative (Statute, rulebooks, criteria etc.) must be imperative for all 

OSOs; 
- Clear situation inside the OSOs regarding conflicts of interest; 
- Competence and jurisdiction of the members of the Executive Board and the management organs 

of the OSOs; 
- Improved and high-quality regular communication with the ISFs; 
- Professionalism of the administration of the OSOs (professional administration trained by the 

NOC (IOC-OS), paid by the Government and independent and autonomous in their work); 
- Transparency in the work, followed by independent internal and external audit control; 
- Improving of the education and training of all parties involved in the work of the OSOs; 
- Clear, precise and transparent criteria for distribution and use of all possible resources; 
- Quality development of sports by making mutual decisions by all factors involved in sports; 
- Active involvement of the athletes in the executive organs of the OSOs and creation of an 

Athletes  Commission in all OSOs; 
- Education of the athletes and creation of possibilities for development of the Career after Career 

program; 
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- Existence of the necessary 4Cs (communication, cooperation, coordination and consultation) 
between the OSOs and the Government. The Government must support the OSOs leading, 
organizing and managing sports, with the greatest possible degree of autonomy and 
independence. 

Based on considered information, data, knowledge and experience, there is a firm belief that the 
process oriented reorganization of the OSO or even of the entire sport system would overcome the 
existing situation and reflect the goals and objectives of the OSO, as well as take a future course of 
actions that will enable the realization of these goals by tactically employing action plans and projects. 
All this will help the OSO to: 

- Be a well-established professionally process-organized OSO; 
- Be a financially independent and a self-sustainable organization; 
- Have an excellent relations with its main stakeholders; 
- Have a proper relevance and a clear role; 
- Achieve high-level sports performance; 
- Act within a professionalized sports atmosphere; 
- Have good relations with the Government; 
- Win a medal at the youth and senior top level sport events (Continental and World 

Championships, Olympic games). 
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Abstract: 

The purpose of the research has to do with the defining of  factors and anthpometric and motor 
assessment skills  and situational movements of the female cadets of  KHF. “ Prishtina“.  - The primary 
goal of this research is the assessment of anthropometric and motor skills characteristics of female cadets 
of KHF.“Prishtina“ also to be verified the parameters that affect in development and their training for 
handball game.Besides this should be verified what impact had the implementation of program and 
teaching process of motor activities in the development of anthropometric characteristics, motor skills 
and the situational one.  
 
Key Words: Anthropometric and motor dimensions, Handball players, 
 
Introduction 

The game of handball is one of the most popular sport around the globe as well as in our country this 
game is one of the most advanced sports especially the female handball.  

Contemporary handball possesses complex movement as in technical and tactical aspect, as well as in 
high physical preparation, with fluent and fast actions, than with strong effective perfect shots. At certain 
situational  moments, these give to handball game a dynamic and glow that awakens the curiosity of 
athletes and great interest among the young age groups.  

Based on all these data we will try that through this research to further sensitize the sport of handball 
in our country.  

In order to realize this project we will take as a sample female handball players of KHF Prishtina who 
are regular at their training hours of the club.   

Group is consisted of 45 players of the handball club  K.H.F “Prishtina” -  females aged 15 vjeçare (± 
6 months).   

For realization of this purpose in this research are included 45 players of KHF “Prishtina” member of 
Kosovo super league, where we used 5 anthropometric variables and 7 motor variables, were realized in 
total 540 measurements. 
                    
 Material & methods 
Methods of  processing the results,Sample of anthropometric variables:APESHA – Body weight,ALARTE 
– Body height,AGJKR    - Arm length,AGJASHU- Length of palm,AGJRSHU- Width of palm. 
 Group of measuring instruments of motor variables:Running 40 m sprint- MVR40s,Jumping from 
place in length – MKVGJ,High jumping from place- MKVL,Running in resistance 3x1 – MVR3KU 
Situational variables,MVZ6-9m  - Zigzag running between 6 and 9 meters,MGJ 7m -  Shot from 7 
meters,MSHVT – Speed action with ball.   
Based on hypothesis set out and purpose of the paper we will implement some of the processing methods 
from which will provide information for realization of this study. 
For the group of students of system variables will be calculated basic statistical parameters of the 
distribution for each variable, and also measures of asymetry and normal distribution.    
   - Factorial Analysis 
 
Results and Discussions 
Factorization of anthropometric space of female handball players. 

In table no. 1  are shown the characteristic roots from matrix inter correlations, which explain the 
whole system of anthropometric variables of handball players of KHF “Prishtina”, cadet team (females) . 
With this case was extracted only one factor with valuable root, a feature that explains with 57.412 %  of 
joint system variance, which allows the isolation of a single major component.  
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In table no.2. is given the main component of matrix of inter correlations (factor 1) and communalities 
of variables (h²) where on the basis of matrix are distinguished the obtained values of factorial analysis. 

In table no.2 in the only major component  (factor 1) gives us high values of variables, APESHA, 
ALARTE, AGJKR, AGJERSHU, and AGJASHU, with the value of .689 -.854 and with these values we 
can define the factor: Longitudinal and transversal body factor. 

Also communalities values have shown high values that vary from: .524 up to .730.. 
 

Table 1. Characteristic roots and explained parts of joint variance of matrix inter-correlations in anthropometric 
vartiables 

 
 

Component 
 

Total 
 

% of Variance 
 

Cumulative % 
1 .871 57.412 57.412 

2 .899 17.987 75.398 

3 .680 13.594 88.993 
4 .318 6.354 95.347 
5 .233 4.653 100.000 

 
 

Table 2.  Main components of matrix of correlations and of communality (h²)  of anthropometric variables into 
isolated factors. 

 

 
Variables 

 
Factor 1 

 
Communalities 

(h²) 
APESHA .706 .499 
ALART .854 .730 
AGJKR .689 .475 
AGJERSH .724 .524 
AGJASHU .802 .643 

                     
 
 
Factorization of motor  space of  handball  players 

In  table no. 3 is presented matrix of equations characteristics that explains the system of motor 
manifested variables of handball players of  KHF”Prishtina” cadet team (females), in which case is 
extracted one factor with specific parts of the variance expressed and with cumulative contribution of 
characteristic roots.  

 
Table 3. Characteristic roots and explained parts of joint variance of matrix of inter correlations of movement 

variables 
 

Component Total % of Variance Cumulative  
% 

1 4.039 57.696 57.696 
2 .939 13.421 71.117 
3 .617 8.813 79.930 
4 .533 7.616 87.546 
5 .471 6.729 94.275 
6 .271 3.868 98.144 
7 .130 1.856 100.000 

Extraction Method: Principal Component Analysis. 
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Characteristic roots explain 57.696 % of joint variance of motor variables, which has enabled the 
isolation of  just one single factor of joint variance.  

In table no. 4 is presented matrix of main components and communalities of variables, results are 
processed with oblimin rotation technique by Kaiser, where can be noticed that are reached high values of 
motor variables and are obtained in one latent motor factor with values  -578 deri në 847 that we can 
name as joint factor of explosive force.  

Whereas high values of communalities have shown all the tests in the value of  .560 - .763, except the 
test of  MKLV and MGJ7M. 
 

Table 4.  Main Components of matrix of correlations and of communalities (h²) of motor variables in isolated 
factors 

                                                                                                                         
 

Variables 
 

Factor - 1 
 

Communalities(h²) 
MKGJV -.748 .560 
MKLV -.578 .334 

MVR40M .815 .665 
MVR3KU .873 .763 

MVZ6M9M .847 .718 
MSHVT .757 .573 
MGJ7M -.654 .427 

 
 
Conclusion 
The main purpose of this research was to define and evaluate of some anthropometric, motor dimensions 

and situational motorics of female handball players of  KHF “Prishtina” member of Kosovo Handball 
super league that at the Republican level have reached third place. 

  Based on the importance of structure manifestos and anthropometric and motor dimensions, through this 
research we have managed to recognize the factors that influence in the handball game.and those two 
factors are extracted through factorial analysis and Kaiser method with oblimin direct rotation, and we 
have managed to extract two general latent in both spaces that are: 

Latent factor in anthropometric space: 
Factor– Longitudinal and transversal body factor 
Latent factor in motor space: 
First factor - factor of  explosive force  

To conclude in the end we can say that the value of this work may be in the function of notification 
and information on the development of anthropometric and motor characteristics of female handball 
players of cadet category, it may be a reflection of programming  of working training process which is 
performed by coaches of this category and their result in Kosovo Handball super league. 
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Abstract:  

The first phase of the adolescent age is a prepuberty period, which is characterized by turbulent 
physiological changes of the organism. Fast growing up of bones system fails to adequatelly follow 
development of the musculature, this being one of the causes of the occurance of postural deformities. 
Insufficient development and strenght of antygravity muscles are cosiderd  to be basic causes  of kyphotic 
bad body posture. Inadequate and untimely treatement of this deformity can cause structural changes on 
thoracic spine vertebrae. By preventive and corrective gymnastics one can prevent the occurance of 
kyphosis. The transversal crosssection of morphological and postural status, as well as their  relations, 
will provide one with guidelines for  a corrective treatment. 
 
Key words: Antrophometry, morphology, bad kyphotic body posture, adolescency, canonic correlation 
analysis, corrective treatment. 

 
Introduction 

Many studies in our country and worldwide have pointed to a large percentage of students with bad 
body postures. Great responsibility for the poor state of the locomotor apparatus of pupils  bear, in 
addition to the internal and external factors, parents and teaching staff in schools. 

One of the aspects of kinesitherapy, which is usually used in order to eliminate deformities  in the 
posture of the body,  is called corrective gymnastics.  It represents one of the main branches of physical 
medicine used in the prevention and correction of bad  body posture, and therefore the body deformities. 
The main reason why the teachers of physical education deal with this problem is a fundamental tool in 
corrective gymnastics, and it is a movement, that is,  physical exercise. Physical education teachers  can 
make a tremendous contribution by their work to strengthen the body as a whole, as well as its single 
segments, and in this manner they can influence a reduction of the percentage of postural disorders and 
body deformities in an optimal period of work with children suffering disturbed postural status, as in his 
work "The need of using the corrective exercise within school hours, " explains Koturović , Lj (1962). 

For pupils who already have problems with postural disorders, it is necessary to organize a special 
physical education or extracurricular activities, within which, classes of preventive-corrective exercises 
should be administered. On the basis of the results of a longitudinal study which was conducted by 
Karaleić et al. (2014), we can say that the physical training (corrective gymnastics), if conducted in an 
appropriate manner, with all the precautionary measures taken, indeed is the most useful and most 
effective measure in the correction and rehabilitation of such conditions.  

However, only the regular physical education classes without additional extracurricular activities in 
the form of corrective gymnastics or some of its methods, will certainly not contribute to the 
improvement of impaired postural status, moreover it will worsen the condition of the locomotor 
apparatus (Karaleić et al., 2014). 
 
Research problem 
Problem of this research are the relations betwen the kyphotic bad  body posture and morphological 
characteristics in pre puberty age children as well as determination of the degree of occurance of this 
postural disturbance in the fifth grade primary school pupils and the morphological status of the children 
of this chronological age as well. 
Methods 

Through this research a transversal cross section was used, of the morphological status of pre puberty 
age children and status of their postural disorders that is, kyphotic bad body posture, as the basic method, 
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whereas  the statistical method was ancillary and has contributed to establish  the relations between these 
two interrelated areas.  

Sample selection was made on the basis of the recorded postural disorders in researched subjects.  A 
sample comprised for this study, included the fifth grade primary schools pupils of both sexes of the 
Belgrade municipality of Mladenovac. A total of 443 children were tested, out of which 61 kyphotic bad 
body posture children were found. In terms of percentage 13.77%  of pupils of both sexes have  increased 
physiological curve of the thoracic part of the spinal column. 

The title of this article conditions the classification of variables into two groups: the sample of 
variables to determine the postural disorders and the sample of  variables to determine the morphological 
status of pupils of both sexes. The space of postural disorders is defined by the disorder of the spine in the 
sagittal plane in the region of the dorsal side of the thorax,  or by the kyphotic bad body posture (PKLD). 
Morphological space is covered by a battery of twelve variables that hypothetically comprise all four 
dimensions of the human body. Variables for the assessment of the morphological status of pupils are as 
follows: body height (AVIS), leg length (ADŽN), sitting height (ASVS), body weight (ATEZ), thorax 
circumference (AOGK), abdominal circumference (AOTR), shoulder width (SRM ), pelvic width 
(ASCII), elbow diameter (ADLK), subcutaneous adipose tissue in the abdomen (AMMT), subcutaneous 
adipose tissue on the bottom corners of the blades (AMTL) and subcutaneous adipose tissue of the tibia 
(AMTP). 

The instruments used in measuring these variables are as follows: anthropometer by Martin, calibrated 
scales, steel ribbon length of 1.5 m, caliper by John Bull, plumb, level, ruler and dermograph. All 
measurements that were made were performed in the mornings and by one person because of possible 
subjectivity in the measurement.  

Measurement of anthropometric variables was carried out according to the International Biological 
Program (IBP), so that the measurement errors are minimized. Measurement of the variable postural 
disorder, or kyphotic bad  body posture,  was made first by the somatoscopic  method, in order to detect 
the presence of bad body posture, and later by somatometric method, to perform numerical evaluation of 
the variations of curvature of the spinal column. Both methods have been applied for many years now and 
have shown good results in comparison with the most objective Cobb 's method of reading the x-ray 
image . Smout , V.F.C. and McDowall , S.J.R. (1949) are the initiators of the use of these methods and in 
this area Radoicic - Finkelštajn Lj (1953),  as well as Jeričević, D., Koturović, Lj (1975), and also 
Radislavljevic, M. (2001) and Zivkovic, D. (2009) . This method is generally accepted by the scientific 
researchers, so that errors with these types of measurements are reduced to a minimum, i.e. they are at the 
level of statistical error. During the measurement of the postural state of pupils, there was established the 
existence of the kyphotic bad posture on the basis of a more lenient criterion, which is 40mm  distance 
from the seventh cervical vertebra to the plumb rope that is parallel to the vertical line. 

In order to gain insight into the morphological and postural status of pupils, as well as into their 
relations, one must administer statistical analysis. To get a result of the relations between the 
morphological status and kyphotic bad posture , it is necessary to calculate basic statistical parameters of 
all the variables of both spaces and then to apply the canonical correlation and factor analysis. 
 
Research results and disscusion 

By Hotelling canonical correlation analysis, there were  determined relations between the variables for 
the assessment of the morphological dimensions and the criterion variable, that is the variable for the 
estimation of  kyphotic bad body posture.  

Examination of the matrix of cross correlations showed a statistically significant relationship between 
the variable for the estimation of  kyphotic bad body posture and a variable for the estimation of the body 
weight, some variables for the evaluation of the longitudinal and transversal dimensionality and the 
variable which was used to assess the abdominal skinfold. 

Interpretation and serious comments on the basis of the matrix of cross correlations is not reliable, 
therefore interpretation of canonical factors of both sets will be made.  

From the canonical correlation matrix a very high correlation between a variable for the estimation of  
the body composition and a variable for the estimation of  disorders of the thoracic part of spine in the 
sagittal plane, was obtained. This connection, as can be seen in Table 2,  is .96. 

 



 First International Scientific Conference  

Conference Proceedings 541

Table 1. 

 
Variables KLD 
AVIS -.71 
ADŽN  .87 
ASVS  .61 
ATEŽ  .87 
AOGK -.42 
AOTR  .60 
AMTT  .85 
AMTL  .18 
AMTP  .11 
AŠRM -.69 
AŠKR  .63 
ADLK  .87 

 

Table  2. 
 

Kan.R Kan. R-sqr.    Chi-sqr.        Df.    lambda        p 
    .96        .92     617.99        48       .03      .00 

 
In the space of the morphological variables canonical factor is best defined by the variables for the 

estimation of longitudinal dimensionality, variables for the estimation of transversal dimensionality, a 
variable for the estimation of subcutaneous adipose tissue in the abdomen and a variable for the 
estimation of  body weight. Correspondent factor in the space of criterion variables is best defined by the 
variable for the assessment of postural status or kyphotic bad body posture (PKLD).  

Tables  3 and 4 show factors of both sets. 
 

Table 3. 
 

Variables       Can. F. 
AVIS         -.92 
ADŽN           .90 
ASVS           .50 
ATEŽ           .92 
AOGK         -.69 
AOTR          .48 
AMTT          .99 
AMTL          .09 
AMTP         -.01 
AŠRM         -.91 
AŠKR          .54 
ADLK          .99 

 
 

Table  4. 
 

Variables       Can. F. 
PKLD         .90 
PLLD         .72 
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Conclusion 
Correspondent analysis of both factors enables one to conclude that there is a common operator that 

connects these two systems of variables. It can most easily explained by the familiar clinical picture of the 
kyphotic bad body posture.  

The sudden growth of the skeletal system in prepuberty age children (longitudinal and transversal 
dimensionality) , which is not accompanied by an adequate development of skeletal muscles leads  to the 
insufficient development of antygravity muscles which in turn causes fallout of the  trunk from the 
vertical axis of the body, especially the upper part of the trunk (chest and  head). Given that there is no 
balance between the passive and active parts of the locomotor apparatus,  the body is subjected to greater 
effect of the gravity force, which negatively affects the correct posture of the body. If in addition to all the 
above said  inadequate nutrition and decreased activity of the organism or hypokinesia (a modern time 
disease) is added, resulting in increased body weight and consequently the subcutaneous adipose tissue, 
that causes even greater imbalance between the passive (rapid skeletal growth) and active (weak muscles 
and increased adipose tissue) forces of the body. 

In the end it can be concluded that the rapid growth of the skeletal system of children of this age , 
weight gain and increased subcutaneous fat favorably influence the formation kyphotic bad posture , 
which demystify the operator that links the variables for the evaluation of the morphological status and 
variables for the assessment of postural disorders . 
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Abstract: 
    The main purpose of this research is to investigate the role of the state, especially in its normative part 
of development of sports at all its levels.Sport as a social system in the last few years of the independence 
of our country is gaining greater importance.In this paper surveyed residents of several communities in 
the country,randomly drawn sample count is 306 respondents were analyzed where their attitude and 
opinions for the legal part of the sport in the Republic of Macedonia. χ²-test has been applied, in two 
forms, for statistical purposes. The data are processed with SPSS for Windows Version 17.0 statistical 
package. The given hypothesis “There is a difference between participants according to their residence” 
have been confirmed completely. The analysis of participants’ opinions based on their residence showed 
particular differences in most of the variables provided. It turned out that Macedonian citizens show 
interest in institutional organization and sport management in Macedonia. They believe that expressing 
their opinion in this research would contribute to the future of our sports.  
 
Key words: sports, law, Republic of Macedonia, legal concepts, state. 
 
Introduction  

The aim of this research is to examine the Government role, mainly in its normative part, in sports 
development at all levels. We often ask ourselves: “What would be the Government’s role- and why?” 
Therefore, certain opinions in sports have been examined from the viewpoint of residency status of 
participants in this project. 

National and local authorities have been analyzed regarding their responsibilities in sports, their 
functionality as well as their ability to contribute in institutional sports improvement. Therefore, we 
decided to focus on its legislative part, which seems to be the most relevant in sports improvement and 
development in Republic of Macedonia. 

The fact that laws are a sum of human behavior regulations, imposing forced sanctions, means that 
sports activities, as a part of human activities, are within competence of the Government. In addition, it is 
a role of the Government to enable and support completion of sports social functions. (Đurđević, N. 2007: 
12), which is possible only if sports system functions well , and sports activities are organized  and 
provided under specified regulations, supported by the Government. 
 
Methods 

The subject of this research is analyzed through several groups of questions in a given questionnaire, 
with clear emphasis on residency status in Republic of Macedonia.  

There are two hypotheses in the research: 
Х1 – There will be no difference between participants in regard to their residency status in Republic of 

Macedonia.. 
Х2  - There will be difference between participants in regard to their residency status in Republic of 

Macedonia. 
χ²-test has been applied, in two forms, for statistical purposes. On one side of the junction table, there 

are: social-demographic variables, in frequencies (f) and percentage, and on the other side: gender, age 
and residency status variables.  The data are also illustrated in both tаbles and graphs. The data are 
processed with SPSS for Windows Version 17.0 statistical package. Participant sample is selected from 
citizens of several Macedonian municipalities, through a random sampling of 306 participants. 
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Results  
In all spheres of society, there are laws to be complied. But is it always a case?  
As we are focused on sports laws, our next question was: Do we comply with the sports laws in 

Republic of Macedonia?  According to 44.4 % of participants, people do not comply with Sports Laws in 
Macedonia. 30.1% think that they comply with them enough, whereas the rest 25.5 % answer that they 
comply with laws inconsiderably. None of them answered that people comply with Sports laws 
completely in Macedonia (see table 1 below). 
 
Табела 1. Frequency and percentage illustration of the answers: “Compliance with Sports Laws in Republic of 
Macedonia”.  
Answer Percentage 

(%) 
Number 
(n) 

Do not comply with laws 44,4 136 
Comply with laws inconsiderably 25,5 78 
Comply with laws enough 30,1 92 
Comply with laws completely  0,0 0 
total 100,00 306 
Source: research 2013/2014 
 
Graph. 1. Percentage illustration of the answers: “Compliance with Sports Laws in Republic of Macedonia”. 

         Do not comply             Comply inconsiderably      Comply enough 
Source: research 2013/214 

 
Answers’ junctions with the selected features of participants, illustrated in table 2, do not show any 

considerable differences.  Statistically significant differences can be seen in residency status, where 
23.5% participants from towns/cities answered that people comply with laws inconsiderably whereas 16.7 
% of participants who live in countries/ rural areas answered that they comply with laws enough. 
However, both groups, with 44.3% and 45.2% respectively, have an opinion that people do not comply 
with laws completely.     
 
Табела 2. Table illustration of opinion variable based on gender, age and residence  

Features Answer Total 
Do not comply Comply 

inconsiderably 
Comply enough 

Town 44,3 23,5 32,2 100,0 (264) 
Other  45,2 38,1 16,7 100,0 (42) 

Source: research 2013/2014 
 

According to the participants, regulations’ improvement should be made in sports in Macedonia. That 
was the answer of 47.7% of participants. According to 40.5%, no improvement should be made in any 
field whereas, 11.8% answered improvement in staff qualifications. None of the participants chose 
models of financing as an answer.   

 
Табела 3. Frequency and percentage illustration of the answers:  improvement of legislative regulations in sports  

Answer  Percentage (%) Number (n) 
None 40,5 124 
Organizational structure 47,7 146 
Staff qualification 11,8 36 
Financing 0,0 0 
All 0,0 0 
Total 100,00 306 

Source: research 2013/2014 
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Graph 2. Percentage illustration of the answers:  improvement of legislative regulations in sports  

 
               None                   organizational        Staff qualifications 
                                              strucure 
Source: research 2013/2014 

 
Answers illustrated in table 4 Residency Status, show that the difference in answers is influenced by 

participants’ residency status. Participants who do not live in town answered that organizational status 
should be improved, more than the other groups.   
 
Табела 4.    Improvement of legislative regulations in sports based on gender, age and residence 

Features Answers Total 
None Organizational 

structure 
Staff Qualifications  

Р.С.     
Town 40,9 45,8 13,3 100,0 (264) 
Country 38,1 59,5 2,4 100,0 (42) 

Source: research 2013/2014 
 

Our last question was whether participants are informed about The Sports Law in Republic of 
Macedonia. 49.3 % are informed but not enough. What may seem quite interesting is the fact that 25.2% 
of participants answered they are informed enough while the same percent of 25.2% answered that they 
are not informed at all.   

 
Table 5. Frequency and percentage illustration of the answers: participants’ knowledge of Sports Law in Republic 
of Macedonia 

Answer  Percentage 
(%) 

Number (n) 

I am not informed 25,2 77 
I am informed but not enough 49,3 151 
I am informed enough 25,5 78 
Total 100,00 306 

Source : Research, 2013/2014 
 
Graph 3. Percentage illustration of the answers: knowledge of  Sports Law in Republic of Macedonia 
 
I am informed enough                                                     I am not informed 

 I am informed but not enough 
Source: Research 2013/2014 

 
Answers illustrated in table 6. Based on the received results, it can be noticed that answers differ as a 

result of the residency status. It can be also seen that participants from town are informed more about the 
Sports law than those from rural areas.  
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Table 6. Table illustration of the last variable which refers to the level citizens being informed about the Sports 
Lawан based on their gender, age and residence  

Featur
es 

Answer total 
Not 

informed 
I am informed but not 

enough 
I am informed enough 

Р.С.     
Град 26,1 49,6 24,2 100,0 (264) 
Село  19,0 47,6 33,3 100,0 (42) 

Source: Research 2013/2014 
 
Discussion 

The given hypothesis “There is a difference between participants according to their residence” have 
been confirmed completely. The analysis of participants’ opinions based on their residence showed 
particular differences in most of the variables provided. It turned out that Macedonian citizens show 
interest in institutional organization and sport management in Macedonia. They believe that expressing 
their opinion in this research would contribute to the future of our sports.  
 
Conclusion 

Based on the results of the research, which analyzed the influence of residency status on the opinions 
of Macedonian citizens about Sports Law, the following can be concluded: 

- There is a need of institutional organization of sports in all respects; 
- An expert discussion about  sports conditions should be opened, especially in its legislative part, 

in order to create serious changes and improvement ; 
- EU countries experience should be used as role model. EU countries have adopted numerous 

regulations which control relations in sports. Divergence in socio-economic and political 
conditions made each country to develop its legislative regulations, suitable for their 
specifications and needs. Recently, EU has worked intensively on creating a legal framework in 
order to develop sports, which should be followed and applied in our country.   

- Finally, we can conclude, and our conclusion will be in accordance to citizens’ opinions, 
regardless their gender, age and residence, that institutional organization in sports and knowledge 
about all Laws regarding Sports is essential for quality sports. 
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Abstract: 

A look at any football game, at any level, clearly demonstrates the importance of quality movement. 
Movement binds together all of the skills of the game into a coherent flow, and in this way quality 
movement is fundamental to quality play. Movement is so important in football that often what marks 
outstanding performers is not solely the level of skills, but the quality of movement that accompanies 
these skills (Jeffreys, 2008).The aim of this study was to estimate the mutual relationship of physiological 
characteristics and their impact on the realization of specific soccer movement structures.The sample of 
examinees for this research was made of 20 female players of U19 Montenegrin national team. The 
testing was carried out during a regular gathering of players of the national team in the period of winter 
pause in the season 2012/2013. The listed physiological characteristics were tested by the following tests: 
Yo Yo intermittent recovery test (level 1), sprint 10 m from standing posture, sprint 20 m flying start, zig-
zag, 300 yards, countermovement jump and standing long jump, while the specific soccer movements 
were estimated by the test zig-zag with a ball.This study served to prove that the results of almost all 
applied test mutually significantly correlate, namely they have a statistically significant correlation. This 
study proved that such a system of indicators of physiological characteristics has a statistically 
significant impact on a quality of realization of the specific soccer movement structures (R2=.71; p=.03), 
while for all independent indicators, there was not statistically significant impact. 

 
Key Words: physiological characteristics, impact, female soccer. 
 
Introduction 

The success of FIFA’s diverse investments in the worldwide development of football seems to be 
leaving its mark not only with increasing match attendances and TV audiences but, according to the latest 
statistics, also in the number of people around the globe actually playing the game. 265 million male and 
female players in addition to 5 million referees and offi cials make a grand total of 270 million people – 
or 4% of the world’s population – who are actively involved in the game of football (Kunz, 2007). 
Therefore, the development of soccer enfolded very lively during last decades. The number of players, 
clubs and competitions constantly rises. The limits of such a advancement are very difficult to predict and 
it is a question if they existed at all. 

Continuing to look to the future, one especially important statistic that can be drawn from the number 
of registered players is the proportion made up by youngsters, who constitute 54.7% of all registered male 
players and as many as 69.6% of the women. The greater number of young players in the women’s game 
is a reflection of the impressive growth in women’s football, which has also resulted in a significant 
increase in the number of registered amateur players (up 138% compared to 16% in the men’s game). 

These figures clearly indicate that FIFA and its member associations are on the right track to 
increasing the popularity of football even further in the future (Kunz, 2007). 

Just these data telling about the constant development of soccer, now with women in football, which 
constantly lessen the differences with men on physiological requirements, additionally contribute to a 
further development and popularisation of soccer. 

The demands of elite women’s soccer are reported to be similar to that of elite male soccer regarding 
the mean match intensity (~85% of maximal heart rate), and distance covered (~10 km) (Krustrup et al., 
2005). 

The official report of FIFA (2011) of the World championship in Germany 2011, says that: An 
analysis of the average overall distances covered by all of the teams together reveals an average overall 
distance of 10,215m, with 55m of maximum sprints, 235m of optimum sprints, 395m of high-speed runs, 
2,330m of moderate runs and 7,200m – or 70.5% of the match – of low-speed runs... The analysis of the 
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average distances covered by the male players of Germany, England and Spain shows that there is a 
difference between male and female players, notably in terms of sprints and high-speed runs. Some 
differences may be attributable to the running speeds used in the studies. The results recorded reveal the 
great distances covered by female players during the course of a match: 13,880m overall, with 335m in 
maximum sprints and 640m in optimum sprints as well as 975m at high speed. These performances are 
comparable to those of male players, particularly in terms of the overall distance, with men covering 
12,000-14,000m. The percentage fi gures of 0.5% in maximum sprints and 2.3% in optimum sprints, or 
2.8% altogether, confi rm the difference between women’s and men’s sprints as men  

register a total of 5.1% in maximum and optimum sprints. When it comes to high-speed runs, men 
register 9.9% compared to 6.7% for women. 

The differences appearing in the shapes of movement between male and female soccer indicate the 
possibility of different motor structures of players, namely the different conditioning training, which are 
the result of basic characteristics of game and profiles of players. They are still different in female soccer 
in some way. However, the permanent development of female soccer demands a constant scientific 
treatment of mentioned parameters, in order to get information by their control and to use these 
information in complete further development of female soccer (selection, long-term development of 
soccer, conditioning training, competition accomplishments). 

The basic aim of this research is to estimate a mutual relationship of physiological characteristics of an 
aerobic power, speed endurance, start acceleration, maximal running speed, running speed, agility and an 
explosive strength of elite junior in women’s soccer, and their impact on the execution of specific soccer 
movement structures. 
 

Material & methods  
The sample of the examinees for this research was made of 21 female player of U19 Montenegrin 

national team. The testing was carried out during a regular gathering in the period of a winter break 
during the season 2012/13.  

The female players of Montenegrin national team were tested for two days. In the first day, the tests 
for the estimation of a start acceleration, maximal running speed, running speed, explosive strength of 
lower limbs of a horizontal type and aerobic capacity were carried out. Aerobic capacity was estimated 
with Yo Yo intermittent recovery test (level 1). Test focuses on the capacity to carry out intermittent 
exercise leading to a maximal activation of the aerobic system (Bangsbo, Iaia and Krustrup, 2008). 
Maximal oxygen uptake, VO2max were significantly related to YYIRTL1 (Krustrup et al., 2005; 
Castagna et al., 2006). In the second day the tests for the estimation of a quality of specific soccer 
movements, agility, explosive strength, explosive strength of lower limbs of vertical type and speed 
stamina were carried out. The mentioned physiologic characteristics are tested  by the following tests: 
sprint 10 m from standing position, sprint 20 m flying start, sprint 30 m standing position, standing jump 
and Yo Yo intermittent recovery test (level 1)  during the first day and in an order as listed, and during the 
other day: slalom with a ball, slalom running, squat jump wit a preparing and 300 yards, also in order as 
listed in this text. 

All tests were performed on an outdoor grass pitch, and electronic timing gates were used to record 
completion times. Subjects performed two trials of each test, with at least 3 minutes of rest between all 
trials, except for YYIRTL1 and 300Y tests which were realized once, and the realization of which 
required a complete recovery of female soccer players. The best performances in each test were used for 
analysis. All tests were conducted more than 48 hours following a competition or hard physical training to 
minimize the influence of fatigue on test performance.  

The players were fully-informed of all the experimental procedures before giving their written 
informed consent to participate. 

All statistical analyses were conducted using version 21.0 of the Statistical Package for the Social 
Sciences (SPSS, 2012). Descriptive statistics were calculated for all experimental data. Linear regression 
and Pearson product movement coefficient of correlation was used to determinate relationship between 
criterion variable (Zig zag with ball) and prediction variables (10M, 20M, 30M, SLJ, CMJ, Zig Zag, 
YYIRTL1 and 300Y ), and between the predictor variables separately. Statistical significance was set at 
p<0.05. 
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Results 
The results of descriptive statistics are given in table 1, accordingly, the numerical values of basic 
statistical parameters for all applied variables. 
 

Table 1: BASIC DESCRIPTIVE PARAMETERS OF TESTED VARIABLES 
Var/Parameter Min Max Mean SD 
YYIRTL1 (m) 280.00 1000.00 584.00 211.42 
10M (s) 1.95 2.55 2.13 .14 
20M (s) 2.65 3.50 2.96 .19 
30M (s) 4.64 5.82 5.10 .30 
ZIG (s) 5.47 6.72 6.00 .33 
ZIGB (s) 6.35 10.69 8.26 1.17 
CMJ (cm) 20.50 35.70 25.99 3.44 
300Y (s) 60.49 83.07 71.61 5.33 
SLJ (cm) 160.00 220.00 192.25 16.92 

YYIRTL1 – Yo-Yo intermittent recovery test (level 1), 10M – 10 m sprint from a stationary start position, 20M – 20 m “flying” 
sprint, 30M – 30 m sprint from a stationary start position, ZIG – Zig-Zag test, ZIGB – Zig-Zag with ball, CMJ – 
countermovement jump, 300Y – 300 yards shuttle, SLJ – standing long jump 

 
Twenty-seven correlation coefficients, of total number (36), there was statistically significant (table 2). 

The highest values r=.91, among the statistically significant coefficients has the one which shows the 
connections of results in tests 20M and 30M, and the lowest values of significant coefficients, r=.45,  is 
for the one marking the connection of results in tests YYIRTL1 and SLJ. The criterion variable in this 
study (ZIGB) Zig-Zag with ball of eight predictor variables has accomplished statistically significant 
correlation with 10M, 20M and 30M respectively. 
 

Table 2: CORRELATION BETWEEN VARIABLES 

Variable YYIRTL1 10M 20M 30M ZIG ZIGB CMJ 300Y SLJ 

YYIRTL1 1.00 
    

 
   

10M # -.59* 1.00 
   

 
   

20M # -.53* .55* 1.00 
  

 
   

30M # -.64* .85* .91* 1.00 
 

 
   

ZIG # -.49* .70* .66* .77* 1.00  
   

ZIGB # -.39 .65* .54* .67* .43 1.00 
   

CMJ .19 -.39 -.67* -.61* -.47* -.14 1.00 
  

300Y # -.66* .48* .57* .61* .44 .33 -.12 1.00 
 

SLJ .45* -.64* -.63* -.72* -.55* -.20 .64* -.61* 1.00 

*p<0.05, # – inversely scaled variables; YYIRTL1 – Yo-Yo intermittent recovery test (level 1), 10M – 10 m sprint from a 
stationary start position, 20M – 20 m “flying” sprint, 30M – 30 m sprint from a stationary start position, ZIG – Zig-Zag test, 
ZIGB – Zig-Zag with ball, CMJ – countermovement jump, 300Y – 300 yards shuttle, SLJ – standing long jump 

 
Table 3: MULTIPLE REGRESSION ANALYSIS 

 BETA 
St. Err. of 

BETA 
B St. Err. of B t(12) p-level 

Intercept   -24.92 10.38 -2.40 .03 
YYIRTL1 .20 .29 .00 .00 .68 .50 
10M  .03 5.91 .27 46.39 .00 .99 
20M  -.37 7.60 -2.26 45.93 -.04 .96 
30M  1.81 12.02 6.98 46.22 .15 .88 
ZIG -.26 .26 -.95 .94 -1.00 .33 
CMJ .24 .32 .08 .11 .75 .46 
300Y .00 .33 .00 .07 .00 .99 

SLJ  .48 .36 .03 .02 1.33 .20 
R=.84; R2=.71; p=.03; YYIRTL1 – Yo-Yo intermittent recovery test (level 1), 10M – 10 m sprint from a stationary start position, 
20M – 20 m “flying” sprint, 30M – 30 m sprint from a stationary start position, ZIG – Zig-Zag test, ZIGB – Zig-Zag with ball, 
CMJ – countermovement jump, 300Y – 300 yards shuttle, SLJ – standing long jump 
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The results of regression analysis are given in table 3. The entire system of applied predictor variables 
has shown statistically significant impact on a criterion (R=.84; R2=.71; p=.03). Regarding predictor 
variables, significant influence were not found. 
 
Dicussion 

This research was carried out in order to determine the mutual correlation of specific motor indicators 
of elite female players of U19 category, and also the impact of the same indicators on the specific football 
movement structures. 

On the basis of a big number of statistically significant coefficients inside the correlation matrix it can 
be concluded that there is a very big correlation of abilities that were the topic of this research. Although, 
on one side, it tells about a very high correlation of abilities of different physiologic bases, on the other 
side, it can be concluded that the female examinees in this research had shown approximately the same 
level of conditioning preparedness, and a relatively equalised level of development of conditioning 
qualities that were the topic of this research.  

As well the correlation ratio within the applied motor indicators, a very significant finding of this 
study was that motor tests M20 and M30 accomplished all seven statistically significant correlations. This 
means that the potentials of running velocity, expressed in the results of these two tests, showed a 
statistically significant correlation with all other tests. It is possible to derive very interesting conclusions 
from these results. Those female examines having the highest level of velocity potentials were also most 
agile, explosive, with the best speed endurance ratio and with the highest aerobic potentials. Since these 
results do not belong to those physiologically acceptable, the following question can be set; on which 
qualitative level are the results accomplished by the participants of this research? The complete answer to 
these results can actually be found here. The quality of accomplished results in this researches at tests 
YYIRTL1 and 300Y is in the relation to the those recorded in the previous researches is low, thence the 
female examinees  having the visible speed qualities with their results  in the tests of endurance were 
positioned in the group with  better results. The smallest number of statistically significant correlations 
was actually found in the tests of velocity (300Y) and specific aerobic test (YYRTL1). Since all 
remaining tests have the explosive-speed characteristics such results were absolutely expected. Actually, 
the different energy bases for the carrying out of these tests dictate also a smaller number of significant 
correlations in this study. 

The criterion test (ZIGB), in the correlation matrix, has shown the highest independence level in 
relation to all other applied in this research. The specific soccer test of zigzag with a ball, that represented 
a criterion in this test, accomplished statistically significant correlations with all three tests for the 
estimation of ability in running speed, but not with a test that is carried out on an identically defined 
space, but without a ball (ZIG). This also means that, regardless of a fact that each of abilities that were 
the topic of this study  have some impacts on the criterion, such results ascertained that only an ability of 
running velocity have a correlation with the test of zigzag with a ball.  

The results of the regression analyse of the criterion test of zigzag with a ball in motor space, like 
those applied in this research, indicate the statistically significant multiple correlation between the 
criterion and predictor system of R=.84. The coefficient of determinacy stemming from such a value of a 
multiple correlation is R=.71, indicating the high level of mutual variability of a criterion and all 
predictors altogether. Since this is a relatively small number of predictor variables, such a high level of a 
mutual variability with the criterion tells about a high level of dependence of such shape of a specific 
soccer movement structure on the indicators of velocity, explosive and endurance potentials.  

On the other side, no β regression coefficient has a statistically significant value, namely the influence 
on the criterion and, regardless of a high level of mutual variability of an entire predictor system and 
criterion, neither of these individual  tests, by this research, has shown that the result in criterion test 
depends on his results. 

A high level of independence, found on the basis of values of correlation coefficients was actually 
ascertained with such a result of regression analyse. The specific soccer movement structure like the 
criterion test in this research (ZIGB) had shown by this that it individually depends on some other 
indicators in relation to those used in this study. Comparing it with the results Idrizovic et al (2013), 
which by an identical methodological procedure tested the category of female players U17, it can be 
stated that the results are very similar and they in that way support the findings of this research. 
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Conclusions 
A look at any football game, at any level, clearly demonstrates the importance of quality movement. 

Movement binds together all of the skills of the game into a coherent flow, and in this way quality 
movement is fundamental to quality play. Movement is so important in football that often what marks 
outstanding performers is not solely the level of skills, but the quality of movement that accompanies 
these skills (Jeffreys, 2008). 
The specific soccer movement structure that was a topic, and its relations and dependence with the 
potentials of speed, explosive, agile and endurance type, represents the basic soccer skill. The quality of 
performing of each movement structures like a criterion test of zigzag with a ball strongly depends on the 
quality of movement skills with which such a structure is won, and these skills also depend on the quality 
of motor abilities that support it and the quality of winning  of this structure. 
On the basis of this finding and all findings obtained in this study, it can be concluded that the specific 
movement strongly depend on the quality of general motor factor. Individually, neither of used abilities in 
this research has a significant impact on the specific soccer structures of such a type, and only the test of 
running speed have the significant correlation. On the basis of this, as a final conclusion, it can be stated 
that the quality soccer skills is possessed by the players of different profiles, and that fast soccer player 
have advantages in relation to others. 
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INFLUNECE OF ANTHROPOMETRIC DIMENSION ON SOME OF THE 
SPECIFIC MOVEMENTS OF FOOTBALL PLAYERS 

 

UDC: 796.332:572.087.1 

Driton, Mamaj1, Osmani, Arben2 
1Kosovo Education Center – Shkolla Mileniumi i Tretë (Prishtina, Kosovo) 

2University Educational Institution AAB (Prishtina, Kosovo) 
 

Abstarct: 
Goal of this research is examining the possibilities of interlinking the anthropometric space with some 

specific movement tests. In this paper a possibility of predicting the influence of the anthropometric tests 
as predictors of specific movement tests will be examined. Basic hypothesis (H – 1) will enable prediction 
of the influence of the system of anthropometric tests on the moment criterion test. The research involved 
a sample of 30 football players, aged from 18-30 years from football club KEK from Kastrioti. During the 
measurements tests were carried out through anthropometric test consisting of 12 parameters. 
Morphologic tests have been extracted from international biology program and according to the 
hypothesis cover the anthropometric space. In order to verify the structure of the motoric space the 
following motoric tests have been selected: ball workout with both legs, ball management with hurdles-
slalom, ball management from 20 meter distance. Values of the movement tests compared with the values 
of the situational tests of football players of the First League of Kosova are of approximate value. A 
higher correlation has been observed with length of body tests: body height, leg height, and sole of the 
foot height (.592.-.865), between themselves and of the under skin fat connection tissue (528-.677). Based 
on the structure of the matrix of the correlation coefficient between anthropometric and movement test 
(table 4), we can observe that there is no significant statistical connection. Through examination of the 
regression tests we may conclude that based on the values of the coefficient of the multiple correlation, 
statistical significance on the reliability rate of p=.015 there is only one multiple correlation for a test on 
speed ball management from 20 meters.Using the prediction system of tests, 83 % of the common 
variability of the system with the criterion tests has been found, meaning that around 69 % common 
variability of the criterion tests and prediction system can be explained. From only statistical influence 
separately important are perimeter tests of thigh and fat connection tissue under skin of the shin bone. 
Using the same analysis we have examined interconnection between anthropometric tests and motoric 
tests, and there was no statistically significant connection that speaks of relative independence of these 
two spaces. 
 
Key words: Anthropometric Dimension, Specific Movements, football 

 
 

Introduction   
Goal of this research is examining the possibilities of interlinking the anthropometric space with some 

specific movement tests.  

In this paper a possibility of predicting the influence of the anthropometric tests as predictors of the 

specific movements tests will be examined. Basic hypothesis (H – 1) will enable prediction of the 

influence of the sistem of anthtopometric tests on the moment criterion test. 

 

Methods   
The research involved sample of the individuals encompasses 30 football players of the group age from 

18-30 years of the football club KEK from Kastrioti. During the measurements it’s tested with 

anthropometric test with 12 parameter. Morphologic tests have been extracted from international biology 

program and according to the hypothesis cover the anthropometric space. In order to verify the structure 

of the motoric space the following motoric tests have been selected: ball workout with both legs, ball 

management with hurdles – slalom, ball management from 20 meter distance. 
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Results  

Table 1 Main statistical indicators in the anthropometric and motori space 

 
 
 

Nr Minimum Maximum Mean Std. Deviation 

APESHA 30 628.00 834.00 740.5000 49.77241 

ALARTR 30 1690.00 1858.00 1769.2000 45.88772 

AGJAKË 30 918.00 1064.00 987.1667 34.30601 

AGJASH 30 246.00 273.00 260.8667 7.21461 

AGJËSHP 30 88.00 105.00 96.7000 4.48099 

ADIGJU 30 90.00 107.00 99.0667 4.01663 

ADINKË 30 67.00 83.00 75.2000 3.70833 

APERKR 30 835.00 970.00 913.6667 34.58955 

APERKO 30 518.00 595.00 559.1333 23.37068 

AIDHBA 30 50.00 120.00 75.3667 18.50719 

AIDHKO 30 30.00 210.00 85.3000 43.76201 

AIDHKC 30 30.00 150.00 70.5667 27.38447 

 
 

In the table number 1 basic statistical result of the anthropometric tests: mean, standard deviation, 
minimum and maximum result have been presented.  

Values of the morphologic tests of the sample in this research in relation to body height and body 
weight are approximately the same as with football players of the First League of Kosova.  
 
 

Table 2 Values of the movement tests in comparison with the values of the situational tests 
 

 
 

Nr Minimum Maximum Mean Std. Deviation 

MU2X10M 30 837.00 1131.00 963.7667 68.98810 
MUMTO20M 30 307.00 394.00 339.2000 17.10697 
MPTO2KËM 30 4.00 100.00 31.9333 28.24271 

 
Table 3 Anthropometric tests connection with the demonstration space 

 
 
 

1 2 3 4 5 6 7 8 9 10 11 12 

APESHA 1            
ALARTR .496** 1           
AGJAKË .454* .865** 1          
AGJASH .438* .722** .592** 1         
AGJËSHP .436* .086 -.046 .268 1        
ADIGJU .396* .468** .396* .569** .342 1       
ADINKË .216 .136 .015 .190 .537** .596** 1      
APERKR .738** .172 .104 .160 .480** .217 .313 1     
APERKO .638** .090 -.001 -.044 .320 .157 .276 .602** 1    
AIDHBA .098 -.306 -.338 -.421* -.041 -.437* -.182 .234 .293 1   
AIDHKO .233 -.231 -.299 -.288 .011 -.045 -.034 .146 .543** .667** 1  
AIDHKC .321 -.313 -.232 -.309 .218 -.199 .034 .349 .400* .645** .528** 1 

** - values of significant statistical correlation on the importance scale .01 
* - values of significant statistical correlation on the importance scale .0 

 

From the table it can be seen that values of the movement tests in comparison with the values of the 
situational tests from the football players of the First League of Kosova are of approximate value. This 
may be interpreted through the fact that the composition of the football players of KEK club from 
Kastroit, has players that have come from different clubs of the First League.Based on the structure of the 
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inter-correlation matrix between morphologic tests (table 3), we can observe that important correlation 
has happened with most of the anthropometric tests. Higher correlations have been observed with length 
of body tests: body height, leg heights and sole of the foot height (.592.-.865) between themselves and of 
the under skin fat connection tissue (528-.677). 
 

Table 4 Relation between anthropometric tests and movement test in demonstration space 

 
 MU2X10M MUMTO20M MPTO2KËM 

APESHA .296 .075 -.258 

ALARTË .250 .187 .011 

AGJAKËM .252 .266 -.018 

AGJASHP .317 .249 -.003 

AGJËSHP .202 -.216 -.217 

ADIAGJU -.096 -.109 .179 

ADIATKR -.078 -.214 -.017 

APERGJO .167 .098 -.261 

APERKOF -.182 -.336 .044 

AIDHBAR .197 .232 .006 

AIDHKOF -.081 -.122 .118 

AIDHKRC .287 .252 -.276 

 
 

Table 5 Regression of the test on the ball management under slalom - MU2X10M 
 

Model Summary  
Model R R Square Adjusted R Square Std. Error of the Estimate 
1 .764(a) .583 .289 58.15930 

 
ANOVA(b)  

Model Sum of Squares df Mean Square F Sig. 

1 Regression 80518.786 12 6709.899 1.984 .096(a) 

Residual 57502.581 17 3382.505   

Total 138021.367 29    

 
Model B Std. Error Beta T Sig. 

1 (Constant) 598.172 805.562  .743 .468 

APESHA .645 .558 .466 1.157 .263 
ALARTR .254 .625 .169 .407 .689 
AGJAKË 3.717E-02 .765 .018 .049 .962 
AGJASH 2.878 2.713 .301 1.061 .304 
AGJËSHP 2.147 3.475 .139 .618 .545 
ADIGJU -6.890 5.067 -.401 -1.360 .192 
ADINKË 2.183 4.677 .117 .467 .647 
APERKR -7.175E-02 .599 -.036 -.120 .906 
APERKO -1.935 .855 -.655 -2.264 .037 
AIDHBA .656 1.182 .176 .555 .586 
AIDHKO -1.299E-02 .502 -.008 -.026 .980 
AIDHKC .853 .649 .339 1.314 .206 

 
 

Based on the structure of the matrix of the correlation coefficient between anthropometric and 
movement test (table 4), we can observe that there is no significant statistical connection. Similar relation 
has been found in similar up to day researches between these two spaces. This may be interpreted so that 
both of these spaces of the anthropologic status are relatively independent from each other.  
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Tables 5, 6 and 7, contain results of the regression analysis where criteria have been 3 specific 
movement tests while the prediction was done through 12 anthropometric tests.  

Goal of these analyses is to examine which morphologic tests have the biggest participation in the 
explanation of the variance in all variables of movement that was subject to examination.  

Through examination of the regression tests we may conclude that based on the values of the 
coefficient of the multiple correlation, statistical significance on the reliability rate of p=.015 there is only 
one multiple correlation for a test on speed ball management from 20 meters. 

However, two other tests: ball management with both legs and ball management through slalom 
cannot be predicted using prediction system of the anthropometric tests. Value of the coefficient of the 
multiple correlations for the test of the speed ball management is .832 meaning that it can explain 69 % of 
the common variability of the prediction system and criterion test.   

Based on the analysis of the regression coefficient (Beta) it may be drawn that in prediction of the test 
variance MUM20M most of the contribution comes from tests APERKOF -.029 and AIDHKRC .028.  

While the difference in the perimeter of the tight has negative prediction, this actually means a 
positive one because the matter under investigation is speed, small values mean better results, and 
difference of the fat under skin connective tissue of the shin bone has negative impact on the criterion 
test. Evidently that muscle mass of thigh in football players is well developed has positive impact on the 
physical activities of speed and explosive force, while fat mass being ballast has impeding impact on the 
physical activities.   

This partial relation of the prediction system of the anthropometric tests and movement tests enables 
partial verification of the said hypothesis.  
 

 
Table 6 Regression of test under speed ball management from 20 meters -  MUMTO20M 

 
Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 
1 .832(a) .692 .475 12.39744 

 
ANOVA(b) 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 5873.958 12 489.496 3.185 .015(a) 

Residual 2612.842 17 153.697   
Total 8486.800 29    

 
Model B Std. Error Beta t Sig. 

1 

(Constant) 143.381 171.716  .835 .415 

APESHA -5.425E-02 .119 -.158 -.456 .654 
ALARTR 1.543E-02 .133 .041 .116 .909 
AGJAKË 8.587E-02 .163 .172 .526 .605 
AGJASH 1.151 .578 .485 1.990 .063 
AGJËSHP -1.449 .741 -.379 -1.956 .067 
ADIGJU -.342 1.080 -.080 -.317 .755 
ADINKË .136 .997 .030 .137 .893 
APERKR .210 .128 .425 1.644 .119 
APERKO -.435 .182 -.595 -2.389 .029 
AIDHBA .240 .252 .260 .953 .354 
AIDHKO -2.972E-02 .107 -.076 -.278 .785 
AIDHKC .333 .138 .532 2.403 .028 

a Dependent Variable: MUMTO20M  
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Table 7 Regression of the test Ball workout with both legs MPTO2KËM 
 

Model Summary  
Model R R Square Adjusted R Square Std. Error of the Estimate 
1 .682(a) .466 .089 26.96129 

 
ANOVA(b)  

Model Sum of Squares df Mean Square F Sig. 

1 Regression 10774.376 12 897.865 1.235 .336(a) 

Residual 12357.491 17 726.911   
Total 23131.867 29    

 

Model B Std. Error 
Beta 

 
 

t Sig. 

1 

(Constant) -413.848 373.440  -1.108 .283 
APESHA -.396 .259 -.698 -1.533 .144 
ALARTR -.138 .290 -.224 -.477 .640 
AGJAKË .182 .355 .221 .513 .615 
AGJASH .645 1.258 .165 .513 .614 
AGJËSHP -.196 1.611 -.031 -.121 .905 
ADIGJU 4.614 2.349 .656 1.964 .066 
ADINKË -1.961 2.168 -.258 -.905 .378 
APERKR -.165 .278 -.202 -.594 .560 
APERKO .831 .396 .687 2.096 .051 
AIDHBA .898 .548 .588 1.638 .120 
AIDHKO -.118 .233 -.183 -.507 .619 
AIDHKC -.371 .301 -.360 -1.234 .234 

a Dependent Variable: MPTO2KËM  

 
 
Discussion  

In this paper we have examined sample of 30 football players from the First League of Kosova.Goal of 
the paper was to verify possibilities of regression inter-connection between anthropometric space and 
specific movement tests.   

Using correlation analysis it has been confirmed that most of the anthropometric tests have significant 
correlation between each other.  

Using the same analysis we have examined inter-connection between anthropometric tests and motoric 
tests, and there was no statistically significant connection that speaks of relative independence of these 
two spaces.  

Same spaces have been examined with the regression analysis. From 3 movement criterion tests, only 
the movement of under speed ball management has made significant connection with the prediction 
system while two other tests have not made significant regression correlation. Using the prediction system 
of tests, 83 % of the common variability of the system with the criterion tests has been found, meaning 
that around 69 % common variability of the criterion tests and prediction system can be explained. From 
only statistical influence separately important are perimeter tests of thigh and fat connection tissue under 
skin of the shin bone. While the value of tight perimeter has negative prediction, it is actually positive one 
given that the matter in question is speed, and the smaller the value better the results are, and value of fat 
connection tissue under skin of the shin bone has negative influence on the criterion tests. Evidently that 
muscle mass of thigh that with football players is well developed has positive impact on the physical 
activities of speed and explosive force, while fat mass being ballast has impeding impact on the physical 
activities.   

Therefore, tests of this kind should be taken into consideration in cases of orientation and selection of 
children and youth and during the preparation phases.  
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Abstarct: 
The sample of individual consisted of 80 senior football players from the First League of Kosovo using 
the specimens of change, anthropometry and motoric. Morphologic change has been taken from 
international biological program and in hypothesis covers anthropometric space. For the purpose of data 
analysis and interpretation of results following have been taken into account: basic statistic parameters, 
mean, standard deviation, minimal and maximum result, correlation according to Pearson, regression 
analysis. Values of morphologic change of the tested football players if compared to results of research of 
other authors are approximately the same. This can be said to be the case in particular for body height 
but for change of body weight higher values have been observed with football players that have been 
subject of this research. It needs to be noted that similar results between values of the individuals in the 
sample and in the above mentioned research can be understood having in mind that the preparation 
process and the selection of the football players for the First League is carried-out using similar criteria. 
From the predictor of change taken individually the biggest influence in the change criteria have: size of 
the soles, knee diameter and perimeter of thigh. Predictor system of the predictor change does not have 
significant statistical influence on the change criteria; therefore further explanation of this regression is 
not logical. Key goal of this research is to verify connection of the anthropometric dimension and some 
specific motoric change of the First League football players of Kosovo. After the analysis of basic 
statistical parameters in the morphological space as well as motoric it was concluded that values of the 
specimen that was subject of research are approximately close to values of the other entities of other 
clubs from the First League. On the basis of above findings it may be concluded that anthropometric 
indicators have defined influence in prediction of the results in specific motoric change where demand is 
for fast motoric movements and it needs to be taken into account during preparation and exercise.    
 
KeyWords: Anthropometric, Motoric Skills, football 
 
 
Introduction 

Modern football is beautiful and attractive game that has attracted attention from a big number of 
football fans. Football is defined as a game with many cyclic and acyclic movements and with high 
intensity of dynamics that results in changes of the functional capabilities, movements and in the 
development of specific muscle groups. Depending from the game level and the age groups, the density 
and intensity of exercises influences the transformation of the psychosomatic status of the football 
players. Important achievements in the modern football in the world require being well familiar with the 
morphologic and movement characteristics of football players and the interconnections between them.   

Only through being familiar with these parameters and other dimensions of the anthropologic status it 
is possible to make necessary changes on the psychosomatic status of football players.     

These changes are preconditions for increase of the technical and tactical skills at the highest possible 
level, which is a condition for challenges and success necessary for European and world level teams. 
Kosovo football players today have the goal of reaching out the level of football development at the level 
of countries in the region and at wider level. This may be achieved through engagement of real 
professionals and researchers in the area of football in order to have the latest achievements incorporated 
in their professional life.  
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Methods  
Primary goal of this research is assessment of anthropometric characteristics and of some of the basic 

capabilities and motoric skills of senior (adult) football players from the First league of Kosova.   
Other reasons are: 
Confirmation of the latent structure of the anthropometric space and the motoric space.    
Treatment of interconnection of the morphologic space as predictor of the motoric changes as criteria 

in the manifested space.  
In the sample of the entity 80 senior football players from the First League of Kosova have been 

included.   
Anthropometric (morphologic) changes have been taken from international biological program and in 

hypothesis cover the anthropometric space.  
1. APESHA – body weight  
2. ALARTR – body height  
3. AGJAKË – leg length  
4. AGJASH – length of sole of the foot  
5. ADIGJU  – diameter of the knee   
6. ADINKË – diameter of the foot nodes  
7. AGSHPU – sole width  
8. APERKR – mid perimeter of arms  
9. APERKO – perimeter of thigh  
10. APERKË – perimeter of shin bone  
11. AIDHBA – under skin stomach fat mass tissue  
12. AIDHKOF – under skin thigh fat mass tissue  
13. AIDHKRC – under skin shin bone fat mass tissue  

Motoric changes For the purpose of verifying the structure of the motoric space the following motoric 
changes have been taken into account:  

1. MKVGJA        - standing long jump  
2. MKV3HAP       -  three step standing jump  
3. MKVLAR         - standing  long jump “sergeant” 
4. MVRAP20M     -  20 meter run from standing position  
5. MVRAP50M     -  50 meters run from low body position  
6. MPTO2KËM    - ball management with both legs  
7. MU2X10M        - ball management between hurdles – slalom  
8. MUMTO20M    - ball management from 20 meter distance  
9. MTAPKËMB    – Taping with legs  

With the goal of data analysis and interpretation of results the following has been taken into account: 
basic statistical parameters, arithmetic mean, standard deviation, minimum and maximum results, Pearson 
correlation, and regression analysis.  
 
Results 

In this research 13 manifested change morphologic factors have been used. In the table number 1 
following basic statistical morphologic results are presented: arithmetic mean (X), minimum result (min), 
maximum (max) and standard deviation (ds). 

From the table it may be seen that change morphologic values of tested football players if compared 
with the work of Bylbyl Sokolitare approximately the same. This is in particular case for the body height 
while for the change factor of body weight higher values are observed in the players involved in this 
research.   

It needs to be mentioned that the similarity of the values of the sample in this research and of the 
above mentioned research can be understood given the fact that training process and the selection of 
football players for the First League are carried out on the basis of similar parameters.   
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Table 1 – basic statistical parameters of the anthropometric manifested change factors 
 

  N Minimum Maximum Mean Std. Deviation 
ALARTR 80 1683.00 1930.00 1765.7625 59.41130 
APESHA 80 590.00 92.00 720.0125 69.13855 
AGJAKË 80 877.00 1110.00 986.6000 49.93175 
ADIGJU 80 32.00 110.00 96.6625 8.44482 
ADINKË 80 65.00 87.00 73.4375 3.57857 
AGJASH 80 237.00 286.00 260.4500 10.51569 
AGSHPU 80 83.00 116.00 96.8875 5.45869 
APERKR 80 815.00 1030.00 906.0500 43.20569 
APERKO 80 473.00 665.00 552.3125 34.40290 
APERKË 80 320.00 425.00 366.7125 17.95014 
AIDHBA 80 30.00 152.00 71.5500 18.71228 
AIDHKOF 80 28.00 296.00 88.9500 49.44986 
AIDHKRC 80 30.00 124.00 62.6625 22.48034 

 
Table 2 – basic statistical parameters of the manifested motoric change factors 

 
 
 

N Minimum Maximum Mean Std. Deviation 

MKVGJA 80 185.00 273.00 235.1125 15.55797 
MKVLAR 80 22.00 66.00 51.8750 6.52624 
MKV3HAP 80 565.00 793.00 683.4375 50.97104 
MVRAP20M 80 278.00 346.00 309.6000 14.86786 
MU2X10M 80 838.00 1220.00 991.3375 90.65011 
MUMTO20M 80 300.00 410.00 340.5375 25.58131 
MPTO2KËM 80 2.00 79.00 21.6625 17.34092 
MTAPKËMB 80 953.00 2034.00 1383.8125 202.99124 
MVRAP50M 80 622.00 787.00 681.0375 32.11587 

 
In the table number 3 the results of the regression analysis are presented and criteria of the change 

factor the fast ball management slalom from 20 meter distance was taken, while as a predictor the system 
of the anthropometric change factors was used. Analyzing the table it can be observe the multiple 
correlation is rather high (Ro = .63), and this explains around 40 % of the shared variability between the 
criteria and the system of change prediction. This connection is important at the level P = .000. At the 
other part of the total variability (60 %) we conclude that the influence comes from some characteristics 
and other anthropologic skills. From the prediction change factors taken separately the highest influence 
at the change criteria have: width of the sole of foot, diameter of knee and thigh perimeter. Connection 
between change factors of thigh perimeter with change criteria can be explained with the fact that in the 
thigh area the muscle mass is more developed and this enables performance of stronger explosive body 
movements and sprint running.  

 
Table 3- multiple regression 

 
Model Summary  
Model R R 

Square 
Adjusted R 
Square 

Std. Error of the Estimate 

1 .636(a) .404 .287 64.12099 

 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 184224.384 13 14171.106 3.447 .000(a) 

Residual 271359.103 66 4111.502   
Total 455583.487 79    
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 B Std. Error Beta T Sig 

(Constant) 934.844 541.696   .089 

APESHA .528 .361 .441 1.462 .148 

ALARTR 6.797E-02 .280 .049 .243 .809 

AGJAKË .160 .319 .091 .503 .617 

AGJASH 1.979 .998 .258 1.984 .051 

AGSHPU 4.352 1.737 .294 2.506 .015 

ADIGJU -7.597 2.376 -.434 -3.197 .002 

ADINKË 3.442 2.596 .166 1.326 .190 

APERKR -.464 .370 -.201 -1.254 .214 

APERKO -1.593 .558 -.583 -2.854 .006 

APERKË .421 .594 .102 .710 .480 

AIDHBA .352 .610 .086 .577 .566 

AIDHKOF .182 .233 .115 .778 .439 

AIDHKRC .503 .456 .165 1.102 .274 

a Dependent Variable: MU2X10M  

 
Table 4 – multiple regression 

 
Model Summary  
Model R R Square Adjusted R Square Std. Error of the Estimate 
1 .575(a) .331 .199 17.09262 

 
Model Sum of Squares Df Mean 

Square 
F Sig. 

Regression 9544.403 13 734.185 2.513 .007(a) 
Residual 19282.397 66 292.158   
Total 28826.800 79    

 
 B Std. Error Beta 

 
 

t Sig 

(Constant) 459.999 144.399  3.186 .002 
APESHA .256 .096 .849 2.657 .010 
ALARTR .100 .075 .286 1.342 .184 
AGJAKË -3.113E-02 .085 -.070 -.366 .715 
AGJASH -.196 .266 -.102 -.737 .464 
AGSHPU .442 .463 .119 .955 .343 
ADIGJU -1.346 .633 -.305 -2.125 .037 
ADINKË 1.089 .692 .208 1.574 .120 
APERKR -.154 .099 -.264 -1.555 .125 
APERKO -.400 .149 -.583 -2.689 .009 
APERKË -.151 .158 -.145 -.955 .343 
AIDHBA 8.294E-02 .163 .081 .510 .612 
AIDHKOF 2.673E-02 .062 .068 .429 .669 
AIDHKRC .186 .122 .242 1.526 .132 
a Dependent Variable: MUMTO20M  

 
In the table number 4 the regression analysis results are presented where the criteria the change factor 

of fast ball management in the hall way from 20 meter distance has been taken while as the system of 
prediction anthropometric change factor have been used. Through analysis of the presented table it is 
visible that the multiple correlation is rather high (Ro = .57), that explains around 33 % of the shared 
variability between the prediction system of the change factors and the criteria. This connection is 
important at the level P = .007.  On the other part of the total variability we conclude that influence comes 
from some characteristics and other anthropologic skills.   
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From prediction system of change factors taken separately the highest influence at the change criteria 
have the following: body weight, diameter of knee and perimeter of thigh. Body weight has negative 
influence at the performance of motoric test criteria because as a ballast mass impedes the realization of 
motoric tasks of explosive nature – sprint running.  

Connection between other change factors is positive and as such they are in favor of performance of 
the motoric tests of fast ball management in the hall way from 20 meter distance. 

  In the table number 5 results of the regression analysis have been offered where the criteria of change 
factor was ball management with both legs.  Through table analysis it can be seen that the prediction 
system of the change has no significant statistical influence on the change criteria therefore further 
analysis of this regression is not logical. This means that in order to achieve good results in ball 
management with both legs anthropometric parameters have no significance but other anthropologic 
factors have.   
 

Table 5 – multiple regression 

 
Model R R Square Adjusted R Square Std. Error of the Estimate 
1 .372(a) .138 -.032 23.92602 

 
Model Sum of 

Squares 
df Mean 

Square 
F Sig. 

Regression 6050.765 13 465.443 .813 .645(a) 

Residual 37781.985 66 572.454   

Total 43832.750 79    

 
 B Std. Error Beta 

 
 

t Sig. 

(Constant) -124.506 202.128  -.616 .540 
APESHA -.220 .135 -.591 -1.629 .108 
ALARTR 6.439E-02 .104 .149 .617 .539 
AGJAKË -3.962E-02 .119 -.072 -.333 .740 
AGJASH .309 .372 .130 .829 .410 
AGSHPU -.715 .648 -.156 -1.103 .274 
ADIGJU .738 .887 .136 .832 .408 
ADINKË -.402 .969 -.062 -.415 .680 
APERKR .104 .138 .146 .755 .453 
APERKO .262 .208 .309 1.258 .213 
APERKË -.159 .222 -.124 -.717 .476 
AIDHBA 9.713E-02 .228 .077 .427 .671 
AIDHKOF 6.881E-03 .087 .014 .079 .937 
AIDHKRC -8.624E-02 .170 -.091 -.507 .614 
a Dependent Variable: MPTO2KËM  

 
 
Discussion 

Primary goal of this research is to verify interconnection of the anthropometric dimension and some 
specific motoric change factors of football players from the First league of Kosova.  

In this research a sample of 80 football players were tested, members of the football club Prishtinë 
from Prishtina, KEK from Kastrioti and Kosova from Prishtina. After the analysis of the basic statistical 
parameters in the morphologic and motoric space it was concluded that values of the sample tested in this 
research are similar with the values of the entities from other clubs of the First League.   

Using the regression analysis a prediction of results has been carried out on the motoric criteria change 
factors using the prediction system of anthropometric change factors. Highest values from the prediction 
system have: knee diameter, thigh parameter and weight of sole of the foot.   
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Whereas the change factor: ball work with two legs cannot be predicted using the anthropometric 
change factor system therefore the good results in this change factor have to take into account other factor 
of the anthropologic status.   

On the basis of this it may be concluded that anthropometric indicators have specific influence on 
prediction of the results of the specific motoric change factors where it is required to perform fast motoric 
movements and it needs to be considered for training purposes.  
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