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Bloom where they put you.

(T.J.Lundgren)

Dear reader,
Passes also 2012th and we are here on the same mission - Acta Kinesiologica for 12th time. In this issue you
will find some really nice articles related to aerobic training and stress, determinants of vertical and
horizontal jump, performance analysis of rabbit jump, preliminary investigation of postural deformities,
teaching sport in physical education, relations motility and morphology of the student, the analysis in table
tennis, analysis of blood serum in elite athletes, the program contents in elementary school, the algorithm
for the morphological differentiation of groups, the impact of teaching on students, attitudes about handball,
psychological stress in the dance, the analysis of the high jump students, comparison of different criteria for
retention factors in statistics, changes in morphology in water polo, differences of students for athletic and
result analysis in boxing. Thus, from the methodology, through quantification, our authors are interested in
all utilities of Kinesiology - teaching, sports, recreation, kinesitherapy. We gratefully welcome all authors,
contributors and reviewers, and we hope that 2013 will be as successful as these six years of Acta so far. We
want all of you all the best and as Lundgren said: Each place is a good place to show all you can. Well if so,
then bloom. Like Acta.
Editor-in-Chief
Assist.Prof.Žarko Biliü, PhD

Cvjetaj tamo gdje te postave.

(T.J.Lundgren)

Dragi þitatelju,
Proÿe i 2012 a nas evo na istom zadatku – Acta Kinesiologica po 12. put. U ovom broju naüi üete neke zaista
lijepe þlanke vezane uz aerobni trening i stress, odrednice vertikalnog i horizontalnog skoka, analizu izvedbe
zeþjeg skoka, uvodno istraživanje posturalnih deformiteta, nastavu sporta u tjelesnom odgoju, relacije
motorike i morfologije kod uþenica, analizu u stolnom tenisu, analizu krvnog seruma kod vrhunskih sportaša,
o programskim sadržajima u osnovnoj školi, algoritam za morfološko razlikovanje grupa, utjecaj nastave na
studente, stavove rukometašica o rukometu, psihološki stress u plesu, analizu skoka u vis uþenika,
usporedbu razliþitih kriterija zadržavanja faktora u statistici, promjene u morfologiji kod vaterpolista, razlike
studenata u atletskim disciplinama i analizu rezultata u boksu. Tako od metodologije, preko kvantifikacije,
naši autori se zanimaju za sve utilitete kineziologije – nastavu, sport, rekreaciju, kineziterapiju. Sa
zahvalnošüu pozdravljamo sve autore, suradnike i recenzente i nadamo se da üe i 2013 biti jednako uspješna
kao i ovih šest godina Acte do sada. Svima vama želimo svako dobro i kao što reþe Lundgren: svako je
mjesto dobro da na njemu pokažeš sve što možeš. Pa kad je tako, onda cvjetaj. Poput Acte.
Glavni urednik
Doc.dr.Žarko Biliü
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Original scientific paper

Abstract
The aim of this study was to study the effect of an aerobic training on perceived stress, anxiety, and
depression of non-athlete female students. Statistical population of this research included all non-athlete
female students of Guilan University who participated in general physical education training credits for the
second semester. 40 non-athlete female students of the same age, educational level and marital status were
selected by simple random sampling and divided into two groups: experiment and control (each group
included 20 students). After this division, independent variable of physical activity was used for experiment
group. Control group received no training. Subjects performed aerobic training 2 sessions per week, for 10
weeks. Pre- and post test measurements were used for both groups. Three questionnaires were used in this
study. Spielberger state-trait Anxiety Inventory (STAI-Y) (1970) to measure anxiety including 40 questions,
Beck Depression Inventory (BDI), to evaluate depression including 21 questions, and finally Perceived Stress
Scale (PSS-14) (Cohen et al. 1983) including 14 questions were used. In this study, validity of the
questionnaires, by using Chronbach Alpha, were determined as 0.72, 0.81 and 0.63, respectively.
Independent T-tests and Multivariate analysis of Variance were used for data analysis. Results of the study
showed that those students who have participated in aerobic training which was designed by researchers,
had less stress, state-trait anxiety, and depression than before. This indicates the positive effect of an
aerobic training period on students` anxiety, depression, and stress. This issue becomes more important
when no change has been observed in control group students, who have not participated in aerobic training,
regarding stress, depression, and anxiety. Considering the results of the study, it seems that one of the most
useful ways to cope with stress, depression, and anxiety is participating in exercise training especially aerobic
ones.
Key words: aerobic training, anxiety, depression, stress
Introduction
Today, students play an important role in the future
of each country and are considered as one of the
most important groups in the society. This role is
critical, since students are not only the main body
of experts in different scientific, technological, and
artistic fields in every country, but also are the
management bases to build the future of their
countries, and the leaders of their societies to
achieve their goals. So, a healthier society needs
healthier students. Psychological health is an
important dimension of students` health.
This group, because of particular conditions
regarding age and social situation, is under stress.
Studies show that psychological diseases are
becoming more epidemic among students (Heads of
University Counseling Services of Royal College of
Psychiatry, 2003). Factors like being far from the
hometown and family, entering new environment,
and being busy with heavy studies can be
considered as stressful factors for the students
(Byars, 2005; Cavanagh, Snape, 1997). It is found
that stress can result in physical and psychological
disorders, dysfunction of performance, and lack of
compatibility which can reduce students` life
quality (Gammon, Samuel, 2005; Ryan, Twibell,
2000). Psychological illness symptoms resulted
from stress include depression and anxiety.

Studies show that there is a direct relation between
anxiety, depression and stress (Byars, 2005). They
are the most common emotional and psychological
problems during studying in the university. Stress
includes psychological pressure and distress
feelings.
Anxiety
consists
of
physiological
stimulations, and phobia. And depression includes a
behavior accompanied with melancholy or a sense
of being worthless (Lovibond, Lovibond, 1995).
Statistics from Michigan University indicate that 15
percent of its students show depression symptoms
(Health System, 2003). Since depression develops
from early stages of life (e.g. adolescence and
youth) to other stages, it is more important among
students. Depression in this period of life can lead
to other psychological disorders, compatibility
problems and crime in higher ages (Kitamura,
Hirano, Chen, Hirata, 2004). Stress factors can also
affect students` cognitive and emotional actions,
increase their frustration, and decrease their selfconfidence, put their mental health and society`s in
danger and lead them to a kind of psychological,
emotional,
and
cognitive
imbalance.
Thus,
prevention, evaluation, diagnosis, and treatment of
these disorders seem necessary. By evolutionary
process
and
technological
and
scientific
development, students somehow could free
themselves from stressful factors.
7
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However, this group is exposed to stressful factors
in a way that it seems stress becomes an
inseparable part of their lives. What students
should do is to prepare themselves for coping with
psychological pressures in order to reduce their
stress or even remove it. If they want to achieve
the best results regarding coping with stress
factors, students need to know different ways to
confront it. One of these ways is participating in
exercise training. Research results indicated that
sport and physical training not only improve social
skills
but,
also
affect
students`
physicalpsychological health and their social compatibility
(Bruce, James, Hubert, 2008). Today, physical
activity is increasingly accepted as a tool for
maintaining and increasing psychological health.
Studies showed that participating in sport activities
can improve indices of life quality, reduce mental
disorders, depression, and fatigue, and promote
emotional health. Thus, it plays an important role in
peoples` vitality (World Health Organization,
1995). Physical activity and exercise training, in
different societies all over the world with their
especial requirements, are accepted as inevitable
needs which are used in different ways. One of
them in order to get physical fitness is aerobic
training. Graft & Landers (2000) and Moor &
Blumenthal (1998) in their studies indicated that
aerobic training was a useful and cost effective tool
in reducing low to medium depression and could
prevent it, move away fatigue and psychological
pressures, and make a person happy. Blehar &
Oren (1995) findings show that depression degree
in women is two times more than men, and women
are more vulnerable to stress and psychological
pressures than men. They also conclude that
different exercise training play an important role in
reducing depression among women. Results from
Sarp and Hilal (2008) studies, show that female
students are more susceptible to psychological
disorders than male students. Chu et al. (2009),
suggest that intense and easy aerobic training
decrease depression in female non-athletes. Azar et
al. (2008) indicate that participating in physical
training even for a short period can have positive
impact on adult women depression. Rothon et al.
(2010) by reviewing the relation between physical
activity and depression among east London
adolescent boys and girls show that participating in
sport activities can reduce depression among
adolescents.
Kawachi & Berkman (2003) and
Boyette (2006) conclude that participating in
physical activities can reduce anxiety and
depression and accelerate socialization. Results
from Hegbom et al. (2007) indicate that more
physical activities lead to reduction in stressful
factors,
psychological
disorders,
depression
symptoms, and increase in social interactions and
physical-psychological health among elderly. In a
research Salvatore et al. (2009) observed that
those who participated in physical activities and
recreational sports experience had less stress and
mental pressures than others. Based on results
from Noakes (2008) study and Mellalieu, Neil,
Hanton, Fletcher. (2009) it is found that those who
do physical activity face reduction in stress and
8

anxiety. Reviewing 64 studies, from 1988 to 2004,
suggests that physical activities are used as a
strategy in order to cope with stress. Regarding the
relatively high level of anxiety, depression, and
stress in current social situation specially among
female students and the impacts of destructive
psychological pressures on motivation, educational
performance, self-confidence, and their health. Also
the role of physical training in reducing students
stress factors, studying the effect of an aerobic
training period on perceived stress, anxiety, and
depression of non-athlete female students seems
necessary. Moreover, past researches, study the
impact of different ways of physical activity on
peoples psychological pressures. Regarding the
availability of aerobic training and their low cost, it
seems that students, who are financially family
dependent, choose them over other activities as
Graft & Landers (2000), and Moor & Blumenthal
(1998) report that since aerobic training are cost
effective and can be performed easily, they have
remarkable impact in reducing psychological
pressures. They also reported that low to medium
aerobic training has more effectiveness. Aerobic
training such as running can be done almost
everywhere; it plays a very important role in cardio
respiratory fitness of those who have no physical
experience, and it can help improving their
psychological conditions. Besides, aerobic exercises
in the appendix, which include various physical
exercises, prioritize non-athletes. These exercises
need no tools and equipment, so they can be the
most possible exercise method in order to observe
positive impacts of the pre-hypothesis.
Methods
Semi-experimental method is used for this study,
regarding its goals, which is conducted as pre-test
and post-test with control group. In this method
subjects are randomly substituted into groups and
experiment group is exposed to independent
variable (aerobic training) but, control group is
received no interference. Statistical population of
this study included all non-athlete female students
of Guilan University who had selected (1) and (2)
general physical education training credits for the
second semester. 40 non-athlete female students
of the same age, educational level and marital
status were selected by simple random sampling
and divided into two groups: experiment and
control (each group included 20 students). After
this division, independent variable of physical
training was used for experiment group. Control
group received no training. Physical training was
performed 2 sessions per week, for 10 weeks by
48-hour interval between each session. Pre-test
was used for both groups in the first session, and
after physical training period with experiment
group, post-test was used for these two groups.
Interference method
Each session, physical training lasted 40 to 50
minutes and included 15 minutes for warm
up(stretching and exercise), and 20 to 30 minutes
of aerobic training like running with 60 to 80%
maximum heart rate (which calculated by the
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formula: 220-age). The first two weeks maximum
heart rate was 60% (HRmax), second two weeks
65% HRmax, third two weeks 70% HRmax, fourth two
weeks 75% HRmax, and last two weeks it was 80%
HRmax and 5 minutes allocate to cooling down
(static stretching moves). Heart rates were
controlled by a pulse meter (polar model, made by
Finland). Time was recorded by a Citizen
chronometer (made by Germany). Subjects were
told to avoid extreme physical activities but those
assigned and keep their usual diet.

Results

Instruments
Spielberger state- trait Anxiety Inventory (STAI-Y)
was used for this study. This scale was presented
by Spielberger (1970) in order to evaluate anxiety
and was revised in 1983. It includes 40 points
which 20 of them evaluate the state of anxiety and
the other 20 estimate trait of anxiety. Each point
consists of 4 choices which are scored based on
Lickert from 1 to 4. Spielberger (1983) reported the
correlation of the questionnaire 0.79 to 0.83 with
Taylors manifest Anxiety Scale (TMAS). Content
validity of STAI has been confirmed by previous
studies (Hamdyhm and M. Mashhoodi, 1998). In
this study, validity of the scale was 0.73 for state of
anxiety and 0.69 for trait of anxiety by using
Chronbach Alpha. Beck Depression Inventory
(BDI): This questionnaire is one of the most
suitable tools for evaluating depression which
includes 21 points and measures physical,
behavioral, and cognitive symptoms of depression.
Each point includes 4 choices which are scored 0 to
3 based on Lickert. Meta- analysis results about
BDI suggest that its internal concordance
coefficient is between 0.73 to 0.93 (Beck et al.,
reported from marl Gras, 2003). Content validity of
BDI has been extensively tested and confirmed by
previous studies (Saburi, Mahyar, Gharib, 1998).
Dobson and Mohammadkhaani, calculated Į
coefficient of 0.92 for outpatients, 0.93 for
students, and retest coefficient of 0.93 with oneweek interval. Kuhner et al. (2007) reported good
reliability and validity of BDI in clinical and
nonclinical samples. In this research, validity was
0.81 by using Chronbach Alpha. Perceived Stress
Scale (PSS-14): This scale is presented by Cohen,
Kamarck & Mermelstein (1983) and is used to
measure general stress within last month. It, also
evaluates thoughts and feelings about stressful
events, controlling, overcoming, coping with
psychological pressures and experienced stresses.
This scale includes 14 points which is scored 0 to 4
based on Lickert. Cohen et al. (1983) reported its
validity from 0.84 to 0.86 based on Chronbach
Alpha. They felt that pre validity and reliability by
retest method was suitable for PSS-14. Andreou et
al. (2011) found satisfactory Chronbach alpha
values (0.82 for the full scale) for PSS-14. In this
research, scale`s validity was 0.63 using
Chronbach Alpha. For data analysis, frequency, for
showing demographical characteristics, mean and
standard deviation, for comparing mean of studied
variables in pre-test and post-test of two groups,
independent t-test and Multivariate analysis of
Variance were used.

Table
4.
Descriptive
statistics
of
anxiety,
depression, and perceived stress scores in
experiment and control groups

Subject of this study were between 19 to 26 years
old. The average age of experiment group
(mean=21.5, SD=2.92) was equal to that of control
group (mean=21.85, SD=2.18). All of the subjects
were single. According to table 4, state and trait
anxiety, depression, and perceived stress scores in
post-test are less comparing to that of post-test. In
control group, scores of post-test showed no
meaningful difference comparing to pre-test.

Experimental group Control group
index

State anxiety

Trait anxiety

Depression

Standard
Standard
average deviation average deviation

Test
pretest

46.05

5.75

47.20

4.88

posttest

28.15

3.26

47.50

9.56

Pretest

45.65

5.54

45.70

4.14

posttest

29.45

3.01

47.15

8.27

Pretest

15.35

3.06

16.25

4.60

9.60

2.10

17.35

4.27

26.45

5.07

24.65

5.40

9.40

3.05

25.95

4.68

Posttest
Pretest

Perceived
stress

Posttest

According to table 5, calculated (t) was not
significant to study the comparison between
experiment and control groups` mean scores in
trait and state of anxiety, depression, and
perceived stress. In other words, these variables in
experiment group are statistically similar to that of
control group before interference (aerobic training).
Table 5. Results of independent t-test to compare
mean of control and experiment groups` pre-test
scores in state and trait anxiety, depression, and
perceived stress

index

Levenes Test
for Equality of
Variances
F

State anxiety
Trait anxiety
Depression
Perceived stress

Sig
0.66
1.50
2.73
1.09

0.42
0.22
0.10
0.30

t

df
0.68
0.03
0.72
1.08

Sig
38
38
38
38

0.47
0.97
0.39
0.28

Multivariate analysis of Variance test was used in
order to compare post-test mean scores of control
and experiment groups in state and trait of anxiety,
depression and perceived stress. Based on results
from table 6, significance of F showed that after
modifying pre-test means, there was a significant
difference between mean of experiment group and
that of control group in post-test. In other words,
aerobic training positively affected state and trait of
anxiety, depression and perceived stress of
experiment group.
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Table 6. Results of Multivariate analysis of Variance
test to compare mean of post-test scores of
experiment and control group in state and trait of
anxiety, depression and perceived stress
Partial
Eta
Squared
0.67
0.66
0.64
0.88

sig
0.001
0.001
0.001
0.001

f

Mean
Square

69.09 3607.53
66.72 2777.79
62.81 639.70
266.09 2672.81

df

Sum of
squares

Source

1 3607.53
State anxiety
1 2777.79
Trait anxiety
1 639.70
Depression
1 2672.81 Perceived stress

Discussion and conclusion
Analysis of the study results showed that scores of
state and trait of anxiety, depression, and
perceived stress in post-test in experiment group
were less than that of pre-test. In control group
there was no significant difference between scores
of post-test and pre-test. It means that students,
who have participated in aerobic training which was
designed by researchers, had less stress, state-trait
anxiety, and depression than before. This indicated
the positive effect of an aerobic training period on
students` anxiety, depression, and stress. This
issue becomes more important when no change
had been observed in control group students, who
had not participated in aerobic training, regarding
stress, depression, and anxiety. More analysis
illustrate that finally after 10 weeks (training
period) students of experiment group who did
aerobic training, experience considerably less
anxiety, depression, and stress, which is even less
than that of students of control group in the same
period. Studying 64 researches from 1988 to 2004
show that physical activity was used as a strategy
in order to cope with stress (Mellalieu, Neil, Hanton,
Fletcher, 2009). Various studies used different
physical activities as a strategy to cope with stress,
anxiety, and depression. This study tried to use
aerobic training which not only has positive
psychological
outcomes,
but
also
promotes
people`s cardio-respiratory health. Aerobic training
also needs no special skills and it is cost effective.
Chu et al. (2009) also studied two kinds of aerobic
exercise with intensity of 45% to 55% and 65% to
75% maximum heart rate. They showed that
aerobic exercise in both situations decreased
subjects` depression pressure, and there was no

significant correlation between the intensity of
aerobic
exercises
and
changes
in women
depression. It has been shown that the type of
exercise and its intensity affected depression
decrease. He designed two kinds of exercise with
60-minute and 90-minute time period for the
subjects which finally reported a meaningful
difference between the effect of these two exercises
and depression decrease degree. Blehar & Oren
(1997) find that depression in women is two times
more than men, and women are more exposed to
stress and psychological pressures, and different
physical activities play an important role in
facilitating and decreasing depression in women.
Azar et al. (2008), in a study about women, report
that physical training is an important factor to
decrease their anxiety and stress. Graft & Landers
(2000), Moor & Blumenthal. (1998), Rothon et al.
(2010), Kawachi & Berkman (2000), Boyette et al.
(2006), Hegbom et al. (2007), Lindstrom et al.
(2003), Salvatore et al. (2008), Noakes (2008),
and Mellalieu, Neil, Hanton, Fletcher. (2009) show
that physical activities are suitable and cost
effective means to decrease anxiety and depression
and can prevent it. They can remove fatigue and
psychological pressures from people and reveal
their happiness and vitality. According the results of
this study and those studies which are conducted
before by the same researchers, it appears that
sport and physical activity, at least, can help
considerably decreasing daily stress, anxiety, and
depression of people specially among female
students and can lead to improve their
psychological health and vitality. Apparently, the
intensity and type of designed exercises and
training in various studies have different impacts on
people`s psychological health concerning different
subjects. It also seems that designed aerobic
training in this study has considerable effectiveness
concerning its nature and conditions of subjects in
order to decrease anxiety, depression, and stress
among female students. Since students have
several difficulties during studying and financial
problems are among them, and regarding
participating in exercise training especially aerobic
ones have low costs, and based on the results of
this study, it seems that one of the most effective
ways to cope with anxiety, depression, and stress is
participating in exercise training especially aerobic
ones.
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UýINCI AEROBNOG TRENINGA NA OPAŽENI STRES, ANKSIOZNOST I DEPRESIJU
KOD DJEVOJAKA NESPORTAŠA
Sažetak
Cilj ovog rada bio je prouþiti uþinak aerobnog treninga na opaženi stres, tjeskobu i depresiju djevojaka nesportaša. Statistiþki, populacija ovog istraživanja ukljuþuje sve nesportaše studentice Guilan Sveuþilišta koje
su sudjelovale u opüem tjelesnom odgoju za drugi semestar. Ukupno 40 nesportaša studentica iste dobi,
razine obrazovanja i braþni status odabrano je jednostavnim sluþajnim uzorkovanjem i podijeljeno u dvije
skupine: eksperimentalna i kontrolna (svaka grupa je imala po 20 entiteta). Nakon ove podjele, nezavisna
varijabla fiziþke aktivnosti korištena je kod eksperimentalne grupe. Kontrolna grupa nije dobila nikakvu
obuku. Ispitanice eksp. grupe su vježbale su aerobni trening dva puta tjedno, u ukupnom trajanju od 10
tjedana. Prije i poslije ispitivanja, obje skupine su izmjerene upitnikom. Tri upitnika su korištena u ovoj
studiji. Spielberger stait-trate Anxiaty inventara (STAI-Y) (1970) za mjerenje anksioznosti, sa 40 pitanja,
zatim Beck Depression Inventory (BDI), za procjenu depresije, sa 21 pitanjem, i konaþno Perceived Stress
Scale (PSS-14) (Cohen i sur. 1983), sa 14 pitanja za procjenu stresa. U ovoj studiji, valjanosti upitnika,
pomoüu Chronbach Alpha, utvrÿene su kao 0,72, 0,81 i 0,63, respektivno. Nezavisni T-testovi i Multivarijatna
analiza varijance su korišteni za analizu podataka. Rezultati studije su pokazali da su oni studenti koji su
sudjelovali u aerobnom treningu dizajniranom od strane istraživaþa, imali manje stresa, stanja anksioznosti i
depresije nego prije eksperimenta. To ukazuje na pozitivan uþinak aerobnog treninga u tretiranom razdoblju
na studente. Ovo pitanje postaje još važnije kada nema uoþenih promjena u kontrolnoj skupini studenata,
koji nisu sudjelovali u aerobnom treningu, s obzirom na stres, depresiju i anksioznost. Obzirom na rezultate
istraživanja, þini se da je jedan od najkorisnijih naþina da se današnji þovjek (žena) nosi sa stresom,
depresijom i tjeskobom upravo sudjelovanje u vježbanju naroþito u aerobnom.
Kljuþne rijeþi: aerobni trening, anksioznost, depresija, stres
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ANTHROPOMETRIC CHARACTERISTICS – THE DETERMINANTS OF VERTICAL AND
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Abstract
Any aspect of sport integrates within itself certain human anthropological dimensions. Which of the
dimensions will be dominant in the given physical activity, or sport, depends on the nature of the sport as
well as the nature of the motor task which is being realized. A very frequent topic of study in anthropological
space is morphological space, as well as anthropometric characteristics which are defined as the predictors of
various motor manifestations. These manifestations can include all the segments of motor space. In this
paper we will define a segment of explosive strength (the horizontal and vertical jumping ability) in the case
of boys and girls, first-graders, with the aim of determining the influence of the manifested anthropometric
characteristics, such as the determinants of the vertical and horizontal jumping ability of children.
Key words: boys, girls, regression, plyometric jump, the standing depth jump
Introduction
The part that anthropometric characteristics play in
the explanation of the entire psychosomatic status
of schoolchildren is significant, especially in the
case of motor skills, which are a key factor in the
evaluation of the ability to participate in sports
activities. Various studies have been carried outon
the topic of explosive strength, and involving
participants of various ages. Šimeket al. (2007)
determined the changes in agility and explosive
strength, the type of jumping ability under the
influence of a proprioceptive training program on a
sample of physical education students. It was
determined that, in the case of untrained
participants, changes in vertical jumping ability are
possible under the influence of proprioceptive
training, and in the case of trained participants, the
effects were smaller or not significant. Markoviüet
al. (2005) studied the results of sprint and
plyometric
training
on
the
morphological
characteristics
of
young,
physically
active
participants. The research showed that these two
methods have a limited effect on the morphological
dimensions of younger men. A very interesting
study was carried out by Temfemoet al. (2009)with
the aim of comparing the performance of the
vertical jump in the case of boys and girls who
were still undergoing the process of development.
Maximal results were obtained for the vertical jump
and the squat jump. The regression between the
average strength output, body mass and leg muscle
volume was calculated for 240 boys and 239 girls
(aged 11 to 16). Higher numeric values were
determined for the boys than for the girls for body
height, leg volume and body mass. Both groups
had similar body mass indexes, irrespective of their
age. Boys between the ages of 12 and 16 had
greater values for jumping ability, strength output
and the percentage of fatty tissue than girls of the
same age. Significant correlations were obtained
between average strength output and age, as well
as between average strength output, body mass,
and leg volume for each group of participants.

It was concluded that the performance of jumps
increased during the period of development.
Differences in gender are manifested from the age
of 14, due to increasingly greater leg length and leg
volume of boys than girls. The purpose of the study
carried out byBiskanakiet al. (2004) was to
evaluate the specific motor skills of Greek children
aged 8, according to gender and depending on
whether they were obese or not. A total of411
children were tested (195 boys and 216 girls). The
body mass index (BMI) was used as the obesity
index, while the children took part in the following
tests: the 30m run, the 20m run, the standing
depth jump and the reach-and-toss of a medicine
book, 1kg in weight. No greater difference was
noted between the genders in terms of the BMI
(p>0.05). The boys had better results than the girls
on all the tests(p<0.01). Less obese children had
better results than obese children for the 30m run,
and (p<0.01), the 20m run (p<0.01). On the other
hand, obese children scored higher on the throwing
of a one kilo medicine book (p<0.05).
As a result, it was concluded that boys had better
motor skills than girls, and that obesity has a
negative influence on the tested motor skills
(except for throwing). Holmet al. (2008)carried out
a study with the aim of providing normative values
which are related to the influence of age and
gender on muscle strength, power and endurance
and of setting up a database of references for
healthy schoolchildren aged 7 to 12. The relations
between certain simple functional tests and
isokinetic measures of strength were also studied.
A total of 191 girls and 185 boys were tested using
tests for the evaluation of muscle strength, such as
the flexion-extension of the knees, hand grip
strength, back extensions and the vertical jump.
The results have shown that there is a significant
linear increase in strength, with no differences in
terms of gender of the participants aged 7 to 11,
and a great variability within each age group.
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The correlation between hand grip strength and
quadriceps strength was high in value (r=0.84) and
the correlation between the vertical jump and
relative quadriceps strength was medium in
value(r=0.50). It was concluded that with time,
absolute strength values increase, and that there
were no differences in relation to gender. The
connection between hand grip strength, the vertical
jump and quadriceps strength ranged from medium
to high values. Zurc, Pišot, &Strojnik (2005)
studied the differences between the genders on the
motor test results of boys and girls aged 6.5. The
sample numbering 138 children was measured
using selected motor tests which cover the
following hypothetical dimensions of motor skills:
movement coordination, speed, strength and
balance. The differences in gender in individual
motor tests were tested using the Student t-test for
independent
samples.
Statistically
significant
differences in relation to gender were noted for all
of the tests: walking backwards through hoops, the
backwards polygon, the standing depth jump, the
triple jump, and the flamingo balance test on a
cylindrical roller which has been positioned lengthwise. The main differences in terms of gender when
dealing
with
motor
performance
can
be
determinedfor coordination and tests of strength,
while in the case of balance and speed the
differences are insignificant. Brunet,Chaput, &
Tremblay(2006) evaluated the physical fitness and
body composition of 1140 children: 591 boys and
549 girls aged 7, 8 and 10. Waist volume was
measured, and the body mass index was calculated
(BMI).The physical fitness test included the
standing depth jump, 1-min speed sit-ups and
speed shuttle running. The relation between BMI
and waist volume was very significant in the case of
both the boys and girls (r= 0.90 and 0.86, P<
0.0001). This study showed that the BMI and waist
volume are inversely proportional to physical
fitness and that these relations are more
pronounced in the case of older children.
Stojanoviüet al.(2006)carried out a study with the
aim of evaluating the influence of anthropometric
characteristics on the manifestation of explosive
strength. The sample consisted of 40 volleyball
players, aged 13, from Niš. The predictor system of
variables
consisted
of
9
anthropometric
measurements, and the criteria of three tests of
explosive leg strength (the standing depth jump,
the standing triple jump and the 20 m run with a
high start). The data were processed by means of a
regression
analysis.
Statistically
significant
coefficients were obtained, which indicated that it is
possible to predict explosive leg strength among
volleyball players aged 13 on the basis of
anthropometric characteristics. Participants with
smaller body mass, smaller upper arm volume and
greater thigh volume will have better results on the
standing depth jump. The regression coefficients
have a negative sign so that the length of the
standing depth jump and body weight, as well as
upper arm volume, are inversely proportional.
Thigh volume is directly proportional to the length
of the depth jump, so the participants with greater
thigh volume will have better results on this test.
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Participants with smaller body weight will have
better results for the standing triple jump (due to
the negative sign) as well as greater thigh volume.
Ivkoviü (2008) used a system of predictor variables
(12 morphological and 12 motor variables) on a
sample of 97 boys, aged 11+/-6 months with the
aim of indicating their influence on the criteria
(variables of explosive strength). He determined a
positive and significant multiple correlation on the
basis of which he concluded that morphological
characteristics and motor skills are significant
predictors of the explosive strength of children.
Balaet al.(2006) in their monograph Measuring and
defining the motor skills of children used a very
large sample of children from Vojvodina to
determine the trend of growth and development of
certain motor skills, among which we defined both
explosive strength and it sensitive periods, where
the AS of the depth jump for the sample of boys
was 124, 5cm and for the girls was 115,7cm. The
obtained results have confirmed the relative growth
trend of the results with age and the differences
between the genders, which increase with age. The
significant influence of primarily endogenic factors
was confirmed, but the influence of egzogenic
factors was also not negligible. On the basis of the
insights into the research carried out to date and
which encompassed the problem of explosive
strength and its manifestations depending on the
predictor, the aim of this research was to determine
the level of the influence of anthropometric
characteristics on the manifestation of the
explosive strength of the horizontal and vertical
jumping ability.
Methods
Sample of participants
The sample of participants was made up of 176
schoolchildren, 91 of whom were boys and 85 of
whom were girls. All of the participants are first
graders in the city of Niš, aged 7 to 8. The schools
were picked at random, and the sample included
participants whose parents gave signed consent for
their children to participate in the study. Consent
was obtained from the parents of children from the
following elementary schools: Sveti Sava; Car
Konstantin and Ratko Vukiüeviü. All of the children
were of sound health on the days during which the
measurings took place. The measurings were
carried out in the facilities of the schools which met
certain criteria, and by a team of doctors, all
specialists in the field of sports medicine,as well as
physical education professors. The sample of
measuring instruments
The predictors
The measuring instruments used to determine
physical characteristics: 1. In order to determine
longitudinal dimensionality, the following tests were
used:body height (AVIST),leg length (ADUNO), arm
length (ADURU); 2. In order to determine the
transversal dimensionality, the following tests were
used: shoulder width (AŠIRA), pelvic width
(AŠIKA), hip width (AŠIKU); 3. In order to
determine circular dimensionality the following
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tests were applied: average thorax volume
(AOGKS), upper arm volume of an extended arm
(AONAD), thigh volume (AOBUT), lower leg volume
(AOPOT); 4. In order to determine subcutaneous
fatty tissue the following test were used: upper arm
skinfolds (AKNNA), back skinfolds (AKNLE),
abdominal skinfolds (AKNTRB), thigh skinfolds
(AKNBU), and lower leg skinfolds (AKNPOT). The
criteria The measuring instruments for used to
determine the jumping ability In order to determine
explosive strength, the following tests were used:
they plyometric jump (MPLS)and the standing
depth jump (MSDM). The determination of
anthropometric measures was carried out in
accordance with the methodology recommended by
the International Biological Program (IBP), Weiner
&Lourie, 1969 (according to Ĉuraškoviü, 2001).
Standard instruments were used, which had been
calibrated prior to use.
Experimental procedure
1. The plyometric jump-MPLS (Nazarenko, 2000).
The aim: measuring the strength of leg extensors
(primarily quadriceps, the gluteus and thigh
hamstrings). Equipment and props: an even floor, a
straight wall on which a measuring tape has been
placed and a vaulting box 30 cm high. The task:
The participants were told to stand next to wall and
raise their right arm so that their middle finger was
positioned on the measuring tape. The individual
measuring noted the reached height.
Then the participants were asked to stand on the
vaulting box, take off from it and swinging their
arms jump upwards and touch the measuring tape
on the wall. Marking: the participants jumped three
times and each jump was noted. The height of the
jump was calculated by subtracting the reach
height from the height of the jump. Note: The take
off from the vaulting box and the landing was on
both feet. The person measuring stood opposite the
measuring tape so that the level reached during the
height was at eye level; 2. The standing depth
jump -MSDM (Kureliü et al., 1975), The aim:
measuring the strength of the leg extensors The
task: The participants were asked to take off on
both feel from a spring board which had been
paced upside down and jump onto a mat, covering
as great a distance as they were able. The landing
was on both feet.
Three jumps were performed. The feet were kept
close together. As preparation for the jump, the
participants were allowed to swing both arms and
lift themselves up on their toes prior to takeoff. The
marking: The length of the jump was noted. The
longest
of
three
jumps
was
taken
into
consideration. The distance is measured in cm.
Equipment and props: a spring board, a mat,
measuring tape. Note: The participant had to be
barefoot. In order to calculate the connection
between physical characteristics and the vertical
and horizontal jump, we used the regression
analysis. The physical characteristics were used as
predictors, and the vertical and horizontal jump as
the criteria.

Results
Table 1 shows the basic statistical indicators of the
anthropometric characteristics of the boys and
girls. By gaining insight into the numeric values of
the Std.Dev. for all four defined spaces, we can
note a significant homogeneity in the case of the
boys and girls in the space of transversal
dimensionality for all three measured variables,
while in the case of the girls that homogeneity was
not as great, especially in the case of the shoulder
width variable (AŠIR).The smallest homogeneity of
the results for the boys and girls was found in the
space
of
skinfolds,
and
the
longitudinal
dimensionality
of
the
skeleton.
Special
heterogeneity was manifested in the skinfolds of
children, both male and female, in favor of the girls
(who showed smaller homogeneity of the results).
Of all the measures of body voluminosity, body
mass proved to be heterogeneous for both
samples.
Table
1.The
descriptive
indicators
of
anthropometric measures of the boys and girls
AVIST
ADUNO
ADURU
AŠIRA
AŠIKA
AŠIKU
AMAST
AOGKS
AONAD
AOBUT
AOPOT
AKNNA
AKNLE
ANNTRB
AKNBU
AKNPOT

Gender Mean
m
129.03
f
127.68
m
70.17
f
70.23
m
53.73
f
53.61
m
28.29
f
28.75
m
20.37
f
20.32
m
21.83
f
21.91
m
30.26
f
29.66
m
63.28
f
63.61
m
19.18
f
19.49
m
38.93
f
39.30
m
27.20
f
27.62
m
12.56
f
12.86
m
9.85
f
10.27
m
10.82
f
12.80
m
17.41
f
19.26
m
15.92
f
14.68

the

Min
Max
Range Std.Dev.
116.80 142.80 26.00
5.35
115.10 142.10 27.00
5.97
61.20 78.20 17.00
3.78
60.50 80.00 19.50
4.20
47.30 59.30 12.00
2.44
34.20 85.20 51.00
4.85
19.80 33.00 13.20
1.76
21.60 72.50 50.90
5.13
17.50 27.00
9.50
1.75
17.00 28.50 11.50
1.68
18.20 26.80
8.60
1.67
17.60 26.20
8.60
1.62
20.00 69.30 49.30
7.51
19.40 47.00 27.60
6.28
54.80 90.50 35.70
6.07
53.00 80.50 27.50
5.92
15.00 29.50 14.50
2.72
15.20 25.20 10.00
2.45
30.60 52.60 22.00
4.87
21.50 53.30 31.80
5.03
22.20 36.30 14.10
2.80
22.50 35.80 13.30
2.79
5.00 45.00 40.00
5.95
4.00 25.00 21.00
4.28
3.00 44.80 41.80
6.93
3.20 34.00 30.80
5.69
2.60 31.40 28.80
7.30
3.20 34.00 30.80
6.96
4.20 40.00 35.80
6.70
5.60 38.00 32.40
7.02
6.00 40.20 34.20
5.94
4.60 46.40 41.80
7.05

Table 2.The descriptive indicators of the jumping
ability of the boys and girls
MPLS
MSDM

Gender Mean
Min
Max
Range Std.Dev.
M
13.64 2.00 29.00 27.00
5.06
F
11.58 1.00 23.00 22.00
5.14
M
112.44 44.00 150.00 136.00
21.41
F
102.68 45.00 150.00 105.00
17.78
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The motor variables of the plyometric jump (MPLS)
manifested almost identical values of the Std.Dev
(m=5.06; f=5.14), which means that this is a
homogenous sample in the case of this measure of
motor space (Table 2). The probability of this
occurrence should be sought for in the fact that all
children at this age are still not sufficiently skilled
for this type of motor task. A somewhat greater
heterogeneity is manifested between the boys and
girls for the depth jump, where it is assumed that
the boys have better explosive strength of the
lower
extremities,
Mean
112.44±21,
when
compared to the girls Mean=102.68±17.78.
Nevertheless, the fact that the minimal and
maximal achieved results for both genders were
almost identical was of great interest.
Table 3. The regression analysis of the plyometric
jump of the boys
R
R Partial Beta Std.Err. t(74)
AVIST
-0.02
0.20 0.43
0.25 1.75
ADUNO
-0.08
-0.17 -0.29
0.19 -1.49
ADURU
-0.04
-0.01 -0.02
0.18 -0.10
AŠIRA
-0.14
-0.03 -0.04
0.13 -0.29
AŠIKA
-0.21
-0.10 -0.11
0.13 -0.85
AŠIKU
-0.34
-0.15 -0.29
0.22 -1.33
AMAST
-0.28
-0.04 -0.07
0.19 -0.37
AOGKS
-0.28
0.07 0.17
0.29 0.58
AONAD
-0.32
0.07 0.19
0.30 0.63
AOBUT
-0.37
-0.19 -0.54
0.32 -1.67
AOPOT
-0.24
0.29 0.65
0.25 2.56
AKNNA
-0.29
0.19 0.32
0.20 1.63
AKNLE
-0.37
-0.12 -0.22
0.21 -1.02
ANNTRB
-0.48
-0.18 -0.39
0.24 -1.62
AKNBU
-0.44
-0.15 -0.25
0.19 -1.31
AKNPOT
-0.34
-0.01 -0.01
0.18 -0.05
(R= .619, R2= .383, F= 2.867, p= .001)

P
0.084
0.140
0.917
0.771
0.395
0.186
0.714
0.566
0.528
0.098
0.002
0.107
0.310
0.110
0.193
0.961

By means of the regression analysis, we obtained
the values of the parameters for the plyometric
jump for the sample of boys and girls (Tables 3, 4).
The connection between the overall system of
anthropometric variables of the boys and the motor
test of the plyometric jump (MPLS) gives us the
multiple correlation coefficient which with a value of
R= .619, which explains the common variability
between the system and criterion variable by
approximately38% (R2 = .383).
The remaining 62% of the explanation of the
overall variability of the motor test can be ascribed
to the other characteristics and abilities of the
participants,
which
were
not
taken
into
consideration during the study, and which primarily
include motor skills (Table 4). The obtained results
offer a statistically significant explanation of the
criterion variable by using the system of
anthropometric measurements at the (p=.001)
level, which enables us to reach the conclusion that
the system has an influence on the obtained
results. A more detailed numeric analysis of the
values of the regression coefficients clearly
indicates that the variables of voluminosity and
skinfolds, direct and inverse, are important for the
prognosis of the results for the variable of the
plyometric jump (MPLS), but are not statistically
significant.
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The only variable which had a statistically
significant influence is the variable for lower leg
volume (AOPOT). By means of the partialization of
the correlation, we also obtained significant
correlations betweenthe predictor and the criterion.
Table 4. The regression analysis of the plyometric
jump of the girls
R
R Partial Beta Std.Err. t(68)
AVIST
-0.15
-0.02 -0.06
0.32 -0.18
ADUNO
-0.08
0.10 0.22
0.27 0.79
ADURU
-0.00
0.05 0.05
0.13 0.40
AŠIRA
-0.16
-0.16 -0.14
0.11 -1.30
AŠIKA
-0.35
-0.21 -0.25
0.14 -1.80
AŠIKU
-0.24
0.15 0.27
0.22 1.22
AMAST
-0.41
-0.21 -0.62
0.36 -1.73
AOGKS
-0.34
-0.06 -0.14
0.28 -0.49
AONAD
-0.29
0.12 0.30
0.31 0.97
AOBUT
-0.21
-0.02 -0.02
0.16 -0.13
AOPOT
-0.29
0.10 0.23
0.27 0.83
AKNNA
-0.32
-0.07 -0.14
0.24 -0.61
AKNLE
-0.33
0.02 0.03
0.21 0.17
ANNTRB
-0.32
-0.07 -0.12
0.22 -0.55
AKNBU
-0.25
0.03 0.05
0.19 0.27
AKNPOT
-0.35
-0.15 -0.20
0.16 -1.25
(R= .561, R2= .315, F= 1.953, p= .030)

P
0.858
0.430
0.690
0.196
0.076
0.226
0.028
0.624
0.337
0.897
0.407
0.545
0.869
0.581
0.785
0.215

Table 5. The regression analysis of the depth jump
of the boys
AVIST
ADUNO
ADURU
AŠIRA
AŠIKA
AŠIKU
AMAST
AOGKS
AONAD
AOBUT
AOPOT
AKNNA
AKNLE
AKNTRB
AKNBU
AKNPOT
(R=.576,

R
R Partial Beta Std.Err. t(74)
P
0.17
0.24 0.54
0.26
2.12 0.037
0.15
0.05 0.09
0.20
0.43 0.667
0.05
-0.18 -0.30
0.19 -1.59 0.116
-0.10
-0.20 -0.24
0.14 -1.75 0.084
-0.13
-0.12 -0.14
0.13 -1.07 0.286
-0.15
-0.09 -0.18
0.22 -0.80 0.426
-0.05
0.11 0.18
0.20
0.92 0.363
-0.14
0.06 0.14
0.30
0.48 0.634
-0.16
0.15 0.40
0.31
1.29 0.202
-0.21
-0.16 -0.46
0.33 -1.38 0.171
-0.12
0.14 0.32
0.26
1.22 0.226
-0.24
0.02 0.03
0.20
0.15 0.883
-0.29
-0.05 -0.10
0.22 -0.47 0.641
-0.30
-0.09 -0.19
0.25 -0.75 0.456
-0.35
-0.27 -0.49
0.20 -2.45 0.017
-0.23
0.11 0.17
0.18
0.92 0.358
R2= .332, F= .308, p= .008)

Table 6. The regression analysis for the depth jump
of the girls
R
R Partial Beta Std.Err. t(67)
AVIST
0.06
0.09 0.23
0.31 0.74
ADUNO
0.07
-0.00 -0.01
0.28 -0.04
ADURU
0.06
-0.01 -0.01
0.13 -0.06
AŠIRA
-0.01
0.01 0.01
0.20 0.07
AŠIKA
0.03
0.02 0.02
0.11 0.16
AŠIKU
-0.19
0.00 0.00
0.14 0.00
AMAST
-0.20
-0.04 -0.06
0.22 -0.29
AOGKS
-0.23
-0.15 -0.43
0.36 -1.21
AONAD
-0.30
-0.08 -0.19
0.29 -0.66
AOBUT
-0.25
0.08 0.21
0.31 0.69
AOPOT
0.08
0.37 0.51
0.16 3.28
AKNNA
-0.20
0.04 0.09
0.27 0.35
AKNLE
-0.32
0.02 0.04
0.24 0.16
AKNTRB
-0.38
-0.09 -0.16
0.20 -0.77
AKNBU
-0.39
-0.17 -0.32
0.22 -1.43
AKNPOT
-0.25
-0.11 -0.17
0.19 -0.87
(R= .588, R2= .346, F= 1.912, p=.001)

P
0.459
0.972
0.949
0.941
0.876
0.997
0.774
0.232
0.510
0.490
0.002
0.730
0.877
0.447
0.156
0.386
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Table 7. A comparison of the parameters found in
previous research and the parameters in the
current study

Gender

AVIST
m
f

AMAST
m
f

Bratiü
Mean
129.03 127.68
et al.
2011 Std.Dev. 5.35 5.97
Ivaniü, Mean
129.40 128.20
1999
Std.Dev
5.10 5.23
BurdukMean
121.00 120.00
iewicz,
2004 Std. Dev 4.67 4.65
Lasanet Std.Dev 128.82
al. 2005
Std.Dev
6.36

30,26
7.51

MSDM
m
f

29,66 112,44 102,68
6.28 21.41

17.78

27.70
6.12

26.70 143.00 131.00
5.91 16.23 13.45

22.96

23.11 114.55 109.49

3.62

3.57 19.53

15.45

-

27.94

- 118.50

-

-

5.24

- 20.90

-

A high inverse influence was determined for
skinfolds in all the measured variables, but with no
statistical significance. For the sample of girls the
regression analysis gave a multiple correlation of
the system with a value of R=.56, by means of
which we obtained a determinant coefficient of 31%
(R²=31). On the basis of these parameters, we can
determine that the connections between the
predictor
variables
of
the
anthropometric
characteristics are different depending on gender. A
somewhat better connection was determined for
the sample of young boys. This occurrence can be
explained by the fact that boys at this age are no
longer included in some physical activities which
require more natural forms of movement such as
jumping, running, throwing, which lead to the
strengthening of the locomotor apparatus and the
realization of explosive strength, especially if we
take into consideration the sensitive period for the
development of this motor skill (Pavloviü, 2010).
The regression analysis of the depth jump variable
(MSDM) for the boys has indicated somewhat
different values of the multiple correlation between
the opposing systems, where the multiple
correlation with a value of R=.576, directly explains
33% of the common variability of the predictor and
criterion. In comparison to the variable of the
plyometricjump, we have a somewhat smaller
connection and a smaller determinant coefficient.
Nevertheless,
of
the
overall
number
of
anthropometric characteristics, only body height
(AVIST) and thigh skinfolds (AKNBU) showed a
statistically significant influence. What we have
here is a case of a direct and indirect
proportionality of the influence of the predictor on
the results for the success for the depth jump, or in
other words, the boys who had greater body height
also had better results for the depth jump,while
thigh skinfolds proved to be negative. By analyzing
the results of the sample of girls, the regression
analysis indicated a higher multiple correlation of
the system with a value of R=.59, which led toa
coefficient of determination of35% (R²=35). Unlike
in the case of the sample of boys, only one variable
from the space of voluminosity had a statistically
significant influence on the manifestation of the
results for the successful performance of the depth
jump.

On the basis of the defined predictor parameters
and their values, we can determine that this motor
test and the results are also the consequence of
uneven values of the anthropometric measures
applied in this study. This result would not be that
surprising if we were to take into consideration the
fact which supports previous opinions regarding
thesensitivity phase of the manifestation of
anthropometric characteristics and the role they
play in the manifestation of explosive strength as
the dominant motor skill. Compared to the research
results of Burdukiewicz (Table 7), our results are
different in terms of body height and body mass,
where the sample from Niš indicated higher values,
on average by 8cm for the boys and 7cm for the
girls. In the case of the sample from Niš, we found
higher values for both sexes, and a significant
heterogeneity was manifested. Comparing the
results with those of Lasanet al.2005 (Table 7),
obtainedon the same population, we can note
almost identical values for the sample of boys.
Once we analyze the results for the depth jump,
our defined sample showed weaker results in the
test performance, especially in the case of the girls.
Our sample from Niš showed almost identical
values for the parameters of body height, when
compared to the results of the research carried out
by Ivaniüa et al. (1999) for both genders. Body
mass had higher values and the greatest difference
was manifested in the case of the depth jump
variable, where the sample from Niš showed
significantly smaller values, on average more than
20cm for both genders. More extensive research
which has been carried out to date included a
population of younger schoolchildren than the one
that this research is based on (Ivaniü 1988;
Ahmetoviü et al. 1990; Ivaniü et al., 1999; Bala et
al., 2006; Oreb et al., 2008). The research
obtained results which reflect a significant
heterogeneity in terms of morphological dimensions
and motor skills, which are different when
compared to the age and gender of the
participants. These differences increase with age,
and are smallest during the ages of 6 and 7, when
it comes to morphological status and certain motor
skills (Ĉuraškoviü, 2001). This research supports
some previous findings from studies which focused
on the influence of morphological dimensions of the
manifestation of explosive strength, but to a
smaller extent (Ivkoviü, 2008; Stojanoviüet al.
2006; Wion et al.2006).Nevertheless, it is
important to note the fact that with age, the
manifestation of explosive strength increases, as do
motor skills, and so we have certain sensibility
periods where it can be influenced to a certain
extent (Kukolj, 1997; Stojiljkoviü, 2003). Explosive
strength, as a type of strength, is a part of motor
space and is susceptible to various influences, both
genotype and phenotype. In addition, it the study
carried out by Kondriþ (2000),it was determined
that a significant bond exists between the
morphological characteristics and motor skills of
elementary schoolchildren aged from 7 to 18,
following a comparison based on age. The
consequences of these results can be ascribed to
the influence of endogenic factors (inherited
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features, gender, endocrine glands) as well as that
of certain egzogenic factors, primarily to the
modern way of life and the decreased level of
activity of children of this age, which spend more of
their time in a passive state.Insufficient physical
activity has an effect on the proper growth,
development and maturity of a young body as a
unified bio-psychological personality.
Conclusion
The results that were obtained by processing the
data collected from our sample of boys and girls
from Niš have confirmed some previous findings
which treated the problem of the influence of and
connection between anthropometric characteristics
and the results for the successful performance of
motor movements in the space of explosive
strength (Zurc et al., 2005; Wion et al., 2006; Bala
et al., 2006; Ružbarska, 2007; Holm et al., 2008).
The results that we obtained and processed speak
in favour of the fact regarding the significant
connection between morphological dimensions and
the variables of explosive strength. These
connections differ depending on the age and gender
of the participants involved in the testing. When we
refer to gender, it is important to note that we have
various results which speak in favour of the

unequal manifestation of explosive strength. This is
a result of the fact that explosive strength is under
the influence of the mechanism for energy
regulation (excitation intensity) and is highly
genetically conditioned (over 95%), and thus is
independent in its hypothetical space. Fatty tissue
usually has a negative influence on it, especially in
the case of participants from this age group, since
children at this age find it much more difficult to
performed a movement (jump) if they have greater
body mass, which acts as an obstacle. Despite the
great genetic influence on the manifestation of
explosive strength, better test results were mainly
obtained for the standing depth jump and the
plyometric high jump in the case of participants
with smaller values of body mass, smaller upper
arm volume and greater thigh volume.
The regression coefficients have negative signs so
that the relationship between the length of the
standing depth jump and body weight, as well as
upper arm volume, is inversely proportional. In
addition to an exceptionally high influence of
endogenic factors on the manifestations and status
of morphological dimensions, a significant influence
is
manifested
by
egzogenic
factors:
the
environment, socio-economic status, state of health
and physical (in)activity.

References
Ahmetoviü, Z., Pavloviü, D., & Popmihajlov, D. (1990). Fiziþki razvoj i fiziþke sposobnosti stanovnika
Vojvodine [The physical development and physical abilities of the population of Vojvodina. In Serbian.].
Novi Sad: Zavod za fiziþku kulturu Vojvodine.
Bala, G., Stojanoviü, Mi., & Stojanoviü, Ma. (2006). Merenje i definisanje motoriþkih sposobnosti dece [The
measuring and definition of the motor skills of children. In Serbian.]. Noviad: Fakultet sporta i fiziþkog
vaspitanja.
Biskanaki, F., Panagiotou, A.K., Papadopoulou, S.K., Spiridou, N.G., Gallos, G.K., Gill, J., et al. (2004). The
effect of sex and obesity on specific motor skills of Greek children aged 8 years old Pakistan. J.Med Res,
43(3), 99-103.
Brunet, M., Chaput, J.P., & Tremblay, A. (2007). The association between low physical fitness and high body
mass index or waist circumference is increasing with age in children: the 'Québec en Forme' Project. Int J
Obes (Lond), 31(4), 637-643.
Burdukewicz, A. (2004). Sex differentiation of morphological and motor features in children and youth.
Human Movement, 5(1), 27-34.
Holm, I., Fredriksen, P.M., Fosdahl, M., & Vollestad, N. (2008). A normative sample of isotonic and isokinetic
muscle strength measurements in children 7 to 12 years of age. Acta Paediatrica, 97(5), 602-607.
Ĉuraškoviü, R. (2001). Biologija razvoja þoveka sa medicinom sporta–praktikum [The biology of human
development along with sports medicine – a handbook. In Serbian.]. Niš: SVEN.
Ivkoviü, I. (2008). The impact of morphological and motor dimension on explosive strength of boys aged 1112. Acta Kinesiologica 2(1), 85-89.
Ivaniü, S. (1988). Istraživanje fiziþkog razvoja, fiziþkih i funkcionalnih sposobnosti dece i omladine SR Srbije
uzrasta od 7-15 godina [The study of the physical development, physical and functional abilities of
children and the young of Serbia, ages 7 to 15. In Serbian.]. Beograd: JZFK.
Ivaniü, S., & Ivaniü, V. (1999). Predselekcija-kriterijumi i norme za odreÿivanje predispozicija dece i
omladine za vrhunska sportska dostignuüa [The pre-selection of the criteria and norms for determining
the predispositions of children and the young for top sports results. In Serbian.]. Beograd:
Republiþkizavodza sport Beograd.
Kondriþ, M. (2000). Promjene odnosa izmeÿu nekih antropometrijskih osobina i motoriþkih sposobnosti
uþenika od 7. do 18. godine [The changes in the relationship between certain anthropometric
characteristics and motor skills of school children ages 7 to 18. In Croatian.]. /Disetracija/. Zagreb:
Fakultet za fiziþku kulturu.
Kureliü, N., Momiroviü, K., Stojanoviü, M., Šturm, J., Radojeviü, Ĉ., & Viskiü-Štalec, N. (1975). Struktura i
razvoj motoriþkih dimenzija omladine [The structure and development of morphological and motor
dimensions of young people. In Serbian.]. Beograd: Institut – FFK.
18

Bratiđ,M.etal.:Anthropometriccharacteristics–thedeterminantsofvertical…ActaKinesiologica6(2012)2:13Ͳ19
Lasan, M., Pažanin, R., Pejþiü, A., & Katiü, R. (2005). The mechanisms of morphological-motor functioning in
male primary school first-to fourth-graders. Kinesiologia Slovenica, 11(2), 25-32.
Oreb, G., Zoviü, M., & Mareliü, N. (2008). Evaluation of the results assessing motor abilities of boys and girls
aged 11-14 during selection in rowing. Acta Kinesiologica, 2(1), 47-51.
Ružbarska, I., & Turek, M. (2007). Hierarchy analysis of motor abilities at primary school
children.Nadjenosawww. sportkinetics2007.com/Data/Ruzbarska.doc.
Stojanoviü, T., Nikoliü, M., & Nešiü, G. (2006). Uticaj antropometrijskih karakteristika na manifestaciju
eksplozivne snage kod odbojkaša uzrasta 13 godina [The influence of anthropometric characteristics on
the manifestation of explosive strength of volleyball players aged 13 In Serbian.]. Acta Medica Medianae,
45(2), 53-57.
Šimek-Šalaj, S., Milanoviü, D., & Jukiü, I. (2007). The effects of proprioceptive training on jumping and
agility performance. Kinesiology, 39(2), 131-141.
Temfemo, A., Hugues, J., Chardon, K., Mandengue, S-H., & Ahmadi, S. (2009). Relationship between vertical
jumping performance and anthropometric characteristics during growth in boys and girls. Eur J Pediatr,
168, 457-464.
Zurc, J., Pišot, R., & Stojnik, V. (2005). Gender differences in motor performance in 6.5 year-old children.
Kinesiologia Slovenica, 11(1), 90-104.
Wyon, M., Allen, N., Angioi, M., Nevill, A., & Twitchett, E. (2006). Anthropometric factors affecting vertical
jump height in ballet dancers. Journal of dance medicine & Science, 10(3&4), 106-110.

ANTROPOMETRIJSKE ZNAýAJKE – ODREDNICE SPOSOBNOSTI VERTIKALNOG
I HORIZONTALNOG SKOKA
Sažetak
Svaki aspekt sporta integrira u sebi odreÿene ljudske antropološke dimenzije. Koja dimenzija üe biti
dominantna u odreÿenoj fiziþkoj aktivnosti, ili sportu, ovisi o prirodi sporta, kao i oprirodu motoriþkih
zadataka koji se ostvaruju. Jako þesto su teme istraživanja u antropološkom prostoru morfološke dimenzije,
kao i antropometrijske karakteristike koje su definirane kao prediktori razliþitih motoriþkih manifestacija. Te
manifestacije mogu ukljuþiti sve segmente motoriþkog prostora. U ovom radu üemo definirati segment
eksplozivne snage (horizontalna i vertikalna sposobnost skoka) u sluþaju djeþaka i djevojþica, prvog razreda
OŠ, s ciljem utvrÿivanja utjecaja manifestnih antropometrijskih karakteristika, kao determinanti vertikalne i
horizontalne sposobnosti skakanja djece.
Kljuþne rijeþi: djeþaci, djevojþice, pliometrijski skok, skok u dubinu
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Abstract
With this research we wanted to establish whether there is a significant influence of some primary motor
abilities on the prediction of success in mastering and performing a basic sport movement called bunny hops
on floor. The sample of examinees consisted of (n=97) boys and (n=92) girls of the primary Catholic school
centre „Saint Franjo“ in Tuzla and their grades range from 1st to 9th, aged between 6 and 15. The sample of
predictor variables consisted of the 14-test battery for the estimation of motor abilities. The criteria variable
is bunny hop on 9 meters (s). Relations between motor indicators and mark efficiency in executing the
situation dynamic stereotype are analysed by the regression analysis. Variable polygon backward has the
greatest positive statistically significant influence on preformance, and the reason for it is in the fact that the
co-ordination of whole-body movements is in a direct correlation boys (r: 0.625, p<0.01) and girls (r:
0.690, p<0.01) because it has a similar structure movements with the efficiency of the bunny hop
performance on the floor. The results of regression analysis predictor system variables explained (boys R
.731; girls R .778) of common variance with the criterion, while the correlation of the entire system of
predictor variables with the criterion, coefficient of multiple correlation is (boys R2; .534; girls R2; .605).
Keywords: motor abilities, bunny hop, basic sport movement, artistic gymnastic, selection
Introduction
The bunny hop is basic sport movement which is
used like preparation exercises with primarly
function for learning artistic gymnastic movements,
and also in other sports tachniqes movements. As
well it is elementary physical drill in recreation,
including educational and professional sports.
Bunny hop it's not the gymnastic element from
Code of Points (CoP) of the Federation International
of Gymnastics (FIG, 2009). It is a basic gymnastic
movment that gymnasts learn through the learning
process of “complex” gymnastics movment especially vault elements. The importance of basic
sport movement bunny hop (BH) is reflected in the
fact that this hop or jump which is performed on
the ground in its structure has five stages (taking
off, first flight phase, taking weight on hands,
second flight phase, two-footed landing), that is
1/7 of the element on gymnastics vault. Out of
seven stages of vault jump (Prassas, 2002; ýuk &
Karácsony, 2004; Ferkolj, 2010; Atikoviü &
Smajloviü, 2011) the BH we can use it as a warmup and easier way of learning elements of jump in
an analytical method which is most commonly used
while learning gymnastics elements like these. BH
are one of the most important sport movement in
gymnastics on the vault (Begatoviü et al., 2010).
This authors also did muscle - functional analysis of
movment BH and with the help metode (Hay &
Reid, 1982) found that the muscle groups and
muscles are dominant in all five phases out the
hop. Action of muscles can be presented in three
main
ways
of
muscle
activity:
concentric
contraction, ecscentric and isometric. During the
performance BH the most important role is played
by a BH following muscle groups: neck, shoulder,
wrist, back, thigh and ankle.
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The problem of selection is fairly complex process
for artistic gymnastics, in which is necessary for
every element (Veliþkoviü, 1998). Many authors
(Peltenburg et al., 1982; ýuk & Novak, 1985;
Todorovski, 1998; Arkaev et al., 2003; FIG, 2003)
state that, in artistic gymnastics, coordination and
strength, among others, have the most important
role. This is understandable bearing in mind that
this sport is classified in the group of polystructural,
conventional sports models in which core cocoordinating complex motions are derived in
accordance with certain aesthetic criteria. For this
reason, coordination abilities and a very important
criterion when selecting candidates for artistic
gymnastics. Elite gymnasts are short in stature,
light, and possess high levels of strength, power,
flexibility and agility (Bale & Goodway, 1990;
Prescott, 1999; Sands et al., 2003).
These „ideal“ anthropometric characteristics and
physical prerequisites for gymnastics underlie the
talent identification process (Petiot et al., 1987;
Jordanov et al., 1987; ýuk & Mešl, 1990; Pauole et
al., 2000; ýuk & Novak, 1985; ýuk et al., 1992).
Considerable variability exists in the ability of
talent-selected
gymnasts
to
perform
each
apparatus. Agility, as well as, leg strength, power
and speed are believed to be important physical
components necessary for successful performance
in many sports and recreational activities. The main
problem that arises is the unequal position on how
to obtain reliable information related to the quality
of information obtained after testing. However, the
identification of talent is only the first stage of a
continuous process of development through which
sporting excellence may be realised.
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The contribution of talent identification to the
attainment of excellence in Men's Artistic
Gymnastics has yet to be conclusively determined.
Moreover, as a result of the lack of longitudinal
research in this area, the impact of growth and
maturation upon the development of talent
characteristicsin the young female gymnast is not
fully understood. In terms of training, the main
changes can be seen in the more systematic
approach to selecting gymnasts. In the Sokol
times, competitors were selected exclusively on the
basis of their competition results whereas these
days children are admitted to training gymnastics
on the basis of their physical characteristics and
mobility abilities at the age of six years ýuk &
Novak (1985). Group authors (ýuk et al., 1992) in
article presented five years experiences using
computer-aided selection of gifted children for male
and female gymnastics and rhytmic gymnastics.
ýuk et al. (2007) carried out measurements of 40
top gymnasts. They analysis of identical variables
has shown that there is no difference in body
height and weight of the gymnasts in 1933 and
those in 2000, while there is a significant difference
in the width of their shoulders and pelvis, the
contemporary athletes being wider in their
shoulders and narrower in their pelvis. In their
research (Kostiü et al., 2009) was to determine the
nature of the relation between the anthropometric
characteristics and coordination skills on a sample
of girls and boys. A multivariate analysis of
variance showed that there is a statistically
significant difference between the coordination
skills of the boys and girls. There is no statistically
significant connection between the anthropometric
characteristics and coordination skills for the
sample of boys, while there is one for the girls.
Arkaev & Suchilin (2003) also sets the theoretical
model of success of top gymnasts. Muscular
strength, agility, speed-strength and special
properties of durability have meticulous importance
for the prognosis of success. The most important
coordination abilities of gymnasts are: the ability to
analyze certain individual elements of the
movement and control them in time and space in
terms of their manifestation in complex conditions.
Todorovski (1998) explains success in artistic
gymnastics as a theoretical, graphical, and for the
first time, a mathematical model. Coordination,
sectional speed, mobility of shoulders, hips and
spine, explosive leg strength, running speed, grip
strength, static strength of flexor trunk, repetitive
leg strength and flexor trunk primarily have
significant relation with success in artistic
gymnastics. In researched Veliþkoviü (1998) the
value to be gotten from the application of all the
implemented coordination tests up to that time
(19) which are in use for the selection of gymnasts,
on a sample consisting of 228 seven year-old boys.
The author determined the metric characteristics of
all 19 tests and on the basis of the research results
proposed a set of 8 measuring instruments for the
determination of coordination skills. On the basis of
the obtained results, he proposed a reduced set of
4 instruments used for measuring coordination skill
to be used in practice.

Bearing on the results from authors Stankoviü &
Malacko (2011) the biggest impact on the individual
variables of body coordination have the motor
variables of foot tapping on the wall, standing long
jump, throwing a medicine ball by lying flat and
running 20 m from a high start, and on the
coordination of arms and legs variables of running
20 m from a high start, sit-ups and back
extensions. Morphologyl and motor abilities have a
major influence in the development and expression
of co-ordination abilities of boys of this age.
Problem and aim
The main problem of this study was to determine
whether some some basic motor abilities may be
desirable or limiting for the process of learning and
acquisition of BH itself. The aim of this study was to
establish motor abilities which lead to the more
successful performance of the test "bunny hop" on
the 9 meters, that is, it is necessary to determine
the significance and relative size of the effect of the
variable of motor abilities on one-dimensional
criterion defined as success in performance of
movement BH.
Methods
Physical fitness tests was measured using the
EUROFIT test battery (Adam et al., 1988). This
battery consists of several tests which measure the
basic motor capacity of the subjects. All tests were
performed in the under standardized conditions. For
measuring bunny hop distance (cm) and speed
passage at 9 meters we used BTS - Wireless Sprint
System. Times accurate to 1/100th of a second. To
measure the characteristics of hop we used the
laser system Optojump length of 2 meters.
Optojump has high values of reliability, time series
are measured in 1/1000th second. Optojump we
measure the following variables: time of flight
phase (s), height of jump (cm). Data obtained in
this study were analyzed using a software system
for multivariate and univariate data analysis SPSS
17.0 (SPSS Inc, Chicago, USA) data processing was
performed at the Faculty of Physical Education and
Sport of Tuzla, University of Tuzla. We used
standard statistical procedures to determine the
following basic parameters and variables. By
regression analysis we will try to determine
whether the BH is dependent on some motor
abilities and that those who have most influence on
speed of hop. We calculate basic descriptive
statistics for all variables: n – no. of performances;
R – range; M – mean; SD – standard deviation;
Skew., Kurt. – coefficients of skewness and
kurtosis; KS test – the results of the KolmogorovSmirnov test for normality of distributions with
(p<0.05). Relations between applied variables of
the (motor abilities) were done by matrix of
correlation variables. Estimation of the impact of
the system of motor variables (as the system of
predictor variables) on particular variable of BH 9 m
(s) was done by regression analysis. The
examinees’ sample this research is carried out on
the sample of (n= 97) boys and (n=92) girls
examinees.
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Figure 1: Changes in body position during the performance of bunny hop (1-5 stages)

Table 1. Measuring procedures for data collection using the sports - educational chart, their abbreviations
and the dimensions they represent
Abbreviation
PT
LT
SR
SF
TMB
SUP
LT
SJ
SVJ
SBJ
BJD
BAH
PB
BJS
BJF

Motor Dimension and Variable
Speed of movement
Plate tapping in 20 seconds (frequency)
Leg tapping in 15 seconds (frequency)
Flexibility

Hypothetical dimension measured
Speed and the coordination of limb movement
Speed of alternate movements with the leg
Flexibility of the lower back and hamstring
muscles
Flexibility of the shoulder zone

Sit and reach (mm)
Shoulder flexibility (mm)
Strength
Medicine ball throwing from siting position 2 kg (cm)
Sit-ups in 60 seconds (frequency)
Lifting a torso from lying postion maximum repetation
(frequency)
Squat jump (time of flight phase) Opto Jump (seconds)
Standing vertical jump (cm)
Standing broad jump (cm)
Bunny jump distance (cm)

Muscular strenght of arms and shoulders
Strenght of the trunk muscules
Strength of abdominal muscles
Explosive strength
Explosive strength
Muscular strenght of the legs
Muscular strenght of the legs
Muscular endurance of the shoulder girdle and
arms

Bent arm hang (seconds)
Coordination of movment
Polygon backwards (seconds)
Bunny hop 9 meters (seconds)
Bunny hop 9 meters (frequency)

Co-ordination of whole-body movements
Co-ordination of whole-body movements
Co-ordination of whole-body movements

Table 2. Basic descriptive statistics for all variables; the results of the Kolmogorov- Smirnov
normality of distributions KS test with (p<0.05)
Variable

R

X±SD

Skew.

Kurt.

test for

KS test

Gender

Boys
(n=97)

Girls
(n=92)

Boys
(n=97)

Girls
(n=92)

Plate tapping (f/20 s)

12-47

10-44

29.61±7.31

29.52±7.49

-.29

-.40

-.42

-.17

.81

.87

Leg tapping (f/15 s)

10-22

13-25

16.67±2.46

17.32±2.23

-.27

.67

-.14

.93

.95

1.34

Sit and reach (mm)

Boys Girls Boys Girls
Boys
(n=97) (n=92) (n=97) (n=92) (n=97)

Girls
(n=92)

40-280

80-280

148.61±58.13

194.51±44.47

.04

-.43

-.83

-.12

.95

.80

470-1200

560-1080

854.23±135.26

796.74±118.20

.02

.12

-.25

-.19

.67

.62

Sit-ups (f/60 sec)

4-55

6-57

32.90±10.54

31.40±9.10

-.07

-.13

-.30

.34

.58

.79

Lifting a torso (f)

3-71

4-53

25.62±12.49

24.60±10.70

1.08

.37

1.78

-.12

1.34

1.07

Shoulder flexibility (mm)

Polygon backwards (s)

10.6-67.6

11.5-60.4

27.7±11.7

28.5.±10.4

.84

.72

.63

.09

.86

1.08

Sargent vertical jump (cm)

7-48

12-42

22.72±7.96

23.39±6.41

.71

.41

.37

-.48

1.21

.99

Standing broad jump (cm)

62-193

58-178

123.46±28.66

117.08±26.42

.30

.20

-.42

-.46

.99

.60

.227-.527

.214-459

.357±.054

.352±.053

.09

-.16

.39

-.60

.61

.57

Bunny jump (cm)

50-136

52-125

82.02±18.60

82.23±15.00

.51

.47

.54

.38

.84

.68

Bent arm hang (s)

1-78

1-57

17.79±19.74

15.56±14.14

1.47

1.43

1.29

1.26

2.02*

1.96*

Squat jump (s)

Medicine ball throwing 2 kg (cm)

80-688

95-410

271.42±117.90

239.35±81.65

.95

.24

.99

-.97

1.44*

1.14

Bunny hop 9m (s)

3.45-30.00

2.77-24.45

8.28±4.25

13.88±4.18

2.09

1.53

6.96

2.15

1.33

1.88*

Bunny hop 9m (f)

6-20

6-23

11.68±3.49

8.73±3.49

.39

.83

-.59

.21

1.15

1.37*

Legend: N – no. of performances; R – range; Min, Max – lowest and highest value; M – mean; SD – standard deviation; Skew., Kurt. – coefficients of
skewness and kurtosis; KS test – Kolmogorov Smirnov test normality of the distribution; (*p) KS test- Significance at the p<0.05 level (2-tailed).
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Table 3. Correlation between bunny hop and basic motor abilities boys (n=97)
Variable
PT
LT
SR
SF
SUP
LT
PB
SVJ
SBJ
SJ
BJD
BAH
TMB
BJS

PT
1

LT
.792**
1

SR
-.128
.000
1

SF
.202*
.056
-.234*
1

SUP
.589**
.545**
-.035
.030
1

LT
.505**
.459**
-.099
.128
.546**
1

PB
SVJ
SBJ
SJ
BJD
BAH
TMB
-.427** .596** .694** .546** .576** .325** .765**
-.474** .550** .669** .529** .546** .446** .640**
-.043
-.159
-.062
-.020
-.050
.069
-.127
.023
.114
.113
.012
.156
-.085
.176
-.503** .601** .673** .686** .501** .527** .498**
-.405** .485** .497** .456** .221* .292** .387**
1
-.505** -.645** -.612** -.459** -.571** -.434**
1
.750** .720** .487** .478** .726**
1
.708** .642** .518** .736**
1
.480** .539** .611**
1
.364** .604**
1
.344**
1

BJS
-.276**
-.358**
.008
-.111
-.527**
-.390**
.625**
-.437**
-.517**
-.549**
-.392**
-.424**
-.311**
1

BJF
-.288**
-.331**
-.060
-.105
-.469**
-.345**
.597**
-.486**
-.537**
-.504**
-.402**
-.484**
-.388**
.814**

BJF

1
Legend: Correlation is significant at the **( p<0.01 level) and *( p<0.05 level) 2-tailed.

Table 4. Correlation between bunny hop and basic motor abilities girls (n=92)
Variable
PT
LT
SR
SF

PT

LT

SR

SF

SUP

LT

PB

SVJ

SBJ

SJ

BJD

BAH

TMB

BJS

BJF

1

.746**

.187

.158

.496**

.546**

-.500**

.622**

.659**

.632**

.423**

.176

.737**

-.496**

-.484**

1

.141

.163

.451**

.474**

-.499**

.578**

.633**

.538**

.447**

.162

.628**

-.481**

-.439**

1

.029

.138

.065

-.315**

.198

.290**

.188

.198

-.002

.253*

-.293**

-.222*

*

1

SUP

.259
1

LT
PB

*

.034

.006

.080

.111

.175

.179

-.024

.249

-.058

-.046

.534**

-.456**

.502**

.574**

.550**

.457**

.343**

.538**

-.488**

-.514**

1

-.373**

.513**

.482**

.507**

.317**

.404**

.482**

-.528**

-.518**

**

**

**

**

**

**

**

.720**

**

-.593**

1

SVJ

-.616
1

SBJ

-.561
.725
1

**

-.614
.759

**

-.483
.482

**

-.305
.285

**

-.484
.715

**

.690

-.616

.725**

.556**

.238*

.697**

-.531**

-.525**

1

.466**

.360**

.591**

-.620**

-.657**

**

-.423

**

-.471**

-.275

**

-.287**

-.503

**

-.495**

SJ
BJD

1

BAH

.153
1

.465

.089

TMB

1

BJS

1

BJF

.863**
1

Legend: Correlation is significant at the **( p<0.01 level) and *( p<0.05 level) 2-tailed.

Table 5. Multiple linear regression analysis for the dependent var.between bunny hop and individual variables
Gender
Age
Variable
Plate tapping (f/20 s)
Leg tapping (f/15 s)
Sit and reach (mm)
Shoulder flexibility (mm)
Sit-ups (f/60 s)
Lifting a torso (f)
Polygon backwards (s)
Sargent vertical jump (cm)
Standing broad jump (cm)
Squat jump (s)
Bunny hop (cm)
Bent arm hang (s)
Medicine ball throwing 2 kg
R
2
R
F
p

Boys
Girls
6-8 year
ȕ
.196
.092
.141
-.495
-.084
-.177
-.247
-.244
-.002
-.009
.009
-.245
.125
.132
-.161
-.291
-.242
-.015
-.203
.309
.052
-.154
-.304
.086
.050
.373
.617
.841
380
.706
.944
1.547
.531
.258

Boys
Girls
9-11 year
ȕ
.119
-.239
-.088
.021
.080
-.248
-.353
.134
-.504
-.130
.174
-.140
.812*
.236
-.023
-.465
-.312
.494
.255
-.959
.340
-.124
.118
.160
-.021
-.152
.818
.815
.670
.664
2.964
2.961
.016*
.012*

Boys
Girls
12-14 year
ȕ
-.303
.063
.459*
-.049
.234
.205
.211
-.011
-.264
-.241
-.118
-.197
1.053*
.743*
-.106
.182
.225
-.051
.206
1.000
-.158
-.081
.060
.297
.143
.186
.873
.832
.761
.692
3.929
2.730
.006*
.026*

Boys
Girls
6-14 year
ȕ
.186
.070
.018
-.054
-.035
-.109
-.163*
.003
-.187
-.063
-.069
-.247*
.383*
.411*
-.048
-.131
-.198
.110
-.145
-.188
.017
-.014
-.011
.050
.038
-.013
.731
.778
.534
.605
7.311
9.020
.000*
.000*

Legend: Beta (ȕ) - individual impact of each standardized predictor variable on the criterion variable, *p - the set level of
statistical significance of each predictor variable's impact on the criterion variable p<0.05-0.00; Ro2 - multiple correlation
squared, or the predictor variables' total system variance; R - multiple correlations of the whole system of predictor variables
with the criterion variable; F - testing of significance by means of F-ratios, *p - the set of statistical significance of the impact of
the whole system of predictor variables on the criterion variable p<0.05.

23

Begatoviđ,E.etal.:Influenceofsomebasicmotorabilitiesontheperformance…ActaKinesiologica6(2012)2:20Ͳ26
They are healthy pupils randomly selected, aged
from 6 – 15 who regularly attended their PE lessons
and who do not have any physical disabilities or
injuries that could affect the results of this
research. All of the examinees are pupils of the
primary school „Saint Franjo“ in Tuzla and their
grades range from 1st to 9th. It is also important to
emphasize that the prerequisites for their PE
lessons at school were optimal. Measurements were
carried out on PE classes in the morning shift from
9-12 hours, in the months of March, April and May
2011, the school year. All measurements were
carried out in a sports hall. Test points were
provided the necessary equipment instruments
tested the same quality. The order of measurement
was always the same. All kids who participated in
this study were subjected to testing under the
same conditions. The instruments were calibrated
and the standard of each day prior to
measurements. All measurements were carried out
by two professors of PE and Sport, two teachers of
PE and Sport, with the help of students 4 years of
the Faculty of PE and Sport of University of Tuzla
who were trained to assist in the investigation. In
the
research
methods
were
used,
oral,
demonstrations, analytical methods, synthetic, and
practical methods combined. Measurements were
performed small gruops at between 13 to 15 kids in
the each class. At each workplace measured one
timekeeper and one secretary. The sample of
varijable consisted of the variables that estimate
motor abilities and from the variables of gymnastics
skills. On the occasion of the experience of other
motor tests that were available to us in physical
education and sports (Claessens & Lefevre, 1998;
Katiü et al., 2002; Miletiü et al., 2004; Veliþkoviü &
Petroviü, 2005; Delaš Kalinski et al., 2011; Delaš
Kalinski et al., 2008, Bonacin et al., 2011).
Results and Discusion
Based on the analysis of test results test bunny hop
(Begatoviü et al, 2010) created the new composite
test which is a situational test that proved to be a
suitable measuring instrument for further use in
practice in the selection for artistic gymnastics,
especially on the vault. The test proved high level
of reliability (Begatoviü et al., 2010) Cronbachcs
alpha (Į=.927). With analysis of gymnastic
movements bunny jumps forward element has its
primary goal in establishing the dominant motor
abilities the performance of the selected movment.
Based on the functional - anatomic analysis enabled
the selection of exercises that will prepare trainees
for the proper physical performance of the selected
movement. Descriptive statistics and Kolmogorov
Smirnov test show all variables except bent arm
hang – girls and boys, medicine ball throwing 2 kg
- boys, bunny hop 9m (s) - girls, bunny hop 9m (f)
are normal. Higher values lifting a torso (f), bent
arm hang boys and girls (s), bunny hop 9m (s) girls, bunny hop 9m (f) - boys kurtosis and
skewnes are by what causes this variable hasn't
normal distribution probably because randomly
selected and because this element have not had the
opportunity to continue to practice on classes in
24

school. In the correlations matrix (Table 3) criterion
variable from the BH (s) effectuated statistically
significant correlation with free variables: bunny
hop 9m (f) (r: 0.814, p<0.01), polygon backwards
(s) (r: 0.625, p<0.01), sqaut jump (cm) (r: -0.549,
p<0.01), sit-ups (f/60 sec) (r: -0.527, p<0.01),
and standing broad jump (cm)
(r: -0.517,
p<0.01). In the correlations matrix (Table 4)
criterion variable from the BH (s) effectuated
statistically
significant
correlation
with
free
variables: bunny hop 9m (f) (r: 0.863, p<0.01),
polygon backwards (s) (r: 0.690, p<0.01), sqaut
jump (cm) (r: -0.620, p<0.01) and sargent vertical
jump (cm) (r: -0.616, p<0.01). The reason for the
high relation between BH (s) and BH (f) is that
children who performed smaller number of jumps
for a shorter period of time quickly perform a task.
Results of all six regression analysis of the criterion
variable BH (s) (Table 5), provide enough
information
about
the
effects
of
the
appropriateness of the variables on the success of
the performance bunny hop on 9 m (s). Common of
variance is between (R: 0.73-0.87) with the
criterion is explained with the predictor system of
variables, while the correlation of the entire
system, the predictor variables with the criterion,
coefficient of multiple correlation is between (Ro2:
0.53-0.76). The analysis of individual variables
impact in (Table 5) showed that the highest and
statistically most important influence of the criteria
variables from the BH 9m (s) are with the following
individual variables bos and girls 6-14 years:
polygon backwards boys (ǃ: 0.383, p<0.001) and
girls (ǃ: 0.411, p<0.001) boys shoulder flexibility
(mm) (ǃ: -.163, p<0.001) and lifting a torso (f)
(ǃ: -0.247, p<0.001). The following group of motor
variables were chosen to assess the basic motor
abilities identified in previous studies as relevant for
the successful performance of motor skills among
6-14 years old children (Delaš Kalinski et al., 2011)
psychomotorhythmic
coordination,
strength
(explosive, repetitive and static), and flexibility.
Explained that for the successful performance of BH
this exercise has the maximum coordination of all
body because its open kinetic chain and where the
movements of upper and lower extremities
replacment very high speed but all the body. Based
on the data thus obtained by the respondents who
have had better results in polygon backwards,
shoulder flexibility and
lifting a torso can be
concluded that they showed in most cases and
better results in the mentioned hop. The value of
the results of this study is limited by a number of
restrictive factors. As with all studies of this type,
the value of the results of course depends on the
representativeness of the sample of entities and
variables. The possibility for generalization of the
result is limited only to a hypothetical population
sample of respondents, that is, it does not have
universal value for the selection, but on the other
hand it can be a good indicator in the selection of
children. Most gymnastics schools possess their
own methods and their own batteries of measuring
instruments
which
provide
the
necessary
information about the motorical abilities of the
candidates. Although there are some certain
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overlaps, differences are apparent both in the
treatment of certain motor abilities, as well as in
the implementation of measuring instruments for
their diagnosis.
Conclusion
In this paper we establish which motor abilities lead
to the more successful performance of the test
“bunny hop”. There is a relatively strong
relationship between several motoric variables and

performance in a sample bunny hop. Having
analyzed the received results, we came to the
conclusion that boys and girls who have had better
results in motor abilities polygon backward (coordination of whole-body movements) can quickly
and perform better bunny hop. Explained that for
the successful performance of bunny hop this
exercise has the maximum co-ordination of all body
because its open kinetic chain and where the
movements of upper and lower extremities
replacement very high speed but all the body.
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UTJECAJ NEKIH MOTORIýKIH SPOSOBNOSTI NA IZVEDBU ZEýJEG SKOKA
Sažetak
U ovom istraživanju željeli smo utvrditi postoji li znaþajan utjecaj nekih motoriþkih sposobnosti na
predviÿanje uspjeha u savladavanju i obavljanju pokreta pod nazivom zeþji skok. Uzorak ispitanika þinili su
uþenici (n=97) i uþenice (n=92) osnovne škole Katoliþki školski centar „Sveti Franjo“ iz Tuzle, od 1 do 9
razreda osnovnoškolskog obrazovanja, uzrasta od 6 do 15 godina. Uzorak prediktorskih varijabli sastojao se
od 14 testova za procjenu motoriþkih sposobnosti. Kriterijsku varijablu predstavljali su zeþji skokovi naprijed
na 9 metara (s). Odnosi izmeÿu motoriþkih pokazatelja i analize uþinkovitosti u izvršavanju dinamiþkog
stereotipa analizirane su uz pomoü regresijske analize. Varijabila poligon natraške ima najveüi pozitivni
statistiþki znaþajan utjecaj na izvedbu, a razlog za to ogleda se u þinjenici da je koordinacija pokreta cijelog
tijela u izravnoj korelaciji sa izvedbom kod uþenika (r: 0.625, p<0.01) i uþenica (r: 0.690, p <0.01) jer ima
sliþnu strukturu pokreta s izvedbom zeþjeg skoka na tlu. Rezultati regresijske analize sustava prediktorskih
varijabli objasnili su (uþenici R=0.731; uþenice R=0.778) zajedniþki dio varijance s kriterijem, dok je
korelacija cijelog sustava prediktorskih varijabli s kriterijem, odnosno koeficijent multiple korelacije iznosio
(uþenici R2=0.534, uþenice R2=0.605).
Kljuþne rijeþi: motoriþke sposobnosti, zeþji skok, osnovni motoriþki pokreti, sportska gimnastika, selekcija
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Abstract
INTRODUCTION: The regular posture of children and youth is nowadays, in a global sense, a great challenge.
AIM: The goal of the current research was to make an assessment of the postural status of the high school
children, both male and female, and determine the frequency of the postural deformities in the sagittal
plane, i.e., the frequency of kyphotic, lordotic, and kypho-lordotic bad body posture, as well as if there is a
statistically significant difference with the determined deformities regarding the sports activities and the sex
of the subjects. METHODS: The data of the postural status were achieved within the research project
OI179024, funded by the Ministry of Education and Science of the Republic of Serbia. The sample of the
subjects comprised 236 participants (of male sex, N=103 or 43,6%; female sex N=133 or 56,4%) of the
high school of economy in Nis, of bodily height of 173, 42+7,62 cm, bodily weight 64,6+10,35 or of age
16,82+1,33 (Mean+St.Dev). The sample of subjects was divided into sub-samples of athletes (N=116 or
49,2%) or sub-sample of non-athletes (N=120 or 50,8%). The results are shown by table, applying the
descriptive statistics and z-test for the difference between two proportions. RESULTS: Kyphotic, lordotic and
kypho-lordotic bad body posture was found among 20,8%, 24,2% or 33,1% of the subjects respectively.
Significant changes of deformities of the spinal column, between athletes and non-athletes, are present
regarding the kyphotic bad body posture (more present in the sample of non-athletes, sig = 0,000), while
the significance regarding the lordotic bad body posture is at the threshold of significance (sig=0,062).
Between boys and girls, there are statistically significant differences regarding the kyphotic, lordotic and
kypho-lordotic bad body posture (more present with the girls, sig=0,000, sig=0,000,; sig=0,000;
respectively). CONCLUSION: While preventing and correcting postural deformities, there should be a focus
on the isometric muscle potential first, i.e. the endurance of the musculature and the strength with the
statistical conditions of muscular strain.
Key words: sagittal postural status, high school population, frequency, athletes, non-athletes, boys, girls
Introduction
The regular posture of children and youth is
nowadays, in a global sense, a great challenge.
Many studies have dealt with the problem of
hypokinesis and its detrimental influence on the
functional characteristics and its locomotor status
of children (Biddle et al., 2001; Živkoviü, D.,
2000; Riddoch, 1998). Different cumulative strains
which children are exposed to have a negative
influence on ligament, muscular, cartilaginous and
bone structure, i.e., the very spinal column
(Bogduck, 2005). The given strains can be of
different etiologies, like the irregular body posture
which additionally burdens ligaments and muscles
and influences on the decrease of crane-cervical
angle, the position of torso and shoulders and the
appearance of pain in the back (Korovesis et al.,
2005). The exercise of different demanding sports
activities could cause micro-traumas, i.e., plastic
deformities of the given structures (Bubanj, R.,
1997). A child who is old 6-7 years is in a critical
period of posture-genesis when there should be a
prevention of the postural problems and
deformities (Cordon et al., 2002).

Between 7 and 14 year, there are many
morphological and functional changes which
influence the regular posture of the spinal column
and in this period active corrective exercises of
appropriate programmes should be performed. So,
no matter whether the postural deformities
comprising the kyphotic and lordotic body posture
are the result of hypokinesis and sedentary way of
life or an excessive performance of different sports
activities, the cause is in the muscular imbalance
between agonists and antagonists of the shoulder
blade and chest musculature, i.e., the muscle
imbalance between lumbar, pelvic, gluteal and
upper-knee musculature, respectively (Dejanoviü
and Fratriü, 2007). The aim of the current
research is to carry out the assessment of the
postural status of school boys and school girls of
the high school age and to determine the
frequency of postural deformities in the sagittal
plane, i.e., the frequency of the kyphotic, lordotic
and kypho-lordotic bad body posture as well as to
determine if there is a significant difference with
the determined deformities regarding the sports
activities and the sex of the subjects.
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who
is
an
active
member
of
sports
association/club, who, systematically and in
continuity, performs sports activities for 10 hours
a week, for two or more years before the
beginning of research. The postural status in the
sagittal plane, i.e. the kyphotic, lordotic and
kypho-lordotic (combined) status of the spinal
column, determined by the use of the wireless
device Spinal Mouse with the appropriate software
whose work is based on the technology of ultrasound (Bubanj, S. et al., 2010; Zsidai and Koscis,
2001). For the purpose of data processing, the
software SPSS version 13 is used. The results are
displayed by tables, by applying a descriptive
statistics and z-test for the difference between two
proportions (Pallant, 2007).

Methods
The data of the postural status achieved within the
project of the elementary research OI179024
funded by the Ministry of Education and Science of
the Republic of Serbia. The sample of subjects
comprised 236 pupils (of male sex N=103 or
43,6%; of female sex N=133 or 56,4%) of the
high school of economy in Niš, of bodily height of
173, 42+7,62 cm, bodily weight 64,6+10,35 or of
age 16,82+1,33 (Mean+St.Dev). The sample of
subjects is divided into sub-samples of athletes
(N=116 or 49,2%) or sub-samples of non-samples
(N=120 or 50,8%). In the selection of athletes the
criterion of Kenanidis et al. (2008) has been
applied according to which a sportsman is a child
Results and discussion

Table 1. The frequency of kyphotic, lordotic and kypho-lordotic bad body posture.
kyphotic
no
yes
total

frequency
187
49
236

%

lordotic
no
yes
total

79,2
20,8
100,0

Frequency
179
57
236

%
75,8
24,2
100,0

Kypho-lordotic
no
yes
Total

frequency
158
78
236

%
66,9
33,1
100,0

Table 2. The frequency of kyphotic, lordotic and kypho-lordotic bad body posture and the significance
between the two proportions (athletes and non-athletes).
kyphotic
Nonathletes

Athletes

N

%

Sig

lordotic N

%

Sig

Kypho-lordotic N

%

no

90

75

no

88

73

no

77

64

yes

30

25

yes

32

27

yes

43

36

total

120 100

total

120 100

total

120 100

no

97

84

no

91

78

no

81

70

yes

19

16

yes

25

22

yes

35

30

total

116 100

total

116 100

total

116 100

0,000

0,062

Sig

0,108

Table 3. The frequency of kyphotic, lordotic and kypho-lordotic bad body posture and the significancy of
difference between two proportions (boys and girls).
kyphotic

Boys

Girls

N

%

Sig

lordotic N

Sig

Kypho-lordotic N

%

no

85

83

no

84

82

No

68

66

yes

18

17

yes

19

18

yes

35

34

total

103 100

total

103 100

total

103 100

no

31

23

no

95

71

no

43

32

yes

102

77

yes

38

29

yes

90

68

total

133 100

total

133 100

Total

133 100

0,000

According to the results of z-test for comparing
the two proportions (table 2), it could be
concluded that significant differences of the spinal
column deformities, between athletes and nonathletes, are related to the bad kyphotic body
posture (present with the sample of non-athletes),
while the significance of differences related to the
bad lordotic body posture is at the threshold of
significance.
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%

0,000

Sig

0,000

The results of the significance of differences
related to bad kyphotic and lordotic body posture
regarding the sports activities of subjects (athletes
and non-athletes) are according to the results of
research carried out by Nilsson et al. (1993), who,
with athletes of the athletes of the first year of
studies of ballet (N=23) related to non-athletes
(N=36), determined a less visible lordosis in the
lumbar part of the spinal column and kyphosis in
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the chest of the spinal column. According to the
results for comparison of two proportions (table
3), it could be concluded that significant
differences with the deformities of
the spinal
column, between boys and girls, are present in
relation to the kyphotic, lordotic and kypholordotic bad body posture (all the three
deformities are significantly present with the
female sample).
The results of the significance of difference with
the bad kyphotic body posture in relation to the
sex of the subjects are not according to the results
of research carried out by Ĉokiü et al. (2010), who
found out that the population of boys is more
endangered compared to the population of girls
(the one who is taller than average for the given
research) within the research sample of 1523
pupils (775 school boys and 748 school girls, of
school age 3-6 grade, 9-12 years of age).
Regarding the total number of subjects (N=1523),
7,6% of subjects have kyphosis while 1% of
subjects have lordosis. The results of the
significance of difference related to the bad
kyphotic body posture regarding the sex of the
subjects are not according to the results of
research done by Widhe (2001), who carried out
longitudinal research of the sagittal postural status
on the sample of 90 children. Widhe found out
that the relation between kyphosis and lordosis
does not depend on the sex of the subjects in the
initial measurement when the subjects were
between 5 and 6 years of age. However, in the
final measurement, 10 years later, kyphosis in
relation to lordosis was statistically much less
visible with girls than with boys. The results of the
significance of difference related to the bad
lordotic body posture in relation to the sex of the
subjects are according to the results of research
done by Bogdanoviü and Markoviü (2010) who,
found out the frequency of bad lordotic body
posture of 35, 19% with the girls, i.e. 24, 26%
with the boys, on the sample of pupils who are
12+6 months of age and some more numerous
subjects (N=299) in relation to the current
research.

Giglio and Volpon (2007) found out that, no
matter what the sex of the subjects is, the
kyphotic curve in the chest and the lordotic curve
in the lumbar part of the spinal column, grow
linearly by 25 deg in the 7th year of life up to 38
deg in the 19th year of life (according to the
formula: the angle of kyphosis = 25 deg + 0,58X
the age of subjects), i.e. 22 deg in the 5th year of
life up to 32 deg inthe 20th year of life (according
to the formula: the angel of lordosis = 24 deg +
0,51X the age of subjects) respectively on the
research sample comprising 718 healthy subjects,
5-20 years of age. According to Obradoviü and
Miloševiü (2008), the following of growths,
development and children body posture at the
population level is a very significant health
indicator and now in Serbia there are no data
about longitudinal, systematic, organized following
of the postural status of some population
categories, and especially children. In many cases,
the data are based on the target and sporadic
research for a particular region or the sample in
the given period applying different criteria or
standards.
By
systematic
following
and
assessment of the postural children status, many
health problems could be stated in time before the
situation becomes serious.
Conclusion
The cause of the relatively high frequency of
postural deformities of the current research is
seen in the muscular imbalance of the postural
musculature. The very fact that the basic role of
the given musculature of the body maintenance in
the normal upright position concerned with the
prevention and correction of the postural
deformities is related to the focus on the
development of the isometric muscular potential,
i.e. the endurance of the given musculature and
power in the static conditions of strain.
Accordingly, the irregular and bad exercise
performance could violate and endanger postural
status. The choice and exercise performance
should be taken into account seriously, respecting
individual characteristics and capacities.
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UýESTALOST SAGITALNIH POSTURALNIH DEFORMITETA KOD SREDNJOŠKOLSKE
POPULACIJE: UVODNO ISTRAŽIVANJE
Sažetak
UVOD: Pravilno držanje tijela djece i omladine predstavlja u današnje vrijeme, globalno promatrajuüi, veliki
izazov. CILJ: Cilj aktualnog istraživanja bila je procjena posturalnog statusa uþenika i uþenica
srednjoškolskog uzrasta i utvrÿivanje uþestalosti posturalnih poremeüaja u sagitalnoj ravnini, tj., uþestalost
kifotiþnog, lordotiþnog i kifo-lordotiþnog lošeg držanja tijela, kao i postoji li statistiþki znaþajna razlika u
prisustvu utvrÿenih deformiteta u odnosu na sportsku aktivnost i spol ispitanika. METODE: Podaci
posturalnog statusa dobiveni su u okviru projekta temeljnih istraživanja OI179024, financiranog od
Ministarstva prosvete i nauke Republike Srbije. Uzorak ispitanika þinilo je 236 uþenika (muškog spola, N=103
ili 43,6% i ženskog spola, N=133 ili 56,4%) srednje ekonomske škole iz Niša, tjelesne visine 173,42±7,62
cm, tjelesne težine 64,60±10,35 i uzrasta 16,82±1,33 (Mean±St.Dev). Uzorak ispitanika podijeljen je na
sub-uzorak sportaša (N=116 ili 49,2%) i sub-uzorak nesportaša (N=120 ili 50,8%). Rezultati su iskazani
tabelarno, primjenom deskriptivne statistike i z-testa za razlike izmeÿu dvije proporcije. REZULTATI:
Kifotiþno, lordotiþno i kifo-lordotiþno loše držanje tijela utvrÿeno je kod 20,8%, 24,2% i 33,1% ispitanika,
respektivno. Znaþajne razlike u postojanju poremeüaja kiþmenog stuba, izmeÿu sportaša i nesportaša
postoje u odnosu na kifotiþno loše držanje tijela (prisutnije u uzorku nesportaša sig=0,000), dok je
znaþajnost razlika u odnosu na lordotiþno loše držanje tijela na granici praga znaþajnosti (sig=0,062).
Izmeÿu muškaraca i djevojaka, statistiþki znaþajne razlike postoje u odnosu i na kifotiþno, lordotiþno i kifolordotiþno loše držanje tijela (prisutnije kod djevojaka, sig=0,000; sig=0,000; sig=0,000; respektivno).
ZAKLJUýAK: U prevenciji i korekciji posturalnih deformiteta treba se prvo fokusirati na razvoj izometrijskog
mišiünog potencijala, tj. izdržljivosti navedene muskulature i snage u statiþkim uvjetima mišiünog
naprezanja.
Kljuþne rijeþi: sagitalni posturalni status, srednjoškolci, uþestalost, sportaši, nesportaši, muškarci, djevojke
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Abstract
The basic aim of physical education is to, by means of an organized process of education, carry out a positive
influence on the psycho-somatic status of schoolchildren and to use the transformations in the somatic status
to correct the influence of biological factors which have been determined to be insufficient during the period
of intense growth and development. In this research we will try to study the effects of sports activities
classes in the form of a third physical education class per week. The sample of participants consisted of sixth
graders, all male, who chose basketball as part of their third class of sports activities per week. The sample
of participants consisted of two sub-samples, a control and experimental group, which consisted of 50
participants each. The control group, which had two physical education classes per week, took part in the
regular physical education classes, while the experimental group, which in addition to two classes of physical
education, also took part in one class of sports activities. The obtained results indicate that the experimental
group, at the final measuring, achieved better results than the control group, which leads us to the
conclusion that the contents of sports activities class (basketball) during the experimental period which
lasted during one school semester, contributed to the improvement in the motor skills of the sixth graders.
Key words: physical education, sports activities, program effects
Introduction
The basic aim of the physical education is to, by
means of an organized curriculum, have a positive
effect
on
the
psycho-somatic
status
of
schoolchildren and to use the transformations in
the somatic status to have a corrective influence on
the biological factors which have been determined
to be insufficient during the period of intense
growth and development (Berkoviü, 1978). Physical
education classes also play a significant role in the
education of an individual, and have as their aim
to, by using suitable physical activities, contribute
to the development of the abilities of individuals,
their growth and development, physical and
psycho-social characteristics (Hardman, 2007).
Physical education in schools, its practical and
educational goals, and the results which are thus
achieved represent a very complex phenomenon
which requires the planned and systematic study of
all of the relevant aspects and constituent parts in
the function of the optimalization of the education
process (Anastasovski et al., 2000). Numerous
studies (Anastasovski, 1979, 1982; Klojþnik, 1979)
have unequivocally proven that physical education
is used to influence the group of relevant
dimensions and it can justifiably be concluded that
there is practically no other activity which could be
used to perform a transformation of that many
dimensions at the same time as physical exercise.
Regular physical activity during childhood offers
direct health benefits through the positive influence
on body build and the development of the muscle
and skeletal system (Malina & Bouchard, 1991).
Nevertheless, physical education classes do not
achieved the desired effects. On the basis of the
data obtained from scientific research on the
character and quality of physical education classes

in schools (Todorovski, 1994; Sallis et al., 1997;
Stojanoviü, 1998; Brankoviü, 2001; Milenkoviü,
2002; Dragiü, 2003; Koutedakis & Bouziotas, 2003;
Jurg et al., 2006; Stamatoviü & Šekeljiü, 2006), we
could conclude that they are not only insufficiently
focused on systematic and ubiquitous physical
exercise, but that they lack adequate intensity,
which could cause stimuli which would be beneficial
for the promotion of physical development and the
physical abilities of the schoolchildren (Madiü &
Dragiü, 1989; Pate et al., 2006). Some of the
aforementioned components were the object of
research of a certain number studies by our local
researchers
and
researchers
from
abroad;
nevertheless, the question of the modality and the
extent of the load during the classes (Pate et al.,
2006), the method used to determine it and the
dosing of the load have not been studied to a
satisfactory extent, since it represents a very
complex process and becomes an inexhaustible
source for further study and the design of more and
more precise solutions. Current physical education
curriculums for eight graders includes the
realization of physical education classes with two
classes a week which are used to realize the tasks
and contents of a common curriculum, with one
class of sports activities which are used to realize a
special sports program. For these reasons it is
necessary to use a pedagogical experiment to test
in practice whether the specially programmed
curriculum which takes place during the sports
activities class (in this case basketball) has a more
significant influence on the studied dimensions of
the psycho-somatic status of the schoolchildren,
when compared to the curriculum which is realized
over two physical education classes per week.
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On the basis of the attitudes which were previously
stated, the goal of the research was defined. It
should be used to determine whether the special
program based on basketball as part of a third
weekly class of sports activities, during one school
semester, can significantly influence the increase in
the motor skills of the school children.
Methods
The sample of participants
The sample for this study was extracted from the
population of sixth-graders from the elementary
schools in Niš. The sample included every child
from the sixth grade who voluntarily agreed to
participate in the study, which was based on a
complete program of measuring and testing and
physical exercise. An additional condition for their
participation was that the sixth-graders had to take
part in their physical education classes, and that
they were healthy on the day of measuring. For the
final processing of the data, we only included only
the results of the participants who took part in both
measurings (the initial and the final one) and who
did not miss more than two classes per month. The
sample of participants was divided into two groups:
1. experimental group (ES “Car Konstantin” N=50),
and 2. control group (ES “Sveti Sava” N=50).
The tests for the evaluation of motor dimensions
1. Explosive leg strength: the standing depth jump
(MSDM), the triple standing jump (MTRS) and the
20m run with a high start (M20V); 2. Repetitive
strength of the torso: hyperextensions on a
vaulting box (MDTK) and straightening out the
torso (MIST). 3. Arm and shoulder belt strength:
hanging pull-ups (MVIS) and push ups (MSKL); 4.
Agility: the 4x15 m run (M4x15); 5. Speed of
alternative movements: hand tapping (MTAP) and
leg tapping (MTAN); 6. Flexibility : the splits
(MSPA) and hyperextensions (MDPK). All of the
tests for the evaluation of motor dimensions were
realized in accordance with the directions given by
Kureliü et al. (1975). The numeric values in the
tests were expressed in the number of corrected
repetitions, in centimeters and tenths of a second.
Statistical methods
Due to the nature of the experiment, it was
necessary for the data to be collected for the
experimental and control group at the initial and
final measuring. For the analysis of the changes in
the results of the dependent variables between the
initial and final measuring of both groups at the
multivariate level, a multivariate analysis of
variance was used for the repeat measures
(MANOVA – repeated measures), and the
significance of the conclusions was determined at
the p<0.05 level. To determine the differences
between the groups at the final measuring with a
partialization of any possible differences between
the groups at the initial measuring and the
determination of the effects of the experimental
program on the development of motor skills of the
participants,
a
multifunctional
analysis
of
covariance was used (MANCOVA).
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The data was processed used the
package STATISTICA 8.0 for Windows.

statistical

The procedure
The research program was conceived of on the
basis of the elementary school physical education
curriculum, during the winter semester, which was
prescribed by the Ministry of Education of the
Republic of Serbia. The program lasted for a period
of 19 weeks. The control group within its program
had two physical education classes, which adhered
to the physical education curriculum designed for
sixth graders. The experimental group, in addition
to the two physical education classes, also had a
sports
activity
class
involving
basketball
(Stojanoviü, 1998). The control and experimental
group were measured at the beginning of the
school year (the initial measuring) and at the end
of the semester (the final measuring).
Results and the discussion
In order to analyze the changes in the results of the
dependent variables between the initial and final
measuring of both groups at the multivariate level,
a multivariate analysis of variance was used for
both repeat measures (MANOVA – repeated
measures). Table 1. shows the results for the
multivariate analysis of variance for the repeat
measures of the experimental group, which was
used to test the differences between their results
from the initial and final status. By testing the
values of Wilk’s Lambda coefficient (.262) with the
help of the F test (8.91), with degrees of freedom
of Effect df=12 and Error df=38, we can conclude
that there was a statistically significant difference in
the results from the initial and final status. On the
basis of the obtained results we can conclude that,
after
the
application
of
a
nineteen-week
experimental program, which consisted of two
classes of physical education per week and one
class of sports activities based on basketball,
statistically significant changes in the space of the
studied motor skills in experimental group were
determined at the p=.000 level.
Table 1. Multivariate differences between the initial
and final measuring of the experimental group
Wilks’ Lambda
0.262

F
8.91

Effect df
12

Error df
38

P
0.000*

Wilks' Lambda – the values of the coefficient of Wilks’s test of the equality of
group centroids; F – the values of the F-test coefficient for the significance
of Wilks’ Lambda; Effect df; Error df – degrees of freedom; p – the
coefficient for the significance of the centroid difference

Table 2. shows the results of the univariate analysis
of
variance for
repeat
measures
of
the
experimental group, used to test the differences
between the results for the initial and final status of
each individual variable. By testing the values of
the variability within the groups (MS effect) and
between them (MS error) means using the F test,
we determined a significant difference in nine of the
tests, while in three of the tests no significant
difference was determined between the results of
the initial and final measuring.
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We could conclude that the greatest differences
were determined for the triple standing jump
(MTRS), for which the value of the F test was 53.41
and the standing depth jump (MSDM), for which
the value of the F test was 49.86. A somewhat
smaller statistically significant difference was
determined for the torso lift on a vaulting box test
(MDTK), for which the value of the F test was
30.03. A significantly lower statistically significant
difference was determined in the hyperextension
test (MDPK), for which the value of the F test was
18.42, the 20 m run (M20V), for which the value of
the F test was 16.01 and hand tapping (MTAP), for
which the value of the F test was 15.41. For all of
the aforementioned tests, differences were noted
between the initial and final status of the children
at the p=.000 level. The smallest, but statistically
significant difference can be determined for the
torso straightening out test (MIST), for which the
value of the F test was 12.14, which gives a
statistically significant difference at the p=.001
level, the 4x15 m run (M4x15), for which the value
of the F test was 11.05, which creates a statistically
significant difference at the p=.002 level and leg
tapping (MTAN), for which the value of the F test
was 6.70, which creates a statistically significant
difference at the p=.013 level.
Table 2. The univariate differences between the
results of the initial and final measuring of the
participants of the experimental group
Variable Mean Initial
Mean Final MS effect MS error
F
p
MSDM
167.96
194.98 18252.01
366.09 49.86 0.000*
MTRS
495.04
545.56 63806.76 1194.64 53.41 0.000*
M20V
41.28
39.28
100.00
6.24 16.01 0.000*
MDTK
3.98
8.54
519.84
17.31 30.03 0.000*
MIST
30.42
39.78 2190.24
180.38 12.14 0.001*
MVIS
317.18
375.86 86083.56 37249.15 2.31 0.135*
MSKL
12.98
14.02
27.04
80.20 0.34 0.564*
M4X15
161.56
155.60
888.04
80.39 11.05 0.002*
MTAP
34.04
36.50
151.29
9.82 15.41 0.000*
MTAN
30.72
32.42
72.25
10.78 6.70 0.013*
MSPA
155.94
157.68
75.69
156.69 0.48 0.490*
MDPK
19.58
23.56
396.01
21.50 18.42 0.000*
Mean – arithmetic means; MS Effect – the average sum of the square of
arithmetic means between the groups; MS Error – the average means of the
square of arithmetic means within the groups; F – the value of the F-test for
testing the significance of the differences of the arithmetic means; p – the
coefficient of the significance of the differences in the arithmetic means

Table 3. shows the results of the multivariate
analysis for the repeat measures of the control
group, which was used to test the difference
between the results for its initial and final status.
By testing the values of Wilks’ Lambda coefficient
(.376) with the help of the F test (5.25), with the
degrees of freedom of Effect df=12 and Error
df=38, we can conclude that a statistically
significant difference in the results of the initial and
final status can be determined. On the basis of the
obtained results we can conclude that, after the
application of nineteen-week program, which
consisted of 3 physical education classes per week,
statistically significant changes occurred in the
space of the studied motor skills of the control
group at the p=.000 level. Table 4. shows the
results of the univariate analysis of variance for
repeat measures of the control group, which was
used to test the differences between the results of
the initial and final status of each variable
individually.

Table 3. Multivariate differences between the
results of the initial and final measuring of the
participants from the control group
Wilks’
Lambda
0.376

F

Effect df

5.25

12

Error df
38

p
0.000*

Wilks' Lambda – the values of the coefficient of Wilks’s test of the equality of
group centroids; F – the values of the F-test coefficient for the significance
of Wilks’ Lambda; Effect df; Error df – degrees of freedom; p – the
coefficient for the significance of the centroid differences.

By testing the values of the variability within
groups (MS effect) and between groups (MS error)
means using the F test, we obtained a significant
difference in four of the tests, while for eight of the
tests no significant difference was determined
between the results of the initial and final
measuring. We can conclude that the greatest
differences were determined for the torso
straightening out test (MIST), for which the value
of the F test was 7.37, which gives a statistically
significant difference at the p=.009, the triple
standing jump (MTRS), for which the value of the F
test was 5.88, which creates a statistically
significant difference at the p=.019 level and the 20
m run (M20V), for which the value of the F test was
5.03, which creates a statistically significant
difference at the p=.029 level. A somewhat
smaller, but statistically significant difference was
determined for the hand tapping test (MTAP), for
which the value of the F test was 4.12, which
creates a statistically significant difference at the
p=.048 level. The values of the differences between
the other tests were not statistically significant. The
increase in the numeric values of the motor
dimensions is evident for both groups of
participants; nevertheless, it is still necessary to
determine whether there is any difference in the
increase in the results between the experimental
and control group, which could be used to
determine the effect of the experimental treatment.
Table 4. The univariate differences between the
results of the initial and final measuring of the
participants of the control group
Variable
MSDM
MTRS
M20V
MDTK

Mean
Initial
171.54
485.60

Mean
MS
MS effect
Final
error
176.10
519.84 611.39
511.40 16641.00 2828.71

F

p

0.85 0.361*
5.88 0.019*

41.78

40.10

70.56

14.03

5.03 0.029*

5.64

6.90

39.69

26.04

1.52 0.223*
7.37 0.009*

1.97 0.167*

MIST

26.66

MVIS

264.48
8.42

10.38

835.21 113.33
51411.0
8
96.04
35.28

M4X15
MTAP

159.20

162.12

213.16 108.30

33.92

35.52

64.00

15.53

4.12 0.048*

MTAN

30.58

31.42

17.64

7.09

2.49 0.121*

MSPA

153.44

148.84

MDPK

20.90

21.02

MSKL

32.44

309.34 50310.49

529.00 147.73
0.36

29.67

0.98 0.327*
2.72 0.105*

3.58 0.064*
0.01 0.913*

Mean – arithmetic means; MS Effect – the average sum of the square of
arithmetic means between the groups; MS Error – the average means of the
square of arithmetic means within the groups; F – the value of the F-test for
testing the significance of the differences of the arithmetic means; p – the
coefficient of the significance of the differences in the arithmetic means.
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For this purpose we used the analysis of
covariance, where the dependent variables were
the results of the groups at the final measuring,
and the covariates were the results of the initial
measuring of the groups, so as to partialize and
neutralize the differences between the groups at
the initial measuring. The results of the analysis of
covariance at the multivariate level are shown in
Table 5. They indicate that it can be concluded that
the difference between the groups would be
statistically significant, if the groups scored the
same results at the initial measuring. The value of
Wilks’ Lambda coefficient was 0.757, which with an
F-approximation of 2.006 and degrees of freedom
of 12 and 75 creates a statistically significant
difference between the experimental and control
group at the p=0.035 level.
Table 5. A test of the significance of the effects of
the physical education program at the multivariate
level – the MANCOVA model
Wilks’ Lambda
0.757

F
2.006

Effect df
12

Error df
75

P
0.035*

Wilks' Lambda – the values of the coefficient of Wilks’s test of the
equality of group centroids; F – the values of the F-test coefficient
for the significance of Wilks’ Lambda; Effect df; Error df – degrees
of freedom; p – the coefficient for the significance of the centroid
differences.

Table 6. The univariate analysis of covariance for
testing the significance of the effects of the physical
education program – the ANCOVA univariate model
Variable Adj. Mean - EKS Adj. Mean - KON F(1, 86)
p
MSDM
194.42
176.66
10.83 0.001*
545.02
511.94
MTRS
7.59 0.007*
M20V
38.99
40.39
3.13 0.081*
MDTK
8.69
6.75
2.33 0.130*
MIST
40.54
31.68
8.33 0.005*
MVIS
398.04
287.16
4.88 0.030*
MSKL
14.27
10.13
5.77 0.018*
155.15
162.57
M4X15
8.77 0.004*
MTAP
36.49
35.53
1.29 0.259*
MTAN
32.34
31.50
1.40 0.240*
MSPA
157.10
149.42
5.78 0.018*
MDPK
23.78
20.80
5.11 0.026*
Adj. Mean – mathematically adjusted arithmetic means; F – the value of the
F-test for testing the significance of the differences in the arithmetic means;
p – the coefficient of the significance of the differences in arithmetic means

The greatest contribution to the difference between
the groups at the final measuring (table 6), with a
neutralization of the differences at the initial
measuring, was found for the standing depth jump
(MSDM), for which the value of the F test was
10.83, then the 4x15 m run (M4x15) F=8.77 and
torso straightening out test (MIST) F=8.33. A
contribution to the difference between the groups is
statistically significant, but significantly smaller in
comparison to the cited abilities was determined for
the standing triple jump (MTRS), for which the
value of the F tests was F=7.59, followed by the
splits (MSPA) with F=5.78, push-ups (MSKL) with
F=5.77, hyperextensions on a vaulting box (MDPK)
with F=5.11 and hanging pull-ups (MVIS) with
F=4.88. For all of the aforementioned dependent
variables, the statistical significance of the
difference was determined at the p=0.001 level up
to the p=0.030 level, and so it can be assumed that
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it is a consequence of the application of an
experimental program consisting of two physical
education classes and one class of sports activities
with basketball content, which was used by the
experimental group for a period of nineteen weeks
For the remaining abilities there were no
differences between the groups, that is, if there
were any differences, they were not statistically
significant. But it must be concluded that in all of
the tests, the experimental group had numerically
better result. These results are in agreement the
results of earlier research (Košniþar, 1975;
Arunoviü, 1978; Anastasovski, 1979, 1982;
Klojþnik, 1979; Todorovski, 1994; Stojiljkoviü,
1998; Periü, 2004; Vukajloviü, 2005; Stamatoviü &
Šekeljiü, 2006; Šekeljiü, 2007; Petroviü, 2010). In
the discussion of the statistical analyses, we can
point out that through the application of two weekly
physical education classes, which were organized in
accordance with the physical education curriculum
for sixth graders and one class of sports activities
based on basketball (Stojanoviü, 1998), an increase
was determined in the experimental group, in all
the monitored motor dimensions, except for arm
and shoulder belt strength, while in the case of the
control group, which had two physical education
classes per week, which were organized according
to the physical education curriculum for the sixth
grade, a partial increase in explosive and repetitive
strength and speed of alternative movements was
determined, while there was no significant increase
in arm and shoulder belt strength and flexibility,
which can be ascribed to the effect of physical
education, but also to the increased biological
development of children in this period (Ĉuraškoviü,
2001). By simultaneous analyzing the results from
the final measuring of experimental and control
group, with a partialization of the possible
differences which occur at the initial measuring
between the groups, a statistically significant
difference in the effects of the experimental
program on both groups was determined. We can
determine that the experimental program which
included two physical education classes and one
class of sports activities involving basketball, which
was realized by the experimental group, led to
significantly greater effects on all of the studied
motor
skills
(except
speed
of
alternative
movements) than those of the physical education
program, which was realized as part of two classes
a week, in accordance with the curriculum.
Conclusion
In this paper we studied the effects of a specially
defined program with basketball content, in the
form of a third physical education class a week, on
the transformation of motor skills. The applied
experimental procedure had a positive effect in the
analyzed motor space of the participants of the
experimental group in all of the applied dimensions,
except for arm and shoulder belt strength. In the
case of the control group, changes were
determined only in the space of explosive and
repetitive strength, as well as psychomotor speed,
which are a result of the regular physical education
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program, but also the increased biological
development of children in this period. The applied
experimental program led to the occurrence of
statistically significant differences between the
experimental and control group in all of the applied
motor dimensions, except for psychomotor speed.
Generally speaking we can conclude the application
of such an experimental program, which consists of
additional activities with a basketball content, as a
third physical education class per week, has a
positive influence on the development of the motor
skills of thirteen-year-old male schoolchildren. The
physical activity of children of this age, who find
themselves in the period of increased biological
development, represents an important factor in the
development of the bio- psychosocial features of

children's personalities. The additional physical
activity outside of the regular physical education
classes, based on basketball, considering the
conditions and certainly the interest of the children
for this extremely popular sport, is to a great
extent practically applicable, which has been
confirmed in that paper, and is useful for the
development and improvement of the biomotor
qualities of students. For these reasons, physical
education curriculums should, by means of
pedagogical experiments based on scientific
knowledge,
permanently
be
innovated
and
modernized. Physical education classes should
focus their research on the effectiveness of the
methods and content of organized physical
education classes, or in other words, the
intensification of physical education classes.
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UýINCI NASTAVE SPORTSKIH AKTIVNOSTI U KURIKULUMU TJELESNOG ODGOJA
Sažetak
Osnovni cilj nastave tjelesnog odgoja je da se organiziranim procesom izvrši pozitivan utjecaj na
psihosomatski status uþenika i da se pomoüu transformacije somatskog statusa vrši korektiv na djelovanje
bioloških faktora za koje je utvrÿeno da u vrijeme intenzivnog rasta i razvoja nisu dovoljni. U ovom
istraživanju se nastojalo ispitati uþinkei sata sportskih aktivnosti u sklopu trosatnog tjednog fonda programa
nastave TO. Uzorak ispitanika su þinili uþenici šestog razreda muškog spola, koji su se opredijelili da u sklopu
treüeg sata nastave TO realiziraju program sadržaja iz košarke. Uzorak ispitanika su þinila dva subuzorka,
kontrolna i eksperimentalne grupa, sa po 50 ispitanika. U kontrolnoj grupi je provedena nastava sa dva sata
TO tjedno, dok je eksperimentalna grupa uz dva sata TO imala i sat sportskih aktivnosti. Dobiveni rezultati
pokazuju da je eksperimentalna grupa na finalnom mjerenju postigla bolje rezultate od kontrolne grupe, što
dovodi do zakljuþka da su sadržaji sata sportskih aktivnosti (košarke) u eksperimentalnom razdoblju u toku
jednog polugodišta doprinijeli poboljšanju motoriþkih sposobnosti uþenika šestog razreda.
Kljuþne rijeþi: tjelesni odgoj, sportske aktivnosti, efekti programa
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Abstract
This paper aimed to determine the relationship between anthropometric characteristics and motor abilities of
girls in the first grade of elementary school by applying two anthropometric measures (body height and body
weight) and six motor tests (medicine ball throw, bent arm hang, shuttle run test, bend forward on a bench,
standing jump and sprint length 20 m) on a sample of 155 girls, aged 7.5 years±3 months. The applied
regression analysis revealed that, in the manifest space between anthropometric characteristics and motor
abilities, there were statistically significant relationships (p<0.01), such as the positive influence of both
anthropometric characteristics and the motor variable medicine ball throw, and the negative influence of the
variable bent arm hang. Determination of the latent structure of motor variables by component factor
analysis reduced the motor correlation matrix of variables to two latent dimensions, sugesting a topological
differentiation of motor abilities to the upper extremity and lower extremity strength.
Key words: relations, anthropometric characteristics, motor abilities, girls, first grade, elementary school
Introduction
As the anthropometric characteristics are of great
significance for the realization of motor structure,
many researches attempted to determine the
relationships
between
anthropometric
characteristics and motor abilities, primarily in
adults, particularly after the completion of intense
maturation development, late adolescence of the
examinees, but however a very small sample of
young children at the stage of childhood. The fact
that children enter school at the age of 7
represents a good basis for doing research, not
only from a theoretical point of view, but primarily
because of the practical importance of the
efficiency of young school children motor behavior
in the upcoming physical education, and selected
sports activities in the school system.
This is that sets the research problem: how do
anthropometric characteristics of children influence
their motor performance and vice versa? It is
known that positive and negative effects on
children
movement
are
results
of
certain
morphological feature combinations. Children with
similar intellectual abilities (which are very
important for school success in the education
process throughout the world) can vary in structure
and level of motor abilities due to the occurence of
differentiated morphological structures of the
effector system, which, under the influence of
biomechanical laws may produce different kinetic
and / or kinematics effects (Rodiü, 2010). The aim
of our study was to determine the relationship of
morphological characteristics and motor abilities of
younger school age children who began their
schooling, in order to see their manifestations in
the context of school physical education and
selected sports activities. In our research we
started from the fact that the intense changes as
well as the pace of individual growth and
development of children make the greatest
variability of the results.

Determination of these results will be of both
theoretical and practical importance in all school
systems that include the course of physical
education and sport.
Methods
The sample included 302 children attending the
first grade of primary school aged 7.5 years±3
months, of which 155 girls (51.3%). The sample
was drawn from the population of elementary
schools in West-Backa (Sombor) and Central-Banat
county (Zrenjanin) in Serbia. Anthropometric
measures were obtained using conventional
measurement criteria and procedures, applicable
widely and used in school conditions, as follows: 1)
Body height (BH) – to assess longitudinal
dimensionality of the sceleton (0.1 kg), 2) Body
weight (BW) – to assess voluminosity body (mm).
Body mass index (BMI) – to assess healthy weight
based on the heighth (kg/m2). To define overweight
and obesity, the cut-offs proposed by Cole, et al.
(2000), were used. Assessment of motor abilities
was performed with 6 manifest motor variables,
which would meet the criteria of functional models
(Gredelj, et. al., according to Rodiü, 2011)
hierarchical structure of motor abilities and
possibilities of mass application in the school
system and motor tests: A) to assess the ability to
control the intensity of excitation: 1) medicine ball
throw – MBT (cm) – explosive power of upper
extremities; B) to assess the ability to control the
duration of excitation: 2) bent arm hang – BAH (s)
– static strength of upper extremities, 3) shuttle
run test – SRT (min) – aerobic endurance; C) - to
assess the ability to control tonus and synergistic
regulation: 4) forward bend on a bench – FBB (cm)
– flexibility; D) to assess the ability to structure
movement: 5) standing long jump – SLJ (cm) –
explosive power of lower extremities, 6) sprint 20
m - S20 (s) – explosive power of lower extremities.
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Selection of standardized motor tasks (tests as
measuring instruments) was carried out in
accordance with the following goals: to meet the
minimum standard number of tests needed to
identify the motor skills of children in school
practice, to apply only composite tests with already
established high level of reliability estimated by
generalization coefficient, and to optimally exploit
the energy potential of the examinee during the
mass evaluation of children abilities in many school
systems: 1. Medicine ball throw (MBT). The child
throws the medicine ball weight 2 kg, from the
standing position in place as far away and without
offenses. The result is the length of the throw with
an accuracy of 10 cm; 2. Bent arm hang (BAH).
The child is assisted into position, the body lifted to
a height so that the chin is level with the horizontal
bar. The bar is grasped using an overhand grip
(palms are facing away from body), with the hands
shoulder width apart. The timing starts when the
child is released. They should attempt to hold this
position for as long as possible. Timing stops when
the child's chin falls below the level of the bar or
the head is tilted backward to enable the chin to
stay level with the bar. The result test (which is
also called a fixed-arm hang) is the time of the hold
measured in tenths of second; 3. Shuttle run test
(SRT). The child runs between the two 20 meters
apart markers in time recorded signals. The
running speed is determined by a sound signal that
is played from a CD set in the track half. For every
tone you need to get to one of the lines, cross it by
one foot, stop, then turn and continue running to
the second line. Initial run speed is 8.5 km/h and
accelerates at each minute for 0.5 km/h. Each
following speed is the next level, with 20 levels in
total. The test ends when the child is not able to
reach the line (2 meters from it) at two sequential
audio signals.The result is a number of achieved
levels and running tracks in the last uncompleted
level; 4) Forward bend on a bench (FBB). The child
stands on a bench and bows as deep as possible. A
straight-angle ruler which points down with the 40
cm mark at the child’s feet, and 40 cm below it, is
next to him/her. The score is the depth of the reach
measured in cm; 5) Standing long jump (SLJ). The
child jumps with both feet from the reverse side of
Reuter bounce board onto a carpet, which is
marked in cm. The result is the length of the jump
in cm; 6) Sprint at 20 m (R20). On command “GO”
the child that stands behind the start line has to
run 20 m as fast as he/she can to the end of the
track (20 m). The children run in pairs. The score is
the time of running, measured in tenths of second.
The total number of tests is divided so as to ensure
a minimal impact of the applied test onto the result
in any other test. Therefore, the choice of
measuring instruments, their classification and
arrangement have been done in accordance with
the criteria which could ensure that successively
applied tests should employ different functional
"mechanisms" as well as various large muscle
groups. The research was done on a voluntary
basis, according to the territorial belonging of
appropriate elementary school and during the
regular evaluation of the school system, or regular
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monitoring, assessment and evaluation of physical
education. The test was carried out in one block
period in timetable, and the measurement of height
and weight was performed at the beginning of the
class. Then, the children were devided into groups
and each group was alternately submitted to the
measurement of five motor tests. After a ten
minutes break, the children were tested by a
shuttle run test. During the tests, except for
anticipated instructions and demonstrations when
needed, the examinees received no additional or
special incentives in order to help them improve
their performance.
Data analysis.
The basic descriptive statistics parameters were
calculated for all variables. Determination of the
relationship between a set of independent variables
to one dependent variable has been carried out by
a series of classical regression analysis. Factor
analysis using principal component extraction and
oblimin rotation was utilized. The data were
processed in the computer software SPSS v. 17.0.
Results and discussion
The basic descriptive statistics parameters of the
anthropometric and motor variables of girls in the
first grade of elementary school are presented in
Table
1.
By
comparing
the
results
of
anthropometric variables (Table 1), based on
available research, it can be concluded that the
througout the world there are but slight differences
in parameters for body weight, body height and
body mass index (BMI) on samples of boys and
girls of the average age of 7 years (according to
Milanese, et al., 2010) and by us (Bala, et al.,
2009; Djuraškoviü, et al., 2009) and the former
Yugoslavia (Katiü, et al., 2004). Body height (BH)
in this study has a very low coefficient of variation
in girls (CV=3.8%), indicating a significant
homogeneity of results. This confirms the fact that
body height is the best and most stable indicator of
growth and development of children, as a measure
of bone marrow tissue, which is considered the best
indicator of longitudinal dimensionality of the
skeleton. Body weight (BW) has a moderate
coefficient of variation in girls (CV=17.5%),
indicating good homogeneity of results and
representativeness of arithmetic mean. This
confirms the fact that body weight as the indicator
represents a mixture of different types of tissue,
and thus varies during growth and development,
which is a variable dimension of voluminosity and
body mass due to age and sex of children. Body
mass index (BMI) has a medium coefficient of
variation in girls (CV=13.2%), indicating a very
good homogeneity of results. It is used to estimate
a healthy body weight based on child's height and it
represents the most widely used diagnostic tool to
identify problems with children weight. In this
study, according to the BMI Graph (Baylor College
of Medicine, 2010), with respect to sex and age of
children, indicate that there are no underweight
girls, 87% is a healthy weight, overweight is 6%
and 7% of girls are obese girls.
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Table 1. Descriptive statistics of morphologic and
motor variables
Variable

M±SD

Body height (cm)

127.7±4.9

Body weight (kg)

CV%
3.84

27.2±4.8

17.65

Body mass index (kg/m2)

16.65±2.2

13.21

Medicine ball throw (cm)

263.6±39.9

15.14

Bent arm hang (s)

14.7±5.8

39.46

Shuttle run test (min)
Forward bend on a bench
( )
Standing jump length (cm)

3.4±0.8

23.53

41.2±3.5

8.50

110.4±17.3

15.67

5.1±0.3

5.88

Sprint at 20 m# (s)
a

p<0.01, bp<0.05, #variable with opposite metric orientation

Table 2. Relations between manifest morphologic
and motor variables
Variable

BH Beta

Medicine ball throw (cm)

0.33

Bent arm hang (s)

BW Beta

**

**

0.30

**

-0.37

**

**

-0.14

**

**

-0.11

**

**

-0.05

**

**

-0.02

**

**

0.24

-0.31

Shuttle run test (min)

0.13

Forward bend on a bench (cm)

-0.19

Standing jump length (cm)

0.04

Sprint at 20 m (s)

-0.12

2

R

**

0.19

BH – Body Height, BW – Body Weight, Beta – standardized coefficients, R2
– coefficients determination, *p<0.05, **p<0.01

Table
3.
Orthogonal
communalities (h2)

initial

VARIABLE

position

and

H2

Medicine ball throw (cm)

0.37

0.52

0.41

Bent arm hang (s)

0.35

0.78

0.73

Shuttle run test (min)

0.75

-0.05

0.56

Forward bend on a bench (cm)

0.50

-0.46

0.46

Standing jump length (cm)

0.84

-0.01

0.71

-0.68

0.27

0.53

2.23

1.17

37.19

19.55

#

Sprint at 20 m (s)
Eigenvalue
% of Variance
#

h

2

H1

Table 4. Oblique factors
VARIABLE
Bent arm hang (s)

A1

A2

F1

F2

0.08

0.62

0.17

0.63

-0.05

0.86

0.07

0.86

0.69

0.20

0.72

0.30

Forward bend on a bench (cm)

0.66

-0.27

0.63

-0.18

Standing jump length (cm)

0.76

0.27

0.80

0.38

-0.73

-0.03

-0.73

-0.08

Shuttle run test (min)

#

Sprint at 20 m (s)
Correlation of factors
#

r = 0.14

variable with opposite metric orientation; A = paralel projections, F =
orthogonal projections

Similar results and conclusions were obtained in
research on 7 years old children (Katiü, et al.,
2005) and children of 6.5 years (Bala, et al., 2010).
The regression analysis indicates that, in the
manifest
space
between
morphological
characteristics and motor abilities of girls in the
first grade of elementary school, there are some
statistically significant relationships (p<0.01) which
have been affected by gender differences of girls as
presented in Table 2. It may be noted that there is
the positive impact of both morphological
characteristics (Body height and Body weight) on
the motor variable medicine ball throw in both
sexes, and the negative impact of the variable
bent arm hang in girls (Table 2).
This indicates that the longitudinal dimension of the
skeleton represents the biomechanical basis for the
effective implementation of some motor tasks, as a
factor that facilitates the execution of the task, and
that the morphological feature of voluminosity is
largely determined by the body mass and the active
muscle substance, which means that a greater
force produced by activating larger quantity of
muscle tissue can be developed in girls with a
strong body structure in certain motor tasks such
as medicine ball throws. The negative impact of
weight on the motor ability, such as the ability to
control the duration of excitation (Bent arm hang),
in girls, points out that the body mass may
aggreviate the performance of motor tasks, such as
a static endurance of the body.
Determination of the latent structure of motor
variables of girls in the first grade of elementary
school has been done by the component factor
analysis (Table 3). On the basis of the principal
components method, the eigenvalues and their
characteristic correlation matrix vectors of manifest
motor variables have been determined and
presented.

variable with opposite metric orientation

Medicine ball throw (cm)

By comparing the results from researches on motor
variables (Table 1) that have been carried out in
our country and worldwide we could conclude that
there are but slight differences between them. The
differences are mostly due to unclearly stated age
of children in available research, to numerical
differences in results between the monthly
chronological age of girls of the same age, and
particularly due to the biological differences of girls
in the first grade of elementary school.

The value of Kaiser-Meyer-Olkin measure of
sampling adequacy exceeds the recommended
value of 0.6, whereas Bartlett's test of sphericity
reached statistical significance, indicating that
factor analysis is justified. The results gained from
calculation of the correlation matrix of main
components, their communalities after extraction of
factors, matrix patterns and matrix structures as
parallel or orthogonal projection of manifest
variables, after oblimin rotation (Table 4.), were
two oblimin factors, which explain 57% of the total
variance of the system in girls.
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First (Oblimin) factor define motor manifestation
variables whose variance depends on the ability to
control the duration of excitation (responsible for
the variability of the dimensions of static strength
of the upper extremities - Bent arm hang) and
the ability to control the intensity of excitation
(responsible for the variability dimension of
explosive power of upper extremities - Medicine ball
throw). Motor manifestation variables whose
variance depends on the ability to control tonus and
synergistic regulation (responsible for the variability
of flexibility - Forward bend on the bench) have a
significantly high projection (OBL=0.66) on the first
motor factor in girls. This dimension which mainly
depends on the ability to produce a large muscle
force of upper extremities, suggests the topological
differentiation of motor abilities in girls age of 7.5
years, and it can be interpreted as STRENGTH of
UPPER EXTREMITIES. Other (Oblimin) factor define
motor manifestation variables whose variance
depends on the ability to structure movement
(responsible for the variability dimension of
explosive power of lower extremities - Standing
jump length and Sprint at 20 m). This dimension
has a very simple structure and is defined solely by
motor tasks that require maximum capacity and
current agonist activation of the lower limbs of
girls, the effects of the simultaneous involvement of
as many motor units, the number of impulses that
motor cortex can send, as well as the ability of
amplification actions of sub-cortical centers onto
the transmitted impulses towards the. Additionally,
the hard running (aerobic endurance - Shuttle run
test) requires, among other things, leg muscle
endurance, which is why the second factor also

suggests to topological differentiation of motor
abilities of girls, therefore it can be nominated as a
of POWER of LOWER EXTREMITIES.
Conclusions
The results gained from this sample of examinees
have confirmed researches carried out by groups of
authors in the country and throughout the world,
saying there is a significant differentiation of motor
abilities, even in pre-school children, and children
of junior school age. It is necessary to develop a
differentiated model of physical education of
children of junior school age, at different levels of
difficulty – (demanding min, optimum and
maximum) based on approximated (below-average,
average and above-average) motor abilities and /
or motor skills of specific homogenized groups of
children in the first grade of elementary school,
considering topological differentiation of their motor
abilities.
The research results indicate that anthropometric
characteristics of students of lower grades of
elementary school also have a special impact on
children performance in school physical education
and sport, and thus need to be re-evaluated in the
new curriculum of Physical Education and Sports,
due to partial morphological characteristics. It is
therefore necessary that the teacher in the reevaluation of the educational process instead of
grading "norms" monitors and evaluates progress
in the development of psychosomatic status of
children, because "there is no greater inequality
than the equal treatment of unequal".
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RELACIJE IZMEĈU MORFOLOŠKIH ZNAýAJKI I MOTORIýKIH SPOSOBNOSTI
UýENICA PRVOG RAZREDA OSNOVNE ŠKOLE
Sažetak
Ovaj rad usmjeren je na utvrÿivanje odnosa izmeÿu antropometrijskih karakteristika i motoriþkih sposobnosti
djevojþica u prvom razredu osnovne škole primjenjujuüi dvije antropometrijske mjere (tjelesna visina i
tjelesna težina) i šest motoriþkih testova (bacanje medicinke, vis u zgibu, ‘Shuttle run’ test, podizanje trupa
na klupici, skok u dalj i sprint na 20 m) na uzorku od 155 djevojþica, u dobi od 7,5 godina ± 3 mjeseci.
Primijena regresijske analize pokazala je da, u manifestnom prostoru izmeÿu antropometrijskih karakteristika
i motoriþkih sposobnosti postoje statistiþki znaþajne veze (p <0,01), i to kao pozitivan utjecaj obje
antropometrijske karakteristika i motoriþkih testova bacanja medicinke, a kao negativni utjecaj varijable vis
u zgibu. Odreÿivanje latentne strukture motoriþkih varijabli po komponentnoj faktorskoj analizi dovelo je do
kontrakcije sustava varijabli na dvije latentne dimenzije sugerirajuüi topološko razlikovanje motoriþkih
sposobnosti snage gornjih i donjih ekstremitete.
Kljuþne rijeþi: relacije, antropometrijske znaþajke, motoriþke sposobnosti, djevojþice, prvi razred, osnovke
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Abstract
Three points for a win is a standard used in many sports leagues and team tournaments, in which three
points are awarded to the team winning a match, with no points to the defeated team. In this research, the
first aim was to determine the correlations between advances, relegations from leagues in recreative table
tennis (SOKAZ leagues in Zagreb) and number of points that teams had in championships, when different
point systems were applied (“two points for a win” or “three points for a win”). The second aim was to
determine the differences in number of matches that finished with draw, in two SOKAZ championships,
where different point systems were really applied. The data was collected by examination of placements of
the teams in SOKAZ leagues championships from official records from the website www.sokaz.hr. Results
showed that the differences between ranks on the final league table, advances and relegations are much
smaller than expected. All the correlations between variables in research, towards their directions and size,
were statistically significant and in expected directions. «Three points for a win» system has some benefits in
football, in sense of raising attractiveness and the number of goals, while in table tennis those benefits are
not obvious.
Key words: advances, draw, football, point system, relegations
Introduction
Three points for a win is a standard used in many
sports leagues and team tournaments, especially in
soccer (football), in which three (rather than two)
points are awarded to the team winning a match,
with no points to the defeated team. If the game
is equalized (drawn), each team receives one point.
The system places additional value on wins with
respect to draws such that teams with lower overall
winning percentages may rank higher in tables than
teams with higher overall winning percentages but
more draws (Klotz & Gerhard, 2000). For the
purpose of increasing the degree of uncertainty of
outcome and hence the demand (for football,
mainly) in order to maximize the total revenue of
the industry, a major change in the point system of
professional football leagues took place in the
1980s, which replaced the system of the two points
for a win with the system of the three points for a
win. The rationale for the new point system was
presumably that more reward for winning games
would encourage more positive attitudes from
teams and that the consequent more attractive and
attacking football would bring in bigger crowds
(Newson, 1984). An another study analyzed the
impact of the new point system of the three points
for a win on the degree of competition over seven
consecutive seasons through a small sample (at
nine European top football divisions ) and revealed
mix evidences for the introduction of the three
points system for a win (Halicioglu, 1998). Many
leagues and competitions originally awarded 2
points for a win and 1 point for a draw, before
switching to the three points for a win system. The
change is significant in league tables, where teams
typically play 30-40 games per season. Teams that
win roughly 50% of their games are the most
affected by the point system.
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However, some league championships have been
decided on the difference in draws among teams.
In the National Hockey League in North America, a
system described as "the three-point win" was
proposed in 2004, with three points for a win in
regulation time, two for a win in overtime, and one
for a tie. In 2009, the National Hockey
League adopted a system of three points for a
regulation or overtime win, two for a shootout win,
one for a shootout loss, and zero for a regulation or
overtime loss. Halicioglu (2000) has analyzed a
statistical rationale for the introduction of a „three
points for win“ point system in professional football
leagues with the intention of increasing outcome of
uncertainty and hence the demand for football.
The “outcome of uncertainty” means an effort that
competition as a whole, doesn’t have a
predetermined winner at the outset of competition
(Halicioglu, 2006). This study revealed that a new
version of the three points system for a win
provides
statistically
a
higher
degree
of
competition, comparing with „two points for win“
system, when we consider coefficients of variation
(CV) values (Halicioglu, 2000). However, these
conclusions should be treated cautiously since a
number of factors affecting the degree of
competition (income levels, management skills,
point and match strategies of individual teams,
quality of players, league structure, crowd). The
main limitation is the fact that attitudes of teams
for competitive matches could be independent of
any point systems. All in all, the „three points for a
win" is supposed to encourage more attacking play
than "two points for a win", where the conventional
wisdom for teams and their coaches was to draw
away matches and win home games.
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The „logic“ of the system „three points for a win" is
that, if the score is level near the end of a game,
teams will not settle for a draw if the prospect of
gaining two extra points (by playing for a late
winning goal) outweighs the prospect of losing one
point (by conceding a late goal to lose the match).
A second rationale is that it may prevent collusion
amongst teams needing only a draw to advance in
a
tournament
or
avoid
relegation.
Some
commentators agree that it has resulted in more
"positive" attacking play. However, critics suggest
teams with a one-goal lead late in a match become
more negative to defend the lead.
For example, Dilger & Greyer (2009) are tested
empirically and compared games from the German
cup competition, according to the effects of the
three-point rule in the first league German soccer.
The number of draws in cup games decreased, but
an increase in the number of close wins was found.
The strategy of a leading team becomes more
defensive, resulting in fewer goal shootings by that
team, as well as fewer shooting opportunities for
the opponent (Guedes & Machado, 2002). However,
except in football and ice hockey, the system „three
points for a win" is applied at recreative team table
tennis championships in Croatia, since 1998. The
Association of Recreational Table-Tennis Players in
Zagreb (SOKAZ) includes many table-tennis fans in
Zagreb and its periphery.
In SOKAZ leagues play more than 1200 male and
female athletes, that play in 21 male leagues (12
teams in average) and one women's league with 12
teams (Sindik & Vidak, 2009). In spite of the
nominal goal of competition in table-tennis leagues
is identical to those of sports recreation, there are a
series of indicators to believe that SOKAZ attracts
not only recreational players, but also players with
top-sport orientation, motivated to keep the high
level of achievements in sports, to advance in their
table-tennis performance. Consequently, higher
uncertainty of the competition in single or team
matches could hypothetically motivate the players
and the teams to find more pleasure in their
performance, preserving the level of motivation
oriented towards performance progress or to
keeping the achieved performance level in tabletennis championships.
The organizers of SOKAZ championships decided to
apply „three points for a win", mainly to prevent
collusion amongst teams needing only a draw to
advance in a tournament or avoid relegation.
At the table tennis team games in SOKAZ, other
advantages of this system are in fact impossible,
because both teams in one team game have to play
10 individual matches, with varying level of
uncertainty of these matches. Otherwise, the final
result (in the case of draw) is always the same (55). In this research, the first aim was to determine
the correlations between advances, relegations and
number of points that teams had in championships,
when different point systems were applied (“two
points for a win” or “three points for a win”).

The second aim was to determine the differences in
number of matches that finished with draw, in two
SOKAZ championships, where different point
systems were really applied.
Methods
The data was collected by examination of results of
the teams in SOKAZ leagues competition from
official records from the website www.sokaz.hr. All
data
from
all
team
matches
played
in
championships in all SOKAZ leagues were analyzed.
Each team played approximately 11 matches per
championship. In each championship approximately
11 rounds were played following the ''round robin''
principle, each team played 11 matches per
championship in the average.
Samples
First sample (1st and 2nd aim): Entities in the
research were teams from all SOKAZ leagues, in
four consecutive championships in 2010 and 2011.
Analyzed number of leagues was: 23 leagues in
championships in spring 2010 (266 teams), 22
leagues in championships in autumn 2010 (258
teams), 22 leagues in championships in spring
2011 (260 teams) and 23 leagues in championships
in autumn 2011 (268 teams). Each team played
from 10 to 11 team matches per championship (see
Table 1). Second sample (3rd aim): In the second
part of the research the entities were all teams in
SOKAZ leagues from 2nd to 12th. Analyzed numbers
of leagues were: 11 in the championship spring
1997 (132 teams) and 11 in the championship
autumn 2006 (132 teams). Each team played
exactly 11 team matches per championship.
Variables
We had been analyzed the number of wins, loses
and draws in all matches played in all analyzed
championships. However, we have analyzed the
number of advances (one or two leagues),
relegations (one or two leagues) and changing in
ranks on the league tables for certain teams, along
with number of team points on the league tables.
We have to mention that analysis made for the
system “two points for a win” was in fact simulated
(virtual), while in the second sample we compared
really applied “two points for a win” in 1997 with
“three points for a win” in 2006.
Statistical Analyses
All the methods of analysis and result presentation
used were found within the SPSS 11 package. Basic
descriptive statistic measures are calculated,
frequencies,
average
results
and
standard
deviations. Spearman correlation coefficients were
calculated between advances, relegations and
number of points that teams had in championships,
when different point systems were applied. Chisquare tests type 2 x 2 were calculated to find
differences in number of matches that finished with
draw / non-draw, when two points for a win / two
points for a win systems were applied, for all teams
in SOKAZ in four championships.
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Results and discussion
Table 1 – Descriptive statistics for main variables in
the research (per championship) for all teams in
SOKAZ in four championships
Variable
Number of team matches played
Number of wins in team matches
Number of draws in team
matches
Number of defeats in team
matches
Number of points – three points
for a win system
Number of demerit points
(penalty)
Number of points – two points for
a win system
Position according to a number of
points (three points for a win
system)
Position according to a number of
points (two points for a win
system)

Mean
10,90
4,62
1,66

Std. Dev.
0,58
2,79
1,21

4,62

2,76

15,46

8,26

5,75

4,17

10,91

5,42

6,45

3,44

6,45

3,44

As we can see in Table 1, almost all teams played
all possible matches. Average number of wins is
approximately the same as number of defeats. In
Table 2, we can see the differences between
number of different levels of advances (advance for
one or two leagues forward) and relegations
(relegation for one or two leagues backward), as
well as for differences in the position on the league
table for all teams in SOKAZ in four championships,
when two points for a win / two points for a win
systems were applied. It's obvious that differences
between two point systems are minor.
Table 2 – Differences in advances, relegations and
changing in ranks on the league table for all teams
in SOKAZ in four championships (frequencies)
Differences in
Differences in Differences
position on the
advances
in relegations
table
In negative
direction
Equally
In positive
direction
Total

0

2

10

736

731

716

0

3

10

736

736

736

In Table 3, the correlations between number of
advances, relegations, positions on the league table
and number of team points at the end of
championships are showed, for all teams in SOKAZ
in four championships, when two points for a win /
two points for a win system were applied. All the
correlations were statistically significant and very
similar size, regardless of the point system that is
applied. Of course, correlations between advances
and relegations were negative, as same as between
advances with number of points at the end of the
championships and advances with rank in
championship, regardless of the point system that
is applied. Trying to find the answer on the second
aim of this research, we compared the total number
of draw matches, which were played in all leagues
in the spring SOKAZ championship in 1997 (when
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the system 2 points for a win was applied) and in
the spring championship in SOKAZ 2011 (when the
system 3 points for a win was applied). We have
found that number of draws in 1997 was: 18 (2nd
league), 24 (3rd league), 30 (4th league), 32 (5th
league), 42 (6th league), 32 (7th league), 26 (8th
league), 24 (9th league), 12 (10th league), 14 (11th
league), 16 (12th league). Number of draws in 2011
was: 20 (2nd league), 22 (3rd league), 14 (4th
league), 18 (5th league), 24 (6th league), 22 (7th
league), 24 (8th league), 26 (9th league), 14 (10th
league), 18 (11th league), 34 (8th league). The
results of the Chi-square test showed that the
number of draws was slightly higher (270) when 2
points for a win system was applied, as compared
with 236 draws when 3 points for a win system was
applied, but this difference was not statistically
significant (F2 = 2,606; p>,05). The main finding of
the research is the fact that differences between
ranks on the league table, advances and
relegations from leagues are much smaller than
expected. All the correlations, towards their
directions and size, were just as we have expected.
In comparison of the total number of draw
matches, we have found that there is no
statistically significant difference between 2 points
for a win system (season 1997) and 3 points for a
win system (season 2006), in spite of the fact that
number of draws is something lower, when the
system «three points for a win» was applied. The
differences between ranks on the league table,
advances and relegations from leagues, which are
much smaller than we can expect, can indicate
changed direction of teams, more focused on
winning (“win at all costs”). As we have mentioned
in Method chapter, the comparison in the first
sample (championships in 2010 and 2011) is
virtual, so the teams can be adjusted to avoid
draws when the system «three points for a win»
was applied. The non-significant trend of lower
number of draws that is found in the second sample
can be an indication of avoiding draws. The
explanations in table tennis team games can be
more in collusion amongst teams, than in
aggressive or more attractive play, what can be
one real explanation of the same trend in football.
(We couldn’t compare more championships in
SOKAZ with real applying of different point systems
because of changing the whole system of
competition. In championships before 1997, the
system of A and B leagues of the same level was
applied, while in later championships we had one
unique league for one league level.) However, we
can assume that, even in cases of very small
differences in team positions on the league tables,
relegation and advances (such as revealed in this
research), some teams have to be unsatisfied with
the system «three points for a win». Namely, if
both teams in some team game fight very hard for
a win, with all or the most of equalized results of
individual matches, the whole team game can finish
with a draw. So, if some team accidentally plays
several matches with a draw (in an honest sport
fight), that team could be relegated. For example,
in SOKAZ championships, there is often very small
chance that all matches played with s draw can
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ensure avoiding relegation (11 points at the end).
Considering the logic of application «three points
for a win» system at table tennis team games, it is
not justified from the aspect of stimulating «more
attractive» or «less defensive» play, because
individual matches are only the part of the team
game, while individual table tennis players have
their individual tactics. The main limitation is the
same number of points needed for a win in
individual games (for wining the set 11 points and
for wining the match three or four sets). On the
other hand (what can be also discussed in terms of
football), the second rationale for including «three
points for a win» system is that it may prevent
collusion amongst teams, needing only a draw to
advance in a tournament or avoid relegation.
Our opinion is that such rationale can’t be proved:
no team will confess that his members “arranged”
the final result of some game. Moreover, if some
two teams want to make a collusion, these two
teams can make plans for this collusion in advance,
arranging win for the opponent team (this time with
larger income), can be much more detrimental to
the regularity of table tennis or football
competitions at all. The main benefit of this
research is the fact that it is the first research (as
we know) with a purpose of determining
consequences of applying «three points for a win»
system in table tennis. On the other hand, the main
shortcoming is relatively small number of

championships that were analyzed, as well as small
number
of
championships
that
are
really
comparable (SOKAZ changed system of smaller
number of paired A and B league of the same level,
for example 1A and 1B to one league of the one
level, for example 1st league). One of the future
directions can be oriented to a practical application:
among all that we considered, independently of the
results obtained in this research, it seems that a
system «three points for a win» can have very
small support for its’ application in team table
tennis competitions.
Conclusion
The main finding of the research is the fact that
differences between ranks on the league table,
advances and relegations are much smaller than
expected. All the correlations between variables in
research, towards their directions and size, were
statistically significant and in expected directions.
However, in spite of the fact that «three points for
a win» system have some benefits in football, in
sense of raising attractiveness and the number of
goals, in table tennis those benefits are not
obvious. The argument that «three points for a
win» system can prevent collusion amongst teams,
can’t be proved, while the “arrangements” with
“«three points for a win» system can be much more
detrimental to the regularity of table tennis or
football competitions.

Table 3 – Correlations between the main variables in research (advances, relegations and team ranks,
number of team points) for all teams in SOKAZ in four championships
Rank in
Rank in
Advance in Advance in
championship championship
leagues
leagues
(system 3 points (system 2 points (system 3 (system 2
for win)
for win)
points for points for
win)
win)
Rank in
championship
(system 3 points
for win)
Rank in
championship
(system 2 points
for win)
Advance in
leagues (system
3 points for win)
Advance in
leagues (system
2 points for win)
Relegation from
leagues (system
3 points for win)
Relegation from
leagues (system
2 points for win)
Number of
points (system 3
points for win)
Number of
points (system 2
points for win)

1

Relegation Relegation Number of
from
from leagues
points
leagues
(system 2
(system 3
(system 3
points for
points for
points for
win)
win)
win)

Number of
points
(system 2
points for
win)

,999**

-,737**

-,737**

,728**

,733**

-,944**

-,940**

1

-,737**

-,737**

,728**

,736**

-,943**

-,941**

1

1

-,284**

-,288**

,796**

,788**

1

-,284**

-,288**

,796**

,788**

1

,993**

-,656**

-,662**

1

-,662**

-,669**

1

,994**
1

** Correlation is significant at the 0.01 level (2-tailed).
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TRI BODA ZA POBJEDU U REKREACIJSKOM PRVENSTVU U STOLNOM TENISU
Sažetak
Tri boda za pobjedu je standard koji se koristi u mnogim sportskim ligama i ekipnim natjecanjima, u kojem
se tri boda dodjeljuju timu koji pobjeÿuje utakmicu, bez bodova za pobijeÿenu momþad. U ovom
istraživanju, prvi cilj bio je utvrditi korelaciju izmeÿu napredovanja, ispadanja iz liga rekreativnog stolnog
tenisa (SOKAZ-ove lige u Zagrebu) i broja bodova koje su timovi postigli u prvenstvu, kada su primijenjeni
razliþiti sustavi bodovanja ("dva boda za pobjedu" ili "tri boda za pobjedu"). Drugi je cilj bio utvrditi razlike u
broju utakmica koje su završili neodluþenim ishodom, u dva SOKAZ-ova prvenstva, gdje su razliþiti bodovni
sustavi toþke uistinu bili primijenjeni. Podaci su prikupljeni uvidom u ukupne plasmane momþadi u
natjecanjima u SOKAZ-ovim ligama, iz službene evidencije na web-stranici www.sokaz.hr. Rezultati su
pokazali da su razlike izmeÿu rangova na finalnim tablicama lige, napredovanja i ispadanja iz lige puno
manje nego što se oþekivalo. Sve korelacije izmeÿu varijabli u istraživanju, prema njihovim smjerovima i
veliþinama, bile su statistiþki znaþajne i oþekivanog smjera. “Tri boda za pobjedu” sustav ima neke prednosti
u nogometu, u smislu poveüanja atraktivnosti i broja postignutih golova, dok u stolnom tenisu te prednosti
nisu oþite.
Kljuþne rijeþi: napredovanja, neodluþan ishod, nogomet, sustav bodovanja, ispadanja
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Abstract
The aim of this study was to investigate hormonal responses (Testosterone, Cortisol, Insulin) and Glucose
density after acute exercise in elite athletes. Methods: 27 elite athletes, who acquired between athletes of
the Iranian Premier League, divide into two endurance and speedy group. Before and after the acute
exercise, blood samples were drowned to determine serum Testosterone, Cortisol, Insulin and Glucose. The
blood samples were analysis in the laboratory with Radio Immuno Assay methods. For statistics analysis of
lab data, we used paired sample t-test. Results: Results showed an increase in hormones and Glucose
density in both group and decrease Insulin in endurance group. Also Cortisol and Glucose significantly
increased in endurance group (p0.05), but in speedy group Testosterone significantly increased after acute
exercises (p 0.05). Conclusion: Exercises, chiefly, acute exercises is causing an increase of anabolic
hormonal change. Therefore, athletes can use these acute exercises to increase sport capacity.
Key words: physical activity, blood, serum, hormons
Introduction
In the course of exercise, the body faces many
requirements which result in many physiological
changes. The rate of energy consumption increases
in
such
circumstances.
Excretion
metabolic
productions begin to accumulate. Water is
transferred within different sections of the body and
voids through perspiration. In the state of rest, the
internal environment of the body involves a stable
flow, whereas in the course of exercise it entails a
complete disorder. Now we know that homeostasis
should be maintained at a stable level to get life
continue. The more intense the activity is, the more
difficult it is to maintain homeostasis. A great deal
of required adjustments in the course of the
exercise is committed by nerving system. There is
also another system that is truly connected with
the entire body cells. This system permanently
controls the internal environment of the body.
Furthermore, it records the entire changes occurred
and responds to them rapidly to ensure absence of
disorder on the part of homeostasis. This is the
endocrine gland system which commits its control
via releasing the hormones (Wilmore & Costill,
2004).
Problem and Aim
Muscular
activity
necessitates
congruous
adjustment
of
plenty
of
biochemical
and
physiological systems. Such coordination is merely
possible when various tissues and systems in the
body can be connected with each other. However
nerving system is responsible for many of these

connections, the precise adjusting of these body
physiological responses against any type of
disorder in this balance is the main duty of
endocrine glands. Endocrine gland system entails
all the tissues and glands that spatter the
hormones. This system spills the hormones into the
blood too.
The hormones act in forms of the
chemical messages in the whole body. After
hormones reach the destination via blood, they can
control the activities of the tissues (Wilmore &
Costill, 2004). A good bulk of studies has been
conducted in regard to the roles of hormones as
well as their connections while doing exercises. In
addition to hormones, plasma density of glucose
has been investigated in regard to exercise.
Although some researchers such as Fahey and his
colleagues
have
investigated
changes
in
testosterone hormones within the males through
resistance exercises (Fahey, Rolph, Mungmee,
Nagel, & Mortara, 1976). Additionally, other
researchers investigated changes in growth
hormone and testosterone in terms of their relation
with resistance exercises (Kraemer, Kilgore,
Kraemer, & Castracane, 1992). Hoogeveen and his
colleagues studied the amount of testosterone and
cortisol in professional cyclists after one session of
intensive exercise (Hoogeveen & Zonderland,
1996). Several other researchers examined several
anabolic hormones, hormone systems and density
changes of certain hormones in regard to exercising
(Ahtiainen, Pakarinen, Kraemer, & Hakkinen, 2004;
Bosco, Colli, Bonomi, von Duvillard, & Viru, 2000;
Consitt, Copeland, & Tremblay, 2001; Helge et al.,
2006; Nindl et al., 2001; Tremblay, Copeland, &
Van Helder, 2005).
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In all of these studies, the relation between time,
intensity and even type of exercise with hormone
changes or change in glucose amount of blood was
somehow investigated. This study intends to
investigate hormone changes and the amount of
glucose of blood in a field and tract athletes
following one session of intensive physical activity.
Testosterone, cortisol, and insulin entail significant
hormones in boosting muscular endurance and
muscular mass within different majors of the field
and tract. Furthermore, this study also endeavors
to prove the amount of blood glucose of the issues
mentioned above.

Results
Comparable amounts of blood hormones and
glucose before and after the speed exercise, an
increase in all the variables was observed.
Generally, considering the average amounts,
testosterone, cortisol, insulin, and glucose were
increased respectively to 2.1, 277.5, 4.55 and
74.45 units. The study results revealed that the
observed t (p 0.05) was only significant in regard
to cortisol (figure 1) and glucose (figure 2).

Methods
This semi-experimental study was conducted in two
phases of pre-test and post-test without any
control group. The study participants consisted of
26 track and field elite athletes of the professional
league, whose average age was 19.65 ± 3.11 and
their average height involved 176.5 ± 5.65 cm.
Furthermore, their average weight was 69.68 ±
11.15 kg, their average weight without fat was 60
± 6.30 kg and finally their average of fat
percentage was 12.72% ± 5.96). They were
divided into two groups of speed and endurance.
Each group was separately justified about the
research and received adequate information about
research process as well. Then, they registered a
testimonial to participate in the research project.
Each group was tested separately on the same day
and same time.
First, speed group (speed runners) were blooded at
4.00 p.m., while they did not have any breakfast.
The participants were required to avoid eating any
food for 8 hours before exercising. Before beginning
of the test, thickness of participants’ skin layer was
measured through a caliper (Lange). Moreover,
essential information to account for LBW i.e. weight
and height were reached. A stethoscope was
attached to the athletes to record their heartbeat
and their first blood sample was obtained before
the exercise. After they participated in the exercise
program (repeated runnings with increasing time:
each of the first three repetitions lasted 15
minutes, whereas each of the second three
repetitions took 20 seconds, one repetition was for
30 seconds and another repetition lasted for 40
seconds and was performed at the most speed and
the most distance), the second sample of athletes’
blood was collected at once. In order to control
intensity rate of the exercise, participants were
required to state their heartbeat during the
exercise. After gleaning the research samples, to
segregate the serum and then analyzing the
variables, they were transferred to the laboratory
and
were
scrutinized
according
to
radioimmunoassay method. On the next day, the
endurance runners group (two repetitions of 20
minute Fartlek exercise on the hills with slopes of 5
to 15% and the rest between the sets was 15
minutes) was tested in the same way. The T test
was utilized to analyze the research data acquired
from the experiments.
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Figure 1: Significant increase of cortisol after one
session of acute exercise in speed runners

Figure 2: Significant increase of glucose after one
session of acute exercise in speed runners
Therefore, there is a significant difference between
the average density of cortisol (P= 0.021) and
cortisol (P= 0.036) hormones of speed athletes
before and after exercise, whereas no significant
difference was discovered between average density
of testosterone and insulin hormones before and
after exercise (Table-1). Also regarding the
comparisons between blood amounts of hormones
and glucose before and after endurance exercise,
testosterone, cortisol, and glucose of blood
increased in amount. Furthermore, the increasing
amounts were averagely indicated as 3.31 units for
testosterone, 19.47 units for cortisol, and 15.69 for
glucose, though insulin was decreased to 3.36
units. The observed t ( p0.05) was only significant
in regard to testosterone (Figure. 3). Therefore, a
significant difference was detected in average
density of testosterone hormone (P= 0.017) before
and after exercise in contrary to other blood factors
in which no significant difference was observed.

Zeinali,S.etal.:Theinfluenceofonesessionofintensivephysicalactivity…ActaKinesiologica6(2012)2:47Ͳ51
Table 1: Blood variable changes, before and after acute exercise in speed runners
Testosterone
nmol/l

Cortisol
nmol/l

Insulin
ȝlu/ml

Glucose
Mg/dl

Mean

29.08

408.33

6.80

83.41

SD

5.92

162.48

6.38

12.94

Mean

31.90

685.83

11.35

157.86

SD

9.42

250.50

4.11

65.18

T
T

1.28

3.31

1.66

2.84

Significance

.254

0.021

0.157

0.036

Before
exercise

After
exercise

Table 2: Blood variable changes, before and after acute exercise in endurance runners

Before
exercise

Testosterone
nmol/l

Cortisol
nmol/l

Insulin
ȝlu/ml

Glucose
mg/dl

Mean

18.67

453.0

8.48

81.88

SD

8.48

149.13

6.87

9.17

Mean

21.98

472.42

5.11

97.57

SD

10.53

168.52

2.74

18.14

0.273

1.29

1.94

0.794

0.242

0.100

After
exercise
T
Significance

Figure 3: Significant increase of testosterone after
one session of acute exercise in endurance runners
Discussion
Physical activities and exercises cause amounts of
some hormones to increase or decrease in
comparison with their amount during the resting
time. Although the physiological significance of
these changes has not currently been recognized,
the fact that they even react into exercise activities
is of great importance.

Since hormones demonstrate a crucial role on
metabolism of the whole body and have a direct
effect on the improvement of exercise activities, a
great deal of studies has been conducted in these
grounds. In a study revealed that exercises such as
endurance running specially in long distances have
ill effects and backwash on the athletes. It reported
that high level endurance exercises result in men‘s
infertility as well as a decrease in the amount of
testosterone in comparison to those who do not
exercise (Anthony, 1998). According to these
studies, speed exercise demonstrated various
changes in regard to hormone levels and other
blood elements related to the physical activities.
Such studies reveal the affectability of these
elements by some interferences such as time,
intensity, rate of physical fitness, diet, and gender.
A great bulk of studies has been performed in these
grounds and different findings have been detected.
A study stated the significant decrease in amount of
density of testosterone hormone in rest time after 1
to 6 months of intensive exercises and another
group, after 2 to 3 months of exercise, did not
observe any significant changes (Anthony, 1998).
Viru in his study demonstrated a decrease in
testosterone amount and no change of cortisol in
reaction in two-week endurance exercises (Viru,
1992).
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Ronkainen and colleagues also proposed that
endurance exercises decrease testosterone in the
females but speed exercises in the form of jogging
made no change in it (Ronkainen, Pakarinen,
Kirkinen, & Kauppila, 1985). There exists
discordance between the findings of the present
study and the results of the studies mentioned
which can be due to variation in length of the
exercise period. In other words, endurance
exercise, during a time period like two weeks or
more, decreases the amount of testosterone but
immediately after one session of exercise its blood
density decreases. Pitkanen reported changes in
density of testosterone hormone in speed runners
(intensive exercise for one session) in terms of an
increase in the density of this hormone (Pitkanen et
al., 2002). Slowinska also like Pitkanen observed
an increase in testosterone amount and it was 400
m in elite athletes which is in line with the findings
of our study, though Slowinska reported a
decreasing change in beginner runners (SlowinskaLisowska & Majda, 2002) which demonstrates
affectability of hormonal responses by the level of
body preparation. Tremblay proposed increase of
testosterone
and
cortisol
during
endurance
exercises for less than 80 minutes (Tremblay et al.,
2005) which confirms the findings of this study.
Pitkanen introduced speed exercise as a motive for
the cortisol spatter (Pitkanen et al., 2002). Leclercg
and Viru stated the increase in cortisol amount
after physical exercise and activity which confirms
the findings of the current study (Leclercg &
Poortmans, 1978; Viru, 1992). Helge mentioned
that long-time endurance exercise has no
significant influence on the amount of glucose and
insulin of blood which is in line with the findings of
the present study (Helge et al., 2006). Horton and
his colleagues revealed that the exercise with
intensity of 85% of lactate threshold for 90 minutes
can result in a significant decrease in glucose

density of course within females in contrary to male
group wherein no significant change was detected
(Horton, Grunwald, Lavely, & Donahoo, 2006)
which demonstrates role gender variability in their
affectability by exercise. These findings disprove
findings of the current study which may be due to
differences in length of the exercise period. Viru
concluded that intensive exercise up to 50 to 70%
of VO2 max along with a fatty and common diet
decreases the amount of insulin of blood
significantly. Moreover, he also reported that
intensive exercise of 10% VO2 max along with a
fatty diet leads to a significant decrease of insulin
amount either, though with a full-carbohydrate or
usual diet no decrease in the insulin amount was
observed(Viru, 1992). These study findings reveal
the influence of diet in hormone responses to
physical exercises and activities. As a matter of
fact, in this study effect of death has not been
controlled but the increase of insulin density in
reaction to intensive exercise in virus research is in
line with the finding of the current study. At last,
regarding the study results and the findings
mentioned about previous researches, it is revealed
that hormone responses vary according to
intensity, time, duration of exercise period etc. and
generally, it can be concluded that acute speed and
intensive exercises (but not those exercises
performed gradually during an exercise duration)
might lead to increasing changes in hormones of
testosterone, cortisol and insulin specially cortisol
and makes a significant increase in the glucose of
blood. On the other hand, acute endurance
exercises result in increasing changes of density of
testosterone, cortisol and glucose of blood specially
testosterone. It seems to be essential to conduct
other researches in order to investigate the
mechanism of the effects and recognition of other
influential materials on hormone changes by
physical
exercise
and
activity.
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UTJECAJ JEDNE SESIJE INTENZIVNOG TJELESNOG VJEŽBANJA NA KOLIýINU
TESTOSTERONA, CORTISOLA, INSULINA I GLUKOZE U KRVNOM SERUMU
KOD ELITNIH SPORTAŠA
Sažetak
Cilj ovog rada bio je istražiti hormonalne odgovore (testosteron, kortizol, Inzulin) i gustoüu glukoze nakon
akutne vježbe kod sportaša. Metode: 27 sportaša, koji se natjeþu u iranskoj Premier ligi, podijeljeno je na
dvije grupe po izdržljivosti i brzini. Prije i nakon akutne vježbe, uzorci krvi su izvaÿeni kako bi se utvrdio
saderžaj testosterona, kortizola, inzulina i glukoze u serumu. Uzorci krvi su analizirani u laboratoriju s Radio
Imuno test metodom. Za analizu laboratorijskih podataka, korišten je upareni t-test uzorak. Rezultati:
Rezultati su pokazali poveüanje hormona i gustoüe glukoza u obje skupine i smanjeni inzulin u grupi po
izdržljivosti. Takoÿer Kortizol i glukoza znatno su poveüani u grupi formiranoj po izdržljivosti (p  0,05), ali u
grupi po brzini je testosteron znatno porastao nakon akutnih vježbi (p  0,05). Zakljuþak: Uglavnom, akutne
vježbe uzrokuju poveüanje anaboliþkih hormona promjene. Dakle, sportaši mogu koristiti ove akutne vježbe
za poveüanje sportskih kapaciteta.
Kljuþne rijeþi: tjelesna aktivnost, krv, serum, hormoni
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Abstract
This investigation of programme contents adoption was conducted on the sample of 160 first-grade tested
pupils (82 schoolboys and 78 schoolgirls) and 153 second-grade tested pupils (74 schoolboys and 79
schoolgirls) of the elementary school. Morphological characteristics were estimated according to three
variables (body height, body mass and body mass index). Motor abilities were estimated according to seven
variables (bent-arm hang, standing long jump, medicine ball throwing, forward bend on a bench, 30-metre
high sprinting run, 300-metre run and obstacle course backwards). The results were statistically evaluated
and tabulated. The differences have been established through multivariant analyses of variance (MANOVA),
univariant analyses of variance (ANOVA) and discriminative analysis. The results of the research showed that
statistically there were no significant differences between the first and second grade schoolboys and
schoolgirls when morphological characteristics were concerned, while in the area of motor abilities there were
differences which are statistically significant.
Key words: pupils, morphology, motor abilities, MANOVA, discriminative analysis
Introduction
The causes of inefficiency of the P.E. tuition are
ascribed to different factors (inefficient number of
classes, inadequate program, bad conditions …) but
also to the insufficient engagement of the lower
grades teachers entrusted with this PE classes
implementation. In addition to that it is essential to
add that the quality and efficiency of the P.E.
classes in lower grades is an important precondition
for the successful conduct of PE classes in senior
grades. In this period the structure of motor space
based on endogenous and exogenous factors is
built and they affect the growth and development
of children. The negative grades especially refer to
the state of P.E. in the lower grades of the
elementary school and the common observation is
that the physical education on the level of lower
grades is in the constant retrogression and for a
long period has not shown any improvement.
Neither democratic changes nor reforms of the
school programme have given any results yet. We
do not want to explore which of these factors and
to what extent influences the efficiency of the PE
teaching the main concern of this paper is going to
be the efficiency of the implementation of PE
curricula in the first grade and second grade of the
elementary school.
Aim and hyphoteses
Research
topic
encompasses
morphological
characteristics and motor abilities schoolboys and
schoolgirls. Research aim is to determine the
efficacy of the PE curricula realisation in the first
and second grade of the elementary school. H1 there are no statistically significant differences in
morphological characteristics and motor abilities
when comparing the first grade schoolboys and
schoolgirls.
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H2 - there are no statistically significant differences
in morphological characteristics and motor abilities
when comparing schoolboys and schoolgirls.
Methods
This research has applied transversal research
model. Data gathering was peformed by the
experimental method, i.e. ex-post-facto experiment
and data were processed by the statistical method.
Subject sample: Subject sample comprised 160
first-grade
pupils
(82
schoolboys
and
78
schoolgirls) and 153 second-grade pupils (74
schoolboys and 79 schoolgirls) of the elementary
schools of the Trstenik.
Sample of
measuring instruments: For the
morfological characteristics estimation following
variables were applied: body height - AVIS, body
mass
AMAS, body mass index
ABMI.
Following tests were used for the investigation of
motor abilities: bent-arm hang - MZGB, standing
long jump - MSDM, medicine ball throwing MBMD, forward bend on a bench - MDPR, 30metre high sprinting run - MO30, 300-metre run
- M300, obstacle course backwards - MPON.
Data
processing:
Besides
basic
statistical
parameters differences between schoolboys and
schoolgirls were calculated by multivariant and
univariant analysis of variance and discriminative
analysis. Profile of group homogeniety in areas was
done and the obtained results are interpreted and
displayed in tables. By applying chosen data
processing methods the results were obtained
which generated the information on the retention or
rejection of the set hypotheses.
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Results and discussion
The aim of this research is to determine the
efficiency of PE curricula implementation in the first
and second grade of the elementary school. This
was done on the basis of the parameters of the
growth and development of single morphological
characteristics and motor abilities of PE curricula in
the first and second grade schoolboys and
schoolgirls of the elementary school.
Differences between schoolboys and schoolgirls in
morphological characteristics
When considering basic parameters of the results of
schoolboys and especially schoolgirls (Tables 1, 2, 3
and 4) we can notice numerical differences in the
average results of the single variables. Significant
difference is evident though not so high in body

height (AVIS). Schoolboys are a little bit higher
than girls. When considering body mass (AMAS)
schoolboys are somewhat more homogeneous by
weight, while schoolgirls are heterogeneos, this
being caused by minimal and maximum results.
It is normal to expect difference in results for a
widely known fact that children come from different
environments at the start of their schooling, with
different level of growth and development, social
and cultural habits. Many a research showed no
statistically
significant
differences
between
schoolboys and schoolgirls in morphological area.
Such a hypothesis was a starting point for this
research. Regardless of the numerical differences in
average result in single variables in favour of
schoolboys or schoolgirls generally there are no
statistcally significant differences.

Table 1. Central and dispersion parameters of the first grade schoolboys morphological characteristics
N = 82
mean.vl.
std. Dev.
min
max
k.v.%
interv.
incr.
p
AVIS
1304.48
56.58
1205.00
1473.00
4.34
1292.04
1316.91
.92
AMAS
279.29
53.39
215.00
460.00
19.12
267.56
291.03
.18
ABMI
16.31
2.09
13.41
24.89
12.80
15.85
16.76
.14
Table 2. Central and dispersion parameters of the first grade schoolgirls morphological characteristics
N = 78
mean.vl.
std. Dev.
min
max
k.v.%
interv.
incr.
p
AVIS
1300.83
63.03
1165.00
1478.00
4.85
1286.62
1315.05
.94
AMAS
271.22
59.59
190.00
615.00
21.97
257.78
284.66
.13
ABMI
15.91
2.26
12.47
28.15
14.23
15.40
16.42
.48
Table 3. Central and dispersion parameters of the second grade schoolboys morphological characteristics
N = 74
mean.vl.
std. Dev.
min
max
k.v.%
interv.
incr.
p
AVIS
1349.51
59.39
1205.00
1490.00
4.40
1335.75
1363.28
1.00
AMAS
307.73
58.80
210.00
525.00
19.11
294.10
321.35
.82
ABMI
16.77
2.15
14.05
24.63
12.81
16.28
17.27
.37
Table 4. Central and dispersion parameters of the second grade schoolgirls morphological characteristics
N = 79
mean.vl.
std. Dev.
min
max
k.v.%
interv.
incr.
p
AVIS
1332.89
67.54
1177.00
1515.00
5.07
1317.75
1348.02
1.00
AMAS
290.32
54.98
205.00
420.00
18.94
278.00
302.63
1.00
ABMI
16.23
2.14
13.38
22.05
13.16
15.75
16.71
.66
Table 13. Central and dispersion parameters
N = 82
std. val.
std.dev.
MZGB
256,78
155,26
MSDM
123,76
18,92
MBMD
265,01
56,66
MDPR
405,37
63,89
MO30
61,37
5,49
M300
84,40
11,24
MPON
202,15
54,07

of the first
min.
31,00
81,00
141,00
245,00
52,00
65,00
110,00

Table 14. Central and dispersion parameters of the first
N = 78
std.val.
std.dev.
min.
MZGB
206.49
147.57
20.00
MSDM
114.22
18.18
56.00
MBMD
212.76
40.27
100.00
MDPR
406.54
57.82
255.00
MO30
64.73
6.13
54.00
M300
86.18
11.75
28.00
MPON
238.42
71.54
137.00

grade schoolboys motor abilities
max.
k.v.%
interv.incr.
761,00
60,47 222,66 290,90
173,00
15,28 119,60 127,91
390,00
21,38 252,56 277,46
575,00
15,76 391,33 429,41
78,00
8,95
60,16
62,57
117,00
13,32
81,93
86,87
460,00
26,75 190,26 214,03

p
.76
1.00
1.00
.96
.97
.94
.58

grade schoolgirls motor abilities
max.
k.v.%
interv.incr.
736.00
71.47 173.21 239.77
157.00
15.92 110.12 118.32
350.00
18.93 203.67 221.84
540.00
14.22 393.50 419.58
80.00
9.48
63.35
66.11
113.00
13.64
83.53
88.83
572.00
30.00 222.29 254.56

p
.95
1.00
1.00
.95
.98
.74
.01
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Table 15. Central and dispersion parameters
N = 74
std. val.
std.dev.
MZGB
332.55
213.36
MSDM
132.68
17.40
MBMD
310.97
53.37
MDPR
377.43
47.91
MO30
60.11
6.77
M300
79.22
10.18
MPON
167.00
39.59

of the second grade schoolboys motor abilities
min.
max.
k.v.%
interv.incr.
10.00
922.00
64.16 283.11 382.00
84.00
173.00
13.11 128.64 136.71
180.00
450.00
17.16 298.60 323.34
280.00
535.00
12.69 366.33 388.53
50.00
78.00
11.27
58.54
61.68
65.00
110.00
12.85
76.86
81.57
110.00
250.00
23.70 157.83 176.17

Table 16. Central and dispersion parameters of the second grade schoolgirls motor abilities
N = 78
std.val.
std.dev.
min.
max.
k.v.%
interv.incr.
MZGB
243.90
182.33
30.00
850.00
74.76 203.05 284.75
MSDM
123.32
15.16
90.00
160.00
12.29 119.92 126.71
MBMD
258.56
42.45
180.00
400.00
16.42 249.05 268.07
MDPR
422.03
56.29
320.00
540.00
13.34 409.41 434.64
MO30
64.00
0.17
52.00
78.00
14.32
61.95
66.05
M300
83.47
12.17
63.00
117.00
14.58
80.74
86.19
MPON
207.20
62.92
117.00
441.00
30.37 193.11 221.30

p
.76
.89
.99
.60
.49
.27
.92

p
.38
1.00
.59
1.00
.31
.62
.18

Table 19. Univariate differences between the first grade schoolboys and schoolgirls in motor abilities
Mean values
Variables
t
p
Schoolboys
Schoolgirls
MZGB
256,78
206.49
2.09
.03
MSDM
123,76
114.22
3.24
.00
MBMD
265,01
212.76
6.69
.00
MDPR
405,37
406.54
0.21
.88
MO30
61,37
64.73
3.65
.00
M300
84,40
86.18
0.33
.72
MPON
202,15
238.42
3.60
.00
Table 20. Univariate differences between the second grade schoolboys and schoolgirls in motor abilities
Mean values
Variables
t
p
Schoolboys
Schoolgirls
MZGB
332.55
243.89
2.76
.00
MSDM
132.67
123.31
3.55
.00
MBMD
310.97
285.55
6.74
.00
MDPR
377.43
422.02
5.26
.00
MO30
60.10
64.00
3.00
.00
M300
79.21
83.46
2.33
.02
MPON
167.00
207.20
4.76
.00
Table 5. Multivariate differences between the first
grade schoolboys and schoolgirls in morphological
characteristics
N
3

F
0.90

p
.445

Table 6. Multivariate differences between the
second grade schoolboys and schoolgirls in
morphological characteristics
N
3

F
1.20

p
.310

Multivariant analysis (MANOVA), Table 5 and 6,
shows no statistically significant differences
between
schoolboys
and
schoolgirls
in
morphological area. It is also determined that there
are no statistically significant differences in single
variables
results
between
schoolboys
and
schoolgirls by means of univariant analysis of
variance (ANOVA), Table 7 and 8.
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Table 7. Univariate differences between the first
grade schoolboys and schoolgirls in morphological
characteristics
VARIABLE
AVIS
AMAS
ABMI

F
0.14
0.81
1.31

p
.70
.37
.25

Table 8. Univariate differences between the second
grade schoolboys and schoolgirls in morphological
characteristics
VARIABLE
AVIS
AMAS
ABMI

F
2.60
3.58
2.43

p
.10
.05
.11

It is to expect that the results of the discriminative
analysis are congruent with the results of the
multivariant analysis of variance (MANOVA) that is
that there are no statistically significant differences
between schoolboys and schoolgirls, Tables 9, 10.
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Table 9. Significance of differences between the
first grade schoolboys and schoolgirls
in
morphological characteristics on the basis of
discriminative analysis
n
3

F
0.68

p
.450

Table 10. Significance of differences between the
second grade schoolboys and schoolgirls
in
morphological characteristics on the basis of
discriminative analysis
n
3

F
1.19

p
.311

Assessing
group
homogeniety
results
in
morphological characteristics (Table 11), it can be
seen that the first grade schoolboys and schoolgirls
are
veery
similar
in
their
morphological
characteristics. Out of 82 subjects 38 have the
characteristics of their group, which makes 46%,
and out of 78 fale subjects 45 have the
characteristics of their group which is over 57%
and is considered moderate homogeniety. It is
important to emphasise that the second grade
schoolboys and schoolgirls are homogeneous
enough (Table 12), so 62% of schoolgirls have the
characteristics of their group, and in schoolboys
that result is smaller (44%), but can be said to be
homogenous in morphological characteristics.
Table 11. Homogeniety of
schoolboys and schoolgirls
characteristics
Group
schoolboys
schoolgirls

n/m
38/82
45/78

the first grade
in morphological
%
46.341
57.692

Table 12. Homogeniety of the
schoolboys and schoolgirls in
characteristics
Group
schoolboys
schoolgirls

n/m
33/74
49/79

second grade
morphological

%
44.59
62.02

Having in mind all previously mentioned we can
conclude that schoolboys and schoolgirls do not
differ significanly in morphological characteristics.
Differences between schoolboys and schoolgirls in
motor abilities
Surveying Tables 13, 14, 15 and 16 showing basic
statistical parameters of schoolboys and schoolgirls
in motor abilities, it can be seen that their average
results are numerically different in almost all
variable in favour of
schoolboys. Measurs of
dispersion point to great heterogeniety of results in
both sexes. This is especially related to the test
applied for the estimation of some aspects of
strength (MZGB, MBMD) and tests for the
estimation of coordination, i.e. reorganisation of
movement (MPON).

In assessing the differences by the multivariant
analysis of variance (MANOVA), it can be noticed
that schoolboys and schoolgirls differ significanly in
the system of applied motor tests (Table 17 and
18). Thus there is high level of certainty for the
claim that schoolboys and schoolgirls
differ in
motor abilities. Similar phenomena were pointed at
in previous research although it is believed that
these differences were obtained by chance.
Table 17. Multivariate differences between the first
grade schoolboys and schoolgirls in motor abilities
n
7

F
8.04

p
.000

Table 18. Multivariate differences between the
second grade schoolboys and schoolgirls in motor
abilities
n
7

F
14.58

p
.000

The obtained difference between the first grade
schoolboys and schoolgirls is due to the results in
single variables starting with the variable for the
estimation of the hand and schoulder strength
(MZGB), variable for the estimation of explosive leg
strength (MSDM), medicine ball throwing (MBMD),
variable for the estimation of speed (MO30) and the
variable for the estimation of reorganisation of
movement (MPON) (Table 19.), obtained by the
univariant analysis of variance. All significant
differences are in favour of schoolboys. Results of
motor abilities tests show that there are statistically
significant differences between the second grade
schoolboys and schoolgirls in all applied variables
(Table 20.). As seen when testing mean values in
all parameters schoolboys have better results on
average than schoolgirls. To show that schoolboys
and schoolgirls really differ in motor abilities
discriminative analysis was used and the results
are shown in Table 21 and 22.
Table 21. Significance of differences between the
first grade schoolboys and schoolgirls in motor
abilities on the basis of discriminative analysis
n
7

F
8.01

p
.000

Table 22. Significance of differences between the
second grade schoolboys and schoolgirls in motor
abilities on the basis of discriminative analysis
n
7

F
14.43

p
.000

K nowing that p is = .000 it can be concluded that
it is possible to draw a clear line between
schoolboys and schoolgirls in motor area. Assessing
group homogeniety results in motor abilities (Table
23), it can be seen that the first grade schoolboys
and schoolgirls are veery similar in their motor
abilities.
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So 74% of schoolboys have the characteristics of
their group, and in schoolgirls that result is smaller
(73%), but can be said to be homogenous in motor
abilities. It is important to emphasise that the
second grade schoolboys and schoolgirls are veery
homogeneous in motor abilities (Table 24), so out
of 74 subjects 58 have the characteristics of their
group, which makes 78%, and out of 79 fale
subjects 65 have the characteristics of their group
which is over 82%.
Table
23. Homogeneity of the first
schoolboys and schoolgirls in motor abilities
GROUPS
n/m
%
Schoolboys
61/82
74.39
Schoolgirls
57/78
73.07

grade

Table
24. Homogeneity of the second grade
schoolboys and schoolgirls in motor abilities
GROUPS
n/m
%
Schoolboys
58/74
78.37
Schoolgirls
65/79
82.27
Previous analyses have evidently shown that
schoolboys and schoolgirls significanly differ in the
system of motor variables. Difference are in favour
of schoolboys.
Conclusion
Based on the results and their analysis following
conclusion can be reached: 1. In the of system of
applied variables in morphological area results
show that there are numerical differences between
the first grade schoolboys and schoolgirls and the
second grade schoolboys and schoolgirls caused
mainly by the individual differences. Mean values
and values of Kolmogorv-Smirnov test show that
resulst in schoolboys and schoolgirls are in the
range of expected values and with schoolattending
comes some stagnation in growth and development
due to change in movement regime, way of living
and work, nutrition and that this sample follows the
value of natural increment. Most homogeneity in
schoolboys and schoolgirls was expressed in body
height (AVIS), then in body mass index (ABMI) and
the least in body mass (AMAS). Analyses of the
results of morfological characteristics have shown
that between the schoolgirls and schoolboys there
is no statistically significant difference in the
system of applied variables between schoolboys
and schoolgirls. Schoolboys and schoolgirls show
moderate
homogeneity
in
morfological
characteristics; 2. Results of motor abilities tests
show that there are numerical differences between
the first grade schoolboys and schoolgirls and the

second grade schoolboys and schoolgirls in all
applied variables. Most heterogenous results were
obtained in bent-arm hang (MZGB) and medicine
ball throwing (MBMD) and coordination (MPON), in
both sexes. Despite great heterogeneity of the
results mean values and Kolmogorov-Smirnov tests
show that there is no significant abberation.
Relativly poor results in tests for the estimation of
strength and coordination show that there was no
incentive to keep the same position as long as
possible and due to the weak muscle system
engaged in testing. Poor results confirm the fact
that no sufficient time is alloted to the shaping
exercises and the teaching units devoted to
stregthen the muscle system of the legs and
shoulder. In the system of applied variables in
motor area it was determined that schoolboys and
schoolgirls differ statistically significant (p = .000).
Between the first grade schoolboys and schoolgirls
there are no statistically significant differences in
forward bend on a bench (MDPR) and 300-metre
run (M300). In all other tests there is statistically
significant difference in favour of schoolboys.
Schoolboys and schoolgirls have high homogeneity
in motor abilities. Obtained results of morfological
characteristics and motor abilities of the first grade
schoolboys and schoolgirls and of the second grade
schoolboys and schoolgirls are in the range of
expected values which is congruent with the
previous research (Krsmanoviü, 1985; Kozarov,
1985; Ivaniü, 1996; Babin at all, 1999; Ĉuraškoviü,
2002; Kragujeviü and Rakiü, 2004; Zrnzeviü, 2003
and 2007 and Ivanoviü, 2005). Thus hypothesis H1
that: between the first grade schoolboys and
schoolgirls there are no statistically significant
differences in morfological characteristics and
motor abilities and H2: between the second grade
schoolboys and schoolgirls there are no statistically
significant differences in morfological characteristics
and motor abilities – can be partially substantiated.
This means that between the first grade schoolboys
and schoolgirls and between the second grade
schoolboys and schoolgirls there are no statistically
significant
differences
in
morfological
characteristics, but in motor abilities difference
exists and is statistically significant. In the end we
can conclude that motor abilities of the first and
second grade schoolboys and schoolgirls of
elementary school do not suffice. Therefore it is
vital that all and especially lower grades teachers
throuroughly realise PE curricula contents and
constantly monitor the growth and development of
the schoolchildren, increase the intensity of
exercising and the pupils motivation beause this is
the only path to an adequate growth and
development.
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REALIZACIJA PROGRAMSKIH SADRŽAJA U NASTAVI TJELESNOG ODGOJA
U PRVOM I DRUGOM RAZREDU OSNOVNE ŠKOLE
Sažetak
Istraživanje usvojenosti programskih sadržaja sprovedeno je na uzorku od 160 ispitanika (82 uþenika i 78
uþenica) prvog razreda i 153 ispitanika (74 uþenika i 79 uþenica) drugog razreda osnovne škole. Morfološke
karakteristike procijenjivane su pomoüu tri varijable visina tijela, masa tijela i indeks tjelesne uhranjenosti .
Motoriþke sposobnosti procjenjivane su pomoüu sedam varijabli vis u zgibu, skok u dalj s mesta, bacanje
medicinke, duboki pretklon na klupi, trþanje na 30 metara iz visokog starta, trþanje na 300 metara i poligon
natraške . Dobiveni rezultati statistiþki su obraÿeni i tabelarno prikazani. Razlike su utvrÿene uz pomoü
multivarijantne analize varijance (MANOVA), univarijantne analize varijance (ANOVA) i diskriminativne
analize. Rezultati istraživanja pokazali su da izmeÿu uþenika i uþenica prvog i drugog razreda ne postoje
statistiþki znaþajne razlike u prostoru morfoloških karakteristika, ali u prostoru motoriþkih sposobnosti razlike
postoje i one su statistiþki znaþajne.
Kljuþne rijeþi: uþenici, morfologija, motoriþke sposobnosti, MANOVA, diskriminativna analiza
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EXAMPLE BEHAVIOR OF ALGORITHM AND PROGRAM FOR QUANTITATIVE AND
STRUCTURAL MULTIVARIATE DIFFERENTIATION OF GROUP OF ENTITIES WITH
DIFFERENT MORPHOLOGICAL STATUS
Dobromir Bonacin and Danijela Bonacin
Faculty of Education, University of Travnik, Bosnia and Herzegovina
Original scientific paper
Abstract
The purpose of this work was the preparation and testing of algorithm prepared for the analysis of
structural multivariate distinguishing groups of entities derived from the total distributed deployments.
The fundamental methodological pattern is evident in the fact that within the sample defined in any way
that there are sub-samples on the basis of some objective criteria can be classified at least as inferior,
average and superior, or at transformational process as initial, transitive and final state. The algorithm
has been tested on several examples of which two are prepared as example. One is presented in this
paper as an example of stable subsamples in morphological domain that do not show differences in the
structure of the transformation process. Another example was published in the "Sport Science" journal in
the motor domain and shows exactly drastic structural changes how they are, just the algorithm can
detect (Bonacin & Bonacin, 2012).
Key words: algorithm, groups of entities, morphology, structure, distinguishing
Introduction
Multivariate analysis, of course, are the only
procedures that can give an objective picture of
the world in which we are a part and to ensure
convergence of the natural laws of science
(Harman, 1970; Cooley & Lohnes, 1971; Mulaik,
1972, Johnson & Wichern, 1992; Momiroviü et al.,
1987). That's why the solution to the problem of
determining the structural differences in the
patterns that are predefined as potentially
significant structurally different is a serious
problem in all disciplines in which there is unity of
the dynamic features of objects, transformations,
and long-term effects (Bonacin & Smajloviü,
2005; Bonacin et al., 2008; Bonacin et al., 2012).
Such processes are of course all the processes of
physical education, all educational, all medical,
and also all in which there is a time delay of
reaching
effects,
such
as
economic
or
management.
Since the objects (egg, people in our examples)
differ in the anthropological features, including
the ability for adaptation or reservoirs that absorb
incoming information and tasks, then it is quite
likely that the consequences of applying the
operator to be different, and we should not forget
the fact that differences exists often already in
the start of groups or profiles, because of
sufficiently different objects. For these reasons it
is of multiple interests to explore, and
systematically explore the diversity of sub-groups
of the population, mainly in relation to that very
group they belong to all subgroups. Although this
can be done by taxonomic analysis, the fact
remains that such an analysis, it is clear, even in
close coordination with the discrimination
analysis, however, remain in a quantitative field
of preferred phenomena explication, but it is very
difficult to apply in the analysis of changes in the
structure that is in qualitative area.
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For these reasons, it is prepared, tested and
implemented algorithm "SubStru" in order to
provide information on the structural differences
between the subsamples.
Algorithm
If E = (ei ; i=1,...,n) is set of entities randomly
selected from some population P and V = (vj
;j:=1,...,) is set of linearly independents,
normally distributed quantitative variables. Then
with operation of joining values from V with
entities from E the result is matrix X = E
V
which explains state of set E on the set V at some
point of time. If M= s(mj ; j=1,..m) is vector of
middle values on m variable of matrix X (mj= ƶ xi
/ n) and vector S = (si ; j=1,..m) contains
standard variable variations from V presented in
X (sj = sqrt(ƶ (xi - X)2)/n) then in matrix Z (zij ;
i=1,..n, j=1,...,m), we will find standardized
entity result values per each variable expressed
in values of standard deviations of each variable
(zij = (xi,j – mj)/sj).
Let E = (ei , i = 1, ... , n) is some set of entities
in general, with some procedure defined as
sample from some population P. Let we have
defined set of variables V = (vj , j = 1, ... , m).
Let suppose that effective n of sample E is big
enough, so m<<n.
Let
Z=E

P l Z t e = 0 , dg (R) = I

where e is summation vector (n,1), then
R= Zt Z
is correlation matrix of results, and Z is matrix of
standardized results in variables from V.
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Let there exists a set of conditions that ensures
independent trader objective assessment of the
success set of entities in an some activity or
activity which properties can be described with a
several (m) linearly independent variables of V,
which allocates an arbitrary number of entities in
the group k (k = 3 standard, wi, i= 1, .. k) but
the number k can be get by taxonomisation of
total effectives from P or with regression
coefficient Beta with screening technique of
saliency. Beta coefficients are then when the
criterion is undoubtedly some objective indication
that score or placement. The effective overall
then decomposed into k subsets, one of which is
extremely superior, one extremely inferior and
the rest are located within these extremes, while
not necessary for the subsets with the same
number of elements although it is desirable to
have an estimate. Under the criteria of the
highest credibility then for each of the subsets,
we can calculate the local association in the set of
variables
Rw = Zwt Zw
ie, for example, k = 3, then R1, R2 and R3 are the
correlations between variables in each of the
subsets of entities from E.
Given that in these subsets is a virtually the same
set E, it is realistic to assume that the overall
multivariate measure of consistency of each of
the samples to E is defined with some function of
common association. Such associations are, for
example, correlation, and E in R so then Y = R,
but it could be also a simple additive function like
average correlation of the R1, R2, ..., Rw or Y =
avg(R1 + R2 + ... + Rw).
Now, operation
Aw = Rw – Y
results in differences in the local association
(correlation) for each subset of the entities, and
in the matrix
Gw = Aw * AWT
it will be virtual covariance that describe the
differences of each association in relation to a
subset of the total set of entities defined from b.
This matrix can be considered a realistic
description of the structural differences of
particular sets of entities in relation to the total of
the effective entity from E. Of course, assuming
that in the total sample exist same set of latent
mechanisms that will surely be worth it as a
subset of w closer to average or otherwise
defined common status of the total sample, and it
will be the difference in Aw smaller, respectively.
This hypothesis is of course possible to test by
some of the other methods (Bonacin, 2010), and
this principle works before applying this
algorithm, but it is not the subject of this method,
just as it is possible that the whole system could
be transferred to some other area, such as
Guttman’s image or Bonacin’s Iterim and then it
could be possible to apply all other procedures
(Bonacin, 2006).
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Testing of the difference significance we can
provide in two directions. One is to test the
difference between the subsets, where such tests
are k(k-1)/2, but usually for a small number of
subsets (k <= 5), such a test may not have much
meaning for the global assessment of the
difference since the subsets and defined based on
the different achievements, and can be used for
detecting global statistical significance or impact
of individual variables from V to form a
difference. Such a test, however, certainly makes
sense in another case for which this algorithm is
made, and it is for overall statistical significance
of the difference of multivariate associations
between subsets (Rw) and general measures in
the sample (Y), regardless of how these general
measure (Y) was obtained.
Significance of possible obtained differences for
different subsets of Gw can be easily tested, since
at least one function of trace of matrix Gw
g = (n/(m-1)) * Trace(Gw)
and finaly

f=g*g

has a chi-square distribution with degrees of
freedom which are a function of the number of
variables in V so df = m.
Furthermore, the algorithm can be applied in a
situation where one and the same group of
entities undergoing a transformation process in
which the expected changes in the structure of
the dimensions are affected (education, training,
...). Then, simply states in which estimates are
made for certain successive state are just data in
Rw. Of course, the algorithm makes factor
structure of the total sample and subsamples
using principal components model with keeping
the number of significant components in
accordance with the PB criterion and finally
rotation in orthoblique position. On special
request can be thus obtained latent dimensions
analyzed in terms of the subsamples.
The algorithm is designed, tested, coded and
implemented in August 2012. Program adaptation
for computational device is made by Dobromir
Bonacin with the software tool "Delphi 2009"
(Delphi 12, code named Tiburón).
Results – Numerical example
Therefore it is interesting to study the behavior of
this model in reality and what differences will be
between subgroups. To verify quality of algorithm
we analyzed data of 249 male entities, all just
turned 7 +/- 2 months, Elementary school First
grade students who were subject to systematical
transformational procedures to help functions of
growth and developments. This lasted for a year
and a half. In the beginning, middle and at the
end of treatment subjects were measured so we
gained absolute continuum of 747 objects
(subjects) for this analysis.
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body weight (ATEZ), forearm amplitude (AOPL),
lower leg amplitude (AOPK), middle amplitude of
thorax (AOGK), upper arm skin folds (AKNN),
back skin folds (AKNL) and stomach skin folds
(AKNT).

We applied 14 morphological variables and it is
certain they follow international biological
standards, but also they are capable of covering
different models of latent dimensions gained in
different researches. Variables are: body height
(AVIT), leg length (ADUN), arm length (ADUR),
diameter of wrist (ADRZ), knee diameter (ADIK),
biacromial ratio (ASIR), bilicristal ratio (ASIK),

As a hyphotesis, we do not expect significant
differences between transitive points in process.

Table 1. Correlations of inferior/initial subsample
INF AVIT
AVIT
1.00
ADUN
0.86
ADUR
0.78
ADRZ
0.54
ADIK
0.54
ASIR
0.53
ASIK
0.50
ATEZ
0.69
AOPL
0.39
AOPK
0.53
AOGK
0.44
AKNN -0.28
AKNL -0.14
AKNT -0.25

ADUN
0.86
1.00
0.73
0.46
0.43
0.49
0.44
0.60
0.30
0.46
0.40
-0.25
-0.19
-0.26

ADUR
0.78
0.73
1.00
0.43
0.49
0.52
0.40
0.58
0.43
0.45
0.44
-0.24
-0.12
-0.21

ADRZ
0.54
0.46
0.43
1.00
0.61
0.49
0.42
0.61
0.47
0.46
0.45
-0.30
-0.23
-0.28

ADIK
0.54
0.43
0.49
0.61
1.00
0.43
0.39
0.65
0.55
0.55
0.54
-0.35
-0.26
-0.30

ASIR
0.53
0.49
0.52
0.49
0.43
1.00
0.48
0.59
0.44
0.48
0.49
-0.28
-0.23
-0.35

ASIK
0.50
0.44
0.40
0.42
0.39
0.48
1.00
0.60
0.38
0.44
0.46
-0.43
-0.40
-0.39

ATEZ
0.69
0.60
0.58
0.61
0.65
0.59
0.60
1.00
0.73
0.80
0.77
-0.67
-0.61
-0.70

AOPL
0.39
0.30
0.43
0.47
0.55
0.44
0.38
0.73
1.00
0.74
0.73
-0.53
-0.46
-0.54

AOPK
0.53
0.46
0.45
0.46
0.55
0.48
0.44
0.80
0.74
1.00
0.73
-0.59
-0.51
-0.59

AOGK
0.44
0.40
0.44
0.45
0.54
0.49
0.46
0.77
0.73
0.73
1.00
-0.56
-0.60
-0.67

AKNN
-0.28
-0.25
-0.24
-0.30
-0.35
-0.28
-0.43
-0.67
-0.53
-0.59
-0.56
1.00
0.78
0.76

AKNL
-0.14
-0.19
-0.12
-0.23
-0.26
-0.23
-0.40
-0.61
-0.46
-0.51
-0.60
0.78
1.00
0.80

AKNT
-0.25
-0.26
-0.21
-0.28
-0.30
-0.35
-0.39
-0.70
-0.54
-0.59
-0.67
0.76
0.80
1.00

ASIK
0.56
0.49
0.49
0.49
0.44
0.52
1.00
0.69
0.45
0.55
0.60
-0.47
-0.46
-0.53

ATEZ
0.70
0.64
0.60
0.65
0.67
0.66
0.69
1.00
0.75
0.80
0.82
-0.65
-0.61
-0.69

AOPL
0.40
0.37
0.40
0.49
0.53
0.50
0.45
0.75
1.00
0.74
0.76
-0.49
-0.43
-0.48

AOPK
0.53
0.51
0.44
0.47
0.54
0.55
0.55
0.80
0.74
1.00
0.75
-0.55
-0.54
-0.60

AOGK
0.47
0.46
0.44
0.51
0.53
0.58
0.60
0.82
0.76
0.75
1.00
-0.54
-0.61
-0.63

AKNN
-0.29
-0.26
-0.18
-0.34
-0.37
-0.28
-0.47
-0.65
-0.49
-0.55
-0.54
1.00
0.76
0.79

AKNL
-0.19
-0.19
-0.11
-0.27
-0.29
-0.31
-0.46
-0.61
-0.43
-0.54
-0.61
0.76
1.00
0.86

AKNT
-0.26
-0.25
-0.16
-0.29
-0.29
-0.37
-0.53
-0.69
-0.48
-0.60
-0.63
0.79
0.86
1.00

ASIK
0.54
0.45
0.48
0.44
0.42
0.42
1.00
0.61
0.40
0.49
0.54
-0.43
-0.39
-0.49

ATEZ
0.66
0.57
0.58
0.61
0.62
0.58
0.61
1.00
0.72
0.72
0.74
-0.60
-0.54
-0.62

AOPL
0.40
0.36
0.40
0.48
0.51
0.46
0.40
0.72
1.00
0.68
0.74
-0.48
-0.41
-0.45

AOPK
0.48
0.45
0.41
0.45
0.48
0.46
0.49
0.72
0.68
1.00
0.71
-0.50
-0.51
-0.56

AOGK
0.45
0.40
0.40
0.49
0.48
0.49
0.54
0.74
0.74
0.71
1.00
-0.49
-0.56
-0.57

AKNN
-0.27
-0.21
-0.17
-0.34
-0.34
-0.21
-0.43
-0.60
-0.48
-0.50
-0.49
1.00
0.73
0.77

AKNL
-0.18
-0.15
-0.09
-0.25
-0.27
-0.25
-0.39
-0.54
-0.41
-0.51
-0.56
0.73
1.00
0.83

AKNT
-0.26
-0.20
-0.15
-0.28
-0.26
-0.32
-0.49
-0.62
-0.45
-0.56
-0.57
0.77
0.83
1.00

Table 2. Correlations of middle/average subsample
MID AVIT
AVIT
1.00
ADUN
0.89
ADUR
0.78
ADRZ
0.57
ADIK
0.59
ASIR
0.58
ASIK
0.56
ATEZ
0.70
AOPL
0.40
AOPK
0.53
AOGK
0.47
AKNN -0.29
AKNL -0.19
AKNT -0.26

ADUN
0.89
1.00
0.79
0.48
0.52
0.56
0.49
0.64
0.37
0.51
0.46
-0.26
-0.19
-0.25

ADUR
0.78
0.79
1.00
0.48
0.52
0.54
0.49
0.60
0.40
0.44
0.44
-0.18
-0.11
-0.16

ADRZ
0.57
0.48
0.48
1.00
0.64
0.55
0.49
0.65
0.49
0.47
0.51
-0.34
-0.27
-0.29

ADIK
0.59
0.52
0.52
0.64
1.00
0.48
0.44
0.67
0.53
0.54
0.53
-0.37
-0.29
-0.29

ASIR
0.58
0.56
0.54
0.55
0.48
1.00
0.52
0.66
0.50
0.55
0.58
-0.28
-0.31
-0.37

Table 3. Correlations of superior/final subsample
SUP AVIT
AVIT
1.00
ADUN
0.80
ADUR
0.74
ADRZ
0.52
ADIK
0.55
ASIR
0.53
ASIK
0.54
ATEZ
0.66
AOPL
0.40
AOPK
0.48
AOGK
0.45
AKNN -0.27
AKNL -0.18
AKNT -0.26
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ADUN
0.80
1.00
0.75
0.42
0.49
0.49
0.45
0.57
0.36
0.45
0.40
-0.21
-0.15
-0.20

ADUR
0.74
0.75
1.00
0.45
0.50
0.47
0.48
0.58
0.40
0.41
0.40
-0.17
-0.09
-0.15

ADRZ
0.52
0.42
0.45
1.00
0.59
0.51
0.44
0.61
0.48
0.45
0.49
-0.34
-0.25
-0.28

ADIK
0.55
0.49
0.50
0.59
1.00
0.45
0.42
0.62
0.51
0.48
0.48
-0.34
-0.27
-0.26

ASIR
0.53
0.49
0.47
0.51
0.45
1.00
0.42
0.58
0.46
0.46
0.49
-0.21
-0.25
-0.32

Bonacin, D. and Bonacin, Da.: Example bahavior of algorithm and program...

Acta Kinesiologica, 6 (2012) 2:58-62

Table 4. Average correlations generated by subsample correlations
AVG AVIT
AVIT
1.00
ADUN
0.85
ADUR
0.77
ADRZ
0.54
ADIK
0.56
ASIR
0.55
ASIK
0.53
ATEZ
0.68
AOPL
0.40
AOPK
0.51
AOGK
0.46
AKNN -0.28
AKNL -0.17
AKNT -0.26

ADUN
0.85
1.00
0.76
0.45
0.48
0.51
0.46
0.60
0.34
0.47
0.42
-0.24
-0.18
-0.24

Table 5. Statistical
differences
Group
Inferior/initial
Middle/average
Superior/final

ADUR
0.77
0.76
1.00
0.45
0.50
0.51
0.46
0.59
0.41
0.43
0.43
-0.20
-0.10
-0.17

ADRZ
0.54
0.45
0.45
1.00
0.62
0.52
0.45
0.62
0.48
0.46
0.48
-0.33
-0.25
-0.28

significance

n
249
249
249

df
14
14
14

ADIK
0.56
0.48
0.50
0.62
1.00
0.45
0.41
0.65
0.53
0.52
0.52
-0.35
-0.28
-0.28

of

HI2
5.92
8.04
5.28

ASIR
0.55
0.51
0.51
0.52
0.45
1.00
0.47
0.61
0.47
0.50
0.52
-0.26
-0.27
-0.35

structural

P
>0.05
>0.05
>0.05

Discussion and conclusion
As seen in Table 1, 2 and 3, the correlations
between variables are relatively stable, which is
not surprising considering that it is a
morphological dimensions that in the selected

ASIK
0.53
0.46
0.46
0.45
0.41
0.47
1.00
0.63
0.41
0.49
0.53
-0.44
-0.42
-0.47

ATEZ
0.68
0.60
0.59
0.62
0.65
0.61
0.63
1.00
0.73
0.77
0.78
-0.64
-0.59
-0.67

AOPL
0.40
0.34
0.41
0.48
0.53
0.47
0.41
0.73
1.00
0.72
0.74
-0.50
-0.44
-0.49

AOPK
0.51
0.47
0.43
0.46
0.52
0.50
0.49
0.77
0.72
1.00
0.73
-0.55
-0.52
-0.58

AOGK
0.46
0.42
0.43
0.48
0.52
0.52
0.53
0.78
0.74
0.73
1.00
-0.53
-0.59
-0.62

AKNN
-0.28
-0.24
-0.20
-0.33
-0.35
-0.26
-0.44
-0.64
-0.50
-0.55
-0.53
1.00
0.76
0.77

AKNL
-0.17
-0.18
-0.10
-0.25
-0.28
-0.27
-0.42
-0.59
-0.44
-0.52
-0.59
0.76
1.00
0.83

AKNT
-0.26
-0.24
-0.17
-0.28
-0.28
-0.35
-0.47
-0.67
-0.49
-0.58
-0.62
0.77
0.83
1.00

sample should not significantly structurally
altered.
This
was
confirmed
by
testing
significance (Table 5), showing that neither of the
situations defined statistical significance at p =
0.05 or less.
These results show that the algorithm is stable
and prepared insensitive to minor structural
changes, and it is surely recommended for use in
all of these situations when we expect that
changes in the structure of the parameters that
define the stability of a system or multivariate
described by the transformation are not expecting
any dramatic changes.
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PRIMJER PONAŠANJA ALGORITMA I PROGRAMA ZA KVANTITATIVNO I
STRUKTURALNO MULTIVARIJANTNO RAZLIKOVANJE GRUPA ENTITETA RAZLIýITOG
MORFOLOŠKOG STATUSA
Sažetak
Svrha ovog rada bila je priprema i provjera algoritma prireÿenog za analizu strukturalnih multivarijantnih
razlikovanja skupina entiteta dobivenih i rasporeÿenih iz ukupnog efektiva. Temeljni metodološki obrazac
oþituje se u þinjenici da unutar bilo kako definiranog uzorka postoje subuzorci koje je temeljem nekog
objektivnog kriterija moguüe razvrstati najmanje kao inferiorne, prosjeþne i superiorne, ili kod
transformacijskog procesa kao poþetno, tranzitivno i finalno stanje. Algoritam je testiran na više primjera
od kojih su zadržana dva. Jedan je prikazan u ovom radu kao primjer stabilnih subuzoraka u morfološkoj
domeni koji ne pokazuju razlike u strukturi kroz transformacijski proces. Drugi primjer je objavljen u
þasopisu „Sport Science“ u motoriþkoj domeni i pokazuje upravo drastiþne strukturalne promjene i kako
se one, upravo ovim algoritmom mogu otkriti (Bonacin & Bonacin, 2012).
Kljuþne rijeþi: algoritam, grupe entiteta, morfologija, struktura, razlikovanje
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Abstract
The paper aims to study-experiment some changes in movement variables to first year students of the
Faculty of Physical Education and Sports (private-public) in Pristina. This study-experiment is a new science
and research method, which includes 25 male entities of an average age 19.1 + / - 6 months. Measurements
were performed during the psychomotor class in the beginning of October '11 and the end of May '12. Eleven
movement tests were applied in the movement space. Systematic differences were observed between the
two measurements through the descriptive statistical data, while the T-test has confirmed significant
differences in all movement variables, however, the data show that in the whole group of variables better
results have been achieved during the second measurement. The impact of the teaching process in the
psychomotor subject is undeniable in transforming young students during an academic year (8 months).
Key words: motor, movement, students, teaching process, T-Test
Introduction

Methods

The study of the anthropological status dimensions
of humans is still a goal of our kinesiologists. Still,
we need to find suitable operators for the
transformation of these dimensions, however, it is
a constant challenge for the researchers, scholars,
theorists, teachers of kinesiological problems. To
investigate students’ movement status, we placed a
segment of human multidimensional structure in
the
experiment.
Study-experiments
in
the
movement space are conducted by many domestic
and foreign authors as well. This issue is addressed
through various movement variables and entities in
the sample of first year students, but the
interrelationship of this space defined on the impact
of the psychomotor learning process has not been
addressed so far in our country. Therefore, the
problem of this experiment is just a goal of ours to
explore this important phenomenon with students

Entity Sample: The experiment includes 25 young
males with an average age of 19.1 years. + / - 6
months, students at the Faculty of Physical
Education and Sports in the city of Pristina. As a
criterion in this study sample, is that students
should all be regularly following the first year
Psychomotor course, and who are able to perform
their actions in the field of Physical Education and
sports as they are provided with the program
content during the learning process. During the
learning
process,
these
students
have
systematically attended classes in subjects such as
psychomotor, volleyball, athletics, table tennis, and
other activities that students perform during the
practical lessons and extra-curricular activities.
Variables Sample: Eleven movement tests have
been applied. MPRDO – The hand precision;
MTARDO – Hand taping; MTAPKË – Leg taping,
MPOLIGO - Polygon; MFLEKS - Flexibility (deep
bending); MKVLAR – High jump from a stand;
MKVGJA – Long jump from a stand; MMUSBA –
Abdominal muscles; MUSSH – Back muscles;
MNGOPA – Rising on parallels; MVR40M - Running
40 metres.
Data processing: Data analysis was performed by
using the statistical software SPSS Windows version
16.0, where through the primary statistical analysis
(descriptive) the distribution of results was made
for each variable separately from the initial
measurements to the final one through the
statistical method: the minimum value (Min), the
maximum value (Max), arithmetic average (Mean),
standard deviation (Std. Dev.), coefficient of
variability (KV%), variance, asymmetry of the
distribution curve (Skewness), and the acuteness of
the distribution curve (Kurtosis). While the T-Test
method was applied to present the changes
(differences) between the two measurements.

Aim
The aim of this study-experiment is to determine
the changes of some movement variables in first
year students of the Faculty of Physical Education
and Sports, under the influence of a learning
program in form of training - practical lessons in
some
general
movement
variable
general
locomotive.
The main goal of the Faculty of Physical Education
and Sports is to train qualified staff in the area of
kinesiology and to influence their transformation in
gaining professional-scientific and pedagogical
knowledge, and transferring those skills (qualities)
to new generations.
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Results and discussion
Table.1. Descriptive statistical parameters – Initial
measurement

Table.2. Descriptive statistical parameters – Final
measurement

Table.3. t-test

Based on the descriptive statistical indicators in
Table 1 and 2 the results measures are distributed
for each variable separately, by the initial and final
measurements. Through the methods of central
tendency, such as standard deviation and the
coefficient of variability, the distribution of results
in both measurements has a remarkable change.
The sample of this study was proved with high
values of the standard deviation (St.Dev.) and the
variability coefficient (KV%), which indicates
heterogeneity of the group in both measurements.
Although the final measurement has shown better
values than the initial measurement, the standard
deviation and the variability coefficient are quite
high. Especially in the handmade precision
variables we should distinguish this variable that in
both measurements is quite high in comparison
with other variables with the value 100% in the
initial measurement, and 55.14% in the final
measurement. Even in the variable (MNGOPA) is
shown as a variable that has a high variability of
58.13 in the initial measurement and 35.17 in the
final measurement. From this we can conclude that
the variables; hand precision and rising on
parallels, are difficult movement tasks to perform,
because these variables are affected by many
internal
(endogenous)
and
external
factors
(exogenous).
64

Table no. 3 shows that the results of the initial and
final measurements represent significant statistical
differences. They show a significant contribution to
the difference between the first and the second
measurement in all movement variables. The
distribution of results of the first and second
measurement, after eight (8) months was achieved
in the whole system of 11 variables on a probability
level.05 and .01, relying on the T-test method.
Below we will present a more detailed overview
considering the validity of each variable separately.
The movement test of the hand precision (MPRDO)
during the initial measurement had an average
value of .20 accurate shots, while in the final 1:36
accurate shots, where the difference between these
measurements is 1.160 accurate shots and the
probability is at .000, other variables have the
same probability level as well such as: MTAPKË,
MKVLAR, MKVGJA, MMUSBA, MUSSH, MNGOPA,
MVR40M. Whereas, the hand taping variable
(MTARDO) during the initial measurement is 65.15
average plate hits, and in the final is 70.60 plate
hits, which differs in value of 12:32 plate hits, the
difference is also important at level .037. The
Polygon test has the average value of the first
measurement of 20.60 seconds, but the second
measurement has a value of 17.84 seconds and the
difference is significant at the optimum value of
.003. The parameter of flexibility (deep bending) is
reflected with the value of 11:44 cm for the initial
measurement, while 15.88 cm in the final, where
the difference is 4:44 cm, on a probability level of
.015. However, the obtained differences in the
movement variables of first year students of the
FPES are a result a of systematic work during the
school hours of the psychomotor, other subject
such as volleyball, athletics, tennis and free
activities which students exercise during practical
lessons.
Conclusion
This study-experiment has treated a sample of 25
male students from the Faculty of Physical
Education and Sport of average age 19.1 + / - 6
months from all centres of the Republic of Kosovo.
The aim of this study-experiment is to determine
the changes-differences in some movement
variables of first year students, under the influence
of the Psychomotor program learning content in
which 11 movement variables were applied. The
analysis of the descriptive statistical parameters
has found that the scattered result through the
central tendency are heterogeneous in both
measurements. The results analyzed by the T-Test
method show significant differences in all
movement variables, however, the data shows that
in the whole group of variables better results have
been achieved in the second measurement. The
impact of the learning process from the
psychomotor subject is undeniable in the changingtransformation of students during an academic year
(8 months), statistically significant differences were
observed
between
the
two
measurements.
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UTJECAJ NASTAVNOG PROCESA NA STUDENTE UVAŽAVAJUûI
NEKE VARIJABLE GIBANJA
Sažetak
Ovaj rad ima za cilj da utvrdi neke moguüe promjene varijabli gibanja studenata prve godine Fakulteta za
fiziþku kulturu i šport (privatno-javno) u Prištini. Ova studija predstavlja novi pristup metoda, i ukljuþuje 25
muških osoba prosjeþne starosti 19,1 +/- 6 mjeseci. Mjerenja psihomotorike su provedena tijekom nastaveu
poþetku listopada 2011 do kraja svibnja 2012. Jedanaest motoriþkih testova je primijenjeno za praüenje
kontrole kretanja u prostoru. Sustavno su uoþene razlike izmeÿu dva mjerenja kroz deskriptivne statistiþke
podatke, dok je t-test je potvrdio znaþajne razlike u svim varijablama gibanja. Meÿutim, podaci pokazuju da
su u cijeloj grupi varijabli bolji rezultati postignuti u drugom mjerenju. Utjecaj nastavnog procesa u
psihomotornim testovima je neporeciv u transformaciji mladih studenata tijekom akademske godine (trajanja
osam mjeseci).
Kljuþne rijeþi: motorika, gibanje, studenti, nastavni proces, t-test
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Abstract
The aim of this research was to determine variation in opinions of female handball players about motivation,
engagement, commitment, dedication and accomplishments in handball, i.e. professionalism in handball, as
well as opinions about characteristics and status of handball as a sport, among female handball players of
different levels of performance. The research was conducted on the sample of 99 female handball players
acting in the Premier League of Bosnia and Herzegovina. The correlation analysis indicated that, generally,
there is no significant correlation between allegations contained in a questionnaire. After applying KruskalWallis's test, statistically significant difference was noted in only two allegations on the basis of quality
criteria determined by the average number of goals scored during the season. According to the results
obtained we could conclude that female handball players have a similar approach to handball regardless of
the level of their performance, i.e. their opinions about characteristics and status of handball as a sport, do
not vary significantly
Key words: questionnaire, success in results, motivation, correlation
Introduction
Handball is a very popular game that contains all
natural forms of movement, but at the same time
one of the most complex ones since it contains a
series of cyclic and acyclic motion structures
(Rogulj & Foretiü 2007). Handball is characterized
by plenty of dynamic motion structures such as
running, jumping, rolling, throwing ...as well as
situational confrontation (Rogulj & Foretiü, 2007) of
the teams participating in the game, which is
reflected by mutual contact game in attack and
defense in order to achieve the score, or, vice
versa, to prevent it. Because of its attractiveness
and the fact that, although, this is a team game, it
provides enormous creativity of each individual
player. Success in such a game is determined by
the level and structure of a large number of
characteristics and knowledge (Vuleta, Šimenc &
Hrupec, 2004). At the same time, a distinctive
anthropological status constitutes a peculiar
complex of individual characteristics that enable
high efficiency (Vuleta, Šimenc & Hrupec, 2004).
Handball is labeled with clearly defined goal which
is scoring as much as possible or receiving the least
goals from the opponent (Rogulj, 2003). Official
competitions are situations when, such easily
defined goal, is concretized. Handball game is
confrontation of two opponents i.e. two teams,
each determined by the level of skills, qualities and
knowledge that are used to achieve the best
possible result, which means that the confrontation
of two opponents produces a similar, but never the
same result i.e. the course of the game (Vuleta et
al., 2005). Certain events of each competition of
two teams can be identified and recorded in
different ways with the official statistical monitoring
program during the competition or by subsequent
video recording overview and they indicate the
degree of situational effectiveness of both teams.
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Involvement in sport is mainly parallel to the
competition and for the most athletes it is the
biggest motivation for diligent training and longterm participation in a particular sport. Success in
handball was determined by internal factors, mostly
anthropological features of the player, but certainly
by the external environmental factors, which
include social factors, which are the subject of this
research. Numerous previous studies have analyzed
the different social factors of success in handball
(Milanoviü & Gabelica Šupljika, 2007; Luckwü &
Guzman 2011; Sindik & Mihaljeviü, 2011). In this
research the competitive success, as a criterion
variable, was defined by statistical indicator of the
number of goals scored, while the relation towards
handball engagement and handball as sports
activity was analyzed with the questionnaire of 16
statements as predictive variables. The aim of this
work was to determine differences in attitudes of
female handball players regarding motivation,
engagement, dedication and achieved results in
handball i.e. professionalism in handball as well as
characteristics and status of handball as a sport
among female handball players of different levels of
performance.
Methods
Sample of respondents
The sample included 99 female handball players
from eleven Premier League clubs of Bosnia and
Herzegovina from the season 2010/2011.The data
of female players who participated in more than
50% of the games in mentioned season, were
processed.
Sample of variables
In order to evaluate the attitudes and relations
towards handball we applied questionnaire with 16
statements, designed according to Likert's scale.
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The questionnaire includes two subsets of eight
variables each, eight are related to allegations
about motivation, engagement, dedication and
achieved results in handball, i.e. engagement
professionalism.(1. I am engaged in handball since
elementary school, 2. Handball is the only sport
I've trained, 3. I sacrificed (neglected) my
education because of handball, 4. During my career
I've had regular medical examination, 5. I have
never been hurt in my career, 6. I am satisfied with
accomplishments I have achieved in handball, 7. I
am very motivated to train, 8. Even after my career
I will be dedicated to handball). The other eight
allegations are related to
attitudes about
characteristics and status of handball as a sport (1.
Handball has a positive effect on health, 2. Injuries
are very common in handball, 3. I am satisfied with
my social status as a sportswoman, 4. Coaches who
trained me in my career are qualified for their job,
5. The league I play in is high quality; 6.Female
sport in Bosnia and Herzegovina is at a high level,
7. People have a positive opinion about women's
handball, 8. Handball is an excellent recreational
tool for ordinary people. In order to evaluate
performance success we used the average number
of goals in relation to the number of matches
played, based on which the players are divided into
two groups; the quality ones whose average score
was above the arithmetic mean of the average of
all players and less quality ones where average was
below the arithmetic mean of the average of all
players. In handball the main goal is to score as
many goals as possible and to receive as few as
possible. Despite the entropy of the results caused
by unpredictable external factors, which actors can
not directly influence, such as judicial decisions,
scoring, as a resultant of cumulative situational
activities of the confronted opponents along with
technically-tactical factors, is primarily determined
by the level of anthropological player's potential.
Scoring i.e. "goal" is determined by a number of
defender's, attacker’s and goalkeeper's activities.
Although, the physical goal occurs at the moment
when the ball passes the goal line, it will become
official only when the judge, on the basis of
subjective evaluation, confirms it with the whistle.
The goal scored is at the same time the only event
demonstrated by numerical score change (Rogulj,
2003). Each handball event has an outcome and
the result which can be determined by the rules of
the game or can be the result of situational
circumstances. The outcome of a shot at goal can
be positive of negative. If the goal is achieved, i.e.
scored, the consequence is absolutely negative,
apropos the loss of the ball, since according to the
rules it belongs to the opponent. If, however, the
outcome of this event is not positive, hence the
goal is not scored because the goalkeeper defended
the goal or the ball bounced off the goal post, the
outcome is negative and the consequences of this
outcome can also be negative (the player of the
opposite team caught the ball after the rejection) or
positive (the attacking team player caught the
ball). There is no doubt, and numerous studies
have confirmed a significant effect of different
types of goal scoring on the final result of handball

game (Brþiü, 1997; Rogulj, 2000; Srhoj, 2001;
Vuleta 2003; Ohnjec, 2008). Scores in handball are
achieved
during
three
phases
of
attack,
counterattack, attack on unorganized defense and
positional attack on positioned defense. Observing
spatially, the goals are scored from six different
playing positions. Left and right wingmen and pivot
belong to line positions and center, left and right
backcourt belong to outer positions. It is important
to note that from the line and outer positions nearly
equal number of total scores are achieved (Foretiü,
2010). Fewer scores from the line in relation to
outer positions during the phase of positional attack
on positioned defense is compensated with more
goals scored by the players on line positions during
attack phase on unorganized defense and during
counterattack. Likewise the fact that a handball
game, lately, is much more dynamic, resulting with
greater universality of the players, i.e. engaging in
a few different positions, contributes to each player
regardless of his position to score the goal.
Therefore, considering the importance of the goal
as the most reliable indicator of player's efficiency,
as well as relative independence of scoring the goal
regardless player's position, in this paper the
number of goals scored is that certain criterion we
used to evaluate player's quality.
Methods of data processing
For the purpose of this study we calculated
descriptive statistical indicators, normality of
allegation distribution was determined with KS-test
and in order to determine correlation between the
allegations we applied Sperman's correlation rank
coefficient. Differences between high performance
and lower quality performance of female players in
relation to prediction variables were determined by
Kruskal-Wallis's test.
Results and discussion
Table 1 shows the descriptive statistical indicators
of the allegations. KS test proved that all the
applied
variables
have
distribution
which
significantly deviates from the normal so in further
data processing and analyzing we will use
nonparametric statistics. Correlation analysis Table
2 indicated that generally there is no significant
correlation
between
allegations
in
the
questionnaire. The highest correlation coefficient
(0.44) indicates the correlation between coach’s job
qualifications and positive opinions of other people
about women’s handball. The correlation between
the quality of handball league and generally the
level of women's sports in Bosnia and Herzegovina
(0.42) was also noted. Correlation coefficients
between the first set of variables referring to
professionalism of engagement in handball are
below the threshold of significance. Unlike the first
set of variables, we already emphasized correlation
of variables within the second set. Hence, variables
of the second set are in higher mutual correlation
than variables of the first set. Differences in
opinions referring to performance success, i.e.
average goals scored, are obtained by KruskalWallis's test.
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Table1. Descriptive statistical allegation indicators (aritmetic means AM, minimum Min, maximum Max,
standard deviation SD) and Klomogorov Smironov test (KS).
Br.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Variables
AS
Min
Max
SD
Skew
I am engaged in handball since elementary school
1.14 1.00
4.00
0.61 4.41
Handball is the only sport I've trained
2.30 1.00
5.00
1.45 0.32
I sacrificed my education because of handball
3.13 1.00
5.00
1.32 -0.27
Handball has positive effect on health
1.61 1.00
5.00
0.84 1.59
During my career I get medical examination regularly
1.57 1.00
5.00
0.97 1.86
Injuries are very common in handball
1.90 1.00
5.00
0.98 1.25
I’ve never been hurt in my career
3.34 1.00
5.00
1.33 -0.77
I am satisfied with accomplishments I have achieved in handball
2.02 1.00
5.00
0.98 1.22
I am satisfied with my social status as a sportswoman
1.33 1.00
3.00
0.55 1.43
I am very motivated to train
1.89 1.00
5.00
1.03 1.55
Coaches who trained me in my career are qualified for their job
2.08 1.00
5.00
1.18 1.23
The league I play in is a high quality league
2.90 1.00
5.00
1.22 0.03
Female sport in Bosnia and Herzegovina is at a high level
3.61 1.00
5.00
0.92 -.95
People have a positive opinion about women's handball
2.77 1.00
5.00
1.12 0.21
Handball is an excellent recreational tool for ordinary people
2.60 1.00
5.00
1.20 0.22
Even after my career I will be dedicated to handball
2.35 1.00
5.00
1.03 0.20
The marginal value of KS test is significant at the 0.05 level for: d>0:16 when (N=100)

Kurt
18.44
-1.81
-1.28
2.70
2.61
1.25
-0.79
1.73
1.15
2.37
0.85
-0.97
1.03
-0.51
-1.03
-0.64

KS
.53
.33
.30
.33
.38
.29
.36
.29
.43
.29
.28
.16
.31
.18
.19
.22

Table 2. Correlation rank of allegations

TV1
TV2
TV3
TV4
TV5
TV6
TV7
TV8
TV9
TV10
TV11
TV12
TV13
TV14
TV15
TV16

TV1
TV2
TV3
TV4
TV5
TV6
TV7
TV8
TV9
TV10 TV11 TV12 TV13 TV14 TV15 TV16
1.00
0.17
1.00
0.20
0.02
1.00
0.00
0.19 -0.03
1.00
0.11
0.17
0.01
0.22
1.00
-0.10
0.05 -0.06 -0.09 -0.05
1.00
0.00
0.06
0.08
0.08
0.01 -0.04
1.00
0.12
0.07
0.10
0.15
0.02
0.00 0.04 1.00
0.02 -0.03 -0.14 -0.04
0.00
0.02 0.08 0.27
1.00
-0.08 -0.16
0.04
0.23
0.07 -0.13
0.18 0.22
0.11
1.00
-0.06
0.17
0.10
0.29
0.10 -0.07
0.19 0.28
0.13
0.53
1.00
0.05
0.02
0.16
0.24 -0.18 -0.25
0.01 0.17
0.11
0.10
0.37
1.00
-0.06
0.10
0.17
0.03 -0.03 -0.10
0.19 0.00 -0.05
0.32
0.37
0.42
1.00
-0.13
0.11
0.12
0.10
0.16 -0.06
0.14 0.24
0.15
0.22
0.44
0.33
0.21
1.00
-0.05
0.01
0.10
0.10
0.15 -0.24
0.09 0.00
0.02
0.01
0.01
0.25
0.15
0.19
1.00
0.04 -0.24
0.00
0.05 -0.12 -0.01 -0.10
0.10
0.16
0.27
0.04
0.11
0.01
0.02
0.10
1.00

Table 3 . Kruskal-Wallis’s test and Anova

TV1
TV2
TV3
TV4
TV5
TV6
TV7
TV8
TV9
TV10
TV11
TV12
TV13
TV14
TV15
TV16
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AS
AS
l biji
1.12 b lji
1.17
2.42
2.14
3.16
3.10
1.70
1.48
1.70
1.38
2.04
1.71
3.09
3.69
1.98
2.07
1.28
1.40
1.84
1.95
1.98
2.21
2.81
3.02
3.67
3.52
2.54
3.07
2.70
2.45
2.49
2.17

H
.15
.55
.10
2.67
1.65
1.83
5.49
.30
.79
.22
1.35
.83
.66
6.53
1.07
2.14

p-level F
p-level
.70
.13
.72
.46
.89
.35
.74
.05
.82
.10
1.74
.19
.20
2.69
.10
.18
2.61
.11
.02
5.21
.02
.86
.20
.66
.38
1.22
.27
.88
.28
.60
.25
.94
.33
.36
.76
.39
.42
.58
.45
.01
5.58
.02
.30
1.04
.31
.14
2.42
.12

We noted that the players significantly differ in only
two allegations. Hence, the better players have
more injuries than the less quality players, which
can be explained by the time spent in the court and
by situations this players end up in during the
game. Furthermore it can be assumed that due to
their quality during the game they will be found in
more risky situations both in defense and in attack
(offense). In addition to this allegation there is an
opinion of high quality players that injuries are very
common in handball. A statistically significant
difference was also noted in positive public
perception about handball, where the better players
are more restrained and less quality players on
average are more convinced of the positive attitude
of society towards women's handball. We can say
that the less quality players have more "idealistic"
image of handball since they probably have not yet
met professionalism because of their age and
school. Because of living with their parents and
above mentioned reasons their financial status is
not primary.
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It may also be noted that the better players get
their medical examination regularly, which can be
explained as the care for their health as well as
severity in the approach to their profession. We can
also notice there is a bigger percent of more quality
players who, even after a career, want to stay
dedicated to handball. This observation is certainly
satisfying, because it is of particular importance
that experienced and quality players, after finishing
their career, pass their knowledge and experience
to younger generations.
Conclusion
This study conducted on a sample of 99 female
handball players of The Premier League indicated
that there were no significant differences between
the attitudes of quality and less quality players on
the questionnaire conducted in this work. Out of 16
allegations the questionnaire included eight is

related to professionalism of practicing handball
and eight on the attitudes of the characteristics and
status of handball as a sport. In only two
allegations
statistically
significant
difference
according to quality criteria was noted and it was
determined by the average number of goals scored
during the season. Based on the results obtained
we could say that female handball players have a
similar approach to handball regardless of the level
of quality they possess, apropos their opinions
about characteristics and status of handball as a
sport do not vary significantly. In future studies of
this type we could explore the differences between
the teams of different levels of performance as well
as between the players of different positions in this
sport. This would help us obtain global picture
about attitudes of the female players of certain
clubs as well as a total number of female players
competing in the League regarding their position in
the game.
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STAVOVI RUKOMETAŠICA RAZLIýITE KVALITETE O PROFESIONALIZMU
I STATUSU RUKOMETA
Sažetak
Svrha ovog istraživanja je bila utvrÿivanje razlika u stavovima rukometašica o motiviranosti, angažiranosti,
posveüenosti i ostvarenim postignuüima u rukometu, odnosno profesionalnosti bavljenja rukometom, i
stavovima o karakteristikama i statusu rukometa kao sporta, izmeÿu rukometašica razliþite razine rezultatske
uspješnosti. Istraživanje je provedeno na uzorku od 99 rukometašica koje nastupaju u Premier ligi Bosne i
Hercegovine. Korelacijska analiza pokazala je da uglavnom ne postoje znaþajne povezanosti izmeÿu tvrdnji
koje se nalaze u primijenjenom upitniku. Kruskal-Wallisovim testom u samo dvije tvrdnje zabilježena je
statistiþki znaþajna razlika na osnovu kriterija kvalitete koja je odreÿena prosjekom broja postignutih golova
tijekom sezone. Na osnovu dobivenih rezultata može se reüi da rukometašice imaju sliþan pristup rukometu
neovisno o razini kvalitete koju posjeduju, odnosno da se znaþajnije ne razlikuju njihovi stavovi o
karakteristikama i statusu rukometa kao sporta.
Kljuþne rijeþi: upitnik, rezultatska uspješnost, natjecanje, motiviranost, korelacija
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PSYCHOLOGICAL STRESS IN DANCESPORT
Latica ýaþkoviü, Renata Bariü and Jadranka Vlašiü
Faculty of Kinesiology, University of Zagreb, Croatia
Review paper

Abstract
Many factors of different stress levels influence the performance of dancesport couples in various ways.
Some of them are invariable and the dancers cannot affect them (judges, other competitors, music, dance
floor, dance partner, etc.). Others are variable, i.e., a dancer can affect them promptly (body condition,
outfit, choreography, dance skills, etc.). In addition to the foregoing, the psychological stress of dancers
depends on his personality traits and the immediate preparation for the competition.
Key words: psychological demands, dancesport, psychological preparation, factors of stress
Introduction
While doing their sport, in addition to physical,
technical and tactical demands, ahtletes are also
faced with psychological demands. In today's elite
sport, the differences in the physical fitness and
skills of athletes are small, therefore winning the
competition
can
greatly
depend
on
the
psychological state of athletes, i.e., the mental
adjustment to the current situation (Bosnar, Balent,
2009). Considering its structural complexity,
dancesport belongs to the group of conventionallyaesthetic activities, which means that it has
aesthetically
formed
and
choreographically
appointed acyclic movement structures that are
commonly performed in standard, but also in
variable conditions (Milanoviü, 2009), and the
performance evaluation is based on the subjective
grade of the judges. Considering the large number
of dancesport couples on the dance floor competing
at the same time (finals – 6, qualifying rounds – 812 per heat), it is possible to determine that the
grading system is very subjective, which is one of
the reasons why dancesport is not included in the
list of Olympic disciplines. The desire of every
dancer on the dance floor is to give the impression
of the ease of movement backed by good physical
and
psychological
preparation.
Psychological
preparation is very important because the
performance of dancesport couples on the
competition is influenced by many factors of
different stress levels. Some of them are: judges,
other competitors, music, dance floor, audience,
dance partner, etc. A dancer must learn to cope
with some of them, while keeping others under
control. Dancesport was on the border between art
and sport for a long time. It was recognized as a
sport in 1997 by the International Olympic
Committee. The international governing body in
dancesport is the World Dance Sport Federation
(WDSF),
which
incorporates
a
well-defined
competition system. There are many dance styles
covered by the term dancesport, but the term
usually implies two groups of dances - standard
(English waltz, Tango, Viennese waltz, Slowfox,
Quickstep) and Latin American (Samba, Cha-chacha, Rumba, Paso Doble, Jive).

The characteristics of standard dances include
closed posture (requiring physical contact with a
partner), as well as elegant and progressive motion
on the dance floor in a counterclockwise direction.
Latin dances are characterized by closed, semiopen and open figures which require a visual
connection between partners, in addition to their
physical connection, so that they can communicate
in a way more convincing and interesting to the
audience. Dancesport is a competitive discipline
and competing dancers are faced with various
problems associated with competitive performances
in the same way as athletes in other sports. The
goal of this paper is to explain the background of
the stress caused by competitions and the sources
of psychological pressure, as well as the most
frequent errors in preparing for the competition
which can enhance the dancer's perception of
stress.
Competition as a source of stress
Any kind of competition is a source of stress for the
contestants. "Stress is a nonspecific reaction of the
body to any demand that is placed on it." (Cox,
2005; Selye, 1983). Stress as a condition of the
organism is accompanied by intense physical and
emotional experience, managed by the autonomic
nervous system, the part of the nervous system
that is located in all parts of the body and mainly
supervises the functions of most internal organs organs which independently controls the actions
necessary to sustain life (Matkoviü & Ružiü 2009).
Symptoms of stress are increased heart rate,
sweating, and blushing, which can occur as a result
of the increased activity of the sympathetic nervous
system (part of the autonomic nervous system
primarily responsible for changes in physical
functioning associated with arousal). These
symptoms are equal to, although of slightly higher
intensity than, the symptoms that occur when an
athlete is excited. In addition to physical threats,
the autonomic nervous system responds to mental
and emotional threats (Winkelhuis, 2001) as well.
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The cognitive system, responsible for cognitive
assessment, constantly checks whether we can
cope with the situation we are currently facing. It
compares the situation with past experiences and,
if no such recent example exists, then the
autonomic nervous system reacts to the new
situation stressogenically. The stress manifests
itself in different areas. On the physical level,
dancers face many potential threats such as lack of
strength, lack of food or fluids, lack of warm-up or
lack of experience with a choreography. If the habit
of dancing five dances in succession to the fullest is
not recently created, such a situation will be
stressful at the competition. Mental threats come
from a dancer's thoughts, desires and demands
that cannot be controlled, i.e., they are the product
of a dancer's cognitive assessment. A thought such
as ÝNow I must dance well to make the finalÝ is
decoded by the cognitive system as a threat.
Considering that the result depends on many
factors that a dancer cannot control (partner, other
competitors, judges, audience, etc.), the autonomic
nervous system interferes by sending stress signals
that a dancer should, with time and experience,
learn to recognize and control. A dancer can affect
emotional pressure by doing things that help the
production of pleasant emotions such as happiness
and pleasure. An athlete can achieve this, for
example, by isolating himself in between rounds to
relax the mind and body, or socializing with others.
Unfortunately, there are also emotional demands
the dancer cannot control. These are music, the
venue in which the competition is held, how the
partner feels and acts on that day, whether the
audience likes the dancer or not, wheter he gets
positive feedback from his coach in between rounds
or not. For any thoughts, feelings and desires
concerning the above, over which the dancer has
no control, the ANS reacts by sending stress
signals. Mental, physical and / or emotional
pressure not only causes physical tension often
perceived as unclear and panic thinking or not
thinking at all, but it also limits the dancer's
freedom of movement. Stress leads to short and
shallow breathing high in the chest, a faster
heartbeat, excessive consumption of energy and
too tense muscles, because the ANS begins to
produce
various
hormones
and
chemical
substances. These hormones, such as cortisol,
adrenaline and noradrenaline (Matkoviü, Ružiü,
2009), are very useful if the body needs to be
protected physically or mentally. In competitive
dancing this is not the case, so the dancers should
prevent the activation of this defense mechanism.
A good psychological preparation that results in
better psychological skills and more adaptive
coping strategies can help reduce feelings of
vulnerability, and thus the consequent easing of the
ANS in the production of stress signals. There are
many factors that cause stress on the physical,
mental and emotional level that a dancer may not
even thinking about, but he feels their influence
very strongly.

Classification of stress factors in dancesport
In order to relieve stress, a dancer must investigate
the source of feelings of vulnerability. For the
competitors, the list of stress factors is almost
endless. A dancer must learn to cope with some of
them, while preventing most others. Stress factors,
therefore, can be divided into those that cannot be
influenced (invariable) and the ones that can
(variable). Most of the variable factors cannot be
changed on the day of the competition, but during
the preparatory period a dancer should pay
maximum attention to them. The dancer should do
fitness training and competition simulations to
prepare his body for competitive efforts. Costumes
should be prepared on time, and if the costume is
new, it should be tried out during practice. To
improve dancing skills, a dancer should work every
day, and train a choreography in time or adapt it to
the coming competition. If he has control over
these aspects of competition preparation, a dancer
can consequently form realistic expectations about
the competition to avoid disappointment. The
factors of stress can be divided into internal
(endogenous), which are dependent on the dancer,
and external (exogenous), which are related to
other factors of a competition. The perception of
stress greatly depends on cognitive assessment,
which is influenced by certain personality traits.
Table 1 Classification of stress factors
INVARIABLE FACTORS
1. JUDGES

VARIABLE FACTORS
PHYSICAL BODY CONDITION

2. OTHER COMPETITORS

STAMINA

3. MUSIC

WARDROBE

4. BUILDING

FOOD AND DRINK

5. DANCE FLOOR

CHOREOGRAPHY

6. AUDIENCE

DANCE SKILLS

7. PARTNER

DANCER´S EXPECTATIONS

8. COACH
9. COMPETITION SCHEDULE
10 FRIENDS, PARENTS
11. THE BREAKS IN BETWEEN ROUNDS
12. THE AIR IN THE BUILDING
13. PERSONALITY
14. THE TRAVELLING
15. BUSINESS WORRIES
16. PRIVATE WORRIES

Table 2 Internal and external stress factors
INTERNAL
PHYSICAL BODY CONDITION

EXTERNAL
WARDROBE

STAMINA

CHOREOGRAPHY

DANCE SKILLS

FOOD AND DRINK

DANCER´S EXPECTATIONS

THE JUDGES

PERSONALITY

THE OTHER COMPETITORS

BUSINESS WORRIES

COACH

PRIVATE WORRIES

PARTNER
THE AUDIENCE
THE BUILDING
THE FLOOR
THE MUSIC
COMPETITION SCHEDULE
THE BREAKS IN BETWEEN ROUNDS
THE AIR IN THE BUILDING
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Personality traits as facilitators of stress
According to the definitions of psychologists Rathus
and Eysenck, personality is a set of traits which are
important for life adjustment, in which individuals
differ (Rathus, 2000). In a broader sense, a
personality includes character, temperament,
intelligence, morphological characteristics, motor
skills and functional skills, while in the narrow
sense it includes character and temperament, and
sometimes intelligence in other authors´ definition.
Personality is a complex structure of lasting
features which determine the psychological
adaptivity of the individual. These features shape
the personality traits that represent the dimensions
along which individuals can consistently be
distinguished
(e.g.
emotional
stability,
extroversion, aggressiveness, creativity) and which
come to the fore in different situations (Petz,
1992). Knowing one's traits can be useful in
understanding his perception, style of response and
the associated problems which may occur. The way
a dancer approaches life in general gives insight
into possible stress-causing factors appearing
during dance competition. Results of the ÝFour C'sÝ
(Cross
Cultural
Consumer
Characterizations)
research in the field of communications marketing,
which has identified seven different personality
types with a specific state of mind, behavior and
expectations, inspired Winkelhuis (2001) to apply
this division to dancers. The research identified
three main groups of people types: limited group
(Resigned and Strugglers), middle majority
(Mainstreamers, Aspirers and Succeeders) and
innovators (Explorers and Reformers). Each
individual in a particular group mainly reacts in the
similar way to external stimuli. Winkelhuis used this
division with dancers when talking about their
reasons for practicing dance and the objectives
they want to achieve. Knowing what they want,
dancers can more easily look for the ways to reach
their goals, which has positive repercussions on
their motivation. Most people find themselves in
two to three groups, the characteristics of different
groups can be found in combinations within the
structure of their personality, some of these traits
dominate, some are average and some below
average
(Winkelhuis,
2001).
People
whose
personality
is
characterized
by
indifference
(Resigned) and whose values are based only on
subsistence are not often found in the competitive
dancing world. On the other hand, those who work
hard in life for improvement, but regularly suppress
feelings that regardless of all efforts, they will fail
to succeed (Strugglers), are quite common. This
fear is not always related to their skills, but mostly
to their state of mind. And, even when they achieve
success, they are unhappy and already fear future
failure. At some point in the Struggler's dance
career the compensation by coaches and partner
can no longer help him, so he must change his
attitude towards life in order to progress. The
largest group in society is formed by people who
are looking for security, like to conform to the rules
of society and feel a strong family responsibility
(Mainstreamers).

Dancing
provides
Mainstreamers
with
an
opportunity to make friends and have a social life.
They might not focus on their performing qualities,
and have no urgent need to win, therefore they are
not affected by competition stress so much. On the
other hand, there are dancers who have an urgent
need for victory and success is essential for their
happiness. They should learn to focus on dancing
instead of results. Such people have a need to be
perceived as successful and their success in the
dance world provides them with prestige in society
(Aspirers). Similar to them are Succeeders, but the
difference is that they feel they are already
successful and they want to keep that success.
They long for more material success and look for
recognition in society. They find success in dancing
as crucial for this recognitions. They should also
learn to focus more on dancing itself to relieve
themselves from unnecessary stress considering
that judging and results cannot be affected.
Competitive pressure caused by the result
imperative is present among both types, which can
lead to problems with concentration and more
frequent errors during competitions. The Explorers
and Reformers are innovators of society. They like
to adjust the existing norms to suit their own needs
and opinions of what is good and what is bad. Both
personality groups are affected by competition
stress when they get lost in normal competition
routines and expectations. More than others, these
types have the power to perform for themselves
and thus they can focus on their own goals and
values. Becoming aware and recognizing his own
features helps the dancer understand who he is and
what he wants. Two people in a couple are not the
same, so recognizing and respecting their
differences helps them to better function as a
dancing couple.
Unprofessinal
preparations
competition as a source of stress

for

the

One of the main stress causing factors is poor
preparation for the competition (Zagorc & JarcŠifrar, 2003). Unnecessary problems that can occur
before the competition can easily be avoided by
preparing timely. The most common stress causing
factors, which largely reduce the value of dancer´s
performance are (Winkelhuis, 2001): -too high
practice intensity during the week before the
competition that results in a lack of power on the
day of the competition; - not enough hours of sleep
during the week before the competition; - late
arrival to the dance hall which results in insufficient
physical and mental preparation; - unbalanced diet
before and during competition; - insufficient warmup which causes the autonomic nervous system to
produce signals of physical threat - excessive
muscular tension, fatigue, poor balance, etc.; - a
choreography or some new figures are not yet
trained; - the outfit is not good enough, does not
adhere to the rules of the dance federation or was
not ready on time; - competition simulation in
training was not performed to the fullest, so the
body is not prepared for the effort required by the
appearance in the finals.
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If a dancer is insufficiently prepared for the
competition, he will be significantly exposed to
stress. Mental strength developed and improved by
psychological preparation enables dancers to better
face the competition stress.
Conclusion
In any competitive sport, athletes are susceptible
to stress, and competitive dancing is no different.
Dancers have to cope with many stress causing
factors.

Some of these can be influenced by dancers, while
others cannot. Some causes are dependent on the
dancer himself (endogenous), while others are
related to other factors of the competition
(exogenous). The extent to which a dancer will be
subject to stress also depends on his personality
traits, which then come to the fore, and of the
dancer´s cognitive assessment of the specific
situation. Regardless of its source, stress should be
identified and good psychological preparation
should be used to help each dancer to achieve his
maximum potential on the competition.
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PSIHOLOŠKI STRESS U SPORTSKOM PLESU
Sažetak
Na izvedbu sportskih plesnih parova na natjecanju utjeþe mnogo þimbenika koji su razliþito stresni. Neki od
njih su nepromjenjivi i na njih plesaþi nemaju utjecaja (suci, ostali natjecatelji, glazba, podij, partner, itd.),
dok su neki promjenjivi, odnosno na njih plesaþ može pravovremeno utjecati (stanje tijela, odjeüa,
koreografija, plesne vještine itd.). Osim prethodno navedenog, psihološki pritisak plesaþa ovisi i o njegovim
osobinama liþnosti te neposrednoj pripremi za natjecanje.
Kljuþne rijeþi: psihološki zahtjevi, sportski ples, psihološka priprema, faktori stresa
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THE IMPACT OF SOME MORPHOLOGICAL CHARACTERISTICS AND MOTOR ABILITIES
TO HIGH JUMP RESULTS OF 14 YEAR’S OLD PUPILS
Željko Burcar
Zagreb, Croatia
Original scientific paper

Abstract
Physical education teacher’s databases are usually used for clubs recruitment. The impact of some
morphological characteristics and motor abilities to scissors high jump results in elementary school has been
researched. Sample N=25 elementary school male pupils aged 14 (±6 months) have been tested by
standard tests for tracking pupils development in elementary school. From full battery that consists of 11
tests, 5 tests for: body height, body weight, legs explosive power, flexibility and hand movement frequency
speed as predictors, as well as measured high jump result has been used as criterion. The standard
statistical procedures and regression have been used. Results show that body height, tapping and long jump
have statistically significant positive impact to high jump result. Research confirmed correlations of the
predictor with the result in high jump. Reduced standard battery can be applicable for high jump result
prediction and for recruiting pupils in school sport clubs.
Key words: body weight and height, tapping test, long jump test, flexibility test, elementary school
Introduction


At the beginning of this research many opened
questions arises. One of them is why somebody
won’t to predict high jump result of the pupils
instead to test a high jump and measure result.
Answers arise quickly. Firstly, teachers are obliged
to measure abilities and characteristics at the
beginning of each schooling year and they have
collected database about each pupil. Secondly, high
jump result in elementary school is measured on
scissors technique, and flop technique is prescribed
for 8th grade. Thirdly, teachers databases about
pupil’s characteristics and abilities are usually used
for schools and athletic sports clubs. Fourthly,
measuring scale for high jump in elementary school
is rough (5cm). Fifthly, teachers have numerous
prescribed obligations with a lack of time for
complex technique improvement, as well as for
high jump technique as a significant part of high
jump result. High jump as a sport technique is
prescribed in Croatian plan and program for
elementary school (2006). On the other hand,
general prescription for systematic high jump
training told us that orientationally beginning is
between 11th and 12th year of age (Martin, 1982),
when pupils are in 5th or 6th grade. High jump
technique in elementary school differ from usual
sport technique depending on educational demands
that are related with training volume and needs for
spread and basic kinematical knowledge in regular
education. Elementary school in Croatia is based
on 8 grades. Pupils start at the age of 6-7 (±6
months) and finish at the age of 13-14 (±6
months). They start physical education in the first
grade. Total amount of regular sport practicing
included in national curriculum varies between
4725 minutes/year (105 hours/year) to 3150
minutes/year (70 hour/year). According to Plan and
program for elementary schools (2006) two
techniques of high jump have to be learned,

scissors technique from 5th to 8th grade and flop
technique in 8th grade. Performance and result for
both techniques in global depend on: explosive
power defined by Milanoviü (1993) as capability
which enables the giving off maximum acceleration
to the body, flexibility defined by Milanoviü (1993)
as capability for movement performing with
maximum amplitude and body height. Furthermore,
performance of high jumpers depends on run-up
velocity, take-off action as well as optimal flight
trajectory (Blaževiü, Antelkoviü, & Mejovšek, 2006).
Nowadays, the take-off in athletic events leads up
to an explosive execution – a short and strong
contact with the ground (Langer, & Langerova,
2008). Most researchers agreed about technique as
a vital part of high jump result, but kinematics
tracked on elite high jumpers shoves individual
motion patterns and impacts of different segmental
motions to the whole body movement (Ritzdorf,
1989.; Brüggemann, Loch, 1992.; Hommel, 1993.).
In
Croatian
educational
system
pupils’
anthropological characteristics have been tracked a
long time ago, but systematically from the year
1992 when normative values have been revealed
(Findak, 1992, 1996) with the purpose of tracking
changes and evaluation of teaching process as well
as checking the level of some motor, functional and
morphological characteristics of pupils. Full battery
consists of eleven instruments for estimation
anthropological characteristics: 6 tests for basic
motor ability, 1 test for functional and 4 tests for
morphological characteristics. The goal of this
paper is to research impact of five measured
anthropological characteristics and motor abilities
to pupils high jump result in elementary school,
performed with scissor technique. Relations
between measured abilities and characteristics to
scissors high jump results have been examined. As
well as, results can be useful to practitioners,
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athletic trainers for timely recruitment using
collected data from elementary school teacher,
because time is unrecoverable resource and it not
reasonable to perform multiplying tests when
collection of data exists.
Methods
In this study, standard tests suggested for
elementary school teachers in Republic of Croatia
for tracking motor abilities and anthropometric
status, published in “Overview of physical and
health education 5th to 8th grade of elementary
school”, based on standard tests according to
Gredelj, Metikoš, Hošek & Momiroviü (1975), have
been used. From full battery consisting of 11
instruments, 5 tests have been used (Table 1): ATV
(body height), ATT (body weight), MTR (hand
tapping), MSD (long jump from the position) and
MPR (body bend). Result in high jump with scissors
technique has been measured as dependent
variable. Sample N=25, that presents 14 years old
(±6 moths) male pupils in 8th grade of elementary
school is intentional (Šošiü, 2001). Results have
been collected during physical education classes.
Results have been computed in Statistica for
Windows. Firstly, basic statistics have been used.
Mean as a measure of central tendency and
standard deviation as a measure of variability,
minimum and maximum of results have been used
as well as median and mod. Correlations between
variables have been computed. Secondly the
Kolmogorov-Smirnov test was carried out showing
that all the variables were normally distributed.
After preliminary processing procedures relations
between predictor variables and criterion were
determined by regression analysis. Dilema about
using regression analyse arrise based on sample
size of respondents and number of predictors.
Statistica for Windiws manuel sugest that most
authors recommendent 10 times bigger sample
size of examinees than the number of independent
variables, but we are inclined to oppinion of Green
(1991) that numerous rules-of-thumb have been
suggested for determining the minimum number of
subjects required to conduct regression analyses.
These rules-of-thumb are evaluated by comparing
their results against those based on power analyses
for tests of hypotheses of multiple and partial
correlations. The results did not support the use of
rules-of-thumb that simply specify some constant
(e.g., 100 subjects) as the minimum number of
subjects or a minimum ratio of number of subjects
(N) to number of predictors (m). In this research,
one hypothesis has been tested: H1 Impact of
measured anthropological characteristics to high
jump result exists.
Table 1. List of variables
Variable (name)
AVT - body height
ATT - body weight
MTD – hand tapping
MSD – long jump
MPR – body bend with spread legs
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Results


In this study by using statistical modules, all data
have been computed with descriptive statistics,
correlations determination and regression analyses.
All results shown in Table 2 are distributed
according to normal distribution tested with
Kolmogorov-Smirnov test presented in Table 3.
Average height is 168 cm and average weight is 62
kg. Average result for tapping in 15’’ is 38 taps, for
long jump average result is 173 cm, for body bend
is 54.4 cm and average result in high jump is 120
cm. Differences between minimum and maximum
results in measured height and weight, according to
standard deviation, show morphological differences
between pupils of this age, which was expected.
Difference between pupils in long jump is between
115 and 235 cm and in high jump between 80 and
145 cm.
Table 2. Results of descriptive Statistics
Variable Valid N Mean
Median Minimum Maximum Std.Dev.
ATV
25 168.08
167
147
183
7.99
ATT
25
61.92
58
43
95
14.49
MTR
25
37.96
38
31
47
4.00
MSD
25 173.56
180
115
235
36.00
MPR
25
54.44
55
35
85
13.45
SVS
25
119.6
120
80
145
16.64
ATV - body height; ATT - body weight; MTR - leading hand
tapping; MSD - long jump; MPR - body bend; SVS - high jump
result

Table 3. Results of Kolmogorov-Smirnov test
VAR
ATV
ATT
MTR
MSD
MPR
SVS
K-S d
0.5
0.11
0.12
0.1
0.1
0.63
P
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
K-S d – Kolmogorov-Smirnov test for normality; p – level of
significance, n.s. – not significant

Results presented in correlation matrix with
statistically significance on the level of conclusion
95%, was shown in Table 4. Correlation between
body height (ATV) and body weight (ATT) is
significant (0.54). High and significant correlations
are detected between high jump and: body height
(ATV, 0.59), leading hand tapping (MTR, 0.50) and
long jump (MSD, 0.80).
Table 4. Results of Correlations: Marked
correlations are significant at p < .05000.
ATV
ATT
MTR
MSD
MPR
SVS
ATV
1.00
ATT
0.54
1.00
MTR
0.30
0.12
1.00
MSD
0.36
-0.17
0.30
1.00
MPR
0.10
0.35
-0.02
-0.27
1.00
SVS
0.59
-0.06
0.50
0.80
-0.29
1.00
ATV - body height; ATT - body weight; MTR - leading hand
tapping; MSD - long jump; MPR - body bend; SVS - high jump
result; p - level of significance.

Results of regression analyses for 3 motor ability
tests and 2 tests for morphological characteristics
presented in Table 5 show the impact of three
variables to the result in high jump with scissors
technique.

Burcar,Ž.:Theimpactofsomemorphologicalcharacteristicsandmotorabilities...ActaKinesiologica6(2012)2:75Ͳ79
Table 5. Results of Regression Summary for
Dependent Variable: SVS

Variables

R=.091

R2=0.83

F(5.19)=18.41

p<.00000

St. Err.
of Beta

Beta

B

St. Err.
of B

Adjusted
R2=0.78
Std.Error of
estimate:7.74
pt(19)
level

ATV

0.47

0.13

0.97

0.28

3.45

0.00

ATT

-0.21

0.13

-0.24

0.15

-1.58

0.13

MTR

0.23

0.10

0.95

0.42

2.24

0.04

MSD

0.49

0.12

0.23

0.06

4.13

0.00

MPR

-0.12

0.10

-0.15

0.13

-1.17

0.26

2

2

R - correlation; R - coefficient of determination; Adjusted R adjusted coefficient of determination; F - value of F-test; p significance level of F-test; Beta - partial standard coefficient of
regression; St. Err of Beta - Standard error for coefficient of
regression; B - independent contributions of each independent
variable to the prediction of the dependent variable; p-level - value
of significance threshold; ATV - body height; ATT - body weight;
MTR - leading hand tapping; MSD - long jump; MPR - body bend;
SVS - high jump result.

The group of selected tests explained 83% of
variance (p<0.00) in high jump successfulness of
14 (±6 months) years old pupils. As it was
assumed, the body height (ATV) of this sample
show impact to final high jump result with standard
coefficient of regression (Beta=0.35) and with high
impact to dependent variable (B=0.97). Tapping
test with leading hand (MTR) shows positive impact
to high jump (Beta=0.23) (B=0.95). At the same
time the result of regression factor for MSD
(Beta=0.49) (B=0.23), guide us to conclusion that
long jump result tested with standard test, have
the highest impact to high jump result. Negative
but not significant impact of body weight to high
jump
result
exist
(Beta=-0.21;
B=-0.24)
Hereinafter, results for body bend (MPR) shows
small but not significant negative impact to high
jump result (Beta=-0.12) (B=-0.15) which is not
expected because of scissors technique.
Discussion and conclusion
Several conclusions can be drawn from the findings
of this research. Firstly, the determination
coefficient (Table 4) shows high explanatory power
(R2=0.83) and hypothesis H1 can be accepted
because
this
research
confirmed
general
correlations of the predictor variables with the
result in high jump. This reduced standard battery
can be applicable for high jump result prediction in
elementary school with a purpose of selecting
children for high jump training in sport clubs.
Secondly, this study shows expected statistically
significant correlations on the level of conclusion
95%, between body height and body weight, what
is expected and in line with many researches. High
jump result is in expected significant correlations
on the level of conclusion 95% with: a) body
height, b) movement frequency speed regardless
that horizontal velocity of run-up has to be optimal
(Antekoloviü, Antekoloviü & Julariü, 2009), and c)
explosive power what is in line with explosive
execution – a short and strong contact with the
ground described by Langer, & Langerova, (2008).

Negative but not statistically significant relation
between high jump result and flexibility is not
expected because of measured high jump
technique – scissors. This can be explained with
thesis that pupil’s poses explosive power but they
do not perform enough stretching during physical
education classes. It seems that major activities in
curriculum are not focused onto flexibility, what can
be one of direction for rethinking the importance of
stretching before and after practicing. Thirdly,
according to regression analyses, it can be
concluded that results of this study shows impact of
3 variables; 2 as motor abilities measurement and
one as morphological characteristic measurement
onto the result in high jump with scissors
technique. As it was assumed, body height has
impact to final high jump result what is in line with
Milanoviü, Hofman, Puhaniü & Šnajder (1986)
findings.
It can be concluded that results in
tapping test with leading hand, for leading hand
movement frequency speed have statistically
significant impact to high jump result what can
fulfill the picture of most important high jumpers
morphological characteristics given by Milanoviü,
Hofman, Puhaniü & Šnajder (1986), where speed of
alternative movements are ranked as very
important for high jump result.
This finding can be accepted but future research
will be applicable because of small statistically
significant result in partial standard coefficient of
regression. Result of regression factor for long
jump guides to conclusion that long jump result
tested with standard test, has impact to high jump
result for this sample of respondents. This seems to
be logical because in both explosive power is beside
this different type of jumps, and explosive power
has influence to vertical velocity. Many authors
pointed out that the biggest influence on the height
of the jump can be contributed to vertical velocity
of CG at the end of the take-off (Krazhev et al.,
1989; Conrad & Ritzdorf, 1990; Brüggemann &
Loch, 1992; ýoh, 1992; Slamka & Moravec, 1999;
Dapena, 2000; Greig & Yeadon, 2000. Regression
analyses for body bend result lead us to conclusion
that flexibility does not predict high jump result
regardless how important flexibility is for basic
body preparation and how lumbar flexibility is
important for flop technique. Furthermore, this
result is not expected because of scissors technique
where body bend with leg momentum seems to be
helpful for this technique. Quite contrary, negative
but not statistically significant relation between
flexibility and high jump result was shown.
Finally, these findings can help teachers to
decrease number of testing hours and professional
trainers for simple recruiting in the school athletic
sports teams as well as athletics sport clubs.
Practical open question arises, do teachers in
elementary school need to test booth jumps to
fulfill clear picture abut pupil’s capabilities, or only
one of them? This can open more space for
practicing other techniques, for example, high jump
flop technique and teachers can spend more time
for other motor learning processes or stretching.
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UTJECAJ NEKIH MORFOLOŠKIH ZNAýAJKI I MOTORIýKIH SPOSOBNOSTI
NA REZULTATE SKOKA U VIS 14-GODIŠNJIH UýENIKA
Sažetak
Baze podataka uþitelja tjelesnog þesto se koriste kao osnova regrutiranja uþenika u sportske klubove. U
ovom radu istražit üe se utjecaj nekim morfoloških karakteristika i motoriþkih sposobnosti na rezultat skoka u
vis tehnikom škare. Uzorak ispitanika N=25 uþenika osnovne škole, starosti 14 godina (±6 mjeseci) testiran
je standardnom baterijom testova koja koristi uþitelju za praüenje razvoja uþenika u osnovnoj školi. Iz
cjelokupne baterije koja sadrži 11 testova, korišteno je 5 testova za : visinu, težinu, eksplozivnu snagu nogu,
gibljivost i brzinu frekvencije pokreta ruke kao prediktori i rezultat skoka u vis kao kriterij. Rezultati su
obraÿeni standardnim statistiþkim postupcima i regresijskom analizom. Rezultati pokazuju da visina, taping
rukom i skok u dalj s mjesta imaju pozitivan statistiþki znaþajan utjecaj na rezultat skoka u vis. Istraživanje
potvrÿuje korelaciju prediktora sa rezultatom skoka u vis. Reducirana standardna baterija može biti
primijenjena za predviÿanje rezultata skoka u vis kao i dobra osnova za bazu podataka za regrutiranje
uþenika u atletske škole.
Kljuþne rijeþi: visina i težina tijela, taping, skok u dalj, gibljivost, osnovna škola
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Abstract
The aim of this study is to compare experimentally four different criteria for choosing number of principal
components in exploratory factor analysis (EFA): Guttman-Kaiser (GK), Plum-Brandy (PB), Scree Plot (SP)
and Parallel analysis - Monte Carlo (PAMC) via selected kinesiological research. Results clearly indicate that
usage different extraction methods will, in general, give different number of latent dimensions. In accordance
with obtained results, it is obvious that scientist or researcher in field of kinesiology have to be completely
aware of advantages and problems in usage of each abovementioned FA extraction method criteria. Further
researches of this type should be focused on analytical and experimental comparisons of results obtained by
different criteria but on the sets of measured variables of well known latent structure.
Key words: factor analysis, number of factors, criteria, comparison
Introduction
Exploratory Factor Analysis (EFA) is advanced
multivariate mathematical and statistical technique
unavoidably used in kinesiology, sport sciences,
psychology and in general social sciences (ViskiüŠtalec, 1991; Borsboom, Mellenbergh & Van
Heerden, 2003; Loehlin, 2003; Cudeck, &
MacCallum, 2007; Marsh, 2007; Hox, & Roberts,
2010). As it is well known, factor analyses are
performed by examining the pattern of correlations
(or covariances) between the observed measures
(Gorsuch, 1983; Mulaik, 1987). It is assumed that
variables (measures) that are highly correlated
(either positively or negatively) are probably
influenced by the same underlying constructs or
more precisely, latent dimensions or factors. On the
other side, those variables that are relatively
uncorrelated are likely influenced by different
factors (Loehlin, 2003).
While using EFA, researchers hope that their results
will extract what is called simple structure, with
most items having a large correlations with one
factor but small correlations on other factors
(Comrey, 1978; Cudeck, & MacCallum, 2007). EFA
is usually recommended when researchers have no
undertheses about the nature of the underlying
factor structure of their measurements. On the
other side, when Confirmatory Factor Analysis
(CFA) is being used, the researchers must specify
the number of factors a priori (Loehlin, 2003; Kline,
2005; Marsh, 2007; Hox, & Roberts, 2010). EFA
has three crucial decision points: first - choosing an
extraction method, second - decide the number of
factors to retain and third - choosing a rotation
method (Ford, MacCallum, & Tait, 1986; Costello, &
Osborne, 2005). In this article, focus will be on
comparative analysis of decision how many factors
to retain in selected kinesiological research.
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During last decades, various authors have analyzed
the importance of deciding how many factors to
retain when applying EFA (Horn, 1965; Zwick &
Velicer, 1986, Velicer, Eaton & Fava, 2000; Hox, &
Roberts, 2010). Hayton et al. (2004) states three
reasons why this decision is so important. Firstly, it
can affect EFA results more than other decisions,
such as selecting an extraction method or the
factor rotation method, since there is evidence of
the relative robustness of EFA with regards to these
matters (Ford, MacCallum, & Tait, 1986; Zwick &
Velicer, 1986). Secondly, the EFA requires that a
balance be struck between “reducing” and
adequately “representing” the correlations that
exist in a group of variables; therefore her
usefulness depends on distinguishing important
factors from trivial ones (Ledesma, R. D., & ValeroMora, 2007). Furthermore, various authors state
that an error in terms of selecting the number of
factors can significantly alter the solution and the
interpretation of EFA results (Gorsuch, 1983; Wood,
Tatryn, & Gorsuch, 1996; Cudeck, MacCallum,
2007; Ledesma, R. D., & Valero-Mora, 2007).
Underextraction can lead to the loss of relevant
information and a substantial distortion in the
solution; for example, in the variables loading. On
the other hand, overextraction although less grave,
can lead to factors with few substantial loading,
which can be difficult to interpret and/or replicate
(Zwick & Velicer, 1986; Ledesma, R. D., & ValeroMora, 2007). Same authors state, that, both
underextraction
and
overextraction
have
consequences that adversely impact the EFA’s
efficiency and meaning. Costello and Osborne
(2005) note that unfortunately, the most popular
statistical programs do not provide users with the
most accurate methods to solve a problem of
number of factors to retain.
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That is the most important decision to make after
factor extraction. Mistakes at this stage, as it has
been said before, such as extracting too few or too
many
factors,
may
lead
to
crucial
misinterpretations in the analysis. Three criterions
are most frequently used in sports sciences and
kinesiology:
Guttman-Kaiser
criterion
(GK),
Cattell’s Scree test, (Cattell, 1966) and Plum
Brandy (PB) criterion (Štalec & Momiroviü, 1971).
As a scientific result, PB criterion, unfortunately,
was published only on Croatian language and is
totally unknown outside of the borders of exYugoslavia. Most commonly used criterion is GK
which simply states that the number of factors to
retain is equal to the number of factors with
eigenvalues (explained variability) greater than
variability of single manifest variable - 1.0. It is
known, that eigenvalues are produced from a
correlations by solving a characteristic equation

O )

0

or
by
a
process
called
Singular
Value
Decomposition (SVD). Eigenvalues represent the
variance accounted for by each underlying factor.
It is well known fact that GK criterion has tendency
of overfactorisation (Lužar, 1983, 1984; Wood,
Tatryn, & Gorsuch, 1996, Wood, Tatryn, & Gorsuch,
1996) and GK is default criterion in commonly used
statistical packages Statistica and SPSS. On the
other side, the term “scree” is taken from the word
for the rubble at the bottom of a mountain. SP is
based on subjective analysis of scree plot - two
dimensional visualization of correlation matrix
eigenvalues trough graph with ordinal number
(factor) on the x-axis and eigenvalues in
descending order on the y-axis. From the scree
plot, usually it can be seen that the first several
factor account for most of the variance and the last
factors are just “scree” or error variation. So, this
approach to selecting the number of factors
involves a certain amount of subjective judgment.
According to PB criterion, significant are those
components
which
explain
“total
multiple
determination”. Total amount of that variance is
equal to sum of squared multiple correlations of
each variable (criterion) with rest of variables
(predictors). Researches point to the fact that PB
criterion have tendency of hipofactorization and in
that sense is opposite to GK criterion (Lužar, 1983,
1984). PB is not integrated in standard software
packages as (default) option. Lastly, Parallel
Analysis (PAMC) is a Monte Carlo simulation
technique and provides a superior alternative to
previously explained techniques (Hayton, Allen, &
Scarpello, 2004; Ledesma, R. D., & Valero-Mora,
2007). As it is situation with PB criterion, PAMC is
not well known among researchers, mostly because
it is not included as an analysis option in the most
popular
statistical
packages.
Horn
(1965)
developed PAMC as a modification of Cattell’s scree
diagram to alleviate the component indeterminacy
problem. The rationale is that sampling variability
will produce eigenvalues > 1 even if all eigenvalues
of a correlation matrix are exactly one and no large
components exist (as with independent variates)
(Zwick & Velicer 1986; Ledesma, R. D., & ValeroMora, 2007).

The eigenvalues from research data prior to
rotation are compared with those from a random
matrix (actually normal pseudorandom deviates) of
identical dimensionality to the research data set
(i.e. same number of p variables and n samples).
Eigenvalues which are greater than their respective
component EFA eigenvalues from the random data
would be retained. Essentially, the parallel analysis
works by creating a random dataset with the same
numbers of observations and variables as the
original data. A correlation matrix is computed from
the randomly generated dataset and then
eigenvalues of the correlation matrix are computed.
When the eigenvalues from the random data are
larger than the eigenvalues from correlation matrix
you known that the components or factors are
mostly random noise. Consequently, PAMC requires
intensive computational process. Various studies
indicate that PA is an appropriate method to
determine the number of factors (Montanelli, &
Humphreys, 1976; Zwick & Velicer, 1986). Also,
Zwick & Velicer (1986) found that, among the
methods analyzed, PA is the most accurate,
showing the least variability and sensitivity to
different factors. Furthermore, software that offers
a PAMC as an option is not widely known among
researchers. Today, there are some stand-alone
programs for PAMC (Longman et al, 1989; Watkins,
2000) as well as some specialized macros for SPSS
and SAS users (O’Connor, 2000). The aim of this
study is to make experimental comparation of 4
different criteria for choosing number of principal
components in EFA: GK, PB, SP and PAMC via
selected kinesiological research.
Methods
The research was conducted on the sample of 238
pupils aged 10-12 years. The sample of variables
used
in
this
research
were
4
standard
anthropometric measures and 8 standard variables
of motor status: body height (AVIS), body weight
(ATEŽ), forearm circumference (AOP), upper arm
skin fold (ANN),
side steps (MKUS), polygon
backwards (MPOL), standing on the bench (MP20),
straddle forward bend (MPRR), hand-tapping
(MTAP), long jump from a standstill (MSDM), situps (MDTR) and held part in the hang (MVIS). All
the measurements were done by qualified people
who
had
big
experience
in
collecting
aforementioned data. By use Statistica 8.0
software, eigenvalues of correlation matrix were
calculated and number of principal components
were calculated according to GK, SP and PB
criterions. By use software (Watkins, 2000) Monte
Carlo PAMC for parallel analysis was conducted.
More precisely, Monte Carlo PCA for Parallel
Analysis is a standalone Windows program that
computes Parallel Analysis criteria by performing a
Monte Carlo simulation. The user can specify 502500 subjects, 3-300 variables and 1-1000
replications. Program simuntaneously generates
random normal numbers for the quantity of
variables and subjects selected, computes the
correlation matrix, performs Principal Components
Analyses and calculates the eigenvalues for those
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variables, repeats the process as many times as
specified in the replications field and calculates the
average and standard deviation of the eigenvalues
across all replications.
For
stable results,
recommendation is to replicate at least 50-100
times (Watkins, 2000).

Table 2. Squred multiple correlations (SMC) of
each variable with set of other variables.
ATV
ATT
AOP
ANN
MKUS
MPOL
MP20
MPRR
MTAP
MSDM
MDTR
MVIS
Ȉ

Results and discussion
Table 1. Eigenvalue of correlation matrix (Eignval),
variability proportion of measured variables
explained by single factor (%Var), cummulative
eigenvalue (Cum.Eigv.), cumulative variability
proportion of measured variables explained by
single factor (Cum%)
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Eignval
3.76
2.48
1.15
0.91
0.87
0.69
0.59
0.52
0.46
0.34
0.14
0.11

%Var
31.33
20.65
9.58
7.56
7.23
5.72
4.92
4.31
3.83
2.81
1.20
0.88

Cum.Eigv.
3.76
6.24
7.39
8.29
9.16
9.85
10.44
10.95
11.41
11.75
11.89
12.00

Cum%
31.33
51.98
61.56
69.12
76.34
82.06
86.98
91.28
95.11
97.92
99.12
100.00

Table 1 shows eigenvalues of correlation matrix,
absolute and cummulative variability proportion of
measured variables accounted in for each factor. As
it is shown in table 1, according to Guttman-Kaiser
criterion three latent dimension have been
extracted. Furthermore, as it can be seen on graph
1 and table 3, PAMC indicates that 2 latent
dimensions exists.
As it can be seen from table 1 and table 2,
according to the PB criteria, only one latent
dimension is real. In table 3 results of PAMC
analysis, by use of software (Watkins, 2000) are
shown. Software was used for parameters: number
of variables was set to 12, number of subjects was
set to 238 and number of replications was set to
200.

4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Scree
Random

1 2 3 4 5 6 7 8 9 10 11 12
Graph 1: Visualisation of correlation matrix
eigenvalues - Scree Plot and visualisation of
random eigenvalues - Parallel Analysis - Monte
Carlo.
82

SMC
0.76
0.84
0.80
0.67
0.23
0.47
0.09
0.17
0.39
0.52
0.24
0.30
5.49

Table 3. Parallel Analysis Monte Carlo results.
Average eigenvalues of random correlation matrix
(Rand.Eigenv) and their standard deviation (St.
Dev.).
Eigenvalue#
1
2
3
4
5
6
7
8
9
10
11
12

Rand.Eigenv.
1.38
1.28
1.20
1.13
1.07
1.01
0.96
0.91
0.85
0.80
0.73
0.67

St. Dev
0.05
0.04
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.03
0.03
0.03

Probably, in this research, number of latent
dimension should be 2 – morphological factor and
general motor factor. In accordance with that only
SP and PAMC showed real latent structure while PB
and GK, as expected showed underfactorized and
overfactorized latent structure, respectively.
Conclusion
When using exploratory factor analysis, it is of
fundamental importance to precisely differentiate
between methodologically problematic methods for
determining the number of components to extract.
As it is shown in this research, different methods
that are standard used in scientific practice, on
relatively simple variable sample give different
number of extracted latent dimensions. GK criteria
tends to overfactorization while PB criteria
underfactorization while relatively good alternatives
are SP and PAMC. Further scientific researches
should include bigger samples of both cases and
variables and give explicit recommendation for
which criterion to use.
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EKSPERIMENTALNA USPOREDBA GUTTMAN-KAISEROVOG, PLUM BRANDY, SCREE I
PARALELNE ANALIZE - MONTE CARLO KRITERIJA EKSPLORATIVNE FAKTORSKE ANALIZE
KROZ ODABRANO KINEZIOLOŠKO ISTRAŽIVANJE
Sažetak
Cilj ovog rada je eksperimentalno usporediti þetiri razliþita kriterija za odabir broj glavnih komponenti pri
korištenju eksplorativne strategije faktorske analize (EFA): Guttman-Kaiser (GK), Šljivovica (PB), Scree plot
(SP) i paralelnu analizu - Monte Carlo (PAMC) korištenjem odabranog kineziološkog istraživanja. Rezultati
jasno pokazuju da üe upotreba razliþitih metoda ekstrakcije, u pravilu, dati razliþit broj latentnih dimenzija. U
skladu s dobivenim rezultatima, oþito je da znanstvenici/istraživaþi u podruþju kineziologije moraju biti
potpuno svjesni prednosti i problema pri korištenju svakog od navedenih kriterija za odabir broja glavnih
komponenata. Daljnja istraživanja ovog tipa trebaju biti usmjerena na analitiþkim i eksperimentalnim
usporedbama rezultata dobivenih razliþitim kriterijima, ali na skupovima manifestnih varijabli poznate
latentne strukture.
Kljuþne rijeþi: faktorska analiza, broj faktora, kriteriji, usporedba
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Abstract
Comparison between anthropometric measures of the two generations of water polo players revealed a
positive trend in body skeletal measures (total arm length, hand breadth, height, biacromial breadth and
negative trend in hand length). A positive trend is noted in circular dimensionality measures (chest girth, arm
girth and forearm girth) and weight. Most noteworthy differences were an increase in total arm length, height
and hand breadth and decrease in hand length. Cite variables statistical significantly discriminate generation
“08” from “80” in manifest anthropometrical space. In latent space tree of five factors discriminate two
generation. From discriminative factor structure is evident that factor of longitudinal dimensionality of
skeleton has the biggest discriminative power. Weaker, but significant, groups discriminate third factor
defined by hand length and foot length with added biiliocristal breadth of negative omen. Smaller but
significant discriminative power of negative omen has the factor defined by measures of circular
dimensionality with added weight and body mass index. Anthropometric characteristics of elite water polo
players have changed over the analyzed 28 years. Body shape changed in terms of greater height and more
elongated limbs, with thinner waist and broader shoulders. Body mass increased. Muscle-to-fat mass ratio
increased. The observed changes are consequence of population secular trend and sport morphological
adaptation (optimization).
Key words: anthropometry; morphology; exercise; water polo; sports medicine
Introduction
Variations in body size due to environmental
influences are much larger than those resulting
from genetic differences: Johnston FE. (1995). A
trend of increasing body size and faster growth rate
has been noted in industrialized countries since the
middle of the 19th century, especially in the first
half of 20th century: Tanner JM (1966 ), Ljung BO,
Bergsten-Brucefors A, Lindgren G. (1974). This
positive secular trend has largely been attributed to
improving living conditions, nutrition, and control of
infections: Van Wieringen JC. (1978), Tanner JM.
(1986), Hauspie RC, Vercauteren M, Susanne C.
(1997). The secular trend of increased stature
observed during the last century amounted to 1.3
cm per decade by the end of childhood, 1.9 cm in
mid-adolescence, and 0.6 cm at young adult age:
Meredith HV. (1976). Different effects of sport
activities
(sport
training)
on
growth
and
development have been summarized different
publications and textbooks: Malina RM (1991),
Malina at all (1991), Borms J, Hebbelinck M.
(1984). The athlete’s anthropometric dimensions,
reflecting
body
shape,
proportionality,
and
composition: Carter JE. (1970, 1984), play a
significant role in determining the potential for
success in sport: Battinelli T. (1990). Distinctive
anthropometric characteristics come about by
natural selection of successful athletes over
successive generations and/or by an adaptation to
the
training
demands
within
the
present
generation. The “final” body shape and composition
in a given sport results from a phenomenon called
“sport morphological optimization”: Norton K, Olds
T. (2001), Lozovina, V., Lozovina, M.(2008).

A number of differences in players’ body
morphology and composition: Lozovina V. (1986),
Vujoviü D, Lozovina V, Paviþiü L. (1986) due the
environmental changes in general, and changes
within the game of water polo itself: Paviþiü L.
(1991), Lozovina at all (2003) could be expected.
The aim of this study was to determine the size and
direction
of
changes
in
anthropometric
characteristics of elite water polo players over 28year time span.
Methods
Subjects
The sample consisted of 182 elite male water polo
players
from
the
top
Croatian
clubs.
Anthropometric measures of 95 players (71.9% of
the target population) were taken in 1980
(generation of 1980), and of 87 players in 2008
(generation of 2008). The age range of the
generation of 1980 at the time of measurement
was 18-32 years (mean ± standard deviation, SD,
21.2±4.0 years), and the age range of the
generation of 2008 (72% of the target population)
was 19-34 years (mean ± SD, 23.8 ± 3.8 years).
All participants were clinically healthy without
morphological aberrations. The only inclusion
criterion was participation in at least one official
game as a member of the top national division in
the year of measurement. There was no overlap
between the two groups, i.e., none of the players
was measured in both years.
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Outcome Measures
Trained and qualified investigators performed all
the measurements, using standardized procedures
recommended by the International Biological
Program: Lozovina V, Paviþiü L, Lozovina M.
(2003). A medical balance was used with a
precision of 0.1 kg, Martin anthropometer with a
precision of 1 mm, pelvimeter with precision of 1
mm, skin fold caliper (John Bull) with a
compression of 10 g/mm2 with accuracy of 0.1
mm, small sliding caliper with accuracy of 1 mm2,
and synthetic length measuring tape with accuracy
of 1 mm. Anthropometric status of subjects was
determined on the basis of 23 anthropometric
measures. Katch and McArdle formulae were used
to estimate the body fat percentage on the basis of
performed measurements: Katch FI, McArdle WD
(1973).
Statistical Analysis
Data for each sample were presented as mean ±
standard deviation (SD). Analysis of variance,
factor analysis and discriminative analysis was used
to test the differences between the two generations
in manifest and latent anthropo-morphological
space. SPPS statistical software, Version 11.0
(SPSS Inc., Chicago, IL, USA), was used for all
statistical analyses.
Results
The two generations, 28 years apart, significantly
differed in majority anthropometric measures and
indices (Table 1, Fig. 1) except foot breadth,
biiliocristal breadth, biepcondilar femur, wrist
breadth, calf girth, sub scapular skin fold, axilar
skin fold, calf skin fold, abdominal skin fold, body
density and
percent body fat. Comparison of
length measures between the generation of 1980
and that of 2008 i.e., the leg length, total arm
length, and height, showed statistically significant
positive trends as well as Hand length and Foot
length have significantly negative trends. Breadth
measures, hand breadth and biacromial breadth,
significantly decreased in the 2008 generation. The
measures of soft tissues, such as girths generally
increased. There were significant increases in all
girths, but not significant in thigh and calf girth. In
skin folds, estimators of the amount of
subcutaneous adipose tissue measures of triceps
and sub scapular indicate decreased trends.
Abdominal, calf and axilar skin folds, shows
significant increases as well as mass. Body mass
index (BMI) significantly decreased.
Estimated
body fat percentage increased but not significantly,
whereas body density remained statistically
unchanged. The canonical discriminative analysis
over the factor suggest: Tree factor provided
significant discriminative power: factor of circular
dimensionality, factor hand length and foot length
and factor of longitudinal dimensionality of
skeleton. In distance of 29 years water polo players
mostly changed in the measures of longitudinal
dimensionality in direction major values of results.
Statistical significant changes arise on the hands
and foots who define third factor where is noted
movement in the zone of lower results.
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Statistical significant changes with movement in the
zone of higher results were registered in all
measures who defined circular dimensionality and
mass. Regarding generation “80”, generation “08”
is higher, heavier and stronger with relatively
smaller hands and foots.
Table 2. Disriminative function
Wilks'
Lambda
.169

Chisquare
298.587

df

Sig.

24

.000

Table 3. Classification Results
Measured

Count
%

1980
2008
1980
2008

Predicted
Group
Membership
1980
94
0
98.9
.0

Total
2008
1
87
1.1
100.0

95
87
100.0
100.0

Table 4. Total Variance Explained

1.00
2.00
3.00
4.00
5.00

Initial
Eigenvalues
10.32
4.75
2.19
1.54
1.31

% of
Variance
39.67
18.26
8.43
5.93
5.04

Cumulative
%
39.67
57.93
66.36
72.29
77.33

Table 6. Component Correlation Matrix
Component
1
2
3
4
5

1
1.00
-.38
.01
-.36
-.35

2
-.38
1.00
-.05
.07
.11

3
.01
-.05
1.00
-.08
-.22

4
-.36
.07
-.08
1.00
.37

5
-.35
.11
-.22
.37
1.00

The Factor analysis under the component model
was performed. The number retained factors were
fixed by GK-criterion. After direct oblimin rotation
the factor structure was calculated as well as
correlations between the factors. Five factors
explained 77, 33% of variability from measure
system. The first factor is defined by girths and
mass and it is possible to define it as circular
dimensionality. Second is defined with all measures
of under skin fat tissue with added body density
and percent of body fat and could bee defined as
subcutaneous adiposity. The third factor is defined
by hand length and foot length and it is impossible
to define him in morphological sense. The fourth
factor is defined with hand and foot length, height
and biacromial breadth. This factor is nominated as
longitudinal dimensionality of skeleton. The fifth
factor is defined by diameters and it is possible to
proclaim him as factor of transversal dimensionality
of skeleton. Correlations between factors are low
what speak in one's favour that every of them exist
in own sense. Correlation between first and second
factor
(-0,
38)
is
logical
because
treat
subsumarised measures. Correlation of first factor
with fourth and fifth (-0, 36 and -0, 35) probably
speak about proportionality of muscular and
skeletal system in water polo players.
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Correlations between fourth and fifth factor (0, 37)
is also logical because treat the same, skeletal
system. The canonical discriminative analysis over
the factor was performed. Discriminate function
was
calculated.
Statistical
significance
discrimination (p=0,000) was assess wit F-test,
whereas power of applied system with Wilks'
Lambda.
Table 8. Eigenvalues
Eigen
value
2.796

Canonical
Correlation
.858

Wilks'
Lambda
.263

Chisquare
236.793

df

Sig.

5

.000

Table 9. Classification Results
Measured

Predicted
Total
Group
Membership
1980
2008
Count
1980
90
5
95
2008
3
84
87
%
1980
94.7
5.3
100.0
2008
3.4
96.6
100.0
96.6% of original grouped cases correctly classified.

Tree factor provided significant discriminative
power: factor of circular dimensionality, factor hand
length and foot length and factor of longitudinal
dimensionality of skeleton. Canonical correlation
coefficient (R=0,858) is statistically significant on
the level p=0,000. Importance of discriminative
function was tested with Bartett ǒ2 test as well as
power of applied system was tested with Wilks’
Lambda. In distance of 29 years water polo players
mostly changed in the measures of longitudinal
dimensionality in direction major values of results.
Statistical significant changes arise on the hands
and foots who define third factor where is noted
movement in the zone of lower results. Statistical
significant changes with movement in the zone of
higher results were registered in all measures who
defined
circular
dimensionality
and
mass.
Regarding generation “80”, generation “08” is
higher, heavier and stronger with relatively smaler
hands and foots.
Discussion
Our study showed that body morphology and
composition of male elite water polo players
significantly changed from 1980 to 2008. The
players measured in 2008 had longer limbs but
shorter hand and smaller foot length, larger
breadths with exception in biiliocristal breadth,
bigger girths, less under skin fat tissue in upper
body region and moor under skin fat tissue in lower
body region. Their bodies are taller but more
slender, with wider shoulders and thinner waist. It
seems that a change in the body composition of
water polo players has been accompanied by
changes in the body shape. Percent of body fat and
body density are unchanged, but BMI increased.
There is great difference in body mass between the
two generations. It seems that the body mass is
achieved by the increase in the muscle and bone
mass and less on account unchanged body fat.

These differences maybe explained by the changes
in the game of water polo and changes in
environmental conditions. In 2008, water (where
the game is played) has been standardized by
internationally imposed norms. The playing rules of
the game over the 28 years were subject to several
changes. The game duration was extended, ie,
almost doubled from 4×5 minutes to 4×8 minutes.
Accordingly, there are less physical contacts
between opponent players during the play, except
centers. The ratio of vertical to horizontal posture
in the water changed in favour to the horizontal
one (more swimming), and there are more goal
shoots: Paviþiü L. (1991). Consequently, the
volume and intensity of the training also
considerably increased. The significantly shorter leg
length, hand length and height in the 2008
generation in comparison with 1980 generation was
most probably the consequence of the changes in
playing conditions and rules of the game. Changes
in rules of the game as it was played in 2008
promoted the use of technologically improved ball
material allowing it to retain its stable characteristic
for the full duration of the game. Conversely,
earlier generation measured in 1980 played the
game with a ball made of materials not resistant to
water; consequently, the characteristics of the ball
changed during the course of the game as it
became heavier and its diameter larger. It seems
that longer hand in the elite water polo players
measured in 1980 was an advantage for better
manipulation and control of the ball. The secular
changes, ie, a more rapid growth and development,
higher mean stature, and body mass have been
noticeable in European countries and elsewhere for
more than a century. Coefficients of increase in the
stature per decade (cm/decade) differ among
European countries, from 0.3 in Norway and
Sweden to 1.9 in Slovenia: Hauspie RC,
Vercauteren M, Susanne C. (1996). The average
secular trend coefficient for Europe is 1.2
cm/decade. Thus, the lack of differences in body
mass and a greater than expected increment in
height imply some other sources of variation
besides the already established population secular
trend: Lozovina (2008). Due to similar training
histories and psychological attributes, traits other
than anthropometric characteristics contributing to
success, such as skill level and physical fitness, will
tend to optimize similarities among elite athletes.
Given the possibilities of influencing body shape
and body composition, it is obvious that
anthropometric characteristics are of paramount
importance for the selection and success of elite
players. The observed trend can be only partially
explained by a population secular trend. It is at
least a twofold dynamic problem. The question on
the one side is what makes a successful athlete,
and on the other, how the training process and
selection pressure, taken together, transform or
change body characteristics of elite water polo
players over time. Besides a secular trend, which is
obviously present in any given population/nation:
Hauspie at all (1997), Meredith (1976), elite
athletes are additionally influenced by the training
and selection dynamics: Mailna, 1991; Borms 1984.
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The characteristic body shape and composition of
successful elite athletes, in the long run, are the
result of the selection process of ever changing
competitive conditions in sport. Elite male water
polo players have been under pressures from
intensive training and selection procedures over a
number of years. Hence, the sport morphological
optimization/adaptation: Norton K, Olds T. (2001)
must be taken into account. Regarding the types of
adaptation that have occurred, it is evident from
the results in our study that the body mass of elite
water polo players is in the category of “absolute
sports morphological optimization”, whereas their
height is in “open upper end optimization”: Norton
K, Olds T. (2001).
Secular trends in anthropometry are the result of
cross-sectional studies of populations performed on
many age cohorts. Furthermore, secular trend
analysis and identification in particular population
of the top level athletes is additionally limited by
the fact that the same athletes are usually the
constituents of same population for many years (79 years in water polo). Our study may,
nevertheless, provide a good insight into the
anthropometric changes in water polo players. We
used multiple anthropometric variables, rarely
covered to such an extent in other similar studies.
With regard to the quite large sample size of elite
athletes, and especially because of range of
anthropometric measures, this study is unique and
may be a challenge for further investigation of the
population secular trend and sport morphological
optimization phenomena, with special consideration
given to their possible interaction.

We believe that successful prediction of future
athletes’ body shape and form should be sought
also in the domain of complex systems theory:
Katch FI, McArdle WD (1973), Forrester JW.
(1992), Waldrop M. (1992), Kauffman SA (1993),
Holland JH (1986). Anthropometric characteristics
of elite water polo players have changed over the
analyzed 28 years. Body shape changed in terms of
greater height and more elongated limbs, with
thinner waist and broader shoulders. Body mass
increased. Muscle to fat-mass ratio increased. The
factor and canonical discriminative analysis results
suggest that morphological changes arise in 28
yare periods. Five factors in latent space were
identified and define as: circular dimensionality of
skeleton, under skin fat tissue, hand and foot
length, longitudinal dimensionality of skeleton and
transversal dimensionality of skeleton. Significant
and greatest discrimination in morphological
structure between generations 80“ and 08“ make
longitudinal dimensionality, circular dimensionality
and in some slight degree factor hand length and
foot length. There are no significant changes
between generations in transversal dimensionality
of skeleton and under skin fat tissue.
Conclusion
Anthropometric characteristics of elite water polo
players have changed over the analyzed 28 years.
Body shape changed in terms of greater height and
more elongated limbs, with thinner waist and
broader shoulders. Body mass increased. Muscleto-fat mass ratio increased. The observed changes
are consequence of population secular trend and
sport morphological adaptation (optimization).

Table 1. Tests of Equality of Group Means, Group Statistics

leg length
total arm length
hand length
foot length
height
hand breadth
foot breadth
biacromial breadth
biiliocristal breadth
biepcondilar femur
biepycondilar humerus
wrist breadth
chest girth
arm girth
forearm girth
thigh girth
calf girth
triceps skin fold
subscapular skin fold
axilar skin fold
calf skin fold
abdominal skin fold
weight
body mass index
body density
percent body fat

2008y
Mean
1085.368±48.180
856.655±35.909
191.885±8.257
275.448±14.121
1924.724±63.789
88.885±3.571
102.874±5.164
440.000±19.707
295.287±19.579
100.253±4.601
74.184±3.684
61.345±3.034
1092.816±66.292
347.931±21.940
295.000±13.534
618.264±41.690
392.402±23.523
8.170±2.624
10.901±3.550
9.208±4.486
8.692±3.568
14.303±6.447
947.586±111.626
25.521±2.083
1.074±.007
10.794±3.051

1980y
Std. Deviation
1056.295±41.773
802.883±30.908
200.310±8.922
280.487±10.998
1858.551±52.654
81.906±5.612
102.842±6.170
420.606±19.497
297.092±14.913
99.340±5.191
73.101±3.405
60.587±2.835
1030.507±45.463
328.262±20.804
282.083±11.404
601.316±28.247
389.141±15.903
9.252±2.759
10.970±3.171
9.053±3.656
7.966±2.151
13.431±5.560
851.663±72.470
24.647±1.707
1.074±.007
11.087±2.992

F
19.00
117.77
43.47
7.28
58.63
98.13
.00
44.47
.49
1.56
4.25
3.04
55.46
38.53
48.75
10.46
1.22
7.32
.02
.07
2.81
.96
48.05
9.67
.44
.43

N (80)= 95, N (08)= 87, df1=1,df2=180
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Sig.
.00
.00
.00
.01
.00
.00
.97
.00
.48
.21
.04
.08
.00
.00
.00
.00
.27
.01
.89
.80
.10
.33
.00
.00
.51
.51

Discr.Funct.Structure
.15
.36
-.22
-.09
.26
.33
.00
.22
-.02
.04
.07
.06
.25
.21
.23
.11
.04
-.09
.00
.01
.06
.03
.23
.10
.02
-.02
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Table 5. Factor analysis, Direct Oblimin

leg length
total arm length
hand length
foot length
height
hand breadth
foot breadth
biacromial breadth
biiliocristal breadth
biepcondilar femur
biepycondilar humerus
wrist breadth
chest girth
arm girth
forearm girth
thigh girth
calf girth
triceps skin fold
subscapular skin fold
axilar skin fold
calf skin fold
abdominal skin fold
weight
body mass index
body density
percent body fat

Pattern
1
-.17
.05
.01
-.06
.00
.13
-.05
.39
.28
.02
.17
.12
.68
.79
.77
.71
.73
-.17
.11
.14
-.02
.16
.63
.92
-.03
.03

2
-.09
.04
.07
.02
-.02
.06
.08
.12
-.24
-.21
-.01
.03
-.16
-.14
.04
-.31
.09
-.86
-.89
-.85
-.70
-.84
-.15
-.19
.98
-.98

3
.20
.03
.86
.71
.11
-.48
.11
-.04
.48
-.04
.11
.03
-.11
-.14
-.10
.08
.25
.15
-.04
-.03
-.09
-.07
.07
.01
-.02
.02

4
-.87
-.88
-.10
-.21
-.86
-.31
-.04
-.53
-.15
.02
-.20
.00
-.37
-.12
-.16
-.04
.24
.16
.02
-.05
-.05
-.13
-.42
.16
-.01
.01

5
-.12
-.04
.08
-.29
-.16
-.61
-.76
.05
-.10
-.80
-.54
-.72
.05
-.02
-.16
-.04
-.28
-.12
.02
.16
-.14
.11
-.09
.01
-.01
.01

Structure
1
.22
.36
.01
.11
.37
.42
.21
.52
.46
.37
.44
.35
.85
.89
.87
.85
.71
.14
.43
.43
.31
.48
.87
.93
-.40
.40

2
-.11
-.05
.02
-.03
-.11
-.05
.01
-.06
-.39
-.30
-.15
-.09
-.43
-.44
-.28
-.59
-.21
-.80
-.92
-.89
-.71
-.89
-.43
-.53
.99
-.99

3
.30
.10
.85
.78
.21
-.33
.27
-.01
.52
.14
.25
.19
-.07
-.11
-.05
.12
.29
.20
.00
-.02
-.02
-.04
.14
.01
-.06
.06

4
-.88
-.91
-.14
-.35
-.93
-.54
-.31
-.64
-.34
-.29
-.47
-.30
-.60
-.41
-.48
-.34
-.14
.10
-.08
-.10
-.14
-.20
-.70
-.18
.07
-.07

5
-.43
-.38
-.14
-.49
-.50
-.66
-.78
-.26
-.38
-.81
-.70
-.76
-.31
-.32
-.46
-.35
-.49
-.12
-.10
.01
-.21
-.07
-.49
-.27
.11
-.11

Communalities

.847
.836
.740
.760
.906
.778
.629
.529
.559
.713
.576
.592
.861
.838
.814
.822
.678
.724
.864
.824
.531
.840
.956
.925
.981
.981

Table 7. Group Statistics, F-test of differences, disciriminative function structure
1980
Mean
Circular dimensionality
Subcutaneous adiposity
Hand and foot length
Longitudinal dimensionality
Transversal dimensionality

References

-.347
-.041
.510
.570
.128

2008
Std.
Deviation
.780
.959
.810
.728
1.047

Mean
.379
.045
-.557
-.622
-.139

Std.
Deviation
1.078
1.047
.886
.881
.932

Wilks'
Lambda

F

.868
.998
.714
.644
.982

27.357
.334
72.142
99.573
3.283

Sig.

Discr.
Funct.
Struct.

.000
.564
.000
.000
.072

-.233
-.026
.379
.445
.081

df1=1, df2=180
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PROMJENE U MORFOLOGIJI KOD ELITNIH VATERPOLISTA:
ISTRAŽIVANJE U 1980. I 2008.
Sažetak
Usporedba izmeÿu antropometrijskih mjera dviju generacija vaterpolista otkrila je pozitivan trend u dijelu
skeletnih mjera (dužina ruke, širina šake, visina i biacromialni raspon) i negativan trend kod dužine
šake.Pozitivan trend zabilježen je u mjerama cirkularne dimenzionalnosti (opsegu grudi, opsegu podlaktice i
opsegu nadlaktice) kao i u masi tijela. Najveüe razlike u smislu porasta zabilježene su kod dužine ruke, visine
i širine šake odnosno u smislu pada vrijednosti kod dužine šake. Navedene varijable statistiþki signifikantno
diskriminiraju generaciju “08” od generacije”80”u manifestnom prostoru antropometrijskih varijabli. U
latentnom prostoru tri od pet faktora diskriminira dvije generacije. Iz diskriminativne faktorske strukture
vidljivo je da faktor longitudinalne dimenzionalnosti skeleta ima najveüu razlikovnu moü. Slabije, ali
znaþajno, grupe diskriminira treüi faktor definiran dužinom ruke i dužinom stopala s pridodanim
biiliocristalnim rasponom, negativnog predznaka. Manju, ali znaþajna diskriminativna moü negativnog
predznaka ima faktor definiran mjerama cirkularne dimenzionalnosti s pridodanom težinom i body mass
indeksom. Antropometrijska obilježja elitnih vaterpolisti su se promijenile tijekom analiziranih 28 godina.
Oblik tijela promijenio u smislu veüe visine, više izduženih udova, tanjeg struka i širih ramena. Mase tijela se
poveüala. Omjer izmeÿu mišiüne mase i masti pokazuje porast. Zapažene promjene posljedica su sekularnog
trenda populacije, jednim dijelom i sportsko-morfološke adaptacije (optimizacija), drugim dijelom.
Kljuþne rijeþi: antropometrija, morfologija, vježbe, vaterpolo, sportska medicina
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Abstract
The athletic racing, jumping and throwing disciplines exhibit motor skills which are most dominant in their
structure and technical performance and of its participation depends the result of the specific disciplines.
Usually it is a type of basic skills of speed, all forms of strength, coordination, flexibility... Motor abilities as a
segment of the human space in man are often the subject of scientific research. Sometimes it comes to
influence, relationships and often differences in the scope of specific motor skills. The results are all the more
interesting for science if we take into account a chronological cross-section of the population speaking about
it from different time point in order to examine possible differences capabilities, morphological dimensions,
certain disciplines, etc... It can be broken down by school years, by gender, the results achieved, and so on.
In this paper have been analyzed the motor abilities of population of students of the Faculty of Physical
Education and Sport in Pale, in order to determine the differences in racing, jumping and throwing events.
The study involved 97 students, three different generations, since 2009 to 2012. In analyzing the data, using
the T-test, results that were obtained are statistically significant in explaining the differences between
respondent’s disciplines.
Key words: students, athletic events, differences, t-test
Introduction
Research at home and abroad indicate that the
performance of a sport as well as track and field, is
determined by a certain level and structure of a
large number of skills, knowledge and attributes of
athletes that can be measured and analyzed, and
the means and methods for improving throughout
their careers. Management of complex systems,
such as the man in the training process is not
possible without knowing, above all, for his
anthropological characteristics which can be
assumed high predisposition to the formation of
competitive athletics results (Tonþev et al., 1996).
That is why the purpose of the application of
methods and forms of work that contribute most to
increasing the effectiveness of training to the
individual characteristics of the training practice,
are increasingly present more and more in the
studies of different age groups or differences in the
different generations of the same population. What
is important is that the factors of success in
athletics specifying hierarchical, which means that
in the series, at the beginning, are the most
important factors or dimensions, and in the end
less important (Tonþev, 2001). In relation to this,
the researchers who work in athletics sets the task
of scientific methods to allocate hypothetical factors
(skills and qualities) that determine the athlete's
perspective and participation of each factor in
achieving high scores in a particular athletic
discipline. In all athletic disciplines large share of
the anthropological space is occupied by the motor
skills in the practice known as conditional and
participate in the implementation of all kinds of
structure movement (Milanoviü, 1991).

In their basis is contained the efficiency of organic
systems,
particularly
nerve-muscle
that
is
responsible for the intensity, duration and control
of movement. These capabilities enable fast,
durable, strong and coordinated execution of
different motor tasks. Athletics as a sport
monostructural cyclic and acyclic type presents a
wide field of manifestation of motor skills. Also, if
you take into account its utility within the process
of growth and development of the young organism,
when directed through the correct process of dosed
exercise affects the modification of the subject in a
positive direction, we get a true picture of the
relevance of athletics in the sports hierarchy.
Usually it is a carefully selected, planned and
programmed process of exercise that can provide
any positive transformation, regardless of the age
of the respondents. Athletic disciplines through a
permanent process of training and perfecting have
a direct impact on the development of basic motor
skills exhibiting a reversible process on relation
motor ability-discipline-athlete (Pavloviü, 2010). It
is a known fact that a good athletic preparation
enables achieving success in other sports,
confirming previous statement of utilitarian athletic
disciplines in manifestation in other sports. One of
the characteristics of athletics is that by athletic
movements we often assess motor skills in any kind
of sport (Šnajder, 1997). From another point of
view we have a situation where the participation
and influence of motor abilities depend the results
in athletic disciplines. It is interesting to research
that seek to identify and examine the influence of
relationships and athletic events and motor abilities
of a particular population.
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Often those are relations in specific athletic
disciplines (Milanoviü, 1980; Markota et al., 2009),
and we also have some research which analyzes
the chronological age of participants and its impact
on results success in athletic disciplines (Mihajloviü
1996; Tonþev & Mihajloviü, 1999; Bresauler, 2002;
Bresauler et al., 2006; Maleš et al., 2003).
Analogously earlier in athletic practices were
significant researches (Milanoviü, 1976), and more
recently have intensified the research examining
the relationship of motor abilities with the score
efficiency for athletic disciplines (Stojanoviü &
Radiü, 2002; Pavloviü, 2005; Stojiljkoviü et al.,
2006; Mihajloviü & Tonþev, 2008; Žuvela et al.,
2009; Pavloviü, 2010, El Falah, 2010; Stankoviü et
al., 2010).
Given that some researchers (Bresauler, 2002;
Bresauler, Delija & Mesariü, 2006) studied the
differences in athletic events of the same
population and chronological age and made a
significant conclusions that support thinking that
there are differences between generations within
the same population in score performance of
athletic disciplines. This research that was
conducted on a population of students of the same
age but of different generations aims to establish
the potential of the existing differences in the result
performance of athletic disciplines.
Methods
The sample of respondents
The population from which the sample of entities
was extracted is consisting of third-year students of
the Faculty of Physical Education and Sports in East
Sarajevo, male, aged 20-21 years, who had passed
a practical examination of athletic running, jumping
and throwing. The research included students of
three school years (2009/10, n = 34), (2010/11, n
= 33), (2011/12, n = 30) for a total of 97 students.

A sample of measuring instruments
In the practical part of the exam students take
norms in racing, jumping and throwing disciplines
which are scored and as such form part of the
assessment in this subject. The sample consisted of
measuring instruments included: 1. Runs (200m,
400m and 800m); 2. Jumps (high jump-VIS; long
jump-SUD); 3. Throws (shot put-KUG). All
measurements of running were carried out in
October, and jumping and throwing in the month of
May (2009.-2012.), on Romania FC stadium and in
the sports hall of Faculty of Physical Education and
Sports under the rules of Athletics Federation of
Bosnia and Herzegovina. At the time of testing all
subjects were healthy without any injury that could
adversely
affect
the
final
result
of
the
measurement. In order to obtain relevant results
based on which we will get answers, basic
statistical parameters were applied, and in terms of
determining the differences the analysis was
carried out by using T-test for large independent
samples. In Table 1 there are basic statistical
parameters of athletic disciplines of the researched
sample of students. For each variable were
calculated
relevant
central
and
dispersion
parameters. Inspecting the values of arithmetic
means and standard deviations in all disciplines
there is considerable homogeneity of results as a
result of the selected sample of students. However,
some differences do exist and, are generally related
to the throwing events (shot put), where the
sample of students in 2009/10 SD = 3.67, and
track and field events (200, 400, 800), where the
sample for 2010/2011 values ranging from 3.70
(M800m) to SD=6.30 for (M400m). A similar ratio
of standard deviation is observed in the sample of
students in the school year 2010/11 and 2011/12...
In these disciplines, we have the greatest
difference in terms of the distribution of results
within a single generation, and also within the three
generations of students.

Results and discussion
Table 1. Basic statistical parameters
2009/10
2010/11
2011/12
Mean±SD
Min
Max
Mean±SD
Min
Max
Mean±SD
Min
Max
200m 27,70±4,70 25,13 36,00 27,54±3,30 26,57 31,14 28,11±4,30 26,00 33,02
400m 69,38±6,30 59,40 76,23 63,94±6,80 55,86 78,12 64,71±6,41 56,63 74,12
800m
2,45±3,70
2,16
2,57
2,58±4,11
2,31
3,01
2,30±3,70
2,21
3,00
SUD
4,60±2,75
4,20
5,75
4,55±3,12
4,25
5,90
4,50±3,43
4,00
5,65
VIS
1,60±1,15
1,55
1,75
1,57±1,34
1,50
1,70
1,55±1,56
1,50
1,85
KUG
9,14±3,67
8,00
13,50
8,65±1,41
8,00
11,50
8,30±1,43
7,50
11,00
Legend: Mean-arithmetic mean, Min-minimum score, maximum-maximum score, SD-standard deviation.

Table 2. Differences between students using the T-test
2009/10 (n=34)
2010/11(n=33)
2011/12(n=30)
T-test
Mean±SD
Min
Max
Mean±SD
Min
Max
Mean±SD
Min
Max
T
200m 27,70±4,70 25,13 36,00 27,54±3,30 26,57 31,14 28,11±4,30 26,00 33,02
1,73*
400m 69,38±6,30 59,40 76,23 63,94±6,80 55,86 78,12 64,71±6,41 56,63 74,12 2,55**
800m
2,45±3,70
2,16
2,57
2,58±4,11
2,31
3,01
2,31±3,70
2,21
3,00
2,97**
SUD
4,60±1,75
4,20
5,75
4,55±2,12
4,25
5,90
4,50±2,43
4,00
5,65
1,12**
VIS
1,60±1,15
1,55
1,75
1,57±1,34
1,50
1,70
1,55±1,56
1,50
1,85
1,98*
KUG
9,14±3,67
8,00
13,50
8,65±1,41
8,00
11,50
8,30±1,43
7,50
11,00 2,77**
*Sig (p<0.05); **Sig. (p<0.01)
Legend: Mean-arithmetic mean, Min-minimum score, maximum-maximum result, SD-standard deviation; tT test * (p <0.05), ** (p <0.01) - the
level of significance
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Stojanoviü & Radiü, 2002; Pavloviü, 2008; Bošnjak
et al., 2009; Stankoviü et al., 2010). They all
studied the relationship of motor abilities and
athletic disciplines. Sometimes it referred to the
racing and sometimes the jumping and throwing
events. Basically these survey results confirmed the
dominance of the central mechanisms of energy
and central regulation of movement, which is
closely related to the maturation of central nervous
system, the structure of the muscle fibres, possible
types of training process as well as possible
performances in the mere muscular structure
(Tesch & Karlsson, 1985; Bishop et al., 1999).

Results
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Figure 1. Mean values of the results of the disciplines by
the school years

Results

To display any quantitative differences in athletic
disciplines of students, basic statistical measures
were shown that require analysis by t-test (Mean,
SD), the numerical value of the t-test with a
significance level of 0.05 and 0.01. By applying the
T-test were obtained statistically significant
differences in all six athletic events (Table 2). If we
generalize the univariate differences in athletic
disciplines among students, it can be concluded
that all the disciplines achieved statistically
significant differences on both levels of significance
(p <0.05, p <0.01). Of the six disciplines in the two
disciplines was a significant difference at the level
of p <0.05 (run 200m, high jump), while the
remaining four (400m, 800m, long jump, shot put),
there was a significant difference of p <0.01. In
percentage terms this amounts to about 67% at
the 0.01 level and 33% at the 0.05 level what is
very high and a significant percentage ratio. The
existing differences between subjects are the result
of selection for enrolment of students to college,
their anthropological characteristics, first of all,
morphological and motor dimensions, former
training of specific sport, the level of acquisition
techniques for a particular athletic discipline and
the mere motivation at the time of testing. The
smallest deviations in the results are in the long
jump (SUD) and high jump (VIS) where it can be
concluded that the differences between all three
samples of students are somewhat less but also
significant. The likelihood of such relationships can
be explained almost identical acquisition of the
technique of performance involved in these
disciplines, with of course the influence of motor
abilities and morphological dimensions. We should
bear in mind the fact that a number of respondents
is actively engaged in certain sports, as opposed to
those who practice less so that are also limiting
factors for the eventual different distribution of
variables, normally in a positive way, depending on
the type of motor tasks. Significant differences
between the good and weaker performance in
athletic events can be attributed to the fact that in
this region played a crucial role factors, above all,
doing some kind of physical activity, sports activity
in the home club, on the basis which can be
increased the result success of the performance of
tests, then pre-motor experience, mature CNS, a
number of exogenous and endogenous factors.
Although it is the same age, the same disciplines,
the changes are evident. Similar results were
obtained by (Bresauler, 2002; Bresauler et al.,
2006) who studied the differences in athletic events
of the same population and chronological age and
took significant findings that support thinking at
that there are differences between generations
within the same population in result success of
athletic disciplines. The largest contribution to the
differences between the generations can be
attributed to the anthropological status of students,
their morphological dimensions and particularly
motor skills, muscle fibre structure, mobility of
cardio vascular system and functions of respiratory
system. The influence of motor abilities on the
implementation of athletic events has been
confirmed in previous studies (Milanoviü, 1976;
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Figure 2. Mean values of the results in student’s athletic
disciplines (2009-2012.)

By the analysis of our sample were observed slight
differences between respondents in the 200m
running variables. This is a typical discipline of
anaerobic character, (glycolytic mechanism) where
glycogen dissolute to lactic acid and by training
there cannot be much impact on its improvement
(Greenhaff & Timmons, 1998; Créer et al., 2004).
Average results achieved in middle 200m event of
all three generations of students are 27,78sec. in
the range of 27,54 sec. generation for 2010/11. to
28.11 sec. for generation of students 2011/12.
Identical results were achieved also in the discipline
of
running
800m,
with
a
total
average
(Mean=66,01sec),
with
achieved
significant
differences at level p<0.01, where generation of
students 2010/11. achieved the best average
score, Mean=63.94sec (Figure 1, 2). Based on the
results it can be concluded that the generation of
students 2010/11. year had a better developed
motor skills, speed type, especially functional
capabilities demonstrated by running 400m, a
discipline that is typical anaerobic-lactate type,
submaximal intensity with a duration of 20 sec. to
2 min. Something different attitude is evident in the
discipline of running 800m, where it was achieved
significant difference at p <0.01.
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The mean value of results of the students in this
discipline was (Mean=2,44min). The lowest
average result recorded a generation of 2010/11.
(Mean=2,58min.), And the best result achieved the
generation of students 2011/12. (Mean=2,31min.).
Running 800m is a typical anaerobic-aerobic type
discipline because activity generally exceeds 2
minutes and requires from body well-functioning of
cardio vascular and respiratory system, where
oxygen should be transferred to the active muscles
and delay in the long term accumulation of lactic
acid (Daniels et al., 1978; Galy et al., 2003).
Similar results in their study were obtained by the
authors who have studied the impact of specific
athletic movement skills on the results of running
800m in students studying kinesiology (Markota et
al., 2009). One should also take into account the
assumption that an important influence played a
reduced body weight of subjects, which is mostly
disturbing factor in these athletic events as well as
the assumption that the respondents belonged to
the type of leptosome constitution. These states
can be justified in the shot put event, where the
generation of students 2011/12 had the lowest
average
scores
(Mean=8,30m),
unlike
the
generation of 2009/10 where the average of the
results achieved was (Mean=9,14m) and max.
result even 13,50m. It can be concluded that this
generation has, on average, higher body weight
and skin folds. Joint mean value of students
achieved
results
in
the
shot
put
was
(Mean=8,70m). Also on the results performance in
the shot put in addition to morphological
characteristics (Kyriazis et al,. 2010; Tešanoviü et
al., 2010) also takes power, with all its forms of
expression and the speed of a technique
(Stojanoviü & Radiü, 2003; Kyriazis et al., 2009;
Pavloviü, 2010). In some studies as an important
factor for success in the shot put is the level of
activation of certain muscle groups, primarily the
feet. quadriceps vastus lateralis m. gastrocnemius
internus, m. pectoralis major and m. triceps brachii
(Tesch & Karlsson, 1985; Terzis et al., 2007), as
well as casting speed, angular displacement and
momentum during ejection (Mayhew et al.,1993;
Harasin, Milanoviü & ýoh, 2010). In our case,
although it is not top throwers, but the students,
the said factors have also had an impact on the
results success. When it comes to jumping, the
more technical events (long jump and high jump)
there were also recorded significant differences,
where the mean value of the results of all three
student generations amounted 1,57m high jump
(p<0.05), respectively 4,55m in the long jump
(p<0.01). Analyzed by age, this reveals the best
average performance of generation 2009/10.year in
both disciplines, where the long jump event was
achieved average score of 4,60 meters, with a
significant difference between the generations, and
in the discipline high jump 1,60 meters. Based on
these results, it can be assumed and concluded that
the generation of students 2009/10., in addition to
the shot put also achieved better results in the
jumping disciplines. This generation, in addition to
better motor skills had better technical performance
and the level of mastery in performing of jumping
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disciplines. This is manifested particularly in the
high jump, where the score depends on the success
of the well-executed jump technique, which is
required the synchronized effect of the kinetic chain
of the body parts to pass through a given height of
the bar (Pavloviü, 2010). Differences obtained
between the three generations of students in
athletic disciplines are evident and significant at
level p<0.01 and p<0.05. Although this are the
students of physical education and sport, good
homogeneous groups and closely selected for this
university, the present differences are an indication
of different anthropological dimensions of individual
students. Although they are not included in the
study of morphological dimension, the assumption
is that the greatest impact achieved height and
weight of respondents in a positive or negative
context. From motor capabilities power and speed
are those who have contributed to differences
among students, and as a result of physiological
parameters (type and structure of the muscle
fibres, mobility and function of the respiratory and
cardiovascular systems), especially in racing sprint
events.
Conclusion
The research was conducted on a sample of 97
students of physical education and sport, ages 2122 years, three generations (2009-2012), with the
aim of determining the difference in his score
results in athletic disciplines: Running 200m, 400m,
800m, Shot put (KUG), High jump (VIS), Long
jump (SUD). By applying the T-test, the results
that were obtained are statistically significant in
explaining the differences between respondent’s
disciplines. Of the six disciplines, in the two there
was a significant difference at the level of p <0.05
(run 200m, high jump), while in the other four
disciplines (running 400m, 800m, long jump, shot
put), the significant difference was achieved on the
level p <0.01. In percentage terms this amounts to
about 67% at the 0.01 level and 33% at the 0.05
level which is very high and a significant
percentage ratio. Analyzing school years by
generations of students, as the most successful in
jumping and throwing events is the generation of
2009/10 (Long Jump=4,60m, high jump =1,60m
and Shot Put =9,14). In the second position is the
generation of 2010/11, as the most successful in
the
disciplines
short
and
long
sprints
(200m=27,54sec. 400m=63,94sec.).
As the third generation and the weakest generation
in achieved results is the generation of 2011/12
that were, on average, the best in the discipline of
running 800m=2,31sec. The existing differences
between generations can be attributed to various
motor and functional abilities, certain endogenous
factors and the degree of student motivation at the
time of testing. This research can serve as a basis
for further research of this kind in the same or a
different population of respondents in order to
monitor
the
development,
comparing
and
determining the differences of states of certain
population in athletic disciplines.
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RAZLIKE IZMEĈU STUDENATA U ATLETSKIM DISCIPLINAMA
Sažetak
U atletskim trkaþkim, skakaþkim i bacaþkim disciplinama iskazuju se motoriþke sposobnosti koje su najþešüe
dominantne u njihovoj strukturi tehniþkog izvoÿenja a od þijeg uþešüa zavisi i rezultat u konkretnoj disiciplini.
Obiþno se radi o baziþnim sposobnostima tipa brzine, svih oblika snage, koordinacije, fleksibilnosti,...
Motoriþke sposobnosti kao segment antropološkog prostora þovjeka su vrlo þesto predmet znanstvenih
istraživanja. Nekada se radi o utjecaju, relacijama a þesto i razlikama u okviru odreÿene motoriþke
sposobnosti. Rezultati su utoliko interesantniji za znanost ako se uzme u obzir jedan kronološki presjek
populacije promatrano s razliþitog vremenskog aspekta u cilju provjere eventualnih razlika sposobnosti,
morfoloških dimenzija, odreÿenih disciplina, itd. To može biti presjek po školskim godinama, po spolu, po
postignutom rezultatu, itd. U radu je analiziran prostor motoriþkih sposobnosti populacije studenata Fakulteta
fiziþkog vaspitanja i sporta s Pala, s ciljem utvrÿivanja razlika u trkaþkim, skakaþkim i bacaþkim disciplinama.
Istraživanjem je obuhvaüeno 97 studenata, tri razliþite generacije, od 2009. do 2012. godine. U analizi
podataka, primjenom T-testa dobiveni su rezultati koji statistiþki znaþajno objašnjavaju razlike u disciplinama
meÿu ispitanicima.
Kljuþne rijeþi: studenti, atletske discipline, razlike, t-test.
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Abstract
A sample of 147 boxers drawn from the population, defined as a population of light, which is divided into 3
subgroups according to ages, then sample of 176 boxers drawn from the population defined as population
mean, which is divided into 3 subgroups according to age groups and sample of 106 athletes drawn from the
population, defined as heavy populations that were divided into 3 subgroups, according to the ages. In junior,
examining the results, we can see that the sample of medium is the major outcome of the total in the second
round, and the sample of heavy is the major outcome of the total in the third round. The sample of light
dominates the overall outcome of the fine-Trainer (RET), and severe (3) dominates the overall outcome of the
termination of the judges in the ring (RSC). For seniors, it can be seen that in relation to the axis round,
heavy on the sample (3) is the major outcome of the total in the third round, and the sample of light (1) is the
major outcome of the total in the second round. In relation to the axis of the total outcome, the sample of
heavy (3) dominates the overall outcome at termination points (RSCO) and in light (1) dominates the overall
outcome of the victory on points (WP).
Key words: boxing, match end, differences
Introduction
Often considered as boxing toughest, most complex
and most specifically the Olympic disciplines.
Favorite name among his supporters is ''Noble skill''.
Advantage over the opponent and points are realized
and obtained a good, visible and well-placed blow. In
any other Olympic sport, a deliberate blow to the
opponent is severely punishable by a warning, and
usually a disqualification. Only boxing entails a
deliberate blow to the opponent, the stronger (on
the rules defined impact area) in the head and body,
the front side, above the waist. Sufficient talent,
psychological balance, optimum power, speed,
stamina, agility with the necessary perseverance in
boxers, taking part together in the realization of the
set and the desired task. In order to most efficiently
reach the target it is necessary to adopt and
implement, together with athletes agreed tactics. It
should be noted the level of its achievements and
potential, both physical and technical, and
motivational - willingly - psychological. When it
comes to tactical preparation, in addition to
knowledge about their own form (the general state
of the organism at a given time and moment),
preferred are also aware of the opponent, its
characteristics, constitution, style, method of
engagement, the results achieved so training and
improvement in technical elements box, and
progression in primary, general physical properties
and characteristics, to obtain better conditions for
the implementation and realization of prepared and
adopted tactics. Good tactic involves achieving the
greatest impact on competition, with less risk and
effort.

For successful training, development and application
of tactics, the decisive role is played by a good
tactical thinking boxer. To properly and meaningful
impact on development, it is necessary to know all
the elements, to sport, and the specifics of the fight
in the ring. It is very important to the proper
pedagogical and gradually affect the development of
athletes, given the current level of his sporting
achievements (forms) competition which is being
prepared and we have set a goal that so (designed
sports results). Expected result implies the
realization of responsible well thought out plan.
Gradual in the preparatory period, the wealth of
techniques and practical application should be based
on
specific
characteristics
and
individual
characteristics
of
the
individual.
Common
techniques, individual benefits and specialty were
not always equally applicable to any opponent (in
style). Very often we have called delayed
implementation of technical training, and adoption
and implementation of individual achievements and
benefits of the respective opponents. This is often
caused by individual characteristics, competitors, or
the unity of physical, technical, psychological and
motivational preparedness. To choose the best
tactics in the fight, it is the more relevant
information about the opponent: recent results, the
style of engagement, experience, constitution,
psychological status, good and bad characteristics,
techniques commonly used in attack, defense, etc.
Information about the opponent is collected and
analyzed in order to reach the best and most rational
strategy of managing tactical battle in the ring.
During performance testing conducted in the
preparation of training, athletes are required to
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perform different techniques, both attack and
defense, and counter-attacks. Thus we can clearly
assess the level at which the diversity of technical
elements, and the rate of change of plan and actions
themselves fighting in the ring. Successful
application depends on the talent (the assembly of
all the features), the volume of its technical
sophistication, and level of efficiency and practical
application. Development of tactical opinion is
controlled by examining the speed of the new
assessment of the situation, the efficiency of
pronounced bumps and implementation requires in
relation to different sparring partners. And
combination of tactical tasks are far smaller in scope
than the overall technical achievements of athletes.
There is often an opportunity to see training of
tactical elements of a perfect application, versatility,
imagination and timeliness of actions, while the
meeting is often absent and action are mostly
monotonous, slow and inefficient. It talks about the
poor tactical preparedness, as well as low
motivational levels and poor form. Since boxing is
one of the acyclic sports, does not mean, if we failed
in the first or second attempt to realize a particular
idea, it will be next and that should not be more
trying. The application of technical-tactical elements
during the fight, it is essential for success in combat.
Higher levels of performance and capacity of
technical elements to a better realization of the
given variant of tactical combat in the meeting. A
small variety of technical elements to facilitate the
implementation of the strategy the opponent
defense. This speaks to the diverse and well-trained
technique based implementation and execution of
tactical elements, both in defense and in attack.
Uncertain and unpredictable dynamics of the battle
in the ring often changes the agreed tactics. It may
not be the stencil, but it is very often caused during
the performance of the combat. The application of
technical-tactical elements during combat is closely
linked and mutually dependent than the general and
specific physical fitness, psychological stability and
motivation fighter. Constitution, the level of sports
mastery (technical skills) and the character of the
basic prerequisites of forming individual peculiarities
boxer, or his style of training and the leadership
struggle, and the finality and its overall success.
Aim and methods
The aim is to emphasize the importance of boxing
tactics, and its application through the movement of
results during the struggle. This paper covers the
results
of
athletes
with
two
European
Championships, held in Sombor 2007 (Junior). and
in Novi Sad, 2008 (Cadet). and with an international
tournament for seniors'' winner'' Belgrade in
Belgrade 2007. It will also determine which are the
most common stop fighting in relation to age, as well
as movement between Boxers results classified into
groups in which is concentrated in several weight
categories: lightweight (Paper 48, flies 51, bantam
54 and featherweight 57), medium (light 60, halfvelter 64, velter 69 and middle 75) and heavy: (halfheavy 81, heavy 91 and super-heavy +91 kg
category).
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The Cadet European Championships in Novi Sad
2008 was attended by 149 fighters from 20
countries. There were 133 fights. At the European
Junior Championships, Sombor 2007th attended by
209 fighters from 37 countries. There were 198
battles. The international tournament for seniors
Belgrade Winner'' 2007'' was attended by 73 fighters
from 13 countries. There were 63 fights. 4 results
were processed with the most fighting ended.
International labels that are applied to the box are:
WP (Win on Points) - victory on points, or points,
RSC (Win by Referee Stop Contest) - Termination by
the judge in the ring, RET (Retired) - (withdrawal),
the termination of the coach - RSCO (Referee Stop
Contest Overscore), interruption of more than 20
points difference. Will analyze a sample of 147
soldiers belonging to the category of light, divided
into 3 subgroups according to ages: Cadets (52),
juniors (66), seniors (29). Then a sample of 176
soldiers belonging to the category srednjiih divided
into 3 subgroups according to ages: Cadets (50),
juniors (90), seniors (36). Finally, the sample of 106
soldiers belonging to the category of heavy divided
into 3 subgroups according to ages: Cadets (31),
juniors (40), seniors (35). A sample of 133 cadets is
divided into 3 subgroups according to the categories:
light (52), medium (50), heavy (31). A sample of
196 junior is divided into 3 subgroups according to
the categories: light (66), medium (90), heavy (40).
A sample of 100 seniors is divided into 3 subgroups
according to the categories: light (29), medium (36),
heavy (35). Results were obtained using multivariate
variance analysis and discriminant analysis.
Rezultati
Cadets
The analysis will be conducted on the total outcome
of the struggle of competitors, the overall outcome
of the round, on a sample of 147 fights, which
consists of 3 ages: schoolboys (52), juniors (66),
seniors (29). The total outcome of the fight has 4
modes: the victory on points (WP), interrupt the
judge in the ring (RSC), fine-coach (RET), on fine
points (RSCO). The total outcome of the rounds has
4 modes: without interruption, in the first round, in
the second round, in the third round. The table
shows the numeric (n) and percentage (%)
representation of the overall outcome of the struggle
with the athletes classified in category 3 levels of
light for the ages of 2 total results: the overall
outcome, the outcome of the round. We will address
the important also differences between and within
levels. Descriptive procedure is only possible
nagovestiti some characteristics of certain levels of
total outcome of competitors, while the significance
of differences between age groups analyzed later.
Table 1 Total result
WP
n
Light
34.
Medium 39.
Heavy 21.

%
65.4
78.0
67.7

RSC
n %
6. 11.5
5. 10.0
4. 12.9

RET
n %
11. 21.2
6. 12.0
5. 16.1

RSCO
N %
1. 1.9
0. .0
1. 3.2
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It is possible to observe that for most pupils
represented the total outcome of the victory on
points (WP) consisting of 34 fights (65.4%) of 52,
which is significantly higher than the frequency of
the total outcome of fine-coach (RET) (11 fights
21.2% p = .000), interrupt the judge in the ring
(RSC) (6 fight 11.5% p = .000), the fine points
(RSCO) (1 match 1.9% p = .000). In junior
representation on the overall outcome of victory
points (WP) is 53 fights or 80.3%, which is
significantly higher than the frequency of overall
outcome fine-coach (RET) (8 fight 12.1% p = .000),
fine judges in the ring (RSC) (3 fights 4.5% p =
.000), the fine points (RSCO) (2 fights 3.0%, p =
.000). With senior representation of the overall
outcome of the victory on points (WP) is a 27 fight
or 93.1%, a significantly higher incidence of overall
outcome in the end the judge's ring (RSC) (2 fights
6.9% p = .000), fine-coach (RET) (0 struggles .0% p
= .000), the fine points (RSCO) (0% .0 fight p =
.000). The difference between the ages of
competitors: the overall outcome of the victory on
points (WP) was most prevalent in elderly persons
(93.10%), which is significantly higher than pupils
(65.38% p = .007). The total outcome of the
termination of the judges in the ring (RSC) is most
prevalent in school children (11.54%). The total
outcome of the fine-coach (RET) is most prevalent in
school children (21:15%), which is significantly
higher than seniors (.00% P = .009). The total
outcome of the break points (RSCO) is most
prevalent in junior (3.03%). Since p = .080 one can
say that there is an association with increased risk
between the ages of conclusion and overall outcome.
Table 2 By rounds
No
N
Light
34.
Medium 39.
Heavy 21.

%
65.4
78.0
67.7

I round
n %
6. 11.5
4. 8.0
4. 12.9

II round
n %
11. 21.2
7. 14.0
6. 19.4

III round
n %
1. 1.9
0. .0
0. .0

It is possible to observe that for most pupils
represented the total outcome without interruption,
which makes 34 fights (65.4%) of 52, which is
significantly higher than the frequency of overall
outcome in the second round (11 fights 21.2% p =
.000), in the first round (6 fight 11.5% p = .000), in
the third round (1 match 1.9% p = .000). In the
junior representation of the total outcome without
interruption, 53 fights or 80.3%, which is
significantly higher than the frequency of the total
outcome in the third round (7 battle 10.6% p =
.000), in the second round (4 fights 6.1% p = .000),
And the rounds (2 fights 3.0%, p = .000). With
senior representation of the overall outcome of
uninterrupted combat, 27 or 93.1%, a significantly
higher incidence of overall outcome in the second
rounds (2 fights 6.9% p = .000), in the first round
(0 struggles .0% p = .000) , in the third round (0
struggles .0% p = .000). The difference between the
ages of competitors: the overall outcome without
interruption most prevalent in seniors (93.10%),
which is significantly higher than pupils (65.38% p =
.007). The total outcome in the first round is most
prevalent in school children (11.54%), which is
significantly larger than the juniors (3.03%, p =

.071), seniors (.00%, p = .061). The total outcome
in the second round is most prevalent in school
children (21:15%), which is significantly higher than
seniors (6.90%, p = .098), junior (6.06%, p =
.016). The total outcome in the third round is most
prevalent in junior (10.61%), which is significantly
higher than pupils (1.92%, p = .065) and seniors
(.00% p = .072).
Since p = .003 c2 - test, ac = .348 with a confidence
interval (.229, .467), which does not contain zero,
one can say that there is low correlation between
ages and spins.
Tabela 3 Multivariate differences


n
MANOVA 2

F
p
1.331 .259

R
F
p
F
Total
.160 .148 1.464 .235
interruption .159 .146 1.425 .244
n
DISCRIMINATIVE 2

F
p
1.311 .266

discr coeff.
Interruption .34
total
.37

Since p = .000 rejects the hypothesis H1 and
acceptance of alternative A1, which means that
there are significant differences between different
ages. Since the p <.1 accept the alternative
hypothesis A3, which means that there are
significant differences between some of the 3 battles
of different ages in the total characteristics of
outcome (total outcome .008), the outcome of the
round (.000 fine). Since p = .000 for 2 synthesized
competitor, rejects the hypothesis H2 and accept the
alternative A2, which means that there are
significant
differences,
and
clearly
defined
boundaries between some of the struggles of
different ages in relation to the overall outcome of
the athletes ranked in the category of light the
overall outcome and the outcome of the round. The
coefficient of discrimination indicates that the largest
contribution to the discrimination between the
various struggles of different ages in relation to the
overall outcome of the athletes ranked in the
category of light (ie the largest difference) in the
round marks (interruption) (.257) and overall
outcome (.033) . Based on previous considerations,
a sample of 147 fights, in accordance with the
methodology applied, can be logically derived
characteristics of each of three age groups, by order
of the degree of discrimination. Starting with the
largest differences in characteristics: round and
overall outcome, with a coefficient of discrimination
row: 0257, 0033. Since p = .000 indicates that there
is a clearly defined border between the ages of
competitors, so it is possible to determine the
features of age in relation to the overall outcome of
the athletes ranked in the category of light. The
outcome of the struggle based on total athletes
ranked in the category of light can be said to
include: School-age children have the following
properties: the struggle to end the first round is
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significantly higher compared to the other, especially
in relation to seniors. The most frequent procedure
they stop fighting in the first and second rounds. It
is also significant that breaks most of the coaches
and judges in the ring. This means that the riders of
this age are different levels of tactical and technical
preparations boxers and their general level of
preparation. Also noted is that the coaches and
judges beneficent and cautious towards this age
wanting to protect their health and future
development. Seniors have the properties: the
outcome of the fight, winning on points because of
all the circumstances, technical and tactical levels of
physical fitness and the most striking in comparison
to other ages. Junior has the properties: termination
of the struggle less important expressed in the third
round and slightly higher than the break shows the
points. Juniors have characteristics similar results
with the seniors. Defined characteristics of pupils has
17 of 52 fights, homogeneity was 32.7% (lower),
meaning that 35 combat has other characteristics,
and characteristics of their group. Defined
characteristics of the junior has 60 of 66 fights,
homogeneity was 90.9% (higher) because the fight
has six other properties. Defined characteristics of
seniors has 27 of 29 fights, homogeneity was 93.1%
(higher) because the fight has two other features.
Calculating the Mahalanobis distance between the
ages of competitors gets another indicator of
similarity or difference. Distance of different areas
can be compared. Results from the table indicate
that the minimum distance between the age groups:
seniors and juniors (46) (moderate) and the farthest
are the struggles of different age groups: seniors
and school children (.79) (moderate). Ellipse (the
struggle of different ages) show the relationships
and characteristics of each of the three struggles of
different ages (schoolboys (1) juniors (2) seniors
(3)), compared to the two most discriminating
features of competitors: round (round), the overall
outcome (ishd ).

Figure 1 Ellipses fight different ages in relation to the
overall outcome of the competitors for the
characteristics of round and overall outcome
Legend: schoolboys (1), juniors (2) seniors (3);,
without interruption (rund-0), in the first round
(rund-1), in the second round (rund-2), in the third
round (rund-3); victory on points (WP) (ishd-1),
cancel the judge in the ring (RSC) (ishd-2), finecoach (RET) (ishd-3), cancel the points (RSCO)
(ishd-4 ). The abscissa (horizontal axis) is round
(round) and has 4 level scale of total output, and the
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ordinate (vertical axis) is the overall outcome (ishd)
and has 4 level scale of the overall outcome. By
looking at the chart we can see that in relation to the
axis of the round, the sample of juniors (2) is the
highest in the overall outcome in the third round,
and the sample of pupils (1) is the highest in the
overall outcome in the first round. In relation to the
axis of the overall outcome, the sample of seniors
(3) dominates the victory on points (WP), and for
school (1) is dominated by fine-coach (RET).
Juniors
The analysis will be conducted on the characteristics
of the overall outcome of the round, on a sample of
176 fights, which consists of 3 ages: schoolboys
(50), juniors (90), seniors (36). The total outcome
has 4 modes: the victory on points (WP), interrupt
the judge in the ring (RSC), fine-coach (RET), on
fine points (PTS). Characteristic round has 4 modes:
without interruption, in the first round, in the second
round, in the third round.
Table 4 Total result


WP
n
Light
53
Medium 71
Heavy 28

%
80.3
78.9
70.0

RSC
n %
3 4.5
5 5.6
5 12.5

RET
n %
8 12.1
8 8.9
4 10.0

RSCO
n %
2 3.0
6 6.7
3 7.5

It is possible to observe that for most pupils
represented the total outcome of the victory on
points (WP), which makes 39 fights (78.0%) out of
50, which is significantly higher than the frequency
of the total outcome of fine-coach (RET) (6 fight
12.0% p = .000), interrupt the judge in the ring
(RSC) (5 fight 10.0%, p = .000), the fine points
(RSCO) (0% .0 fight p = .000). In junior
representation on the overall outcome of victory
points (WP) is 71 fight or 78.9%, a significantly
higher incidence of overall outcome of fine-coach
(RET) (8 fight 8.9% p = .000), the fine points
(RSCO) (6 fights 6.7% p = .000), fine judges in the
ring (RSC) (5 fights 5.6% p = .000). With senior
representation of the overall outcome of the victory
on points (WP) is 31 fight 86.1%, a significantly
higher incidence of overall outcome in the end the
judge's ring (RSC) (2 fights 5.6% p = .000), finecoach (RET) (2 Fight 5.6% p = .000), the fine points
(RSCO) (1 match 2.8% p = .000). The difference
between the ages of competitors: the overall
outcome of the victory on points (WP) was most
prevalent in elderly persons (86.11%), total
cessation outcomes judges in the ring (RSC) is most
prevalent in school children (10.00%), the total
outcome of fine-coach (RET ) is most prevalent in
school children (12.00%), the total outcome of the
termination points (RSCO) is most prevalent in
junior (6.67%), which is significantly higher than
pupils (.00%, p = .064). Since p = .427 can be said
that by C2 - the test is not significant link between
age groups and overall outcome. It is possible to
observe that for most pupils represented the total
outcome without interruption, which makes 39 fights
(78.0%) out of 50, which is significantly higher than
the frequency of overall outcome in the second
round (7 battle 14.0%, p = .000), in the first round
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(4 fights 8.0%, p = .000), in the third round (0
struggles .0% p = .000). In the junior
representation of the total outcome without
interruption for 71 or 78.9% struggle, which is
significantly higher than the frequency of the total
outcome in the third round. Total 9 battle 10.0%, p
= .000, in the second round (8 fight 8.9% p = .000),
and the rounds (2 fights 2.2% p = .000).

Ellipse (the struggle of different ages) show the
relationships and characteristics of each of the three
struggles of different ages (schoolboys (1) juniors
(2) seniors (3)), compared to the two most
discriminating features of competitors: round
(round), the overall outcome (ishd).

Table 5 By rounds
No
n %
Light
53 80.3
Medium 71 78.9
Heavy 28 70.0

I round
n %
2 3.0
2 2.2
1 2.5

II round
n %
4 6.1
8 8.9
0 0

III round
n %
7 10.6
9 10.0
11 27.5

With senior representation of the overall outcome of
uninterrupted fighting, 31 or 86.1%, a significantly
higher incidence of overall outcome in the third
round (4 struggles 11.1% p = .000), in the second
round (1 match 2.8% p = .000), And in the round
(0% .0 fight p = .000). The difference between the
ages of competitors: the overall outcome without
interruption most prevalent in seniors (86.11%), the
total outcome of the rounds and the most prevalent
in school children (8.00%), which is significantly
higher than seniors (p = .00% .086 ). The total
outcome in the second round is most prevalent in
school children (14.00%), which is significantly
larger than Senir (2.78%, p = .081).
The total outcome in the third round is most
prevalent in elderly persons (11.11%), which is
significantly higher than pupils (.00%, p = .018).
Since p = .043 c2 - test, ac = .262 with a confidence
interval (.166, .359), which does not contain zero,
one can say that there is low correlation between
ages and features round. Since p = .003 rejects the
hypothesis H1 and acceptance of alternative A1,
which means that there are significant differences
between the 3 battles of different ages.
Since the p <.1 accept the alternative hypothesis A3,
which means that there are some significant
differences between the three different ages struggle
with characteristics: overall outcome (total outcome
.088) and round (.002 fine). Since p = .003 for 2
synthesized competitor, rejects the hypothesis H2
and accept the alternative A2, which means that
there are significant differences, and clearly defined
boundaries between some of the struggles of
different ages in relation to the overall outcome of
the athletes ranked in the category, srednjiih the
characteristics of the overall outcome of the round.
Table 6 Multivariate differences

Figure 2 Ellipses fight different ages in relation to the
overall outcome of the competitors for the
characteristics of round and overall outcome
Legend: schoolboys (1), juniors (2) seniors (3);,
without interruption (rund-0), in the first round
(rund-1), in the second round (rund-2), in the third
round (rund-3); victory on points (WP) (ishd-1),
cancel the judge in the ring (RSC) (ishd-2), finecoach (RET) (ishd-3), cancel the points (RSCO)
(ishd-4 )> The abscissa (horizontal axis) is round
(round) and has 4 level scale of total output, and the
ordinate (vertical axis) is the overall outcome (ishd)
and has 4 level scale of the overall outcome. By
looking at the chart we can see that in relation to the
axis of the round, bza subsamples seniors (3) is the
most frequent outcome of the total in the third
round, and the sample of pupils (1) is the most
frequent outcome in the total and round. In relation
to the axis of the overall outcome of the sample of
juniors (2) dominates the overall outcome of the
break points (RSCO), and for school (1) dominates
the overall outcome of the termination of the judges
in the ring (RSC).
Seniors
The analysis will be conducted at 2 marks overall
outcome of the competitors and the overall outcome
of the round, on a sample of 106 fights, which
consists of 3 or age pupils (31), juniors (40), seniors
(35). The total outcome has 4 modes: the victory on
points (WP), interrupt the judge in the ring (RSC),
fine-coach
(RET),
on
fine
points
(RSCO).
Characteristic round has 4 modes: without
interruption, in the first round, in the second round,
in the third round.



MANOVA
F
Total
.152
Interruption .230

n
2
R
.138
.232

n
DISCRIMINATIVE 2

F
3.695
F
1.873
5.477
F
3.733

p
.006
p
.156
.005
p
.005

Table 7 Total result


WP

n

%

Light
27 93.1
Medium 31 86.1
Heavy 27 77.1

RSC

RET

n

n

2
2
3

%

6.9
5.6
8.6

0
2
1

RSCO

%

0.0
5.6
2.9

n

0
1
4

%

0.0
2.8
11.4
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It is possible to observe that for most pupils
represented the total outcome of the victory on
points (WP), which makes up 21 fight (67.7%) out of
31, which is significantly higher than the frequency
of the total outcome of fine-coach (RET) (5 fight
16.1% p = .000), interrupt the judge in the ring
(RSC) (4 struggles 12.9% p = .000), the fine points
(RSCO) (1 match 3.2% p = .000). In junior
representation on the overall outcome of victory
points (WP) is a 28 fight or 70.0%, which is
significantly higher than the frequency of overall
outcome in the end the judge's ring (RSC) (5 fight
12.5% p = .000), fine-coach (RET) (4 struggles
10.0%, p = .000), the fine points (RSCO) (3 fights
7.5% p = .000). With senior representation of the
overall outcome of the victory on points (WP) is a 27
fight or 77.1%, a significantly higher incidence of
overall outcome at termination points (RSCO) (4
struggles 11.4% p = .000), interrupt the judge in
the ring (RSC) (3 fights 8.6% p = .000), fine-coach
(RET) (1 match 2.9% p = .000). The difference
between the ages of competitors: the overall
outcome of the victory on points (WP) was most
prevalent in elderly persons (77.14%), the total
outcome of the termination of the judges in the ring
(RSC) is most prevalent in school children (12.90%),
the total outcome of the fine-coach (RET ) is most
prevalent in school children (16.13%), which is
significantly higher than seniors (2.86%, p = .066).
overall outcome at termination points (RSCO) is
most prevalent in elderly persons (11.43%). Since p
= .526 can be said that by C2 - the test is not
significant link between age groups and overall
outcome.
Table 8 By rounds


bez prekidau II rundi
n %
n %
Light
27 93.1 2 6.9
Medium 31 86.1 1 2.8
Heavy 27 77.1 1 2.9

u III rundi
n %
0 0.0
4 11.1
7 20.0

It is possible to observe that for most pupils
represented the total outcome of uninterrupted
struggle which makes up 21 (67.7%) out of 31,
which is significantly higher than the frequency of
overall outcome in the second round (6 fight 19.4%
p = .000), in the first round (4 struggles 12.9% p =
.000), in the third round (0 struggles .0% p = .000).
In the junior representation of the total outcome
without breaking the 28 combat or 70.0%, which is
significantly higher than the frequency of overall
outcome in the third round (11 fights 27.5% p =
.000), in the first round (1 match 2.5% p = .000), in
the second round (0 struggles .0% p = .000).
With senior representation of the overall outcome of
uninterrupted combat, 27 or 77.1%, a significantly
higher incidence of overall outcome in the third
round (7 battle 20.0%, p = .000), in the second
round (1 match 2.9% p = .000), And in the round
(0% .0 fight p = .000). The difference between the
ages of competitors: the overall outcome without
interruption most prevalent in seniors (77.14%), the
total outcome of the rounds and the most prevalent
in school children (12.90%), which is significantly
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larger than the juniors (2.50%, p = .094), seniors
(.00%, p = .032). The total outcome in the second
round is most prevalent in school children (19:35%),
which is significantly higher than seniors (2.86%, p
= .033), junior (.00% p = .005). The total outcome
in the third round is most prevalent in junior
(27.50%), which is significantly higher than pupils
(.00%, p = .002). Since p = .000 c2 - test, ac =
.442 with a confidence interval (.340, .545), which
does not contain zero, one can say that there is a
moderate correlation between ages and features
round.
Table 9 Multivariate differences
n
MANOVA 2

F
p
2.093 .083


F
total
.257
interruption .258

R
.232
.263

n
DISCRIMINATIVE 2

F
2.758
3.600
F
2.095

p
.068
.031
p
.083

Since p = .000 rejects the hypothesis H1 and
acceptance of alternative A1, which means that
there are significant differences between the 3
battles of different ages. Since the p <.1 accept the
alternative hypothesis A3, which means that there
are some significant differences between the three
different ages struggle with characteristics: overall
outcome (total outcome .081) and round (.000 fine).
Since p = .000 for 2 synthesized competitor, rejects
the hypothesis H2 and accept the alternative A2,
which means that there are significant differences,
and clearly defined boundaries between some of the
struggles of different ages in relation to the overall
outcome of the athletes ranked in the category,
teškiih the characteristics of the overall outcome of
the round. School-age children have the following
properties: termination of the struggle in the first
round is significantly higher compared to the other,
especially in relation to seniors. The most frequent
procedure they stop fighting in the first and second
rounds. It is also significant that breaks most of the
coaches and judges in the ring. This means that the
riders of this age are different levels of tactical and
technical preparations boxers and their general level
of preparation. Also noted is that the coaches and
judges beneficent and cautious towards this age
wanting to protect their health and future
development. Similarity is observed at a group of
school children of light. Juniors and seniors, middle
group, similar to the seniors of the same group as
the athletes classified in group light. So the derived
characteristics similar to characteristics of the light
group. Seniors have the properties: the outcome of
the fight, winning on points because of all the
circumstances, technical and tactical levels of
physical fitness and the most striking in comparison
with June, while in relation to school children differ.
It also notes that the termination of the fight in the
third round of the senior major in relation to school
children because they like the third round, finishing.
Junior has the properties: termination of the struggle
is more expressed in the third round in relation to
school children and slightly more than the seniors.
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Juniors have characteristics similar results with the
seniors. Ellipse (the struggle of different ages) show
the relationships and characteristics of each of the
three struggles of different ages (schoolboys (1)
juniors (2) seniors (3)), compared to the two most
discriminating features of competitors: round
(round), the overall outcome (ishd ).

Figure 3 Ellipses fight different ages in relation to the
overall outcome of the competitors for the
characteristics of round and overall outcome
Legend: schoolboys (1), juniors (2) seniors (3);,
without interruption (rund-0), in the first round
(rund-1), in the second round (rund-2), in the third
round (rund-3); victory on points (WP) (ishd-1),
cancel the judge in the ring (RSC) (ishd-2), finecoach (RET) (ishd-3), cancel the points (RSCO)
(ishd-4). The abscissa (horizontal axis) is round
(round) and has 4 level scale of total output, and the
ordinate (vertical axis) is the overall outcome (ishd)
and has 4 level scale of the overall outcome. By
looking at the chart we can see that in relation to the
axis of the round, the sample of juniors (2) is the
most frequent outcome of the total in the third
round, and the sample of pupils (1) is the most
frequent overall outcome in the second round. In
relation to the axis of the overall outcome, the
sample of pupils (1) dominates the overall outcome
of the break-coach (RET), and for seniors (3)
dominates the overall outcome of the break points
(RSCO). Looking at all three weight groups is evident
that the juniors and seniors with similar results by
indicators, which suggests that tactical preparations
for these groups is very similar bearing in mind the
length of their their fitness level, and both technical
and physical fitness.

Room for improvement in this area was significantly
higher among school children which is the
responsibility of trainers to compensate the
difference.
Conclusion
A sample of 147 boxers drawn from the population,
defined as a population of light, which is divided into
3 subgroups according to ages, zatin sample of 176
boxers drawn from the population defined as
population mean, which is divided into 3 subgroups
according to age groups and sample of 106 athletes
drawn from the population, defined as heavy
populations that were divided into 3 subgroups,
according to the ages. In the overall outcome of the
struggle of competitors, which are grouped in the
category of light (MANOVA and discriminant .000
.000) indicate that there are significant differences
between the three human ages, the round (.000),
the overall outcome (.008), with discrimination,
round (.257) , the overall outcome (.033). In the
overall outcome of the struggle of competitors,
which are grouped in a category, srednjiih (MANOVA
discriminant .003 and .003) indicate that there are
significant differences between the three human
ages, the round (.002), the overall outcome (.088),
with discrimination, round (.074), the overall
outcome (.022). In the overall outcome of the
struggle of competitors, which are grouped in a
category, teškiih (MANOVA and discriminant .000
.000) indicate that there are significant differences
between the three human ages, the round (.000),
the overall outcome (.081), with discrimination,
round (.354), the overall outcome (.024).
In the overall outcome of the struggle of competitors
schoolkids (MANOVA discriminant .266 and .259)
indicate that there is no difference between the three
human ages. In the overall outcome of the fight
junior (.006 MANOVA and discriminant .005) indicate
that there are significant differences between the
three human ages, the round (.005), the difference
was not observed in, the overall outcome (.156),
with discrimination, round (.058) , the overall
outcome (.021). In the overall outcome of the
struggle
of
competitors
seniors
(MANOVA
discriminant .083 and .083) indicate that there are
significant differences between the three human
ages, the round (.031), the overall outcome (.068),
with discrimination, round (.176), the overall
outcome (.014).
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ANALIZA UKUPNIH REZULTATA U BOKSU PO UZRASTU (KADETI, JUNIORI, SENIORI) I
KATEGORIJAMA (LAKE, SREDNJE, TEŠKE)
Sažetak
Uzorak od 147 boksaþa izvuþen iz populacije, definirana kao populacija lakih, koja je podijeljena u 3
podskupine prema dobi, a zatim uzorak od 176 boksaþa izvuþen iz populacije definiran kao srednji po težini,
podijeljeni u 3 podskupine prema dobi skupine i uzorak od 106 sportaša izvuþen iz populacije, definiran kao
teških populacija koje su podijeljene u 3 podgrupe, prema uzrastu. Kod juniora, uvidom u rezultate može se
uoþiti da za subuzorak srednji je najviše zastupljen ukupan ishod u II rundi, a za subuzorak teški je najviše
zastupljen ukupan ishod u III rundi. Za subuzorak laki dominira ukupan ishod prekid-trener (RET), a za teški
(3) dominira ukupan ishod prekid sudije u ringu (RSC). Kod seniora, može se uoþiti da u odnosu na osu
runda, za subuzorak teški (3) je najviše zastupljen ukupan ishod u III rundi, a za subuzorak laki (1) je
najviše zastupljen ukupan ishod u II rundi. U odnosu na osu ukupan ishod, za subuzorak teški (3) dominira
ukupan ishod prekid po bodovima (RSCO), a kod lakih (1) dominira ukupan ishod pobeda na bodove (WP).
Kljuþne rijeþi: boks, završetak meþa, razlike
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Aim & Scope
Acta Kinesiologica - International Scientific
Journal of Kinesiology is published twice a
year
containing
review
and
scientific
(sometimes professional and preliminary
communication) articles in all wide areas of
kinesiology (human movement science). In
addition, articles can be published from other
scientific areas if do satisfy higher degree of
correspondence with kinesiology.
General publishing policy
Each submitted article first passes through
evaluation according to journal intentions,
editing (preparations), format, and general
satisfaction. If satisfies those criteria, will be
sent as blind (without information about
authors) to anonymous referees. Authors
take all responsibility for article contents and
ethics. Journal can ask special statement
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well as statement that article is not
published or sent to any other publication.
Author's rights remain, but journal can freely
dispose with article in sense of reprint or
other types of publication distributions.
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and
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Methods,
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Discussion and conclusions, Literature. This
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authors but helps a way for publishing and
further ideas understanding. Articles are not
restricted in amount, but if article contains
more than 7 journal pages the author can be
informed about additional payment for
printing costs. Expected size is 14000
characters without tables and figures
(exceptionally 16000). All tables should be
standardized (e.g. Excel) and photos and
other illustrations made in vector format for
good printing resolution (600 dpi).
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fee. Journal copyright and distribution
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UPUTE AUTORIMA PRILOGA
Namjera i svrha þasopisa
Acta Kinesiologica – meÿunarodni znanstveni
þasopis iz podruþja kineziologije, publicira se
dva puta godišnje i objavljuje pregledne,
izvorne
znanstvene
þlanke,
prethodna
priopüenja i struþne priloge iz podruþja
kineziologije u svim širim kineziološkim
utilitetima, kao i priloge iz drugih podruþja i
disciplina,
ako
imaju
visok
stupanj
korespondencije s kineziološkom znanošüu.
Opüe odredbe o prilozima
Svaki prilog se vrednuje u odnosu na to
odgovara li prilog intenciji þasopisa, a zatim
se upuüuje na recenzije. Autori sami snose
odgovornost za sadržaj, kao i etiþnost svega
što je u prilogu. Od autora se može zatražiti
posebna izjava da þlanak nije objavljen u
drugoj publikaciji. Acta Kinesiologica ne
ugrožava autorska prava autora objavljenih
priloga, ali zadržava pravo distribucije u
suglasju s pravnim uzusima i bez dodatne
konzultacije s autorima, s þim su autori
objavom suglasni. Autori nemaju pravo na
reprint, osim jednog primjerka tiskanog
þasopisa. Dodatne primjerke plaüaju sa 50 %
popusta po primjerku. Sva ostala pitanja
rješavaju se u skladu s propisima.
Priprema priloga
Preporuþa se da se autori pridržavaju forme
koja ukljuþuje: Sažetak, Uvod, Problem i cilj,
Metode, Rezultati, Rasprava i zakljuþak,
Literatura, Abstract. Ova preporuka ne
obvezuje autore priloga, ali olakšava put do
publiciranja i kasnijeg lakšeg razumijevanja
materije. Prilozi nisu ograniþeni veliþinom, ali
ukoliko prelaze 7 stranica u þasopisu, od
autora može biti zatraženo da sami osiguraju
dodatna sredstva za tisak. Oþekivana veliþina
je 14000 znakova bez tablica i slika (iznimno
16000). Sve tablice trebaju biti standardne
(npr. MS Excel), a slike, fotografije i druge
ilustracije u vektorskom formatu ili rezoluciji
koja osigurava kvalitetan tisak (600 dpi).
ýasopis ima pravo radi pripreme za tisak
urediti ilustraciju, o þemu se konzultira ili
informira autora e-mailom.

Navodi referenci
Navodi literature, kao i drugi oblici
formatiranja teksta, bit üe prihvaüeni po APA
standard (Publication Manual of the American
Psychological Association, 5th edition, 2001).
Prilog se šalje iskljuþivo u elektronskom
obliku (e-mail, CD, disk,...).
Adrese za dostavu priloga
Acta Kinesiologica – Društvo Pedagoga
Tjelesne i zdravstvene kulture, Ljubuški
za:
Glavni urednik: doc.dr Žarko Biliü 88320
Ljubuški, Put za crveni grm, e-mail:
zarkob@actakin.com
ili za:
Izvršni urednik: doc.dr Dobromir Bonacin,
72270 Travnik, Fra Grge Novaka bb, e-mail:
dobromirb@actakin.com
ili za:
Asistent urednik i PR: Danijela Bonacin, MSc,
72270 Travnik, Fra Grge Novaka bb, e-mail:
danijelab@actakin.com.
Jezik priloga
Acta Kinesiologica objavljuje þlanke na
engleskom jeziku uz sažetke na hrvatskom.
U sluþaju da je prilog poslan u izvornom
obliku na nekom drugom meÿunarodnom
jeziku, autor priloga üe biti konzultiran, tako
da može sam pripremiti prilog na engleskom
ili se može odluþiti platiti prijevod, te nakon
uplate iznosa na raþun, suradnici þasopisa üe
prevesti prilog.
Napomena
Prilozi koji ne ispunjavaju uvjete ili je
potrebna dodatna konzultacija, bit üe žurno
vraüeni autoru s upozorenjem o radnji koju
je potrebno poduzeti.
Ostalo
Dodatne informacije mogu se dobiti na
adresi:http://www.actakin.com/. Cijena po
primjerku: 15 Eura. Cijena za inozemstvo:
30 Eura+poštarina. Umnožavanje distribucija
u skladu sa zakonom.
Acta Kinesiologica ®: Sva prava pridržana.
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