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FOREWORD

Faculty of Sport and Physical Education University of Nis in its 42 years long tradition organizes a scientific
conference “FIS COMMUNICATIONS”. This year we are organizing 17% scientific conference “FIS
COMMUNICATIONS 2014”, and 2"International scientific conference. Our profound years long experience in
organizing of the conference has contributed to ever increasing high quality of the conference over years.

International scientific conference “FIS COMMUNICATIONS 2014” is organized by the Faculty of sport and
Physical Education University of Nis under the auspices of the Ministry of Education, Science and Technological
Development of the Republic of Serbia.

We are proud to announce the key speakers in our plenary sessions as eminent renowned experts in their field
of expertise who are coming from the countries taking part in this conference for the first time.

This conference can boast submission of 98 papers in the form of abstracts and 86 full text papers. Upon the
review process 74 papers were accepted and approved for the publication. Incorporating two papers of the
invited speakers the total number of submitted papers is 76.

Papers are divided into five sessions depending on the topics investigated as follows:

Sport, Physical Education, Physical Exercise and Health, Corrective Gymnastics and Interdiciplinary session.

Organizers are satisfied with the participation of already renowned researchers and the young, oncoming
authors following the thorny path of the scientific investigation, as well. Also a large number of foreign authors
and thematic diversity have widen the horizon of the expert and scientific insights, put some new incentive for
the cooperation and expression of the new creative efforts.

Enclosed you can find the Proceedings of the International scientific conference “FIS COMMUNICATIONS
2014” incorporating all the papers presented at the scientific conference.

We would like to express our gratitude to all the participants, especially to the authors of the papers and we
expect that all this conference contributes to enhance and further the development of the scientific and expertise
thought in the area of sport, physical education and recreation.

Chair of the Scientific Committee
Sasa Panteli¢, PhD, prof.
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TALENT IDENTIFICATION AND DEVELOPMENT
IN SPORTS GAMES

Zoran Grgantov

Faculty of Kinesiology, University of Split, Croatia

UDC 796/799

INTRODUCTION

In elite sports records are constantly being
broken and performance level is being raised, and a
large number of citizens of some country, as well as
highly positioned government officials, identify with
athletes’ international achievements. Besides, elite
sport is a growing business in which success and
failure are public. Partly because of this, both strong
excitements and painful disappointments are
connected to sport. It is in the interest of national
governments, sports federations and academies
working with gifted athletes to achieve as high a
performance level as possible in as short a time
period as possible by investing as little as possible
(Pearson et al., 2006). Therefore, large interest and
desire to identify gifted athletes as early as possible
and to direct already limited resources towards
those who have the greatest chances to achieve top
athletic results are not surprising. An increasing
number of academies working with talented athletes
are trying to make athletes reach the highest
performance level in as short a time period as
possible. That is why giftedness identification (IG)
and talent development (TD) programs must also be
based on results of scientific research and not only
on decisions of experts from different sports.
Numerous open questions, i.e. problems that have
remained unsolved for decades, indicate that this
problem has not been approached in an appropriate
way. Perhaps the highest obstacle to quicker
progress is the distinct division among scientists
between those who think that talent is innate and
those who think that talent is created by years of
quality practice (nature or nurture debate). Most
scientists have been unwilling to accept arguments
given by “the other side”, even when those
arguments are substantiated by scientific evidence
(Vaeyens et al, 2008). The lack of constructive

dialogue and cooperation between scientists who
explored this area from different aspects (genetic,
neurophysiological, biomechanical, motor learning,
etc) has to a great extent prevented a
multidisciplinary examination of the problem and
stifled the creativity and innovation necessary for
quicker progress and new findings. Therefore, the
problem of IG and TD will be hereinafter examined
in a multidisciplinary manner, taking into
consideration to objectively analyse previous
findings regardless of the “point of view”.

To begin with, basic terms will be defined to
decrease the possibility of misunderstanding the text
and possibly coming to wrong conclusions and
decisions because of it. After that, the genetic basis of
talent, possibility of talent development by
persistent practice, and influence of different
environmental factors on TD will be analysed. The
most important problems that should be taken into
consideration by scientists with the aim of obtaining
reliable and valid results that would improve IG and
TD programs will be pointed out. The specificities of
sports games will be additionally emphasised.
Models that have been most frequently applied for IG
and TD will be briefly analysed and based on this
recommendations will be given for future research
and development of those models. Next, the results
of the most important studies carried out by the
author of this paper and his associates will be
discussed and an attempt will be made to contribute
to answering some of important questions in the
area of IG and TD in volleyball. After that, a quasi-
longitudinal model of IG and TD will be suggested.

DEFINITIONS AND EXPLANATIONS
OF BASIC TERMS

Giftedness vs Talent: most authors consider
these two terms to be synonymous, but some
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authors (Gagne, 2003; Gagne, 2009) define them
differently

Giftedness: possession and use of high levels of
natural abilities

Talent: manifesting a high performance level in a
certain sport. It is a combination of giftedness, high-
quality  long-term  training, influence of
environmental factors and luck. Therefore giftedness
is the basis and talent is the ultimate product of its
systematic development.

Both previous definitions mention a high level of
abilities i.e. performance. However, there is no
consensus among authors about what is the limit of
performance level which determines whether an
athlete is gifted or talented. Some authors think that
it refers to the top 10%, some believe it to be the top
2-3%. Some express themselves in standardised
values and set the limit at 2, 3, and even 4 standard
deviations (Hohmann and Siedel, 2003).

Detection: a long-term continuous process of
finding potential talents among those who do not
practice a certain sport or among beginners in some
sport

Identification: a process in which, among those
who have been practicing some sport for a period of
time, those athletes are recognized that are believed
to be able to achieve the required performance level
in the future.

Selection: choosing individuals for competition
who are believed to meet the demands of the
competition. In doing so, the emphasis is put on a
shorter interval between selection and competitive
performance in which talent should be manifested. It
is implied that this selection is made from a
population that has previously been positively
detected and identified.

Development: Ensuring the most adequate
learning conditions with the aim of achieving full
potential (reaching ultimate abilities)

Predisposition Tendency to a condition or
quality, usually based on the combined effects of
genetic and environmental factors. Therefore,
predispositions may be genetically conditioned, but
do not have to be. E.g. if we ate a lot of candy when
we were children, that would not make us
predisposed for dental caries, obesity, etc. at
adulthood.

Genetic predisposition means you are likely to
inherit a trait from your parents. Someone might
have a genetic predisposition to diabetes or another
illness.

Disposition - a person's inherent quality
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Interdisposition: an arrangement of interrelated
ontogenetic dispositions, which leads to formation of
a new quality, which is not a mere direct sum of the
constituent dispositions

Gene - discrete sequence of DNA that produces a
biologically active product

Genotype - in a narrow sense, it refers to his or
her specific DNA sequence for a known gene or DNA
marker. In a broad sense, it refers to sum total of all
genetic traits measured in a study

Phenotype - in a narrow sense, specific physical
trait in an individual; in a broad sense, it refers to all
physical traits measured in a study.

Genotype-phenotype correlation - analysis of
the contribution of genetic variation at the level of
the DNA sequence to physical variation at the level of
the whole organism.

THE GENETIC BASIS OF TALENT

Information on the correlation between heritage
and quality sports performance, proneness to
injuries, level of different traits, abilities or skills
important for success in sports can be obtained
directly by analysing the relations of individual
genes or a number of genes with some criterion
related to sport, or indirectly e.g. by investigating
twins or by family studies.

Candidate gene and genome wide
association studies

Studies that select a specific gene or genes and
correlate variation in these genes with a disease or
physical trait are termed candidate gene association
studies. Studies that examine DNA markers at many
positions on multiple chromosomes are termed
genome-wide association studies (GWAS). The
ultimate goal of both candidate gene and GWAS is to
establish genotype-phenotype correlations (Gibson,
2009). Most genotype-phenotype correlations for
non-disease traits are rather weak. That is probably
the reason why in candidate gene association studies
and in GWAS the loci identified often are not
replicated when larger studies are done, or when
attempts are made to narrow the locus down to a
specific gene (Trent and Yu, 2009). Williams and
Wackerhage (2009) also conclude that genetic tests
available at the moment are simply not powerful
enough to provide valid data on which to base
important decisions in sport. If these problems were
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solved, the directly obtained data on genome
(genetic profile) of athletes could be applied in sport
in three ways (Williams 2014):

1 It can be determined whether an athlete's
strong suit is strength or endurance and
individualise =~ the  training  program
accordingly. E.g. Ahmetin and Rogozgin
(2009) point out that a rugby club from a
Sidney suburb submitted its players to
genetic testing on 11 genes which are
considered to be related to performance in
sport and, based on the findings obtained by
the testing, improved training programs for
those athletes. They claim that by doing this
they achieved predominance over their
rivals.

2 Proneness to certain injuries or illnesses can
be predicted and interventions can be made
in training programs to prevent them

3 IG and TD programs can also use data
obtained by genetic testing (however, this is
least likely in the foreseeable future and
even if it occured, the data would be merely
complementary, and basic data would still
be the data obtained by phenotype testing)

Both candidate gene and genome wide
association studies usually analyse variants that
change one chemical letter in DNA sequence. Such
variants are called point mutations or single
nucleotide polymorphisms (SNPs).

It has recently been discovered that a large
amount of genetic differences between individuals
are due neither to mutations nor to SNPs, but to
duplications and deletions of genes or groups of
genes (Gibson, 2009; 7). The groups of extra and/or
missing DNA sequences on human chromosomes
have been termed copy number variants (CNVs). The
global significance of CNVs for normal physiology is
not clear, but CNVs are thought to hold significant
potential as a source of phenotypic variation. Indeed,
the impact of CNVs on human physical
characteristics may well be greater than the impact
of SNPs, either at the individual or population levels.

It can be concluded that detailed genotyping that
incorporates DNA markers of population ancestry
and assessment of copy number variants should be

the goal of studies designed to correlate
performance traits with human genes.

Williams et al,, (2014; 1) also emphasises great
responsibility of scientists who must be certain
about the accuracy of their statements and points
out that firstly, researchers must recruit larger
numbers of athletes for case-control study designs
and identify more genetic variants that contribute to
the genetic component of sport performance. That is
why international cooperation of scientists is
important. Secondly, researchers must conduct
comprehensive research within a given sport.
Grouping different sports (and even different
specialities within a sport) to boost sample size
theoretically brings important increases in statistical
power but also other difficulties by diluting the
phenotypic characteristics, selection and training
practices of elite athlete groups.

Heritability

Population genetics scientists developed the
technical term heritability. Heritability is the
proportion of trait variation that is accounted for by
genetic factors, as opposed to variation due to the
environment (Visscher at al. 2008).

In such studies the percentage of genotype is
assessed, as opposed to the percentage of
environmental factors in variability of certain trait or
characteristic in a precisely determined population
under certain conditions. These values are usually
obtained by analysis of variance, which calculates
the ratio between genotype and phenotype variance
in the total variance in certain population.
Correlation and regression coefficients are also used
sometimes.

The obtained values are usually expressed in
proportions, percentages or correlation coefficients
(e.g. the value of 100% or correlation 1 means that
variability of some trait in a certain population can
be fully attributed to variations in genotype). In
practice, as previously mentioned, this is determined
by family studies and twin studies.

Ranges of heritability values in percentages for
certain traits and abilities are presented in the
following table (Booysen, 2007).
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Table 1. Ranges of heritability values in percentages for certain traits and abilities (Booysen, 2007)

The first problem regarding the data in the table
is the large range in values of certain variables, i.e.
discrepancy in the results obtained by different
studies.

The second problem is not respecting the gene
interaction and gene/environment interaction
effects in calculations of h? so that estimates of
heritability might be overestimated (Fowler and
Whitlock, 1999; Kempthorne, 1978).

The third and the biggest problem is the false
conclusion that high heritability implies that a
certain trait, ability or skill cannot be influenced.
High heritability only means that most of the
variation in particular trait that is observed in the
present population is caused by variation in
genotypes (Visscher at al,, 2008). In sport science
and sports practice such misinterpretations of high
values of h? can be found frequently. The result of
this is the prevailing view that for example speed or
coordination can be developed by training to a very
small extent. Certain scientists who interpreted the
results of scientific studies in a superficial and faulty
manner are responsible for such a view. It brings
great damage to sport because many coaches and
athletes have been convinced that there is no point
in developing those abilities that are basic for a
number of sports, especially for sports games.

Epigenetic approach

The epigenetic approach emphasises that
giftedness and talent are the result of complex
interaction of numerous inherited traits. These traits
consist of many components like personality, mental,
physical and physiological aspects. Multiplicative
interactions between these components promote
above average results within a given domain
(Simonton 1999, Booysen 2007). The epigenetic
approach also points to the interaction of genotype
and environment. Furthermore, it differentiates
primary (genetics, training, psychological factors and
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VARIABLE RANGE (%)
AEROBIC POWER AND CAPACITY 40-93

ANAEROBIC POWER AND CAPACITY 70-90

MAXIMUM STRENGTH 22-100

TYPE OF MUSCLE FIBER 5-100

COORDINATION 45-91

MATURATION RATE (EARLY-LATE) 80-95

SOMATOTYPE 69-90

interactions among them) and secondary

(socioeconomic and other) factors of influence in
explaining talent. In epigenesis, the developing
organism begins in an undifferentiated state and
gradually changes to a more complex state through
multiple interactions.

Epigenesists therefore claim that inherited traits
and characteristics do not result in manifestation of
talent at birth. This manifestation depends on
interaction with environment and can appear at
various times. From the aforementioned it is clear
that those complex and dynamic genotype-
phenotype interactions cannot be explained by
transversal studies, but rather by prospective
longitudinal studies.

Ethical issues in genetic research of
talent

As already mentioned, there are different reasons
(motives) for which an individual can personally
undergo or subdue others to genetic testing.
However, genetic testing also reveals numerous
ethical issues related to it (Williams and
Wacherhage, 2009). E.g. there have been cases
where athletes underwent genetic testing and only
years later it was discovered that variations on that
gene increase chances of developing some serious
illness. That is why it is important to inform athletes
about this beforehand. In another case, a club
wanted to subdue an NBA player to genetic testing
following doctor’s recommendation because of
increased chances of heart disease. He refused and
went to a club that did not demand this. The
previous examples may sound absurd to some, but
sometimes an athlete does not want to know if
he/she has increased chances for some serious
disease or sports injury and it is ethically
questionable whether he/she can be forced in these
cases and if his/her privacy and “right not to know”
are being disturbed. Also, the results obtained by
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genetic testing at a very young age can be used to
prevent access to a certain sport or to sport in
general. We might raise a question: who has the right
to choose a sport instead of a child and who has the
right to deprive a child of sport? We must not forget
that there is a very real possibility that the results of
genetic testing are not correct, which additionally
confirms that important decisions in sport should
not be made solely based on those results.

TALENT DEVELOPMENT
ENVIRONMENTAL FACTORS IN
SPORT

Numerous environmental factors affect talent
development in sport (Baker at al, 2003; Li at al,,
2014). They can generally be divided into three
components: milieu, individuals, and provisions.
After a short chapter that explains the importance of
long-term  practice in  sport from the
neurophysiological aspect, the importance of
different environmental factors will be briefly
explained, and somewhat greater attention will be
paid to quantity and quality of practice as probably
the most important factors in talent development.

Neurophysiological bases of skill
development

From the previous chapter on the genetic basis of
talent it can be concluded that genes are kind of a
blueprint based on which our body and brain are
built. But how to create a design of behaviour and
skills in an unpredictable world in which we exist on
a daily basis? Genes play a certain role in this. To a
certain extent, they determine our impulses,
affinities, instincts, etc. Guided by these adapted
neurological programs, we are moving towards the
solutions for certain situations. This primarily refers
to resolving simple situations, but it does not apply
to much more complex situations such as e.g. some
tactical task in sports games.

In those situations it 1is biologically too
demanding (too expensive) to program the genes for
solving them beforehand. Also, from generation to
generation, even within the same generation, in
different cultures different higher order skills are
necessary. To survive for millions of years we could
not have gambled in this way.

How do we perfect complex skills in sport then?

Studies carried out by neuroscientists proved
that practice causes changes in grey and white
matter (Zattore et al,, 2012). Changes in grey matter
have been much more investigated, whereas for
decades researchers have shown little interest for
changes in white matter. They considered the myelin
to be mere insulation and the cables inside it little
more than passive passageways. Theories about
learning, memory and psychiatric disorders cantered
on molecular action inside the neurons and at the
famous synapses — the tiny contact points between
them (Fields, 2008; 54). However, modern MRI
techniques shed new light and revealed very
important functions of not only grey, but also of
white matter. Myelin sheaths around the axons are
coated in the brain and spinal cord by
oligodendrocytes, and in other nerves in the body by
Schwann cells. Many axons, especially the smaller
filaments, are not coated at all. And even along
insulated fibres, gaps in the insulation appear every
millimetre or so. The bare spots came to be known as
nodes of Ranvier and nerve impulses travel by
jumping from one Ranvier node to another.

Nerve impulses travel up to 100 times quicker
along myelinated axons. Without myelin, the signal
leaks and dissipates. At birth, myelination can be
seen only in some body regions. Myelination
generally proceeds in a wave from the back of the
cerebral cortex (shirt collar) to its front (forehead)
as we grow into adulthood. The front part of the
brain is responsible for making decisions. Some
researchers (Fields, 2005; 2008) have speculated
that skimpy forebrain myelin is one reason that
teenagers do not have adult decision-making
abilities. Such observations suggest that myelin is
important to intelligence.

However, what is the role of white matter and
myelin sheaths in perfecting sports skills?

Bengtsson et al. (2005) used a new brain-
scanning technology called diffusion tensor imaging
(DTI) to investigate the brains of professional
pianists. They discovered that in top pianists certain
regions of white mater important for playing piano
were more developed than in non-musicians. They
also determined that myelination was more
prominent in those regions when a musician
practiced more hours a day over time. Scientists also
believe that it is not a coincidence that some axons
are myelinated and some are not. When performing
complex skills (such as in sports games), it is
important for impulses from regions at different
distances to reach neurons at the same time. This is
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possible only if their speed of conducting impulses is
not the same.

That study of accomplished pianists revealed an
additional finding: white matter was more highly
developed throughout the brains of individuals who
had taken up the instrument at an earlier age. In
people who learned after adolescence, white matter
development was increased only in the forebrain —
the region that was still undergoing myelination.

It can be concluded that man has always
“myelinated” during childhood by quality long-term
(persistent) learning of certain skills. Thus, instead
of programing complex skills, which is expensive and
inflexible, genes create oligodendrocytes in the brain
which isolate those axons that conduct impulses
between neurons and in this way stimulate the
perfection of those skills that will be necessary to us.
This is a very flexible, economic, but also complex
and lengthy process (Fields, 2008).

Provisions

Provisions include all forms of TD services and
programs such as a balance training program
(Gagné, 2003; 2009; Li at al,, 2014).

Training quantity

The results of previously mentioned studies in
the chapter on neurophysiological bases of skill
development also have a very important implication
on imporvement of sports skills and they confirm the
view of those scientists who believe that talent can
be developed and that this process should be started
as early as possible. Long-term development from
beginner to top athlete is in a way outlined with the
“10-year rule” (Simon and Chase, 1973. in Baker at
al, 2003). The authors set this rule based on the
studies investigating expert chess players and chess
players at lower quality levels.

The theory of deliberate practice (Ericsson et al.,
1993) extends Simon and Chase's work. In his
research, first on musicians and later on athletes as
well, he determined that it takes 10 years and 10000
hours of deliberate practice to become an expert. For
Ericsson et al, the term deliberate practice denotes
very organised practice oriented towards defined
goals and assumes a very high level of motivation
and a very high level of invested effort in every
exercise in every training session, as well as during

20

competition. In other words, certain excellence and
discipline in approach to training and competition
must be constantly present. Ericsson et al. also state
that later in a career it is very hard to make up for
the hours of practice lost in earlier phases of career.

However, nowadays it is not easy to reach the
quality standards of deliberate practice set by Simon
and Chase, and later extended by Ericsson. Some
recent studies in the area of sport (Coté, 1999; Coté
et al, 2007; Bailey and Collins, 2013) indicate that
those 10000 hours in 10 years do not have to include
only organised and supervised practice. Indeed,
there is a large amount of evidence (Coyle, 2009;
Bailey and Collins, 2013) that point to the
importance of free creative play for improving
performance in certain sport.

Aware of the importance of long-term persistent
practice, many countries have initiated and/or
adopted systems of long-term development of
athletes (Baker and Schorer, 2010). The main goal in
the first stages of long-term development of athletes
is to form so called physical literacy which
represents an essential precondition for high-quality
development of sports skills, i.e. talent. Physical
literacy is acquired through three phases. The first
phase is active start and it begins practically at birth
and finishes around the age of 6 years. In the first
part of this phase parents and other people who take
care of children play a great role because they are
expected to practice with children in a fun and safe
way. Later on, a child becomes more and more
independent and practices under supervision of
parents, educators or coaches. This phase is followed
by the phase of development of fundamental
movement skills which lasts approximately until the
age of 8 years for girls and until the age of 9 for boys.
This phase is followed by the phase of development
of fundamental sports skills which ends
approximately at the age of 11 for girls and at the
age of 12 for boys. Baly et al. (2010) point out that
physical literacy is extremely important because
without the development of physical literacy, many
children and young people withdraw from physical
activity and sport and turn to more inactive and/or
unhealthy choices during their leisure time.

Training quality

Motivation is a necessary precondition for
someone to train and compete regularly and with
maximum engagement (with quality) in a sport for
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years. It has a positive influence, i.e. increases both
components of practice (quantity and quality).
Duckworth and Quinn, (2009) point out that grit in
achieving long-term goals, despite interferences and
difficulties, is crucial for school success, but also for
success in sport and numerous other professions.
The authors did not answer the question whether
grit could be developed or not. However, Dr Carol
Dweck from Stanford University has been studying
motivation for 30 years and she proved that
motivational appraisal (invested effort was praised)
during performance of simpler tasks was very
important for persistent and high-quality
performance of more demanding tasks that followed.
She also determined that some other types of
appraisal during performance of simple tasks (e.g.
praising subject’s intelligence) can cause frustrations
and poor performance of more complex tasks.

Coyle (2009) in his book The Talent Code
emphasises the importance of sports models that can
serve as sort of an initial trigger for development of
certain sport in some country, i.e. as an incentive to a
large number of children to start with systematic
training. A typical example for this is the one of
Russian tennis player Anna Kournikova. When she
appeared on top of the world tennis at the end of the
20t century, 3 Russian tennis players were placed
among the first 100 players of the ATP list. About ten
years later (the time period required for young
tennis players she inspired to start playing tennis to
reach top performance level) there were 17 players
among the first 100.

When children begin with training, coaches also
play an important role because they have to develop
interest and love for the sport in children. For
coaches working with children in the first phase of
their career, those characteristics are even more
important than the level of expert knowledge.

In the previous chapter it was explained that the
amount of time spent in deliberate practice was an
important predictor of success. However, in the
analysis of practice history profiles of professional,
semi-professional and amateur players less attention
was paid to quality of that practice.

Williams and Hodges (2005; 640) also point out
these problems "Although researchers who have
documented the practice profiles of elite performers
have contributed to our awareness of the significant
investment of time and effort required to reach elite
levels of performance (i.e. the macrostructure of
practice), there remains a lack of knowledge about
the specific practice activities (i.e. the microstructure

of practice) that players undertake on the road to
excellence In particular, research is required to
determine the “what” and “how” of practice and
how these interact with the instruction process".

To determine "how" of practice, we could use the
attitudes of leading world experts from the area of
education, basic principles of motor learning and
data gathered by observing and interviewing elite
athletes and their coaches.

One of the leading experts in the area of
education, Ken Robinson, criticises the
contemporary educational system which does not
stimulate individuality, curiosity and creativity as 3
basic values upon which children’s potential is
developed. Just the opposite, the system is based on
uniformity, standardisation and testing, which
constrains those basic values (Robinson, 2006; 2010;
2013). Success in sports games is unconceivable
without individuality, curiosity and creativity, and if
these are not systematically stimulated during
training, it will surely have a negative impact on TD.

Sports games are very unpredictable and success
in a rally with the opponent is much more likely to
occur if we make creative and innovative decisions.
Decision making is a skill that can be developed
(Williams and Hodges, 2005). There are two main
teaching styles used to develop those skills. The first
one is instructional (explicit) in which the coach not
only defines the skill and expected outcome, but also
defines the stimulus and response. The advantage of
this teaching method is its uniqueness and time
effectiveness, and its great disadvantage is that it
stifles independence and creativity and develops
“addiction” to coach’s instructions in players. The
other one is problem oriented (implicit) in which
coaches define the skill and expected outcome for
the player, but they effectively leave it to the athlete
to determine how to do that on their own or to figure
out to what information they must attend. A great
advantage of such teaching is the development of
independence and creativity, while a disadvantage is
that some players may take a long time to
understand what they have to do (some may not
understand at all). That is why innovative coaches in
sports games often use a so called guided discovery
teaching style. This style includes good sides of
explicit and implicit teaching. In it, as in implicit
teaching, a coach defines the skill and expected
outcome, but also, by questions set in a quality
manner, directs an athlete to detect a cause-effect
relationship between his technical-tactical decisions
on the court and the consequences of those
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decisions. This also expedites the decision making
process so this model is more economic in terms of
the time spent in relation to the implicit approach
(Williams and Hodges, 2005).

Furthermore, in sports games the optimization of
transfer from practice settings to competitive
performance is highly dependent upon the principle
of specificity. This means that in sports games a
much better skill transfer from practice settings to
competitive performance is achieved when practice
simulates the competition conditions. Although the
previous statement sounds logical, inexperienced
coaches are often misled by a paradox in the theory
of motor learning. The main paradox in the theory of
motor learning refers to the fact that constant and
blocked practice enables better progress in practice
settings in relation to variable and random practice
caused by a short-term decline of skills in that
practice, but has a far better skill transfer to
competitive settings (Williams and Hodges, 2005).
To better understand this paradox, it is necessary to
clarify the ways of practicing that were mentioned.

In constant practice each repetition of an exercise
is performed in the same conditions, e.g. shooting a
basketball 20 times from the same position on the
court and by the same shooting technique. In
variable practice the conditions are changed during
practice. An example of such practice is shooting a
basketball 20 times, but by different techniques and
from different positions on the court.

Blocked practice is such practice in which we
know exactly what we will do in the following
repetition (e.g. it is predefined that a player will kick
the ball 5 times with his right foot, then 5 times with
his left foot).

In random practice several skills (or variations of
the same skill) are performed randomly during
practice, so a player does not know beforehand what
skill (technique) he will have to perform in the
following repetition of the exercise. In sports games
at a competition all players find themselves in such
conditions almost always. E.g. a spiker in volleyball
does not know what type of spike he will perform
until the last moment because it depends not only on
the ball trajectory, but also on opponents’ blockers
and players in the field, but also on his experience
from previous similar situations.

The consequence of the previously explained
paradox in the theory of motor learning is that a
great majority of coaches think that constant blocked
practice has better transfer on competitive efficacy.
However, scientific research has not confirmed these
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assumptions. Yet, rather opposite has been proven -
the effect of constant blocked practice is short-term
and over time, the level of skills acquired by such
practice decreases relatively quickly. Expert coaches
also know this, which is confirmed by a study of
coaching expertise in volleyball (Cobley 2001; in
Baker at al., 2003). He determined that athletes were
active in drills over 92 percent of the scheduled
practice time and the intensity level was equivalent
to that faced in matches. The emphasis in practice
was to engage the players in drills that closely
simulated game conditions and that had a high
probability of occurring against a future opponent.
All of the aforementioned is consistent with the
saying "game teaches game", and it is also the
presumption for development of creativity in sports
games.

When we answer the question “what” of practice,
we must keep in mind the complexity of sports
games and multidimensionality of talent in sport.
That is why during practice it is important to
influence  different dimensions of athletes’
anthropological status. These include physiological
variables,  psychological attributes,  physical
performance, and sport skills. More importantly, the
various trainable skills must be developed in an
integrated manner. For example, physical skills can
be trained together with perceptual and decision-
making skills to enhance their transfer to a game
situation. Unfortunately, most TD programs are
dominated by development of physical abilities and
skills, whereas much less attention is paid to
psychological and perceptual - decision making
skills (Booysen, 2007). However, to successfully
perform tactical tasks in sports games, one needs
perceptive (quickly noticing situations on the court),
cognitive (e.g. anticipation and decision making) and
motor skills (performance technique). Also, the fact
is that in traditional training methods much more
attention is paid to the improvement of motor
components, and perceptive and cognitive
components are neglected. There are several
possible reasons for this, e.g. the opinion that these
skill components are inherited and cannot be
affected by practice, or the lack of information on
how to develop them by practice.

Studies have shown that these skills are not only
important for success (experts perform them better
than non-experts), but also that they can be trained
(Williams, 2000). This has particularly been
investigated for perceptive skills (noticing the
situation) and cognitive skills (anticipation that
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precedes perception and decision making that
follows perception). There is also a possibility that
by developing these methods the time period
necessary for reaching top performance level could
be significantly shortened (10 years - 10000 hours).

Milieu

Milieu refers to macroscopic physical factors (e.g.
birthplace), social-cultural factors (e.g. popularity of
a sport within a culture), and a socioeconomic status
(e.g. family income) (Li at al. 2014 in press).
Importance and tradition of some sport in a certain
country has a very big influence of talent
development. The examples of high popularity of a
sport in some country are e.g. skiing in Austria, table
tennis in China or ice hockey in Canada. Besides
popularity and tradition of a sport in some country,
talent development is also affected by government
policy or strategy, socio-economic status of athlete’s
family, as well as the place where he/she grew up.
The school which athlete attended is particularly
important because schools offer numerous sports
activities. Talent development of individual athletes
involved in those activities depends on their type,
quantity and quality. Flexibility of school systems is
also very important because school and sports
responsibilities are not easily coordinated and many
talented athletes give up sports precisely because of
inflexibility of the education system (Li at al., 2014).

Individuals (significant others)

Individuals refers to those people or significant
others who may impose positive or negative impacts
on the process of athletes development. Parents
surely play a very important role in their children’s
career development. That role must be stimulating
and never burdening for children, which may occur
when parents are overly engaged in their children’s
career and “live vicariously” through them. Of
course, coaches are also very important for
successful talent development. Providing high-
quality training programs and sessions including
informational support is the main task for a coach.
Besides quality training, a coach may also fulfil roles
in providing tangible support and building a good
relationship with athletes. Besides the coach, other
members of the expert team also contribute to
sports talent development. Brothers (sisters) and

friends can also have significant influence both on
selecting the sport and persevering in sport or giving

up.

OTHER IMPORTANT ISSUES IN IG
AND TD PROGRAMS

Inefficiency of one-off IG programs

Many IG programs that are currently being
applied cause early (de)selection of many young
athletes who are evaluated as not talented enough.
As previously pointed out in the chapter on genetic
bases of talent, such approach is inhumane and
unethical. Besides, such models based on one-off
measuring during pre-puberty are inefficient for a
number of reasons:

e because they do not take biological
maturation and its impact on IG and TD into
consideration. E.g. Malina et al. 2004
determined that children who mature early
are stronger, more powerful and quicker,
have better aerobic capacity and power, are
taller and have greater body mass than their
peers who mature later. This is particularly
emphasised in the period between the ages
of 13 and 15 years. That biologically more
mature children have the advantage is
indirectly indicated by the effect of relative
chronological age. In numerous studies that
investigated this effect (Barnsley et al., 1985,
Musch and Grondin, 2001; Vincent and
Glamser, 2006), it has been recorded that
children born in the first months of any year
are more frequently selected for competitive
teams (identified as gifted). This can be
explained by positive correlation between
biological and chronological age.

e Dbecause some traits, abilities and skills that
are good in differentiating more efficient
and less efficient athletes do not come to the
fore at all until post puberty. E.g. Paerson et
al. (2006) point out that anthropometric
measures, motor and functional tests are
important at the beginning of a sports career
when athletes’ giftedness cannot be
evaluated by the level of their technical-
tactical skills (at the beginning of the IG and
TD program). However, as time goes by,
competitive efficacy is increasingly affected
by the level of technical-tactical skills, tempo
of development of those skills, as well as
some cognitive abilities (perception,
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decision making, etc.) and psychological
characteristics.

e for now, there is no clear evidence that
would confirm significant correlation of
results in tests at the beginning and efficacy
at the peak of a career. Correlation of
predictive tests and efficacy of young
athletes at the same time point does not
have predictive value for predicting their
ultimate reach (Hohmann and Siedel, 2003;
Gagne, 2009; Bailey and Collins, 2013).

e Dbecause of the proven instability of
numerous traits, abilities and skills,
especially in puberty (Booysen, 2007). E.g.
in a cross-sectional study on different age
groups, e.g. 13, 16, 19, 22 years, it can be
determined that e.g. a low level of cognitive
anxiety is important for success. However,
without longitudinal studies, we cannot be
certain that an athlete A has a low level of
cognitive anxiety at the ages of 13, and 16,
and 22.

e because of the inability to assess the
reaction on training stimuli. Only by
longitudinal monitoring of athletes in
practice and competitive setting in certain
sport, we can assess their “capacity for
improvement”. Harre (1982, in Booysen
2007) gives four indicators based on which
those athletes’ capacities are assessed
during their exposure to specific training
programs: 1 Reaction (adaptation) of the
organism on demanding training stimuli; 2
Level (tempo) of progress in performance; 3
Final level they reached in TD program; 4
Their stability of performance in different
practice and competitive conditions.

OTHER SPECIFICITIES OF SPORTS
GAMES

Evaluation of efficacy in sports
games (defining the criterion
variable)

Efficacy in sports games can be evaluated in
different ways. These can be generally divided into
two groups: general and precise. General evaluations
are usually used to <create a criterion
(discriminative) variable which helps us predict the
effects of separate predictors or to differentiate
more efficient and less efficient athletes. Some
examples of such variables are “win - lose”,
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difference by which someone won or lost,
competition rank, starters vs. non-starters, team
placement at a competition (e.g. the first 4 vs. the last
4 or ordinal scale with teams’ placement (1st, 2nd, 3rd,
etc.). Those criteria of team efficacy can also be
combined with the evaluation of players’ quality
within their team (Grgantov, 2005).

In sports games, different types of more “precise”
or more detailed ways of evaluation of competitive
efficacy are used. Some of them are notational
analysis (e.g. Eom and Schutz, 1992), evaluation of
actual player quality (e.g. Trnini¢ et al, 1999) or
artificial neural network (e.g. Perl, 2002). Each of
them has its advantages and disadvantages. E.g. by
notational analysis an experienced statistician can,
with the use of specialised software packages, gather
a large number of useful information in real time.
The disadvantages of this analysis are in the fact that
only actions with a ball and individual events are
recorded, and there is no insight into players’ actions
without the ball and into cause-effect relationships
between separate actions during play. When
evaluating actual player quality, a group of judges -
sports experts defines the criteria system in certain
sport (or uses previously defined criteria). Those
experts also determine the importance of each
criterion for evaluation of actual player quality at
some position during play, but also evaluate players
on separate criteria. The overall player quality score
is calculated by multiplying the sum of those
evaluations with corresponding weights. By criteria
for evaluating actual player quality one can evaluate
situations from the game that cannot be recorded by
notational analysis (e.g. in invasive sports games,
some of the criteria are players’ cooperation in
defence, level of pressure in defence, ball control,
ability to play at different positions, etc.).
Disadvantages of such evaluation are in the fact that
the objectivity of the gathered data depends on
expert knowledge. Apart from that, necessary
engagement of experts who have to spend a lot of
time defining the criteria, weighting them and finally
evaluating players, makes this method pretty
demanding and unavailable. Because of the
aforementioned, it is understood that data cannot be
gathered in real time. Gathering data by artificial
neural networks enables the clustering of mutually
similar events in a match from a large number of
similar events. The greatest advantage of this
approach is the identification of tactical patterns of
each team as well as their efficacy. Unfortunately,
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this method is not suitable for ranking players
according to situational efficacy.

From the aspect of scientific analysis, a major
problem of all the aforementioned methods for
detailed evaluation of efficacy is that they only take
into consideration players who play at competitions
(players who did not play do not have the statistics),
which can literally cut the sample in a study in half.

Selection of predictor variables

Predictor variables must meet several important
conditions required. First of all, they must have good
metric characteristics (reliability, homogeneity,
sensitivity and validity) because on the contrary, the
obtained results would not be authentic. If those
variables are used to identify giftedness, then the
necessary precondition is for them to be dominantly
under the influence of genetics. Apart from that,
predictor variables should also be good predictors of
efficacy, i.e. they should have satisfactory pragmatic
validity. Previous explanation is additionally
complicated because it has been noted that in sports
games tests for assessing basic motor abilities have
good predictive validity for assessing efficacy in the
first phases, but not at the peak of a career (Booysen,
2007; Bailey and Collins, 2013). That is why it would
be desirable to also include tests for assessing
specific technical-tactical skills into the set of
predictor variables. We must not forget that
simplicity, cost-effectiveness and implementation
speed are often very important characteristics of
tests. Otherwise, despite high-quality tests, testing
could be unsuccessful due to fatigue or loss of
motivation, but also the lack of time (Hohmann and
Siedel, 2003).

Analysis of inter-positional and
intra-positional differences

In competitive team sports players are
specialized for their specific position. Thus, research
in team sports must take into account the specifics of
particular positions (Duncan at al., 2006; Marques at
al,, 2009; Boone at al., 2012; Matthys at al,, 2013). On
one hand, this provides a more homogenous sample,
which has a positive impact on statistical power, but
at the same time, we reduce the sample size, which
has a negative impact on statistical power. Williams
(2014; 1) points out that, the net effect of purifying

the sport phenotype versus limiting sample size,
both of which affect statistical power but in opposite
directions, is currently unknown. We can conclude
that scientists in sports games should take into
account the specificities of separate player positions,
but they should not do it on small samples. The
minimum sample of participants depends on several
factors, e.g. predicted level of significance and
statistical power, ratio of number of participants and
variables depending on the method of data analysis,
expected effect size, etc.

Compensation phenomenon or
equifinality

In sports games the same skill can be performed
by two players with equal efficacy by using different
combinations of traits, abilities, knowledge and
skills. In other words, players compensate their
disadvantages in something that is important for
success by advantages in something that also has a
positive impact on performance (compensation
phenomenon). E.g. someone dominantly uses their
advantage in body build, others use excellent motor
and functional abilities, others perceptual - decision
making skills. Closely related to this phenomenon is
also the question whether to use unidisciplinary or
multidisciplinary studies. In unidisciplinary studies
predictor variables are selected only from one
scientific discipline (e.g. sport science), whereas in
multidisciplinary ~ studies e.g.  psychological,
sociological or other variables are used. According to
Gagne (2009), giftedness of an individual, including
also giftedness of an athlete in sports game, can be
manifested in six different domains: intellectual,
creative, social, perceptual, muscular and motor
control. The compensation phenomenon is
somewhat differently explained by Superlak (2006),
who points out that skills of players in complex game
situations are conditioned by the range and level of
their ontogenetic dispositions, which are usually
classified into psychological, intellectual,
coordinative, fitness-related, organizational and
social. A player’s highly developed dispositions may
form new qualitative complexes of dispositions,
called interdispositions, being effects of the player’s
dispositional synergy. The same author (Superlak
2008) criticises the so-called “championship model”
for particular sports. This model implies that
achieving the critical values of the “championship
model” was necessary and entirely sufficient to
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ensure success in sports competition. The author
further explains that this assumption can be
accepted in some sports, e.g. individual sports, but
not in team sports, where cooperation and
interaction in changing situations as well as social
and organizational effects are involved. The
championship model approach excludes the
phenomenon of “equifinality” thanks to which
players with different structures of traits, abilities
and talents achieve similar sports results.

If we do not take the compensation phenomenon
or phenomenon of equifinality into account, there is
a real possibility that we might overestimate current

or ultimate abilities of some athletes and
underestimate those of others.
E.g. to select players for some important

competition we choose only variables assessing body
build and motor-functional abilities. Athlete A might
have high results in the analysed variables, and
athlete B might have average. Based on these results
we come to a conclusion that athlete A should be
selected positively, and athlete B negatively.
However, perceptive-cognitive skills (quickly notices
the situation of the court and makes correct tactical
decisions) of athlete B are extremely above average
and he has excellent technique by which he easily
puts his tactical ideas into action. Apart from that, he
has leader abilities, low level of cognitive anxiety and
high level of confidence that allow him to control his
emotions in stressful situations at competitions.
Athlete A is the exact opposite to athlete B in those
variables. From the previous example it is obvious
that athletes can compensate, i.e. substitute their
disadvantages in one domain in different ways, by
above average results in some other domain (and
vice versa).

Methods of data analysis

In scientific studies data can be analysed by
univariate and multivariate methods. The obvious
disadvantage of univariate methods is that
differences between talented and less talented
athletes are analysed only in one variable, which is
not specific for sport (especially for team sports in
which many factors and their mutual interrelations
affect success). Those disadvantages are annulled to
a large extent in multivariate studies which take into
consideration the interrelation of those variables, as
well as their specific contribution in explaining
criteria. Discriminant analysis can also be used for
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data analysis, as well as canonical or logistic
regression analysis. The advantage of the
discriminant and the logistic regression analysis in
that criterion variables (in case of logistic regression
analysis also predictor variables) do not have to be
on an interval or ratio scale, but they could also be
ordinal and nominal variables, which makes the
defining of those variables much easier.

HISTORICAL OVERVIEW OF TALENT
IDENTIFICATION AND
DEVELOPMENT MODELS

In this chapter, the most important models of IG
and TD will be presented and their advantages and
possible disadvantages will be analysed. This will
serve as the basis for the proposal of the “ideal” 1G
and TD model.

According to Booysen (2007), two original
studies of this problem are those carried out by Du
Randt et al, (1992), who analysed 12 IG and TD
models, and Regnier et al. (1993), who analysed 10
IG and TD models. Booysen (2007) gives a more
detailed explanation of 5 models that have been
mentioned most frequently in literature. These are
models by Gimbel (1976), Harre (1982), Havlicek et
al. (1983), Bompa (1985) and Regnier (1987). Even
though each of these programs has its specificities,
what most of them have in common is that they
succeeded in integrating the IG and TD phases into
unique models in a quality manner. This is achieved
not only by testing athletes’ beginning level in the
selected predictor variables, but also, very
importantly, by longitudinal monitoring of athletes’
reactions to specific training programs. In order to
even be able to construct high-quality training
programs and select the appropriate predictor
variables, in the first phase of the mentioned models
sport-specific requirements of a particular sport are
identified (estimated). All criteria and requirements
that play a role in efficient performance in a
particular sport must be determined precisely. In
doing so, different types of analysis of sports activity
(e.g. structural analysis, notational analysis, time-
motion analysis) are used. Based on these analyses,
it is evaluated not only what is currently important
for success in that sport or each player position, but
also, more importantly, what will be important for
success in the future. Data gathered by testing,
interviewing and surveying elite athletes in different
phases of their career is also used in this evaluation.
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Most high-quality IG and TD programs take
children’s biological maturity into account, as well as
multidisciplinarity of sports games. In some models
(e.g. Havlicek et al, 1983; in Booysen, 2007) the
importance of cooperation between sports and
schools is also emphasised, with the goal of
animating as many children as possible to engage in
sports. Based on the testing results, but also by
monitoring child’s reactions to specific sports
programs, children are firstly oriented towards the
group of sports for which they are gifted (e.g. sports
games). Naturally, children’s wishes and interests
are taken into consideration, as well as those of their
parents. This is followed by specialisation for a
particular sport and player position within that
sport. Parallel with this process, prediction of
efficacy for each individual athlete is made.

FINDINGS FROM OUR RESEARCH
TEAM

In a doctoral dissertation written by Grgantov
(2005), on a sample of 245 female volleyball players
(32 players U13 age group, 147 players U15 age
group, 49 players U17 age group and 17 players U19
age group), some anthropological characteristics,
motor abilities and quality of elemental volleyball
technique were measured for each age group.

Latent structure in the space of anthropometric
characteristics and motor abilities for each age
group of volleyball players was obtained by factor
analyses. Groups of players according to their
technique quality were formed by applying
taxonomic analysis. Differences between volleyball
players of different technique quality and different
individual player value in the measured variables
were analysed by a series of discriminant analyses.
For the purposes of this study, an original and simple
way of evaluating the overall player quality in
volleyball was designed (Table 2).

Table 2 Categorisation of individual player value (Grgantov, 2005)

Individual player value
Team value
Members of the The most efficient Average players in The least efficient
national team players in the team the team players in the team
3 5 5 4 3
2 5 4 3 2
1 5 3 2 1

As previously mentioned, the overall player
quality in competitive athletics is sometimes defined
by comparing the ranking of different teams in a
competition and sometimes by comparing individual
player quality within a team (e-g.
starters/nonstarters). By combining these criteria,
greater sensitivity, and therefore a better evaluation
of the overall player quality in sports games is
achieved.

In this system of evaluating overall player quality,
a grade of 1-5 was assigned to each player regarding
two criteria (Table 2):

1. Team ranking in a competition: All teams that
participate in a competition are classified into 3
groups based on their ranking in the championship.
E.g. if there were 12 teams in a competition, the first
group includes those that were ranked between 1st
and 4t place; the second group includes those that
were ranked between 5t and 8t place; and the third

group includes those that were ranked between 9th
and 12t place.

2. Player quality within the team (as assessed by
the coaches). Each coach divided the players of
her/his team into three groups (the most successful
- the most efficient players, average - other starters
and non-starters who contribute to game quality;
and the least successful - non-starters who very
rarely or never enter the game).

All members of the national team are evaluated
by the grade 5 regardless of their team’s competition
ranking.

By univariate analyses of variance, significant
differences were found between volleyball players of
different age in the space of anthropometric
characteristics, motor abilities and technique of
volleyball elements. Based on the obtained results, it
was determined that more efficient volleyball
players have more prominent longitudinal
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dimensionality of the skeleton, are more explosive
and agile, and have better elemental technique of all
volleyball elements, especially of spike and block.
The most prominent differences between the groups
in body build, motor abilities and technical
performance of volleyball elements were recorded in
U15 and U17 age group.

Except in the new way of defining overall player
quality, scientific value of this study is also reflected
in defining the factor structure of anthropometric
characteristics and motor abilities, as well as in
determining the contribution made by separate
factors obtained by differences in situational
efficacy. The analysis of the projections of each test
on factors enabled the selection of high-quality tests
for assessing individual factors.

Also, from the aspect of IG and TD, a great
advantage of this study is that it included tests for
assessing elemental technique of volleyball elements
into the battery of tests.

By analysis of interrelations of independent and
dependant variables in different age groups, an
important set of information was obtained on
whether the same variables discriminate female
volleyball players of different efficacy in different age
groups.

However, this study also has several limitations.
Impact of biological maturity on the applied
variables was not analysed. Furthermore, the
predictor set did not include variables for calculating
somatotype, for assessing perceptive-cognitive skills
and for assessing individual and team psychological
characteristics. Differences between players of
different overall player quality were analysed on the
whole sample (inter-positional and intra-positional
differences were not taken into consideration).

Because of this, in the following studies carried
out by our team (Milavi¢, 2013; Jurko, 2013; Mili¢
2014), much attention was paid to some of the
aspects that were not analysed in Grgantov’s study
(2005) and which limited the quality of the obtained
results.

Because of the great importance of individual and
team psychological characteristics in IG and TD in
doctoral dissertations written by Milavi¢ (2013) and
Jurko (2013), questionnaires for assessing those
characteristics were constructed and validated. The
existing questionnaires for assessing individual and
team psychological characteristics were also
translated and validated. Then age, gender and
positional differences in the applied variables were
analysed.
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In a study carried out by Milavi¢ (2013) on a
sample of 295 male and female volleyball players of
youth and junior age group, a multidimensional
measuring instrument for testing individual
psychological characteristics (anxiety, motivation,
concentration, self-confidence, perceived
competence for volleyball and usage of certain
techniques for state self-regulation) was constructed
and validated. The existing questionnaires were also
validated (ACSI-28 - Athletic Coping Skills Inventory-
28- multidimensional instrument; PSIS-Y -
Psychology Skills Inventory for Sports - Youth version
- multidimensional instrument; CSAI-2 - Competitive

State Anxiety Inventory-2 - multidimensional
instrument for measuring anxiety and self-
confidence; SMS - Sport Motivation Scale -

multidimensional instrument for measuring sports
motivation). It was determined that all the
questionnaires had good metric characteristics.

By analysing gender differences it
determined that male volleyball players had
significantly higher playing competence, self-
confidence, extrinsic motivation and determination
motivation, and lower cognitive anxiety than female
volleyball players.

A small number of significant inter-positional
differences among both male and female volleyball
players was obtained. In both analysed age groups,
among male and female volleyball player, significant
intra-positional differences in overall player quality
in the applied variables were found. More efficient
players have a higher level of self-confidence,
concentration and perceived player competence, and
a lower level of cognitive anxiety than less efficient
players.

In a study carried out by Jurko (2013) on a
sample of 273 male and female volleyball players of
youth and junior age group, a measuring instrument
for testing group properties (cohesion, perceived
collective efficacy and coaching behavior) in
volleyball was constructed and validated. The
existing questionnaires for assessing group
properties were also translated and validated: GEQ
(Group Environment Questionnaire) and the team
orientation scale from the PSIS-Y questionnaire
(Psychology skills inventory for sports - youth version)
for assessing cohesiveness, as well as LSS
(Leadership Scale for Sport) and CBS-S - (Coaching
Behavior Scale for Sport) questionnaires for
assessing coaching behaviour. Based on the analysis
of metric characteristics and relation to the existing
scales for assessing cohesion, the newly constructed
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questionnaire can be recommended as a concise
orientation measure for team properties. Age and
gender differences, as well as inter-positional and
intra-positional differences in the applied variables
were analysed. By analysis of variance applied on the
subsamples of male and female volleyball players
who play at different player positions, no significant
differences were found in the level of group
properties measured by the newly constructed
questionnaire.

By analysis of variance and discriminant analysis
among players of different player quality, no
significant differences were found in the level of any
of the 6 constructed measures of team properties.
Female players with a lower index of individual
player value had a significantly higher perceived
level of perceived task cohesion and collective
competence - readiness than players with the highest
index of individual player value. Apart from that,
female players with the best evaluations assessed
their coach’s communication style as least
acceptable. The same conclusions among female
players can also be drawn based on the analysis of
the results obtained by discriminant analysis.

Some other aspects important for IG and TD were
analysed in a dissertation written by Mili¢ (2014). In
this study the subject sample included 204 female
youth volleyball players from whole Croatia, who
participated in the open Croatian volleyball
championship in 2014. The independent variable set
in this research consisted of 11 anthropometric
measures, 10 motor tests (five for assessing non-
specific agility and explosive power, and five for
assessing specific agility and explosive power) and 3
questionnaires of psychological characteristics
(hope, optimism and perfectionism). As new
questionnaires for measuring athletes’ psychological
characteristics were constructed in the previously
mentioned dissertations (Jurko, 2013; Milavi¢, 2013)
and relations of psychological constructs with
variables of age, gender and situational efficacy were
determined, psychological characteristics in this
study were selected based on a studies carried out
by Gould, Dieffenbach and Moffett (2001, 2002).
These authors interviewed 10 Olympic champions
(winners of 32 medals at the Olympics) from the
United States of America, with the aim of
determining their psychological characteristics, but
not their development. Recommendations given by
Williams and Krane (2001) were also taken into
consideration. They point out that in investigations
of athletes, the usage of relatively “new”, previously

rarely used variables of psychological characteristics
should be considered: perfectionism, dispositional
hope and optimism.

Dependent variables in this research included
player role and competitive efficacy. The subjects
were divided into 5 sub-groups according to their
player roles: setter, opposite hitter, passer-hitter,
middle blocker and libero players. According to team
placement in the competition and quality of each
player in their team, volleyball players were divided
into two groups: more efficient and less efficient.

From 11 anthropometric measures the following
were calculated: body mass index, somatotype
according to the Heath-Carter method and age from
peak height velocity (APHV). To assess APHV a
method of Mirwald et al. (2002) was used, which is
very simple and requires only 3 measures: height,
sitting height and body mass (along with information
on gender and chronological age). The prediction of
how far an individual is from their APHV is based on
the differential growth and timing of leg length and
sitting height. Legs grow first and are followed by
sitting height growth.

Based on the deviations of APHV values of each
subject from the average APHV value of all the
subjects, and by adding or subtracting the obtained
deviations from chronological age, the indicator of
biological age of young female volleyball players was
calculated.

By analysing the means of subjects’ biological age,
inter-positional and intra-positional differences
were found. Liberos (13.70 years) and setters (13.82
years) are biologically the youngest. Opposite hitters
(14.17 years) and passer-hitters (14.21 years) are
somewhat biologically older. Middle blockers are
biologically the oldest (14.54 years). More efficient
players at all positions are also biologically the
oldest. These differences range from averagely 3-5
months (setters, liberos and passer-hitters) to
almost a year (opposite hitters and middle blockers).

To neutralise the influence of biological age on
inter-positional and intra-positional differences of
young female volleyball players in the variables
assessing morphological characteristics, motor
abilities and psychological characteristics, analyses
of covariance are applied with the indicator of
biological age variable as covariate.

Inter-positional differences
Based on inter-positional differences in

anthropometric measures it can be inferred that
middle blockers are significantly taller than the
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other player positions, whereas libero players are
the shortest, followed by setters. Liberos and setters
are the most endomorphic, liberos are the most
mesomorphic, and opposite hitters and middle
blockers are the most ectomorphic.

By analysing the inter-positional differences in
proportions of separate somatotype categories it
was determined that passer-hitters do not differ
from setters and liberos. Libero players have a
significantly higher proportion of the endomorphic
mesomorph category in comparison to other player
roles. Middle blockers and opposite hitters have a
significantly higher proportion of the balanced
ectomorph category than setters and liberos.

In the overall sample, as well as the subsample of
more efficient players, passer-hitters have the best
results in most motor tests. Efficient setters and
liberos are characterized by good performance of
agility tests, and compared to the other player
positions they have somewhat lower average results
in spiking speed. There are no inter-positional
differences in psychological characteristics

Among the anthropometric measures, the
indicator of biological age significantly affects the
inter-positional differences in height, body mass and
body mass index in the overall sample, whereas in a
more homogenous sample of more efficient
volleyball players it does not affect the inter-
positional differences. In the overall sample the
indicator of biological age affects inter-positional
differences in all the motor variables, and in the
subsample of more efficient volleyball players in
most variables. In the space of psychological
characteristics the indicator of biological age does
not affect inter-positional differences neither in the
overall sample nor in the subsample of more
efficient players.

Intra-positional differnces
By analysis of covariance in the space of

anthropometric measures only one significant intra-
positional difference is found. More efficient setters
are significantly taller than less efficient ones. There
are no significant differences in proportions of
separate somatotype categories between more
efficient and less efficient female volleyball players
with different player roles. More efficient setters,
passer-hitters and opposite hitters did better in most
tests assessing motor abilities in comparison to less
efficient players at the same position. The
differences are most prominent in tests assessing
spiking speed. At libero position, more efficient
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players are significantly better than less efficient
players only in the performance of side steps, and at
middle blocker position, more efficient players are
better only in the two tests assessing spiking speed.

There are no significant intra-positional
differences in psychological characteristics found for
player positions of setters and opposite hitters. More
efficient passer-hitters have a lower perception of
parental expectations and coach pressure than less
efficient players at the same position. The hope
variable is significantly higher in more efficient
middle blockers, and optimism and hope variables
are significantly more expressed in more efficient
libero players, whereas their perfectionism -
organization variable is significantly less expressed
than in less efficient liberos.

In all player positions the indicator of biological
age significantly affects intra-positional differences
in body height and body mass between more
efficient and less efficient female volleyball players.
Additionally, it affects intra-positional differences in
the endomorph somatotype component in setter
position, whereas it affects the mesomorph
somatotype component in middle blockers. In the
motor abilities space the indicator of biological age
as covariate significantly affects the intra-positional
differences in most of the motor abilities.

In the psychological variables space the indicator
of biological age affects intra-positional differences
in the organization variable in liberos and middle
blockers, the hope variable in middle blockers and
opposite hitters, and perceived parental pressure
and perceived coach pressure variables in passer-
hitters.

Originality of this study is reflected in:

e The calculation of somatotype components
and categories

e The application of tests for assessing specific
agility and explosive power

e The analysis of inter-positional and intra-
positional differences in the applied
variables

e The validation of a questionnaire for
assessing optimism, hope and sports
perfectionism

o The assessment of indicators of biological
age by a non-invasive method by Mirwald et
al. (2002)

e The application of analysis of covariance
(with the indicator of biological age variable
as covariate) with the aim to neutralise the
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influence of biological age on inter-
positional and intra-positional differences in
the applied variables

RECOMMENDATIONS FOR FUTURE
IG AND TD STUDIES

The previously mentioned studies carried out by
our research team represent only the first step in
developing a high-quality model of IG and TD in
volleyball. Based on the obtained results, a set of
predictor variables with good metric characteristics
could be formed. The selected variables are reliable,
valid, and good in differentiating young female
volleyball players between and within player
positions. In future studies, this predictor set should
also include some variables for assessing perceptual
and decision making skills. It should be emphasised
that in all the mentioned studies a simple and
sensitive method of determining situational efficacy
was applied. Multivariate methodological
procedures for the analysis of the obtained results
were also defined. Significant influence of indicators
of biological age in the obtained inter-positional and
intra-positional differences was also proven.

A disadvantage common to all these studies is the
cross-sectional study design. As previously
mentioned on several occasions, information on
stability and dynamics of the applied predictor
variables could only be obtained by longitudinal
studies. Morris (2000) also comes to a conclusion
that longitudinal or quasi-longitudinal research is
essential to determine whether the same variables
are important for outstanding performance
throughout the process of development and whether
variables measured during adolescence can predict
outstanding performance in adulthood. Also, to
assess the ultimate potentials of an athlete, it is not
enough to be familiar with his initial level of traits,
abilities and skills. It is of great importance to assess
athletes’ capacity for improvement as well, and this
is possible only if they are included in high-quality
TD programs in particular sports and their progress
is monitored over a certain period of time. However,
longitudinal studies of IG and TD also have their
disadvantages. Given the fact that it takes 10 years
for athletes beginners to reach top performance
level, longitudinal studies should also last that long.
However, it is hard to get the finances for such long
and demanding studies. Besides, in such a long
period, the number of participants would
undoubtedly greatly decrease, and it was previously

mentioned already that intra-positional differences
should be analysed in sports games, which makes
the sampling even more difficult. It is therefore
obvious that longitudinal studies are not the likely
solution either. That is why Morris (2000) suggests a
somewhat modified version of sliding population
principle from the study carried out by Regnier 1987
(in Booysen 2007), as an acceptable compromise
that combines good sides of cross-sectional and
longitudinal studies. In this approach, children of
different age groups, e.g. U12, U14, U16 and U18 age
groups, are tested in parallel by the same battery of
tests. In each age group a large sample of children is
required and, naturally, high-quality predictor and
criterion variables must be selected. In the first
phase of the study, based on the results on the
criterion variable (competitive efficacy) and
predictor variables, models of efficacy are formed for
each age group. The second phase includes
longitudinal monitoring that lasts for 2 years. By this
kind of study, stability of the predictors, i.e. stability
of their relative impact on the criterion can be
determined for every age group analysed (except the
youngest). This is achieved by comparing the results
of two groups of the same age (e.g. children that
belonged to the U14 age group at the beginning of
the study belong to the U16 age group at the end of
the study and their results can be compared to the
results of the Ul6 age group in the first
measurement). Stability of results (rank analysis) of
participants in particular predictors over time can
also be determined. In the interpretation of the
results in periods in which the children are still
growing and developing, it is important to take
biological maturity into consideration, e.g. as it was
done in the study carried out by Mili¢ (2014). It is
very likely that children that develop at a later time
will have lower overall player quality and that is why
it is important not to bring any rash decisions
regarding their (de)selection, but to carefully
monitor their further progress and reactions to
practice in the following two-year period.

In order to carry out such demanding studies in a
quality manner (referring primarily to the analysis of
a sufficiently large subsample of players at particular
positions), it is necessary to set up international
research teams. It is important to mention that
experts in this area think that model values for IG
and TD are current for only 2-4 years (Booysen,
2007), which points out the necessity of continuous
revision of previous findings.
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CONCLUSION

The area of IG and TD is a very controversial area
that has been attracting scientists and experts’
attention, but also the attention of government and
sports organisations for a long time. A
multidisciplinary, multivariate and quasi-
longitudinal approach is recommended in studies,
keeping in mind participants’ biological and training
age. Because of the real possibility that the results of
genetic testing may not be correct, but even more
importantly because of numerous ethical issues
related to that testing, important decisions in sport
should not be made solely based on those results.

In sports games, studies should be conducted
with taking into consideration the specificities of
particular player positions and the compensation
phenomenon. Quasi-longitudinal design study is
recommended as the ideal IG and TD research
method as it includes the advantages of both
transversal and longitudinal studies.

All findings obtained by one-off testing of athletes
should be used for talent development, and not for
early (de)selection of athletes.

Unfortunately, in our society, there is still a
prevailing opinion that talent is something inherited,
God-given, something that is developed without
much effort. Thus, in constant search for mysterious
talent, many young athletes give up sports as soon as
they encounter first obstacles and first mistakes
occur.

We all have a very important task to change that
system of values and set up a new one in which long-
term, hard-working, dedicated, systematic and high-
quality work will be appreciated. In this system of
values mistakes are merely pieces of information
that help us stay on the right track.
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INTRODUCTION

In this keynote, I will give an overview of a
number of recent intervention studies that we have
conducted at the KU Leuven to promote physical
activity among different target groups. These
interventions are inspired by the Self-Determination
Theory (SDT; Ryan & Deci, 2000), which is currently
the most dominant motivational framework within
the domain of exercise psychology. SDT assumes that
individuals possess three basic psychological needs
that are essential for their growth and well-being: 1)
the need for autonomy (i.e., the desire to be the
origin of one’s own behavior); 2) the need for
competence (i.e., the desire to experience mastery
and success), and 3) the need for relatedness (i.e.,
the desire to have meaningful relations with other
people). According to SDT, the more the social
context provides an environment to satisfy these
basic needs, the more individuals will experience
autonomous forms of motivation. These autonomous
forms of motivation have been found to facilitate
sustained behavioral change, in contrast to
controlled forms of motivation, which only lead to
short-term adherence.

In a first intervention study, we developed and
tested a cost-efficient need-supportive individual
counseling program to stimulate sedentary
university employees to become more physically
active (Van Hoecke, et al, 2012). Ninety-two
participants received 4 months of coaching by
bachelors students in kinesiology who were
specializing in health-related physical activity (n =
30). The program consisted of a limited number of
individual contact moments (i.e. an intake session,
three follow-up contacts and an out-take session),
either face-to-face, by phone or by e-mail. Various

measures were assessed both in the coaching group
(n = 92) and in a control group (n = 34) at three
moments: before the intervention (i.e., pre-test),
after the intervention (i.e., post-test), and 1 year
after pre-test measurements (i.e., follow-up test).
The results revealed that while the control group
remained stable from pre- to post-test, the coaching
group increased significantly in moderate and
strenuous physical activity. Additionally, the
coaching group increased significantly in mild,
moderate, and strenuous physical activity from pre-
to follow-up tests, whereas the control group did not
change. This study provided evidence for the long-
term effectiveness of a need-supportive physical
activity program that might be efficient at the
community level.

In a second intervention study, we developed and
tested a need-supportive walking program for the
elderly (Pelssers et al, 2013). This structured
walking program “Every Step Counts!” took place
within a community-based senior organization and
lasted for 10 weeks. The program prescribed
pedometer-defined walks in weekly walking
schedules, which were fitness-tailored and
structured in walking load (intensity/volume)
according to the principles of training progression.
In addition, the program was offered as a social
activity at meeting points of the organization to
satisfy their the basic needs. Twenty-nine meeting
points (n = 432) constituted the intervention
condition, while ten meeting points (n = 148) formed
the wait-list control condition. Measurements were
organized at the start of the intervention (pretest)
and at the end (posttest). Intention-to-treat linear
mixed models showed small positive intervention
effects on physical activity, fitness, and aspects of
well-being. These results confirm the effectiveness of
structured walking interventions with systematic
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training progression for the elderly and underscore
the value of community-based senior organizations
as intervention settings.

In a third intervention study, besides supporting
individuals’ personal needs, we also targeted
participants’ social identity to further facilitate
lasting behavioral change. One-hundred ninety-six
sedentary adults aged 55 to 70 years (n = 169) were
randomized into three identity-based PA promoting
interventions: (1) a personal identity need-
supportive condition (PI), in which participants’
personal self was targeted during need-supportive
counseling based on SDT; (2) a social identity
condition (SI), in which participants’ social self was
targeted during counseling based on the Self-
Categorization Theory; (3) a joined identity
condition (JI), in which participants’ personal and
social self were targeted at the same time.
Participants completed measures of physical activity
(i.e., pedometer-based steps, pedometer-based
aerobic minutes, self-reported) before (pre-test),
immediately after (i.e., post-test) and one year after
(i.e., follow-up) the six-week intervention. Mixed
models showed significant increases in pedometer-
based and self-reported PA from pre- to post-test,
and from pre-test to follow-up, with no differences in
changes over time between the conditions. There
results suggest that in order facilitate behavioral
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change in the long run, one can either support
individuals’ basic needs or focus on the norms
associated with their social identity.

The general implications of these three studies
will be discussed.
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SUMMARY

Introduction: Boxing belongs to the group of poly-structural acyclic sports in which dominate unpredictable
movements where the result is usually a binary variable (win-defeat) and the movement is performed and limited
in direct collision with an opponent in order to carry out an attack or avoid attack from the opponent.

Methods: On a selective sample of 102 male examinees, boxers at the age of 18 to 33 years realized a research

to determine whether there are differences in some general and specific motor abilities between boxers from
different weight categories. The sample is divided into three sub-samples according to the weight of the boxers
and that is: 28 boxers in the lightweight category (49, 52, 56 and 60 kg), 30 boxers in the medium category (64, 69
and 75 kg) and 29 boxers in the heavyweight (81, 91 and +91 kg). For estimation of motor skills a system of 21
motor test for estimation of general motor skills and system of 8 motor tests for estimating specific motor skills is
applied. The differences in general and specific motor tests between boxers from different weight categories was
determined by analysis of variance.

Results: On the basis of the obtained results it can be concluded that the heavy category boxers in average
achieve better results in motor tests: “tapping with foot”, “tapping with hand in frontal plain”, “shooting at a target
with long stick”, “shooting at a target with short stick”, “shoulder and wrist flexibility”, “long jump out of place”,
“throwing medicine ball of 1kg in a position lying on back” and “throwing medicine ball from chest by sitting in a

chair”. Boxers form the lighter categories achieved better results in the test for estimating agility “t-test”.
Conclusion: Boxers from the different weight categories do not differ statistically significantly in specific
motor tests. The results of this research can help coaches properly to plan and program the work with boxers

from different weight categories.

Keywords: motor skills, boxers, weight categories

INTRODUCTION

Boxing belongs to the group of poly-structural
acyclic sports in which dominate unpredictable
movements where the result is usually a binary
variable (win-defeat) and the movement is
performed and limited in direct collision with an
opponent in order to carry out an attack or avoid
attack from the opponent. In any martial Olympic
sport, as in boxing, the fight between two opponents
is not so real, rough, tough and dangerous because
boxing unlike the other martial sports, which are
characterized by poly-structural acyclic movements
does not aim only symbolic but the factual
destruction of the opponent which gives the basic
hallmark of the sport.

Modern boxing requires from the boxer to take
place in a very fast pace and to form large number of
technical and tactical activities but dominant role in
the specific motor abilities have the speed,
coordination, precision, agility, explosiveness and
repetitive strength and speed-force endurance.
Different types of speed (speed of reaction, the
segmental speed of movement, frequent speed),
allow the boxer to respond in a timely manner to the
opponent action and to apply appropriate defensive
technique, fast execution of individual strokes,
perform a larger number of strokes in series, fast
movement in the ring in all directions and effective
use of techniques od counterattack.

For the boxers where the weight category is
exactly limited, arises the question, where is the
boundary of the regulation of proper weight. This
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question has an individual approach and depends
primarily on the age of the boxer, the stability of
physical development. In the young organism that is
growing should strictly reject the process of
regulating the weight after uncontrolled-unnatural
way. Indicator for stable weight is following the
weight on a long period of time. Loss of liquid in a
short period of time, dehydration with sauna is
ruthlessly bloodstream stress and loss of minerals
especially potassium and sodium ions (in cases
where the necessary weight is brought before the
fight after a “violent” way). During dehydration the
deposit of glycogen in the muscles is complicated
because the deposit of one gram of glycogen binds
three grams of water.

The fights in boxing take place in the following
weight categories: paper (49kg), fly (52kg), bantam
(56kg), light (60kg), p. velter (64kg), velter (69kg),
medium (75kg), p. heavy (81kg), heavy (91kg), s.
heavy (+91kg).

The main goal of this research is to determine
whether there are differences in some general and
specific motor abilities between boxers from
different weight categories.

METHODS

Sample of examinees

The research was realized on a selective sample
of 102 male examinees, boxers at the age of 18 to 33
years. The sample is divided into three sub-samples
according to the boxer’s weight and that is 28 boxers
in lightweight category (49 kg, 52 kg, 56kg and
60kg), 30 boxers in the medium category (64 kg, 69
kg and 75 kg) and 29 boxers in the heavier category
(81 kg, 91 kg and +91 kg).

Population from which the sample is extracted is
defined as the population of active sportsmen-boxers
of all categories, participants, competitors in the
league system on the state championship of the
Republic of Macedonia and participants on
international tournaments clinically healthy without
physical disabilities and abberant events in motor
space.

The basic criterion on the selected respondents is
to actively attend to boxing at least one year, to be
included in the system of the competition and to
have minimum three trainings a week.
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Sample of measuring instruments

For assessment of motor skills following
variables were applied, i.e. motor tests: “t-tests”
(MTTEST), “eights by titling” (MOSNAV), “steps on
side” (MCEKTS), “standing on one foot on the beam
length with eyes opened” (MSGOCD), “standing on
one foot on the beam lenght in width with eyes
opened” (MSTGOS), “standing on one foot on the
beam length with eyes closed” (MSGZOD), “taping
the foot” (MTAPNO), “taping a hand in the frontal
plain” (MTAPRF), “taping a hand in sagittal plain”
(MATPRS), “shouting at a target with long stick”
(MSTMDS), “shouting at a target with short stick”
(MSTKST), “shouting at a boxing bulb by hand”
(MSTBKR), “deep bend on a bench” (MDLPRK),
“shoulder and wrist flexibility” (MISPAL), “deep
bend in sitting position” (MDLPSE), “keeping the
trunk in a horizontal position lying with the belly
down” (MZTHPM), “raising the trunk in 30 seconds”
(MP30SE), “pull-ups upward the shaft” (MZGIVI),
“long jump out of place” (MSKDAM), “throwing
medicine ball of 1kg on a position lying on back”
(MFMPGR), “throwing medicine ball from chest 1kg
sitting on a chair” (MFMGST).

For estimation of specific motor skills following
variables were applied, that is motor tests: “rope
skipping - skip 10 seconds” (SKI10S), “speed of
execution of 100 direct strokes per bag” (BR100K),
“speed of execution 100 strokes per bag” (BR100K),
“feet skipping 10 seconds and execution left/right
jab” (SUNPOD), “feet skipping 10 seconds and
executing left/right hook ” (SUNPOK), “feet skipping
10 seconds and executing left/right upper-cut”
(SUNPOA), “defense form  left/right jab with
stepping back and placing six counter strokes on the
hands of the coach” (OBROTK), “a series of the 100
combined strokes on the hands of the coach”
(SER100).

Statistical procedures

The differences in general and specific motor
tests between boxers form different weight
categories were determined by analysis of variance.
Previously the normality of the result distribution on
the applied variances is verified with the
Kolmogorov and Smirnov method.
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RESULTS

The data from the Kolmogorov and the Smirnov
proceedings show that most of the results of general
and specific motor tests do not deviate from the

normal allocation, i.e. statistical significant level of
1% correspond with the theoretical curve of that
allocation, which was methodical correctly possible
to perform further data processing.

Table 1. Differences in some general and specific motor abilities among Macedonian boxers from different

weight categories

Light (1) Medium (2) Heavy (3) Post hoc
Variables F Q

Mean SD Mean SD Mean SD 1-2 1-3 2-3

MTTEST 107,58 5,31 114,64 8,13 113,48 7,11 6,28 ,00 > > ns
MOSNAV 198,00 9,69 200,82 15,72 206,21 12,90 2,33 ,10 ns ns ns
MCEKST 102,26 10,04 101,21 10,17 103,76 9,41 ,55 ,58 ns ns ns
MSGOCD 47,16 16,79 53,95 19,33 56,79 19,37 1,53 22 ns ns ns
MSTGOS 32,89 8,78 34,59 13,51 32,62 12,94 24 ,78 ns ns ns
MSGzOoD 27,58 7,90 26,77 5,73 26,34 5,79 ,22 ,80 ns ns ns
MTAPNO 25,68 1,53 26,38 1,63 27,07 1,81 4,00 ,02 ns < ns
MTAPRF 33,68 2,79 35,79 3,16 36,34 3,35 4,37 ,02 ns < ns
MATPRS 32,74 3,14 35,36 2,94 36,10 3,99 6,07 ,00 < < ns
MSTMDS 77,05 4,21 80,08 4,10 82,31 3,64 10,05 ,00 < < ns
MSTKS 79,95 3,78 82,56 4,81 85,07 3,99 8,12 ,00 ns < ns
MSTBKR 9,53 0,51 9,72 0,46 9,83 0,38 2,61 ,08 ns ns ns
MDLPRK 36,26 5,38 38,56 3,82 37,97 4,69 1,69 ,19 ns ns ns
MISKPAL 92,58 10,77 101,05 8,12 106,76 9,93 13,18 ,00 < < <
MDLPSE 51,05 16,69 64,15 6,15 59,14 11,86 8,90 ,00 < < ns
MZTHPM 75,11 22,65 68,87 25,89 75,48 19,83 ,83 44 ns ns ns
MP30SE 31,58 4,03 32,21 3,90 30,76 2,98 1,30 ,28 ns ns ns
MZGIVI 11,74 5,79 14,13 5,35 14,59 5,05 1,79 A7 ns ns ns
MSKDAM 193,42 11,05 212,67 16,33 220,62 14,95 19,58 ,00 < < ns
MFMPGR 1057,63 167,07 1287,69 105,64 1457,59 162,12 46,46 ,00 < < <
MFMGST 724,21 88,96 812,79 75,70 951,03 126,90 33,20 ,00 < < <
SPJ10S 15,87 1,95 15,50 1,84 15,64 1,57 27 ,76 ns ns ns
SB100U 18,92 1,34 18,71 1,88 18,62 2,46 13 ,88 ns ns ns
SB100K 20,50 2,09 20,55 2,81 20,60 2,63 ,01 ,99 ns ns ns
SSPLDD 17,05 0,85 17,13 0,80 17,10 0,90 ,05 ,95 ns ns ns
SSPZDK 16,63 0,68 16,64 0,74 16,93 0,96 1,26 ,29 ns ns ns
SSPLDA 16,95 0,85 16,90 0,82 16,97 0,82 ,06 ,94 ns ns ns
SOLDDK 20,74 2,21 20,00 2,40 20,24 2,28 ,65 53 ns ns ns
S100RT 22,29 2,69 21,73 3,33 21,84 3,72 ,18 ,83 ns ns ns
The results of the applied univariant analysis of Statistically significant univariant intergroup
variance determined between group differences in  differences are determined in the motor tests
general and specific motor tests with boxers from MTAPNO (F= 4,37, p=,02), MTAPRF (F= 4,37,

different weight categories is shown in the table 1.

p=,02), MATPRS (F= 6,07, p=00), MSTMDS (F=
10,05, p=,00), MISPAL (F= 13,18, p=,00), MDLPSE
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(F= 890, p=,00), MSKDAM (F= 19,58, p=,00),
MFMPGR (F= 46,46, p=,00), MFMGST (F= 33,20,
p=,00).

From the values of the arithmetical means and
the level of statistical significance of the Post hoc
tests clearly indicate that the boxers of the lightest
weight categories on average achieve better results
in the general motor test “t-test” regarding boxers of
medium and heavy categories there are not
statistically significant differences in this test.

Boxers from heavy categories on average achieve
better results in terms of boxers from light
categories in motor tests: “tapping with foot”,
“tapping with hand in a frontal plain”, “tapping with
hand in a sagittal plain”, “shooting at a target with
long stick”, “shooting at a target with short stick”,
“shoulder and wrist flexibility”, “deep bend in sitting
position”, “long jump out of place”, “throwing
medicine ball of 1kg.in a position lying on back” and
“throwing medicine ball from chest by sitting in a
chair”.

Boxers from heavy categories on average achieve
better results in terms of boxers from medium
categories in motor tests: “shoulder and wrist
flexibility”, “throwing medicine ball of 1kg in a
position lying on back” and “throwing medicine ball
from chest by sitting in a chair”.

Boxers form medium categories on average
achieve better results in terms of boxers from light
categories in motor tests: “tapping with hand in a
sagittal plain”, “shooting at a target with long stick”,
“shoulder and wrist flexibility”, “deep bend in sitting
position”, “long jump out of place”, “throwing
medicine ball of 1kg in a position lying on back” and
“throwing medicine ball from chest by sitting in a
chair”.

DISCUSSION

On the basis of the obtained results it can be
concluded that the speed of alternative movements
statistically significantly differ among boxers by
weight categories. This leads to the fact that
Macedonian boxers speed footwork and speed work
with arms depend on the weight categories that
belong, as opposed to research of Savi¢ (1986a) who
found no differences in these motor skills among
Yugoslav boxers.

The heavier boxers showed better results in tests
for assessing the explosive power of the lower and
upper extremities. Probably the reason for more
successful performance of the tests in which
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dominate the explosive strength in heavier boxers is
indirectly related to the total body mass, which in
this sample can be understood as an active mass
primarily defined by the height and weight of the
body. The active mass has a positive effect on driving
tasks that require locomotion of the body in space or
action of external objects. Also, the longer levers
facilitate the execution of these tests that allow
greater length during the jump and throwing the
apparatus. Absolute power is more pronounced
among heavier boxers because of the larger body
mass and on the other hand the big body mass is an
obstacle (due to greater inertia) for successful
execution of tests in which a fast moving body in
space by change of the direction such as “t-test”
therefore heavier boxers achieve poorer results in
this test.

The heavier boxers achieve better results in tests
for assessing of placement, especially in the test
“shooting at a target with a long stick”. Also the
reason for this is probably the longer levers that
extremities of the respondents facilitate the
execution of this motor task.

Boxers from different weight categories do not
differ statistically significantly in specific motor
tests, i.e. mobility of the cranial and caudal part of
the body and speed force endurance of the upper
extremities. That abilities of boxers require to
perform feet jumping (jumping with two legs
simultaneously) and perform specific boxing strokes
jump, which expresses the ability to quickly perform
feet jumping and tasks with structure of movements
(direct, hook and uppercut) for 10 seconds. On the
other hand speed force endurance of the upper
extremities of boxers require in the shortest time
interval to place powerful and precise strokes to the
head and body of an opponent. This indicates that
the Macedonian boxers was applied a training
process in learning the technical-tactical elements
resulting in a good adaptation in all categories.
Unlike our research Savi¢ (1986a) found a difference
in the specific motor tests among Yugoslav boxers.

The better results in tests for assessing the
flexibility, especially the test “shoulder and wrist
flexibility” among boxers in the heavier categories is
most likely due to the differences in longitudinal
dimensionality (arm’s length) with boxers from
different weight categories. The correlation between
this test and the length of the arms is equal to .31.
This indicates that future research should apply
another test to assess the flexibility of the upper
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extremities or use this test to take into consideration
the length of the arm.

The results of this research could help coaches
properly to program and to plan the work of boxers
with different morphological structure, even greater
level of development of motor skills that they most
correspond to the specific morphological structure
of each sportsman, a better development of the
general and specific motoric among sportsman due
to unfavorable morphological structure have a
poorly developed motor ability, a better
development of other positive anthropological
dimensions namely to reduce the negative
anthropological dimensions that may be important
in relation to motor skills with direct or indirect
specific dimensions for different types of
morphological structure.

CONCLUSION

On the basis of the obtained results it can be
concluded that the heavy category boxers on average
achieve better results in motor tests: “tapping with
foot”, “tapping with hand in frontal plain”, “tapping
with hand in sagittal plain”, “shooting at a target
with long stick”, “shooting at a target with short
stick”, “shoulder and wrist flexibility”, “deep bend in
sitting position”, “long jump out of place”, “throwing
medicine ball of 1kg in a position lying on back” and

“throwing medicine ball from chest by sitting in a

chair”. Boxers from the lighter categories achieve
better results in the assessment of agility test “t-
test”.

Boxers from different weight categories do not
statistically significantly differ in specific motor
tests.

The results from this research can help coaches
properly to plan and to program the work with
boxers from different weight categories.
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SUMMARY

Introduction: The objective of the present development is to take to the front some e x t e r n a | (objective)
andinternal (subjective) factors on which the successes in the sports activity depend to a greater degree. They

are reduced mainly to the following ones:
External factors:

e the climatic conditions under which the training sessions and the competition take place, particularly for the
sports, where the achievements are to a greater degree dependents on them;

e the material and technical basis and the organization of the training sessions and the competition;

e optimal volume and intensity of the training loads;

e the challenge and variability of the arisen situations and the compliance with them;

e  state of the terrain;

e Dbeinga host as a factor favoring the wished results;

e thelot as one of the main precondition about successful classification;

e the audience as an invariable part of achieving the wishes results;

e informational provision, etc.
Internal factors:

e the nature of the sports motivation;

e  very high, i.e. “extra motivation” or lower motivation for taking part in the competition;

e the personal pretensions and expectations;

e  striving towards personal manifestation;

e optimal physical, sport and technical and will preparation;

e  high degree of having built up the personal qualities;

e  wish to preserve the positions acquires till that moment;

e rivalry; and etc.

Conclusion: Our attention in the present paper is directed to more complete presentation of the
“architectonic” of the basic internal and external factors, impacting the success of the sports-training and
competitive activities. For the purpose we are falling back on the information from the theoretical study of the
issue, on expert observations from various sports events, as well as on numerous conversations with well known
coaches, having achieved “top” results at European and World championships and Olympic Games.

Keywords: objective and subjective factors, sports achievements, qualities of will, pedagogical competence

INTRODUCTION

Sport is an inevitable part of the society general
culture. At the same time modern sport, mainly
professional one, is one of the most expensive
“business products” in sport-technical and media
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aspect. Countless subjects are taking part in it -
athletes, coaches, managers, doctors, masseurs,
experts in information provision, sports intelligence,
etc.

Sport is an exceptionally complex and dynamic
phenomenon. It is a fact we are permanently
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witnessing today a reconfirming tendency of

continuous

improvement of the records -

republican, intercontinental, world, Olympic ones.
Word goes about achievements which have been
unthinkable recently. That is determined to a greater
degree by the effect of a range of factors which
influence directly or indirectly the effectiveness of
the sports events.

In the context of what has been said herein above,
the objectiv e of the present paper is to take to
the front some main factors which influence the
success of the sports activity. We are reducing them
to the following:

First,external (objective)factors:

theconditionsunder which the training
and competitive processes take part,
particularly in  sports where the
achievements depend of them to a greater
degree. For example - the t i m e when these
events take place, particularly theastron
omictime,thetemperature-normal,
low or high; ho tor cold weather; wind,
rain, snow; abovesealevelhelght;at
mospherlcpressure,etc.

thematerial-technical bases
under which the training and competitions
take place, as:thestatus oftheterrain
- even, no even, iced, without ice, flooded,
without water; normal insize s halls,
stadium, mat, ring, water pool, track, normal
lightening, noise;, modern outfit-
shoes, leotards, bathing suits, balls, bands,
hoops, ropes, helmets, etc.

theorganization of the training and
competitive activity which takes to the front
the observance of certain r e g i m e both
during the preparation and during the hours
prior the concrete competition (light
training, meals, rest). That is a precondition
about the optimal use of the physical
resources and qualities of the participants in
the competition

appropriateasvolume and intensity
training loads during the various periods of
the sports of the team or athlete
preparation including the time prior a
concrete competition.

well selected sports calendar in dates
and periods of preparation as well as
periodic control competitions.

complian ce with the complexity,
dynamics and variety of the arisen
situations during the competition.

the 1 o t as one of the basic preconditions for
the success.

being a h o s t which very often proves to be
a key factor for achieving the wished result.

theaudienceandthedecisionsofthe
j ud g e s as invariable part of the
competition.

theinformational provision.
Information provision as key factor for
achieving success. Indisputable is the fact
that the development of the modern
technologies hides rich possibilities for

securing the needed and reliable
information. Word goes mainly about
written, audio visual and statistic

information related to the status, the way a
given team or a competitor is playing at a
given moment, the weak and strong sides,
the expected variations and tactics of the
game in various situations - intentional or
not intentional. It has been proved that this
is a good way to envisage the subsequent
actions and moves of the opponent as well
as a selection of optimal strategies for action
and counter action.

Second,internal (subjective)factors:

the n a t ur e of the sports motivation
related to the separate competitors and
teams in the sports events.

excess (“excess motivation“) or lower
motivation for participating in the sports
activity.

realistic ~ personal
expectations.

pretensions  and

presentiment about success or failure for
the coming activity.

leadership and possibility for personal
manifestation.

confidence in the own strength and abilities
for successful presentation in the
competition.

effective self control in relation to the
personal behaviour, particularly under
unexpected, nonstandard and extreme
sports situations.

sufficiently high concentration prior and
during the competition.

confidence related to the good physical,
sport-technical and will preparation prior
important competitions.

high degree of established personal qualities
which is a precondition about successful
manifestation.
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e psychological comfort within the systems of
“coach-competitors”, “competitors-co
players”, “competitors-opponents”,
“competitors-judges”, etc.

e composure, emotional upsurge,
realistic expectations towards success.

high

e strong wish to preserve the positions that
have been achieved up to that moment, even
on the price of a risk.

e ability to manage stress situations.

e adaptation abilities of the participants in the

competition, etc.

It is known that in the modern conditions, the
athletes are of nearly equal abilities as physical,
tactical and technical preparation and the will
preparation is very often decisive for the sports
victory. A range of examples of the most outstanding
sports events - European, world and Olympic
competitions - testify that.

Within the context of the information herein
above, we consider it necessary to pay special
attention to the issue related tothe willintheedu
c ation of the athlete. Word goes about the
paramount precondition for achieving higher and
higher objectives in modern sport nevertheless the
difficulties that have to be overcome.

A central moment for the will education appear
tobethewill qualities. The theoretical study of
the problem related to the athlete’s preparation of
will, as well as the various expert observations of the
training and competitive process provide sufficient
reason to state thatthebasic qualities of wil
1 needed for effective or successful sports activity
can be differentiated into two groups:

First, will qualities which are moregenerall
y valid for all kinds of sports. They are:
purposefulness, initiativeness, discipline,
determination, courage, persistence, self-command,
confidence in his/hers own strength, will stability,
will towards victory, etc.

S e c o n d, will qualities determined by the
specificity of the concrete sport - high speed and
intensive rate of game, readiness to a risk, stability of
the manifestations related to factors accompanying
the competition (referees, audience, fens), swiftness
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and economy of the actions in concrete situations
“speed technique”, optimal decision making what to
do, etc.

Will is established within the process of
overcoming expected and unexpected d [ fflcultl
e s depending on the specificity of the sport, various
in nature and strength. According to us the sports
pedagogue has got the decisive role in that aspect
but not less important is the activity of the athlete
alone to establish and affirm his/her own “I”,i.e., self
education of the will.

CONCLUSION

In conclusion we are going to underline
that in the sports activity it is imposing to give an
account of the effects andthemodification
s provokingtheinternal and external
factors determining the high sports results and
achievements. It is indisputable that at a certain
stage, certain internal and external factors or their
combination can be the “key” factor for the success.
Yet more often and often the conclusion is imposed
that the timely fixing of their influence as well as the
selection of optimal strategies for each concrete case,
is of priority or is the “deed” of the sports pedagogue
mainly. Hence the requirement for the coach’s solid
pedagogical competence directed to timely limitation
of the negative impact of some factors mentioned
hereinabove and their maximum use as serious
“advantage” against the opponent, even a “benefit” in
the name of the victory.
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SUMMARY

Introduction: Athletes training process is long educational process. In this regards with its multifaceted
impact the hurdle exercises are among recommended means that can be successfully used for achieving certain
objectives in the training process for juniors.

Methods: Based on a perspective we aimed at studying the effect of predominantly use of hurdle exercises in
training process of adolescent athletes. Object of our study are adolescent athletes - aged 12 - 13 years (50
children). Subject of the research are indexes revealing the level of physical abilities development and the impact
of predominantly use of hurdle exercises in their training process.. In the study we used 19 indexes. The control
group of children were training using the Unified program of Bulgarian athletic Federation (1985). The
experimental group used a training program developed based on developed by us experimental training model
with predominantly use of hurdle exercises.

Results: A comparison of the data from control and experimental groups reveals no significant differences in
the beginning of the experiment. Comparing the results from the re-testing between the control and experimental
groups and analyzing the first six indexes, we see significant difference in favor of the experimental group in the
index presenting the flexibility in hip joints. Comparative analysis of performance in the other nine indexes
revealing athletic type of information - there advantage of the children from the experimental group is
undeniable. The correlation between dynamic flexibility index with indexes X1 - X6 is statistically significant.
There is also reliable correlation between indexes X14 and X19. The results from the control group are below the
critical limit for statistical significance.

Conclusion: In accordance with the purpose and tasks of the study were differentiated the following
conclusions showing the performance of the experimental methodology and its efficiency. In conclusion on the
basis of the successful sport - pedagogical experiment, result analysis and justified conclusions, we believe that
the predominantly use of hurdle exercises can successfully be used in adolescents training process in order to

achieve better development of basic motor skill and athletic abilities.

Keywords: adolescents, hurdle exercises, experimental methodology

INTRODUCTION

Athletes training process is long educational
process aimed at forming, developing and perfecting
motor skills and abilities, educating and
development of physical and volitional qualities
including enriching knowledge for tactics involved in
sports. In this regards with its multifaceted impact
the hurdle exercises are among recommended
means that can be successfully used for achieving
certain objectives in the training process for juniors.

Based on a perspective we aimed at studying the
effect of predominantly use of hurdle exercises in
training process of adolescent athletes. For solving

this problem, we had to resolve the following
problems:

1. Examine the training level of adolescent
athletes involved in training process in sport
groups for beginners

2. Study the experimental methodology effect
with predominantly use of hurdle exercises
in adolescents training process

3. Revealing interrelation changes between
studied indexes showing the level of
physical abilities variation of athletes from
control and experimental groups
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METHODS

Object of our study are adolescent athletes
(beginners) - aged 12 - 13 (50 children). Subject of
the research are indexes revealing the level of
physical abilities development of beginner
adolescent athletes and the impact of predominantly
use of hurdle exercises in their training process. The
main experiment had duration of one year as in the

study were included 19 indexes (see Table 1). The
control group of children was training using the
Unified program of Bulgarian athletic Federation
(UP) edition 1985.

The experimental group used a training program
developed based on developed by us experimental
training model of adolescent athletes with
predominantly use of hurdle exercises.

Table 1. Research indexes

test name meai.;nred
X1 [Running 30 m (standing start) scc.
X2 | Standing long jump (forward) cm
X3 |Standing vertical jump (with both legs) cm
X4 | Throwing medicine ball (2 kg) with two hands over head m
X5 | Running 150 m (standing start) sec.
X6 |Male splits cm
X7 [Running 15 m (standing start) sec.
X8 |Running 15 m (flying) sec.
X9 [Running 30 m (between cones) scc.
X10 | Long jump from 8 running strides cm
X11 | Vertical jump from three running strides (from convenient foot) cm
X12 | Vertical jump from three running strides (from inconvenient foot) cm
X13 | Throwing medicine ball (2 kg) with two hands over head backwards m
X14 | Running 15 meters 10 times (shuttle running) sec.
X15 | Changing left and right cross lunge 10 times sec.
X16 | Agility coordination index

X17 | Speed - strength characteristic index

X18 | Jump asymmetry index

X19 | Speed endurance coordination index

RESULTS

As seen from Figure 1, a comparison of the data
from control and experimental groups reveals no

significant differences in the beginning of the
experiment.

£-0.03

8 Control group

@ Experimental group

Figure 1. Average performance of adolescents from control and experimental group in the begging of the

experiment
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In Tables 2 and 3 we present the data comparing
the average results from testing in the beginning and
in the end of the experiment for indexes from X1 to
X6. Table 2 presents the data for the control group
and Table 3 the values for the experimental group.

According to the empirical values of Students t-test
for dependent samples, all established values are
statistically significant and show improvement - this
is valid for control and experimental group.

Table 2. Variation analysis and improvement reliability of absolute (d) and relative (%) values - showing

the performance of the control group

. t— tabl
statistical Control group increase
test index t—emp a=0,05
beginning end d %
X1 X avg 48 4,67 0,13 27 12,36 2,06
Sx 0,16 0,14
V% 338 2,97
X2 X avg 188,76 196,4 764 | 405 | 58 | 206
Sx 15,22 12,53
V% 8,06 6,38
X3 Xavg 37,52 3047 195 | 52 | 31 | 206
Sx 429 438
V% 11,44 11,09
X4 X avg 8,45 8,72 027 [ 317 [ esr | 206
Sx 0,93 0,88
V% 11,05 10,07
X5 X avg 2337 23,11 02 | 112 [ 984 | 206
Sx 0,65 0,68
V% 2,77 2,96
X6 X avg 24,48 22,48 2 [ 817 [ eer | 206
Sx 19 2
V% 7,74 8,91

Table 3. Variation analysis and improvement reliability of absolute (d) and relative (%) values - showing

the performance of the experimental group

. t— tabl
test statistical Control group increase t—emp —
index 0=0,05
beginning end d %
X1 Xcp 48 4,66 -0,14 2,98 184 2,06
Sx 017 0,16
V% 344 3,39
X2 Xcp 19064 196,16 552 | 29 | 613 | 206
Sx 17,68 16,72
V% 9,28 8,52
X3 Xcp 37,48 30,04 156 | 416 [ a7 | 206
Sx 5,33 5,25
V% 14,23 13,44
X4 Xcp 9,17 945 028 | 30 [ 73 [ 206
Sx 1,26 1,23
V% 13,76 13,04
X5 Xcp 23,38 23,05 033 | 143 [ 103 [ 2086
Sx 0,67 0,72
V% 2,87 3,14
X6 Xcp 24,56 21,12 344 | 1400 | 83 [ 206
Sx 2,27 1,64
V% 9,26 7,77
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Variation analysis data of control and experimental group at the end of the experiment

x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15

| O control group

B experimental group

Figure 2

Comparing the results from the re-testing
between the control and experimental groups and
analyzing the first six indexes, we see significant
difference in favor of the experimental group only in
the index presenting the flexibility in hip joints. This
advantage is not surprising, because hurdle exercises
help the improvement of flexibility. Another reliable
difference among the first six indexes is strength of
arms and shoulders of children from the
experimental group (but we also found advantage in
this index during the first testing).

Comparative analysis of performance in the other
nine indexes revealing more athletic type of
information - there the advantage of the children
from the experimental group is undeniable.

The adolescents from the experimental group
were ahead of the control group in index X12 - we
explain this fact by the impact of hurdle exercises
applied in the experimental group. From this
perspective, we believe that there is a basis for use of

hurdle exercises as a mean to overcome asymmetry
in adolescent athletes.

We also find advantage of the children from the
experimental group in the following indexes: X13,
X15, X10, X11 and X12. Better results compared to
the control group we find also in indexes X7, X8 and
X9. Although not so highlighted but faithfully
observed advantage we find in indexes X14 and X15
performance.

According to the variation analysis results and
Student’s t-test there were not relevant and reliable
differences between the control and experimental
groups in these indexes in the first testing. Logically
therefore do not exist significant differences in the
correlation levels between indexes in the first
testing.

On the correlation matrixes presented on Tables
4 and 5 we see the changes in the interrelations
between the performance in the same six tests
carried out with the control and the experimental
groups - before and after the experiment.

Table 4. Correlation analysis results before and after the experiment for the control group (r=.37,

p=0.95%)
index
2 X2 | X3 | X4 | X5 | X6 -
g 0,824 | -0.899 | 0,956 | -0249 | X1 E
g 0829 | 08 [-0853]0289| x2 | §
21 x3 |[-0,875| 0903 0,771 5
ﬁ X4 |[-0911] 084 | 0806 :éz
E X5 | 0,98 |-0917-0,873 qé"
X6 |-0.149| 0037 [ -0.,011
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There are no significant interrelation changes in
the control group. The correlation gradation level in
the terms of interrelations between indexes remains
(see Table 4).

In the experimental group the correlation
changes after the experiment, as well as those in the
control group do not lead to changes in the

established and already analyzed gradation of
interdependence between examined six indexes.

We should note that unlike the control group,
here the correlation between the index presenting
flexibility and the other five indexes is statistically
reliable.

Table 5. Correlation analysis results before and after the experiment for the experimental group (r=.37,

p=0.95%)
indexes
= X2 | X3 | X4 | X5 | X6 -
g -0,88 |-0956| 0,946 | 038 | X1 E
g 0908 | 0926 [-0.958|-0441| X2 | §
21 x3 [-0,908]| 0951 0.852 5
? X4 |-0961| 0927 | 0,877 :éz
E X5 | 0,951 | -0.958 | -0.937 qé"
X6 | 0,093 | -0,157 | -0.037

Tables 6 and 7 present the correlation matrixes corresponding to the control and experimental group with

the results from the second test.

Table 6. Correlation matrix of control group - testing after the experiment

X1 X2 X3 X4 X5 X6 X7 X8 X9 | X10 | X11 | X12 | X13 | X14 | X15 | X16 | X17 | X18 | X19
X1 1
X2 | -0839 1
X3 | -0824| 0829 1
X4 |-0899| 05 | 07 1
X5 | 0926 | -0.833]-0.846 | 0,809 1
X6 | -0249| 0289 | UGB ) OLZE | 0| 1
X7 | 0951 | 084 | -0847) 0525) 0943 | 0,231 1
X8 | 0507 | -07 |-D4560) 0856) 0815 | 0227 0,732 1
X0 | 0,966 | -0.844 ] -0819] 0355) 0,953 | 0,173] 0,913 | 0,375 1
X10 | -0.88%| 0,779 | o8l § @822 § 0.9 | 0,795 | 0596] -0.724 | -0,851 1
X11 |-0846| 0,814 | 0938 | 0.789 | 0.355 ) 0,703 | 0352] 0.699) 0353] 0385 1
X12 | -084%| 0811 | ;549§ @84 {08681 0117} 054 | 0.722) 0384 | 084 | 0939 1
X13 | -0.878| 0788 | 0,749 | 0971 | 0,3M | 0,164 | 0,791 | 0,356 0,335 | 0,516 | 0,774 | 031G 1
X14 | 0125 | -0,215]-0,Z86] 0,185) 0,145 | 0,103 0,139 | 0,085 | 0104 | 0,042 | 0,206 | 0,217 0,065 1
X15 | 0,927 | -0,828 | -0 868 | 03671 0,944 | 0,132] 0,501 | 0,312 | 0923 | 0,943 | 0,559 | 0,997 | 0.836| 0,095 1
X16 | 0,828 | -0,768 | -0,733| 07191 0,358 | 0,072) 0,783 | 0,75 | 0945 | 0,505 | 0,773 40,747 40,7 | 0,065 | 0,827 1
X17 | 0447 | 05 |-0.5560 03150 0527 | 0,100 0,700 | 0,025 | 0432 | 0,547 | 0,519 | 4,477 0,265) 0,115 | 0472 0371 1
X18 | 055 | 0544 | 25954 84 (85T 8349 059 | 0407) 0592 0,583 | 0,734 | 0,557 | 0419 ) 011 | 0567 0588 8435 | 1
X19 |-0.206| 0081 | oubs | 003 §-0.202 ) 0,038) 0155 0,199 0,226 | 0,344 | 0,091 | 0,055 | 0,235 | 094 | -0,233) 0,228 | 0,068 | 0,075 1

We can note from Table 7 (presenting data for
the experimental group) the correlation between
dynamic flexibility index with indexes X1 - X6 (all
these correlations are significant). There is also
reliable correlation between indexes X14 and X19.
The results from the control group are below the
critical limit for statistical significance for correlation
(r=0.37). From this fact we can conclude that the use

of predominantly of hurdle exercises has a positive
effect on the development of these physical abilities.
Another example for differences between control
and experimental groups is associated with the
strength correlation coefficients - concerning index
X18. Almost all correlations concerning this index
are below the critical value. This gives us the reason
to believe that the influence of the experimental
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model reduced the impact of asymmetry on the
motor sKills display.

Significant differences between the groups were
observed on correlation between the following
indexes: X6, X10, X14, X18 and X19. With the first
three of the indexes, we do not find statistically

significant correlations with the control group. With
X18 there is statistically significant correlation.
These results are in contrast to the established
correlation with false statistical significance in the
experimental group.

Table 7. Correlation matrix of experimental group - testing after the experiment.

X1 | x2 | x3 | x4 | x5 | x6 [ x7[x8[x0]xo]xu|x2|[x13]x4|x1s|x16]|x7]x18]x10
x| 1
x2 |-08s1] 1
x3 | oss|oss| 1
X4 |-0956] 0926 | 0gs2| 1
X5 | 0,946 [ -0938[-0897 | 0939] 1
X6 | 038 |-0441] 0375 0473|0394 | 1
x7 | 098 | -0828| 0,84 0933] s3] 03m2| 1
X8 | 096 |-0913[-0879| 0938 0346 | 0359 [ 0mes | 1
xo | 096t [-087:] 081 |0952] ng3 Loztalomszlosin| 1
X10 [ -0.939| 0955 | 0903 | 0932 | 9,972 | 044 0908 0534 | -0927] 1
x11 | -0908| 091 | 9340 0392 | 0908 | 0,319 0595| 0369 0396 09 | 1
x12 | -0925| 091 | ugss | ases { ooy 0308) 005! 0591|0878 0527 [ 092 | 1
x13 | -0957| 0915 | ngdt | oges | a9H| -031 |-0933] 0937 0953 | 0929 | ng9 fussr| 1
X14 | 0954 | -0921]-0856) 0346 0955 | 0376 | 094 | 0922 0969 | 0947 099y oz 0939| 1
x15 | 0,934 | -0902]-0841) 0932 0348 [ 0371 | nsos | 092 [ ng3s| 094 | 09 {ass | 0o ome| 1
X16 | 0.556 | -0575| 0,38 | 0,631 0,588 | 0.266 | 0,593 | 0499 | 0764 | -0.5950 0575 | w482 | D031 0689 | 0.3 | |
x17 | 0801 | -0362] 08194 0,73 {082 | 0177 | 089 | n.e02| o |nessl ol ars] a7 om0 | ased| 1
x18 | -0.223| 0286 | 0168 | 0278 | 0738 | 0,143 0244 0193 0353] 0798 | 0424 [ nagp § 8247 { w3es) 03wl 5| 02| 1
x10 | 078 |-06s2|-0821{ 0773 @97 [0275| 08 | o] oses| 07| 07ss| 07 |onms|ows| o) 0z [0 05| 1
In conclusion on the basis of the successful sport
CONCLUSION - pedagogical experiment, result analysis and
In accordance with the purpose and tasks of the justified conclusions, ~we believe that the
study were differentiated the following conclusions: predominantly use of hurdle exercises can

1. As the established in practice training
system based on the UP and the new
experimental model for training adolescent
athletes lead to substantial and reliable
development of basic motor and specific
athletics abilities in children.

2. The results from the sport - pedagogical
experiment proved positive effect of the
applied experimental model for training
adolescent athletes with predominantly use
of hurdle exercises.

3. The positive contribution from the use of
our experimental model is linked with
statistically reliable development of physical
abilities in terms of speed in sprint running,
speed - strength abilities, coordination
abilities, and the ability to overcome the
asymmetry in jumping from one leg.
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successfully be used in adolescents training process
in order to achieve better development of basic
motor skill and athletic abilities.
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SUMMARY

Introduction: Shot put discipline emphasized to both technical and physical capacity of the thrower. The
technical characteristic of the discipline presume highly developed coordination abilities under definite conditions
according to the physical abilities, leading to full realization.

Methods: The aim of the following research is to improve the management of shot put throwers preparation
with the use of modeling technical abilities of elite shot put throwers and its immediate application in sports
practice. The study analyzes nine key indexes of shot put technique observed in 46 attempts of 16 throwers, used
glide throwing technique

Results: The average value of the sport result is 20,68 m which indicates the high qualification level of the
researched athletes. The investigated 46 cases range is 3,51 metes. This values present changes in sport and
technical abilities of shot put throwers from early years in sport to elite sport in world aspect. The distance
between the shot and support in the begging of the throwing (X1) correlates marginally with the sport result -
r=0,319. A similar situation is observed with index X7 - r=0,112, X8 - r=-0,215, and X9 - r=-0,023. The shot put
thrower technique modeling is made with the help of regression method. All research indexes having significant

correlation (r>0,5) with the sport result.

Conclusion: With the increase of sport result from 19 to 22.50 meters, we observed changes in motor act

which will be very useful to sports practice.

The improvement of shot put throwers training process requires:

1. Development of individual models for technical evolution in qualification aspect of throwers reached world level

sport results.

2. Expanding and enriching the research set of indexes used for technical potential control of the motor act from

beginning to the final effort of the throwing.

Key words: shot put, men, modeling technical abilities

INTRODUCTION

Shot put discipline emphasized to both technical
and physical capacity of the thrower. The technical
characteristic of the discipline presume highly
developed coordination abilities under definite
conditions according to the physical abilities, leading
to full realization.

The problem of development of technical and
speed - strength capabilities of elite shot put
throwers as a precondition for success in the
discipline is an interest to both coaches and athletes.
Sport theory and practice has a large amount of data

in this area stored over the centuries during the
development of modern shot put. Knowledge
continuously enriches grows and explains the
progress and development of the discipline
throughout the world - the first world record of
15,09 meters (set by R. Rose in 1909), reached 23,12
meters in 1988 (set by R. Barnes).

Shot put technique is also undergoing continuous
development and revolutionary changes to reach its
present state - shot put throwing glide and spin
technique, as we know them today. Till now the best
results in the discipline were achieved by athletes
throwing by two ways: first 23,12 meters (R. Barnes)
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- spin, and second 23,06 meters (D. Timmermann) -
glide.

Our focus is on the technical abilities of shot put
throwers (shot put throwing glide) - to be
researched, get into individual characteristics,
knowledge and modeling for immediate implement
in sports practice.

METHODS

The aim of the following research is to improve
the management of shot put throwers preparation
with the use of modeling technical abilities of elite
shot put throwers and its immediate application in
sports practice.

The study of the technical abilities of the shot put
throwers was made by analyzing nine key indexes of
shot put technique observed in 46 attempts of 16
throwers, used glide technique (see Table 1).

Table 1
Shot put throwers included in the study
U. Bayer A. Bagach
T. Mayevski G. Todorov
D. Strol V. Hristov
W. Gunter V. Stoev
Al. Andrey M. Kyoshev
R. Matson N. Hristov
R. Virastyuk R. Despotov
O. Sv. Buder

We used nine indexes to get into the nature of the
technical potential of shot put throwers (see Table

2). They give current information about motor action
quality in shot put throwing.

Table 2 Examined indexes of shot put throwers technical potential.

index title measured in accuracy

Y Sport result m 0,01
Distance between the shot and support point at the

X1 A ) cm 1
beginning of pushing
Distance between the shot and support point at the begging

X2 . cm 1
of the final effort

X3 Difference between: X2-X1 cm 1

X4 Height of the release of shot cm 1
Difference between the height of release of the shot and

X5 ) cm 1
height of the thrower

X6 Angle in the right knee joint at the beginning of pushing degrees 1

X7 Angle in the right knee joint at the beginning of the final effort degrees 1

X8 Trunk bent at the beginning of the final effort degrees 1

X9 Shot release angle degrees 1

X10 Stride length during the final effort cm 1

For achieving the aim of the following study, we
used the following research methods:

1. Methodological analysis of scientific
literature.

2. Film and video analysis.
Sports and pedagogical analysis.

4. Statistical analysis:
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e variance analysis - to assess the mean
(Xavg), minimum (Xmin) and maximum
(Xmax) values of the examined parameters,
standard error of estimate (Mx), the
coefficients of kurtosis (e), skewness (a),
variation (Vx), range (R) of the result in the
corresponding index;

e Correlation analysis;
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e Graphical analysis;

e Regression method - for creating models for
speed - strength development and
quantitative assessment of the
corresponding ability.

RESULTS

In Table 3 is presented the research data
variation analysis. The average value of the sport
result is 20,68 m which indicates the high
qualification level of the researched athletes. The
investigated 46 cases vary between 19,13 (Xmin)
and 22,64 (Xmax) - Range (R=3,51). This values

present changes in sport and technical abilities of
shot put throwers from early years in sport to elite
sport in world aspect. This suggests the ability to
track changes in other indexes included in our study
in relatively wide range.

The coefficient of variation attests that in all
indexes we observe high level of data homogeneity -
V% range is between 2,69% and 13,58%.

The data homogeneousness is also confirmed by
the coefficients of kurtosis (Ex vary between -0,69
and 1,25) and skewness (As ranges between -1,12
and 0,29).

Table 3 Variance analysis of shot put throwing - glide.

Y X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
Xavg | 20.68 | 81.87 | 123.00 | 41.37 | 218.72 | 27.33 | 115.13 | 138.48 | 51.28 | 38.00 | 115.78
Mx | 012 | 080 | 133 | 083 | 0.78 | 0.54 | 0.46 137 | 029 | 0.23 | 1.07
Me |20.50 | 81.00 | 125.00 | 42.00 | 218.00 | 27.00 | 115.00 | 141.00 | 52.00 | 38.00 | 116.50
Mo |20.13|81.00 | 130.00 | 42.00 | 217.00 | 26.00 | 115.00 | 145.00 | 53.00 | 38.00 | 110.00
Sx [ 084 | 542 | 9.04 | 562 | 530 | 3.63 | 3.10 929 | 195 | 1.88 | 7.27
Sx2 | 0.70 [29.40 | 81.69 |31.57 | 28.12 [13.20| 9.63 | 86.30 | 3.81 | 2.49 | 52.89
Ex |-047] 047 | -055 | 0.24 | -0.32 | -0.38 | -0.69 125 | 1.09 | 1.68 | -0.50
As | 029 | 0.21 | -058 |-0.53 | 041 | 0.20 | -0.24 | -1.12 | -1.02 | -0.99 | -0.51
R 3.51 | 25.00 | 35.00 | 24.00 | 21.00 | 15.00 | 12.00 | 45.00 | 9.00 | 8.00 | 26.00
Xmin | 19.13 | 70.00 | 101.00 | 27.00 | 209.00 | 20.00 | 110.00 | 110.00 | 45.00 | 33.00 | 100.00
Xmax | 22.64 | 95.00 | 136.00 | 51.00 | 230.00 | 35.00 | 122.00 | 155.00 | 54.00 | 41.00 | 126.00
Vx% | 405 | 6.62 | 7.35 [13.58| 2.42 |[13.30| 2.69 6.71 | 3.80 | 415 | 6.28

So given the variation analysis of the research
data allows us to apply the relevant statistical
methods for modeling the technical preparation of
shot put throwers.

The results from the correlation analysis is
presented on Table 4.

On Figure 1 is presented the correlation model of
sport technique reflecting the degree of
interdependence between sport result and indexes
presenting technical potential. In the following, we
analyze these relationships.

The distance between the shot and support in the
begging of the throwing (X1) correlates marginally

with the sport result - r=0,319. A similar situation is
observed with index X7 (angle in the right knee joint
at the beginning of the final effort) - r=0,112, X8
(body incline at the beginning of the final effort) r=-
0,215, and X9 (release angle of the shot) r=-0,023.
The low level of correlation between some of the
indexes does not mean that those indexes are not
essential for the athlete throwing technique. In the
researched sample are included athletes with high
sport qualification who perform these technical
elements with very small deviations in space.
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Table 4 Correlation matrix of shot put throwing - glide.

Y X1 X2 X3 X4 X5 X6 X7 X8 X9 | X10
X1 ] 0319 | XXX
X2 | 0494 | 0.779 | XXX
X3 | 0.437 | 0.312 | 0.817 | XXX
X4 | 0.584 | 0.253 | 0.311 | 0.227 | XXX
X5 | -0.203 | -0.608 | -0.428 | -0.130 | 0.090 | XXX
X6 |-0.414 | -0.239 | -0.379 | -0.355 | -0.402 | 0.128 | XXX
X7 | 0.112 | 0.174 | 0.207 | 0.149 | 0.006 | 0.190 |-0.092 | XXX
X8 |-0.215| 0.193 | 0.112 | 0.015 | -0.495 | -0.020 | 0.306 | 0.332 | XXX
X9 |-0.023 | 0.031 | 0.072 | 0.118 | 0.056 | 0.295 | -0.077 | 0.362 | 0.469 | XXX
X10 | 0.646 | 0.337 | 0.391 | 0.316 | 0.674 | -0.065 | -0.394 | 0.020 | -0.292 | 0.161 | XXX

K

4
110

415

Figure 1. Correlation model of sport result - shot put throwing.

The technical mastery between the area of world
elite and the top world elite can be found in the other
five indexes. The correlation degree between these
five indexes and the sport result is significantly
higher.

The distance between the implement and the
support (X2) correlates with the sport result with
r=0,494. Similar is the situation with the next index -
X3 (difference between X- and X1) - r=0,437. These
two relations show that with the increase of sport
result is observed also “straightening” of the athlete
before the most important part in the throwing - the
final effort which somehow contradicts with
biomechanical logic. Obviously, there is influence of
other factors, especially the speed of motor act,
which is increasing with the athlete qualification.
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Perhaps here we should seek reserve in shot put
technique - increasing the incline as a precondition
for a longer impact on the implement afterwards.

The release height (X4) is crucial to throwing in
which the throwing distance is not so great.
Therefore such a degree of correlation (r=0,584) is
easily explainable.

Here we must add the next interdependence
between the sport result and X5 (difference between
implement release height and athlete height) - r=-
0,203. This insignificant degree of correlation (with
negative sing) is explained with similar to X2 and X3
arguments.

The last high degree of correlation with sport
results we find in index X10 (stride length during the
final effort) r=0,646. This is confirmation for the
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important role of the long impact in the implement
during the final effort. This in its essence is primarily
transitional by the direction and the increase of

stride length leads to increased impact on
implement.

The reduced number of  significant
interdependence links between related or derived
indexes does not require explanation and
interpretation.

The shot put thrower technique modeling is
made with the help of regression method (see Table

5). Technical abilities are modeled on the basis of all
research indexes having significant correlation
(r>0,5) with the sport result. In our case we model
all indexes, as shaded indexes are those with
coefficient of correlation level reaches or exceeds
0,5. These indexes are X2 (distance between the
implement and support in the beginning of final
effort), X3 (difference between X2 and X1), X4
(implement release height), X6 (angle in the right
knee joint at the begging of the throwing) and X10
(stride length during final effort).

Table 5 Regression models of shot put throwing - glide.

Regular models ry/x Reverse model
Y=a+hX S y/x X=a+hbY S xly
Y = 16.642+ 0.049.X1 0.802 | 0.319 | X1=39.097+2.069.Y | 5.197
Y = 15.053+ 0.046.X2 | 0.736 | 0.494 | X2 =12.734+5.333.Y | 7.948
Y =17.981+ 0.065.X3 | 0.761 | 0.437 | X3 =-19.348+2.937.Y | 5.110
Y =0.512+ 0.092.X4 0.687 | 0.584 | X4 =142.172+3.702.Y | 4.352
Y =21.951-0.047.X5 0.829 | 0.203 | X5 =45.533-0.881.Y 3.598
Y = 33.516—0.112.X6 0.770 | 0.414 | X6 =146.839-1.534.Y | 2.857
Y =19.273+ 0.010.X7 | 0.841 | 0.112 | X7 =112.682+ 1.248.Y | 9.335
Y = 25.403-0.092.X8 0.826 | 0.215 | X8 =61.648-0.501.Y 1.927
Y =21.140-0.012.X9 0.846 | 0.023 | X9 = 38.899-0.043.Y 1.595
Y =12.067+ 0.074.X10 | 0.646 | 0.646 | X10 =-0.323+5.616.Y | 5.613

In the Table 5 we present the regression models,
standard deviation (Sy/x) and correlation coefficient

(ry/x).
CONCLUSION

With the increase of sport result from 19 to 22.50
meters, we observed the following changes in motor
act indexes:

e distance between the shot and support in
the begging of the throwing - from 70 to 95
centimeters;

e distance between the shot and the support
in the begging of the final effort - from 100
to 135 centimeters;

e difference between the distance between
the shot and the support in the beginning of
the throwing and in the begging of the final
effort - from 27 to 51 centimeters;

e implement release height - from 209 to 230

centimeters;
o difference between implement release
height and thrower height - from 20 to 35

centimeters;

e angle in the right knee joint at the beginning
of the throwing - from 122 to 110 degrees;

e angle in the right knee joint at the begging of
the final effort - from 110 to 155 degrees;

e body incline at the begging of the final effort
- from 45 to 54 degrees;

e shotrelease angle - from 33 to 41 degrees;

o stride length at the final effort - from 100 to
126 centimeters.

The improvement of shot put throwers training
process requires:

1. Development of individual models for
technical evolution in qualification
aspect of throwers reached world
level sport results.

2. Expanding and enriching the research
set of indexes used for technical
potential control of the motor act from
beginning to the final effort of the
throwing.
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SUMMARY

Introduction: Training of highly qualified athletes in middle distance is a complex systematic process of

building a high functional abilities which could be implemented in high sports results. The maximum oxygen
uptake is one of the physiological factors associated with endurance. The efficiency of the work is determined by
the achievement of reaching high speed running with lower oxygen uptake, therefore with increasing speed and
maintaining the level of oxygen uptake observed economization.

Methods: The subject of the research is the determination of the specific physical performance in lab
conditions. Object of the research are 33 highly qualified woman runners in middle distance. The athletes were
subjected to maximum tiered test to failure of treadmill of increasing load for evaluation of aerobic capacity.

Results: Compared to other similar researches, Bulgarian middle distance woman runners showed high levels
of VO,max/kg and Smax. This high aerobic power is materialized in a high speed, which means-effective in specific
physical performance. Therefore, we can define the economy in spending on energy resources, respectively
aerobic potential, as one of the main advantages of the woman runners in middle distances.

Conclusion: Achieving high levels of VO,max/kg is directly related to increasing running speed; Maximum
speed and maximum oxygen uptake are reliable marks of the specific physical performance in female athletes of
middle distances; The effectivities of the training process is determined by the achievement of a higher speed in a
lower consumption of oxygen; Developed standards are for assetements and control of the effectivities of the

training process and should be scored together and to be consistent with data from lab tests of one of them.
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INTRODUCTION

Training of highly qualified athletes in middle
distance is a complex systematic process of building
a high functional abilities which could be
implemented in high sports results.

The maximum oxygen uptake is one of the
physiological factors associated with endurance. In
addition the maximum oxygen consumption
assessment of the level of resistance depends on the
economy of running [4].

The efficiency of the work is determined by the
achievement of reaching high speed running with
lower oxygen uptake, therefore with increasing
speed and maintaining the level of oxygen uptake
observed economization.

Some authors [1, 2, 7] found that athletes with
the same level of the VO,max have significant

differences in sports achievements and the opposite
- athletes with identical or very small differences
between the achievements show different levels of
VO,max [1, 7].

Economy of running allows athletes to run with
lower energy stocks at the same speed. Competitors
with a more economical running can reach higher
speeds at the same energetic cost [11].

Di Prampero found that increasing of economy by
5% in the middle-distance runner sports results
increases by 3.8% [8].

Some authors have demonstrated that African
runners had an advantage over European because of
the economy of running [5]. According to Larsen et
al. [2003] this economy comes from the lower mass
of the legs.

Other authors have also established the economy
of African runners. Research in this area suggests
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that African runners exhibit more economical
running, developing a higher speed with lower
oxygen uptake [14].

VO,max criterion is not only the capacity of
systems to transport oxygen, but does its
performance in a more generic aspects of the
concept. That is why high aerobic capacity is a
prerequisite for high sports result not only in
athletics, but in all sports. [1]

The degree to which VO,max can be increased
depends on the training. Some authors consider that
VO,max is genetically predetermined. According to
them, the passage of this genetic ceiling is almost
impossible and yet further increase the intensity and
volume of training effects not observed effects on
aerobic power [6].

Upon reaching the plateau VO,max further
improvements in performance depend on training.
This is because the athlete is able to maintain
VO,max for a longer period of time. [12] There are
two main reasons for this improvement in anaerobic
threshold and economization. Therefore reach a
maximum speed of running is the other criteria for
specific physical performance, as different players
can have the same level of aerobic energy, but can
reach it at different speeds.

According to most authors investigating VO,max,
maximum values in women is between 56-65 ml /
kg. Similar studies of V. Heyward [1997] estimated
maximum assessment VO,max / kg is over 55.9 ml /
kg.

The purpose of this research is concluded of
increasing the efficiency of the training process for
female competitors of middle distance, by
establishing standards for the evaluation and control

of specific physical performance in laboratory
conditions.
The objective implies the following tasks:
1 Study of the functional abilities of middle
distance female runners in the laboratory.
2 Preparation of tables with norms for their
specific physical performance.

METHODS

The subjet of the research is the determination of
the specific physical performance in lab conditions.

Object of the research are 33 highly qualified
woman runners in middle distance.

The athletes were subjected to maximum tiered
test to failure of treadmill of increasing load for
evaluation of aerobic capacity (by I. Iliev). During the
entire loading gas analyzing apparatus, reactions on
the respiratory and cardiovascular systems.

Later in the results of the functional research was
used individual maximum speed (Smax), associated
to the maximum oxygen uptake (VO,max / kg).

The data were systemize to statistical processing
programs by IBM SPSS Statistics 21.0 and Microsoft
Excel.

In the processing and interpretation of the data
we applied the following statistical methods:

1 Variation analysis.
2 Sigmal method for developing regulations.
3 Comparative Analysis.

RESULTS

Table 1. shows the analysis of variance of the
results of VO,max/kg (ml)

Table 1. Variance analysis of VO,max/kg (ml)

n Xmin Xmax R

m]n] S \'} As Ex

33 51.0 64.3 13.3

58.2 3.5 6.04 -0.44 -0.53

The number of athletes is 33. VO,max / kg (ml)
varied between 51.0 and 64.3 ml / kg. The average
value of the indicator is 58.2 ml / kg, and the
coefficient of variation V = 6.04% shows that the
scattering of the values is small. Coefficients of
asymmetry and excess, which in absolute value are
less than 1, shows that the distribution of the
variable is normal. Sample is big enough (n> 30),
making the correct application of sigmal method for
developing regulations.
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The maximum running speed of athletes is
between 16.8 and 20.0 km / h (table 2.). The average
is 17.9 km / h and the coefficient of variation (V =
5.11%) indicates that research contingent persons
homogeneous in this mark. The values of the
coefficients of asymmetry and excess shows a
normal distribution of the variable. Sample is big
enough (n> 30), which makes the correct application
of sigmal method for developing regulations.
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Table 2. Variance analysis of Smax

n Xmin Xmax R

oo S \") As Ex

33 16.8 20.0 3.2

17.9 0.9 5.11 0.33 -0.73

Table 3. presents estimates developed VO,max /
kg (ml). Excellent evaluation value is VO,max / kg
(ml) over 63.80 ml / kg, very good from 60.65 to

63.80 ml / kg, good from 55.75 to 60.65 ml / kg, the
middle from 52.60 to 55.75 ml / kg and less than
52.60 ml / kg.

Table 3. Norms of VO,max / kg (ml)

Norms of VO,max / kg (ml)
Low less than 52.60
Middle from 52.60 to 55.75
Good from 55.75 to 60.65
Very good from 60.65 to 63.80
Excellent over 63.80

Table 4. shows marks of the maximum speed of
woman runners. Excellent assessment is reaching
speed more than 19.34 km / h, very good from 18.53

to 19.34 km / h, good from 17.27 to 18.53 km / h,
middle from 16.46 to 17.17 km / h and less than
16.46 km / h.

Table 4. Norms of Smax

Norms of Smax (km/h)
Low less than 16.46
Middle from 16.46 to 17.27
Good from 17.27 to 18.53
Very good from 18.53 to 19.34
Excellent over 19.34

DISCUSSION
Table 5. Distribution of researched woman athletes with mark VO,max/kg(ml)
Assessment n %
Low | Less than 52.60 4 12
VO, max/kg (ml) Middle | from 52.60 to 55.75 3 9
Good | from 55.75 to 60.65 19 58
Very good | from 60.65 to 63.80 6 18
Excellent | over 63.80 1 3

VO,max/kg. Table 5. shows real assessment of
the maximum oxygen uptake of the researched
woman athletes.

In the majority of athletes - 19 (58%) of the IRP is
in the range of 55.75 to 60.65 ml / kg (good), 4 of
them (12%) VO,max are less than 52.60 ml / kg, 3 of
them (9 %) are below the average score on this

indicator (52.60 - 55.75 ml / kg), 6 athletes (18%)
received very good score (60.65 - 63.80 ml / kg) and
one athlete has the VO,max over 63.80 ml / kg,
which is the highest score.

Smax. Table 6. shows the estimates of the actual
top speed of the tested athletes.
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Table 6. Distribution of researched woman athletes with mark Smax

Assessment n %
Low | less than 16.46 0 0
Middle | from 16.46 to 17.27 11 33
Smax (km/h)
Good | from 17.27 to 18.53 15 46
Very good | from 18.53 to 19.34 6 18
Excellent | over 19.34 1 3
It comes to my attention that none of the
REFERENCES

researched woman runners is not with "low"
assessment. 11 of them (33%) received "middle",
and almost a half (46%) reached a top speed in the
range of 17:27 to 18:53 km / h, which puts them
"good" evaluation. Six runners (18%) reached a
maximum speed of between 18.53 and 19.34 km / h,
which according to the normative tables "very good"
evaluation. Only one researched woman runner
managed to reach the maximum score (over 19.34
km / h).

Compared to other similar researches, Bulgarian
middle distance woman runners showed high levels
of VO,max/kg and Smax. This high aerobic power is
materialysed in a high speed, which means-effective
in specific physical performance. This fact could be
seen from the data presented in Table 6. Therefore,
we can define the economy in spending on energy
resources, respectively aerobic potential, as one of
the main advantages of the woman runners in
middle distances.

CONCLUSION

e Achieving high levels of VO,max/kg is
directly related to increasing running speed;

e Maximum speed and maximum oxygen
uptake are reliable marks of the specific
physical performance in female athletes of
middle distances;

o The effectivities of the training process is
determined by the achievement of a higher
speed in a lower consumption of oxygen;

o Developed standards are for assessments
and control of the effectivities of the training
process and should be scored together and
to be consistent with data from lab tests of
one of them.
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SUMMARY

Introduction: The aim of this study was to determine correlations between kinematic parameters of the first
flight phase and maximal height of body’s center of gravity in the second flight phase during Tsukahara layout
vault.

Methods: The study sample consisted of 12 male Serbian gymnasts, competitive, international level, including
4 seniors (mean * SD: age 22.5 * 2.8 years, body mass 67.5+ 5.4 kg and body height 171.5 + 3.1 cm) and 8 juniors
(mean #* SD: age 16.13 + 1.1 years, body mass 57.1 + 10.3 kg and body height 163.8 + 11.6 cm). Each gymnast
performed three attempts of the vaults and the best attempt was taken for further analysis. The following
kinematic parameters were analyzed: flight time (s), contact time with one hand (s), contact time with both hands
(s), hand distance (m), elbow angle (deg), shoulder angle (deg), hip angle (deg) and the height of the body’s centre
of gravity (HBCG) in the second flight phase (m).

Results: There is a significant correlation between hand distance on the vaulting table (r=-.654, p=.021) and
body center of gravity height in the second phase, and also strong correlation between elbow angle at contact
phase and body center of gravity height in the second flight phase (r=.869, p=.000). Selected kinematic parameters
explained over 87% of the body’s centre of gravity in the second flight phase. The height of the body center of
gravity in the second flight phase can be considered as one of the important parameters that can provide progress
in achieving success on this apparatus.

Conclusion: The main value of this investigation is that it provides results for every gymnast separately and
enables a discussion between coaches and gymnasts individually about mistakes and possibilities for their
corrections. Every gymnast should have insight at the weakest points of his techniques and correct them during
preparation period. The vault is an apparatus that gives possibility to progress fast and without special conditions

and financial factors, unlike other apparatus.

Keywords: gymnastics, flight phase, contact time, vaulting table

INTRODUCTION

There are a lot of investigations about factors
that influence the vault jump in gymnastics, such as
morphological characteristics of the gymnasts, run
velocity, length of flight on the springboard, duration
of board contact, position of feet from springboard
edge, duration of the first flight phase, duration of
support on table phase, duration of the second flight
phase, height of jump, moment of inertia in x and y
axis, distance from take-off second flight phase, and
landing (Cuk & Karacsony, 2004; Atikovié, 2012).
The gymnast builds up kinetic energy during a sprint
and that energy is partitioned into linear and angular

momentum during the springboard phase.
Numerous investigations focus on run-ups for vault
(Cuk, Bricelj Buéar, Tursi¢ & Atikovié, 2007;
Velickovi¢, Petkovi¢, & Petkovi¢, 2011). Run-up
characteristic and set springboard vaulting table
distance dictate the linear and angular momentum
carried into the vaulting table. While having contact
with the vaulting table, the gymnast interacts with it
and thus refines the post flight linear and angular
momentum requirements to achieve the vault’s
desired distance, height and rotations. To enable the
gymnast’s safe landing and prevent additional steps
or a fall, landing with the correct body angle
increases the chances of “sticking” the landing by

63



FIS Communications 2014

enabling the gymnast to successfully utilize the
ground reaction forces in stopping rotation and
therefore, achieves less relying on musculature
(Atikovi¢, 2012). Of course, the ideal performance of
vaults with rotations in the second flight phase
implies fully completed rotation before landing.

The lack of height of second flight phase implies a
specific deduction for execution of vault and lower
final score, therefore this parameter was accented in
researches. Optimization of the table contact phase
technique showed that there was very little potential
for improvement in post-flight height with an
increase of only 0.05 m. When the touchdown
configuration was varied along with table contact
phase technique there was more potential for
improvement in second flight height with an
increase of 0.14 m. This increase was achieved
through a higher orientation angle at contact and a
more open shoulder angle (Jackson, Yeadon, & Hiley,
2011).

The aim of this study is to investigate correlations
between kinematic parameters of the first flight
phase, contact phase and maximal height of body’s
center of gravity in the second flight phase during
Tsukahara layout vault performed by Serbian male
gymnasts. This vault is considered as basic for
performing complex vaults with rotation around
longitudinal axe in the second flight phase that will
produce higher difficulty value of the vault.

METHODS

Participants

The study sample consisted of 12 male gymnasts,
competitive, international level, including 4 seniors
(mean * SD: age 22.5 * 2.8 years, body mass 67.5%
5.4 kg and body height 171.5 + 3.1 cm) and 8 juniors
(mean * SD: age 16.13 * 1.1 years, body mass 57.1 *
10.3 kg and body height 163.8 + 11.6 cm). The
gymnasts performed the Tsukahara layout vault on
the training sessions. The gymnasts performed three
trials, but for the analysis we choose technically the
best performed, according to two international
gymnastics judges’ opinion.

The protocol of the study was approved by the
Ethical Committee of the Faculty of Physical
Education and Sports, University of Nis and
according to the revised Declaration of Helsinki. The
investigation was performed during the preparation
period. The coaches were informed about the
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experimental procedures and the possible benefits of
the project.

The study protocol was applied for every subject.
In addition to the results, the basic anthropometric
parameters (body height and body weight) and the
age of the gymnasts were registered in the study
protocol.

Measures

We calculated next kinematic parameters:

Flight time (FT): The time between leaving the
springboard and the first contact of the gymnast’s
hand with the vaulting table, expressed in seconds
(s)-

Contact time with one hand (CH): Duration of
support with one hand on the table phase, expressed
in seconds (s).

Contact time with both hands (CT): Duration of
support on table phase with both hands, expressed
in seconds (s).

Hand distance (HD): Distance between positions
of hands on the vaulting table, expressed in meters
(m).

Elbow angle (EA): The angle of the elbow joint of
the first contact hand and vaulting table contact,
expressed in degrees (deg).

Shoulder angle (SA): The angle of the shoulder
joint of the second contact hand in the moment of
support on the vaulting table, expressed in degrees
(deg).

Hip angle (HA): The angle of the hip joint in the
moment of support on the vaulting table, expressed
in degrees (deg).

Height of Body’s centre of gravity (HBCG): The
maximal height of the body’s centre of gravity during
second flight phase in relation with vaulting table
height (m).

Body height and body mass were measured
according to the instructions of the International
Biological Program-IBP (Weiner & Lourie, 1969). A
GPM anthropometer (Siber and Hegner, Zurich,
Switzerland) was used for measuring to the nearest
0.1 cm. Body mass was measured by a precision
scale (Bilance SALUS, Milan, Italy) to the nearest 0.1
kg.

The gymnasts performed three trials of
Tsukahara layout vaults during training. The trials
were filmed and the best technically performed trial
was chosen for the analysis. Vaults were filmed with
Casio FX Camera at speed of 300 frames in a second.
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Camera was positioned lateral to the direction of
vault performance and 5 meters from the edge of the
vaulting table. Parameters were calculated using
software for 2D Kinematic Analysis “Human”,
version 6.0 (2005), HMA Technology.inc, Canada.

Statistical Analysis

The Statistical Package for Social Studies SPSS
(v11.0, SPSS Inc., Chicago, IL) was used for the
statistical analysis. Descriptive statistics were
calculated for all experimental data and reported as
Minimum, Maximum, Means, Standard Deviations,
Skewness and Kurtosis. Pearson’s coefficient of
correlation was calculated in order to determine the
correlation between parameters and a linear
regression analysis between selected kinematic

parameters HBCG in the second flight phase (method
Enter). The statistical significance was set at p < 0.05
and 0.01 levels.

RESULTS
Descriptive statistics is presented in Table 1. The
results of the Pearson correlations between

parameters are presented in Table 2. height of
Body’s centre of gravity (HBCG) which is statistically
significant and in correlation with the two
parameters: hand distance (HD) and elbow angle
(EA). There is not significant correlation between
chosen time parameters: duration of the first flight
and contact of hands and vaulting table.

There is statistically significant correlation
between chosen parameters of the first flight phase
and parameters of the table contacts (Table 2).

Table 1. Descriptive Statistics
Minimum Maximum Mean Std. Deviation Skewness Kurtosis
FT (s) .04 .15 .09 .04 157 -1.417
CH (s) .07 .21 14 .04 -.483 .035
CT (s) 15 .24 A7 .03 1.589 2.864
HD (m) 44 .80 .63 A1 -.129 -.297
EA (deg) 96.00 157.00 127.75 16.33 -.321 .330
SA (deg) 72.00 120.00 100.83 12.79 -.688 1.378
HA (deg) 126.00 158.00 145.66 9.07 -.787 .526
HBCG (m) 1.15 1.33 1.25 .06 -.093 -1.267
Table 2. Correlation between parameters
FT CH CT HD EA SA HA
-.622"
CH
.031
031 -.152
CT
.924 637
-.247 .650° -.067
HD
439 .022 .837
-.308 -.185 137 -.656
EA
.330 .566 671 .021
SA -.248 -.280 400 -439 710"
437 377 .198 .153 .010
HA .608" -.188 -.054 .064 -.342 -.586"
.036 .558 .866 .843 277 .045
-.391 -.196 -.020 -.654° 869" 493 -278
HBCG
.209 542 .952 .021 .000 .104 .382
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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Table 3. Regression analysis (method Enter), predicted HB
Unstandardized Coefficients Standardized Coefficients t Sig.
Model
B Std. Error Beta
(Constant) 1.128 .345 3.266 .022
FT -.680 442 -431 -1.538 .185
CT -.150 459 -.062 -.328 .756
1 HD -.260 167 -439 -1.559 .180
EA .002 .001 .588 1.649 .160
SA -.001 .002 =117 -.353 .738
HA .001 .002 142 514 .629
R=.934, R*=.872, Adjusted R>=.718, Sig.=.038
flight time of the Tsukahara vaults performed on the
DISCUSSION

The aim of this study was to investigate
correlations between some parameters of the two
phases of the vault jump and HBCG in the second
flight phase. There is significant correlation between
hand positions distance (HD) (r=-.654, p=.021) and
HBCG in the second phase, and also strong
correlation between elbow angle (EA) and HBCG
(r=.869, p=.000). HBCG can be considered as one of
the most important parameters that can provide
progress in achieving success on this apparatus.

The Coefficient of multiple correlations (Table 3)
between selected variables and HBCG were
statistically significant and very high (0.93). Selected
kinematic parameters explained over 87% of the
HBCG. It was interesting to observe that the
kinematic variables separately were not significant
predictors of HBCG, but together explained high
percent of the variance. HBCG depends on
compliance of the parameters in the preceding
phases.

The mean value of time of the first flight was 0.09
+ 0.04 seconds, which was little longer than average

World Championship in Debrecen 2002 (Cuk &
Karacsony, 2004). The authors stated that when
compared with other types of vaults, the Tsukahara
vaults have the shortest time of the first flight. The
minimum value of the time of first flight was 0.04
seconds of vault performed by medalist of the World
Cup. This parameter can be taken as a good predictor
of success. Cuk & Karacsony (2004) reported that
the average time of first flight for Tsukahara vault
was 0.06, Handspring vault 0.10, Yurchenko vault
0.13 and Nemov vault 0.10 seconds. The same
authors reported the mean contact time with
vaulting table for every type of vault, and for
Tsukahara vault it was 0.26 seconds. In our sample
the mean contact time was much shorter (0.17
seconds). There was negative correlation between
the contact time with one hand and the flight time of
the first phase (r=-.622, p=.031) which shows that
gymnasts who had to shorten flight time in the first
phase, had an optimal time of support on the
vaulting table which can provide better second
phase of the vault.

Figure 1. Analyzed phases of the Tsukahara layout vault
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Hand distance correlated with contact time of the
first hand (r=.650, p=.012). We didn’t found this
measure in the literature, but the hand positions
distance in the Handspring was 0.43 m, and the
width of the gymnast’s shoulders was 0.42 meters. In
contrary of that, for the Tsukahara vaults hand
positions distance is much longer than for the
Handspring and Yurchenko vaults. Heinen, Mandry,
Vinken, & Nicolaus (2013) reported that positioning
of hands on the vaulting table varied as a function of
the position of the vaulting table. Combined
manipulation of both the position of the springboard
and the position of the vaulting table led to
differences in feet positioning during the approach
run and during takeoff, as well as to differences in
hand positioning during the repulsion phase and
differences in the duration of the second flight phase.
A brief contact time on the table is likely to translate
the gymnast’s approach and take-off velocity into a
longer post-flight time and distance, allowing the
gymnast more time to perform more complex
actions in the air (Bradshaw, 2004).

Also, there are differences between the angles of
the body segments in different types of vaults.
Shoulder angle at the time of support was 100
degrees; the elbow angle 127 degrees and the hip
angle 145 degrees. We found that the elbow angle of
the first contact hand had the strongest correlation
with the height of the second phase (r=.869, p=.000).
Penetiate, Sands, McNeal, Smith, & Kimmel (2010)
reported that support phase duration ranged from
0.234, +0.048 and 0.224, £0.035 s for right and left
hands, respectively. The force-time curves showed
that hand contact forces occurred in two phases,
high values on impact followed by a longer and
lower magnitudes that produced a forward-
downward push. Average normal (vertical) peak
force was 1.4, 0.3 x body mass. Hand contact
differences in initial impact, duration, peak values
and impulse showed marked differences between
left and right hands. The results of this study indicate
that hand contact force and time characteristics
varied, that symmetrical performance was not
common and magnitudes could meet those
necessary to injure the wrist and forearm. This first
study of directly measured hand contact forces
showed a lack of symmetry, and force-time curves
that consisted of two distinct phases.

The height of the Body’s center of gravity was
1.25 meters from height of the vaulting table. If we
took the height of the vaulting table of the 1.35,

HBCG from the mat would be 2.55 meters. For future
investigations, it is important to provide more data
about anthropometrics measures of the gymnasts in
order to have better results.

CONCLUSION

The main value of this investigation is that it
provides results for every gymnast separately and
enables a discussion between coaches and gymnasts
individually about mistakes and possibilities for
their corrections. Every gymnast should have insight
at the weakest points of his techniques and correct
them during preparation period. The vault is an
apparatus that gives possibility to progress fast and
without special conditions and financial factors,
unlike other apparatus.
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SUMMARY

The Administrative Board of the FIVB made the decision to introduce the “Challenge System” at the final
tournaments of the 2013 World Championship and Grand Prix, while national federations now have the
opportunity to use the “challenge system” in Intercontinental Rounds. At the final tournament of the male
championship league in Lodz, Poland, the new system of checking questionable referee's decisions was tested
experimentally. The aim of this paper is to clarify and explain in more detail how the challenge system works in
volleyball, where modern technology was introduced with the aim of checking referee’s decisions. The paper deals
with the general characteristics of the system, the technical characteristics of the hardware and software, as well
as their implementation. It will also discuss system integrity or reliability, the rules of the game and the system, as
well as the pioneer efforts made in using the challenge system in Serbia. In addition, the shortcomings of the
system will also be outlined. The current experience of trainers, players and referees are highly positive and it is
expected that the challenge system in volleyball will continue to develop, improve and search for better and more

sophisticated solutions.

Keywords: challenge, system, volleyball

INTRODUCTION

The challenge system in tennis has proven to be
very successful (it is used, for example, in cricket or
American football), as it has in some other sports,
including soccer. The first time it was used in the
game of volleyball was at the final tournament of the
Championship League for men, which was organized
in the Polish town of Lodz by the VC “Belhatov” was
held on March 17 and 18, 2012. After some positive
experiences, the Administrative Board of the FIVB
made the decision to introduce the “challenge
system” at the final tournaments of the 2013 World
Championship and the Grand Prix, while national
federations can now use the challenge system during
the Intercontinental Round of the competition. The
challenge system (Hawk-Eye), represents the
possibility to, at request, through replayed video
footage, check for any possible errors. The
experimental application of the challenge system
represented a historical moment in a sport such as
volleyball, which over the past decades has

experienced the most dynamic changes in terms of
the rules of the game, compared to other sports. The
changes over the last few years were guided by the
ideas of "keeping the ball flying". In other words,
everything in volleyball, including the changes to the
rules of the game, were organized so that the players
could show everything they knew, and the audience
could enjoy volleyball as much as possible. The
paper will deal with the challenge system, that is, the
video system used to check the referee’s decisions in
volleyball. More specifically, it is an Italian version of
this system, which they named the Video Check
System - VCS, and which was developed by the
DataProject company, by the designers of the well-
known DataVolley software. The first section of the
paper will deal with the technical characteristics and
the application of this system in volleyball. In Serbia,
the challenge system was used for the first time at
the games of the FIVB World Championship 2014,
when our national team played against the Russian
national team on May 30 and 31 in NiS. The game
will be discussed in more detail later in the text.

69



FIS Communications 2014

THE GENERAL CHARACTERISTICS OF
THE CHALLENGE SYSTEM

The system represents a complete hardware and
software solution which enables the referees to
check their decisions using high-speed cameras. In
its basic setup of 12 cameras, the system allows one
to check:

e the boundary lines of the court,
e the vinyl tape top binding of the net

e the antennae.

The system consists of only one rack which holds
the complete equipment. It is exceptionally compact
and portable, which is very important under the
circumstances. The system includes:

Image 1. The complete system packaging

SYSTEM SETUP, HARDWARE AND
TECHNICAL CHARACTERISTICS

About 5 or 6 years ago, the Italian volleyball
league began to look into the possibility of checking
referee decisions. They also considered the
possibility of the various ways in which they can
realize the project, and one of the possibilities was
the use of special sensors in the flooring and the
hawk eye Hawk-Eye triangulation, most frequently
used in: tennis). However, volleyball is much more
complex, with many events on the court (specifically
a larger number of players), and so the solution
including high speed cameras on the boundary lines

70

e awork station,

e a UPS unit which enables at least 10 minutes
of independent use in the case of any
problems related to attaching 12 (plus 1)
cameras and lenses to the electrical current,

e the necessary network cables for the
cameras, with an overall length of
approximately 400m,

e the tripods and protection for the cameras
and

e 3 walkie-talkies for the rapid and

unimpeded communication of the operators
during a match.

Image 2. The Italian system of video surveillance

was at the same time the simplest and most effective
method of implementation.

The system consists of a great number of
components. However, it is clear that based on their
sensitivity and delicacy, and the tasks of the system
itself, the cameras are the most important element.
Their setup is at the same time the most extensive
and demanding, and delicate part of the process. As
previously mentioned, in its basic version the system
uses 12 industrial IP cameras. All of the cameras
which are used to make decisions (10 of them) are
high-speed cameras. They are positioned in the
manner shown in image 3, marked by numbers
ranging 1 to 8 sand A and B. The software was
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designed in such a way so that it could be used by

individuals who are not referees themselves.

Image 3. The distribution of the 12 cameras

Cameras T and S are not high-speed cameras.
Camera T monitors the score, so that at every point it
is possible to know which part of the match is being
played. Camera S is a "scene” camera and it monitors
the overall match, just like the main camera in a
television recording. The operator uses it for
orientation, to identify the situation (moment) which
is being challenged. P marks the place where the
operator and the workstation are.

Every high-speed camera has its own “twin”, that
is, a camera observing the same object from the
opposite angle, for example cameras 1 and 4, 2 and 7
are twins and so on. What is important is that the
sidelines are not completely covered from both
angles, due to their length and focus, and instead
there is overlap only in the space between the attack
lines. Thus, the space between the base lines and the
attack lines are covered by only one camera.

Cameras 1 and 8 need to be clearly marked (for
example with panels) so that the team members who
are on the bench could be reminded not to stay too
close to the cameras. In addition, in the Italian
championship there are two lines 80cm long used to
mark a large X in the space in front of them, so as to
indicate to the trainers not to stay in the area for too
long.

High-speed cameras record at 180 frames per
second, that is, they record one image at intervals
smaller than 6 milliseconds. Bearing in mind that a
ball can travel at speeds up to 120km/h, these high-
speed cameras are absolutely necessary. A high
quality lense is attached to each camera, and the
lighting, depth, focus and so on can be adjusted both
using the hardware and software. Hardware
adjustments can be “locked” (using very small
screws), so as to decrease the possibility of any
accidental changes in the adjustments. A lot of care is
taken when selecting the network equipment. The
cameras are attached to the system by means of
cables. At first glance, this may seem as an
unnecessary additional workload for the operators,
as the cables need to be set up before the game and
are needed during the entire game. However, if we
were to take into consideration wireless
connections, the cables are a more reliable means of
data transfer, considering the numbers of visitors
and the network devices in the sports hall itself,
which would be operational during the match, and
thus obstruct the system signal. High quality
category 6 cables are used because of the distance
(to reach camera B and the first referee we need up
to 80m of cables) and any possible interference. Low
quality cables can affect the reliability of the system.
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The cameras are powered using a switch, that is,
using a network cable, so an electrical outlet is not
needed in the vicinity of each camera. There are

three types of racks used to set up this system. Some
of them resemble a cage, all with the aim of
protecting the camera from any possible hits.

|

Image 4. A high-speed IP camera and lens

A workstation consists of a multi-processor
computer, numbering 6 processors in total. If only
the high-speed cameras were taken into
consideration, in the basic version 180 images would
have to be processed, coming in from 10 cameras,
which amounts to 1800 images per second. This is a
large amount of data, and so the computer is
equipped with a high capacity hard disc. It
sometimes happens that during a match, 1TB of data
is collected. The hard disc works in a “loop”, or in
other words, when it becomes full, it starts recording
from the beginning, erasing all the existing images
on it. During tournaments, in the case of an extended
first game, it sometimes happens that the second
game in the second/third set is taped over the first
one. In addition, the workstation has a switch for
connecting the I[P cameras. Of the remaining
hardware devices, another interesting piece of
equipment is the video converter, used to deliver the
video signal to the other “interested” parties (TV
stations, large screen TVs in the sports hall, and so
on). The lower resolution display is also worth
mentioning, as it is the first one that the referee sees
on his platform, and which he uses to monitor the
situation which is being challenged.

Experience from the Italian league tells us that it
takes 2-3 hours to set up the entire system.

This usually takes place at the very end, when the
court is fully set up, preferably in agreement with the
TV crew because cameras need to be positioned on
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tripods. We should also mention the possibility of
using 16 cameras, although in Italy only 12 were
used. The additional 4 cameras are used to monitor
the line of attack and the antennae (from the side
lines not from the tripods). The question is: “Only
16? What should we do if for instance FIVB, in
addition to all the aforementioned, also asks for the
center lines to be monitored?” The answer lies in the
fact that 16 is the maximum number that the system
can handle at the moment, and that it is possible to
relocate cameras 1 and 8 to the center line, as they
are otherwise frequently blocked. In this kind of
situation, cameras 4 and 5 would no longer have
their twins. In addition, the monitoring of the center
line was tested, but it did not offer satisfactory
results since it was quite often the case that, due to
the camera position (next to the post within the
protective cage) and the “crowds” in that area, the
recording could not guarantee one hundred percent
accuracy in terms of the decision, and the challenge
often caused more dispute than it offered solutions.

THE SOFTWARE AND ITS
IMPLEMENTATION

The platform that was used was a simplified
version of the Windows 7 Slim operating system
(0S), with the aim of improved efficiency. It is a
familiar environment and presented no problems for
our operators. Three partitions were used, the first
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one with the OS, on the second with a challenge
system application, the settings and logos, and the
third where the recorded video files were stored.

The challenge system consists of three
applications:

. For camera selection

e For the challenge process itself, which takes
places during the match (the Video Check
program),

e For working on the archived recordings
from the previous matches.

Updates for these applications are free. The
software used to adjust the camera can be used at a
workstation, but also on a laptop which is directly
connected to the camera, so that the process could
be completed more quickly. For the referees of
course, the most interesting program is the one used
for the challenge during the match itself, otherwise
known as the Video Check.
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Image 5. The overview in the main window of the Video Check program during recording (a “false” image,
The same image is shown several times so that the camera distribution could be seen)

Once the cameras have been connected and set
up, some basic data regarding the game that is being
recorded should be entered into the system. Then we
enter the main screen of the program. The program
has three work modes:

1. recording a match (SM),

2. rough slow motion footage (GUS) and

3. precise slow motion footage (PUS).

In the record match mode there is a very small
number of functions which can be performed. The
aim was for the system and operator to be
unburdened as much as possible. They include:
stopping the action, marking the previous action and
transfer to slow motion. The basic idea behind the
system in this mode is the following: the operator
uses the F1 key to mark the “action”. Everything
recorded between two presses of the F1 key is

referred to as an action. It is natural for every action
to refer to only one rally, that is, for the operator to
stick to this principle. The action also has its physical
representation, since each action is stored in a
separate file. Thus, when the operator hits the F1
key, everything recorded between that and the
previous press of the F1 key is stored in a single file,
and recording in a new file begins automatically. The
actions are automatically incrementally enumerated.

The marking of the action has as its aim to
facilitate locating interesting rallies following the
game. These actions are marked red in the program,
and the file system has, along with its generic name,
the word “marked” on it.

The shift to rough slow motion footage is
achieved by pressing key F5. The shift to this work
mode is necessary for the analysis of recorded
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actions, and while the program is in this mode, there
is no recording. Nothing will be recorded while the

previous actions are being shown, recording takes
place solely in the SM regime.

U T T v W

e NTND Mot i 120 W

BROADTAST OFF

Ty
el 5
o o ey F2 Opan Match F3 Coen Action

Ffillll.t

FT Export

FEFL Mar e

14ABT Cam G Tartn Cammi ESC Em FE Brosdcest i)

Image 6. The appearance of the program in the rough slow motion footage mode (GUS)
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Image 7. The appearance of the programmthepre_ase slow motion footage mode (PUS)

Even in this mode there are very few operations
which can be executed, but enough to get the work
done. It is possible to do the following: to select
which of the previous actions we would like to
observe, export the footage for the selected action
and mark the action. It is possible to move through
the actions in the GUS and to roughly locate (on the
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timeline) the moment when the problematic
situations arise with the help of the recording of the
scene camera. When the operator finds himself in
such a situation, the selection of a suitable camera,
the shifts is made into the precise slow motion
footage mode.
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In the PUS it is possible to, in addition to the
aforementioned operations available in GUS, show a
selected camera on the TV stations and on video
screens in the sports hall. Of course, this display
option is enabled only after a decision is made. Prior
to that, only the referees (including the first referee
using the small display) can see the challenge
process.

Future plans for the development of this system
include:

e Control of contact with the ball in a block

e The connection of this system with the other
DataProject software solutions, primarily
the electronic ledger. This would enable the
automatic recording of actions (the system
“presses key F1” by itself) and the more
sensible naming of the action (a score rather
than the automatically generated number).

THE INTEGRITY AND RELIABILITY
OF THE SYSTEM

Irrespective of the fact that the system was
intensively used during the entire ongoing season,
the question of the reliability of the system remained
open. The main topic of discussion were, of course,
the cameras, since they are “scattered” all over the
hall and are difficult to protect. If it happens that one
of the cameras moved (either being hit by a ball or
accidentally moved by someone), it is necessary to
react quickly and return it to its original state.

The cables are an even bigger challenge, and their
replacement, in the case of damage, is time
consuming, and this is unacceptable if we take into
consideration that the request for a challenge can
occur at any moment.

The reliability of the software system is still an
open question, even though our current experience
indicates that there were no system failures or
objective reasons for a system restart.

The system restart can certainly happen, and we
cite the example when the operator got confused
because of a message from the UPS and in a panic
restarted the system. The time needed to restart the
system is estimated at approximately 30 seconds,
and the operator can immediately continue where he
stopped, there is no need for any renewed settings
except for the balance of the color white on the
cameras.

The challenge system and the rules
of the game

There is still no standard in the design and
application of the challenge system in volleyball,
everything is left to the organizers of the competition
itself. This also refers to the rules of its use and
application in terms of the official rulebook.

It has already been mentioned which parts of the
court are covered by the high-speed cameras. Thus,
in the 12-camera setup, the official rulebook
guidelines adhered to during the Italian
championship were:

e ballin/out,

e the player serving touches the base line
when performing the serve and
e errors in the upper part of the net (touching

the vinyl tape top binding or the antennae).
Based on some of the recordings, it might seem

that the angle of the camera located on top of the
tripod is not good enough to be used with one
hundred percent certainty in every situation, to
determine the proper decision when contact is made
with the antennae. The second issue is the
interpretation of the recordings themselves. The rule
that the ball is in only if it touches the field is clear,
but there are different interpretations of which
moment counts. In Italy, the entire footage (or just
one frame) is reviewed, and if flattening of the ball
causes it to touch the line, it counts as the ball being
in. On the other hand, FIVB did not want to monitor
the recording, and instead wanted only one image (a
frame) to be used during the challenge, the one
where the ball “first” touches the surface, which
means that the flattening of the ball did not count.
When the error of contact with the net occurs, it
is necessary to use a recording (a full animation),
and not only one frame, since in practice it was
determined that the frame can mislead the judges
and is confusing for the public. The challenge covers
certain rules of the game, but there is no standard
regarding which situations it is used in. For example,
in Italy, it was possible to request a challenge for
errors made on the upper part of the net only for the
final situation in the rally, that is, it is not possible to
check whether there was contact with the net at the
beginning of the rally, but only during the final action
on the net. There is no standard way of asking for a
challenge (a specific hand gesture), or even who asks
for one (the team captain or the trainer). For now,
every competition has its own rules regarding the
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issue. The challenge must be requested immediately
(within 5 seconds) following the rally.

Another change which the system could
introduce is the removal of any sideline referees
from some matches. If they are present, the slide line
referees must constantly try not to block the camera,
even by accident, with their flag. In addition, there is
the question of how to solve situations where a
challenge is needed at the moment when the system

Image 8. A flattened ball

Image 9. Checking the
line

THE CHALLENGE SYSTEM - ITS
FIRST USE IN SERBIA

In our country, the challenge system was first
used at the World Championship Games in 2014
when our national team played against the Russian
national team on May 30 and 31, 2014 in the sports
hall Cair. The head operators during these matches,
with the help of some colleagues from Italy, were the
members of the Volleyball Referee Association of
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is down for any reason. In Italy, in such situations,
the operator uses a gesture to indicate that it is not
possible to make a decision (hands crossed across
the chest, like a sideline referee). Such a situation has
never happened so far.

Interestingly, statistics have shown that during
the last season in Italy, the referees were correct in
70% of the cases.

M.

Image 10. Checking the vinyl tape top binding

Serbia: Porde Stevanovi¢, Uro$ Milinkovi¢ and the
author, Stanko Jelisic.

The Italian delegation included Fabrizio Rosini,
who in addition of his numerous functions, is the
vice president of the Italian league and the head
manager of the project of their challenge system,
Gabriele Pirusio, one of the main operators and the
individual who implemented the entire system, and
Emanuele Chiwele, the sales manager of the Data
Project company which developed the entire system.
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Image 11. The image from each camera on the screen (sports hall Cair - Nig)

“During the first match, after two sets and
without any requests for a challenge, it seemed that
everything was “clear as day” and that there would
be no problematic moments which need to be
checked. And then the trainers and players from
both sides began to show disapproval of the referee’s
decisions and soon our team was very busy. It was
the Russians who first requested a challenge, after a
parallel from Uro$ Kovacevi¢, thinking that the ball
had not touched the sideline. Another referee was
immediately shown the appropriate frame and
luckily for us, they were wrong. Later two more
requests for challenges were made for contact with
the net and both were to our advantage, to the
crowd’s delight. During one action in the first set, the
Russian libero attempted to reach the ball by
“sliding” on the floor and thus keep it in play. Our
team thought that the ball touched the floor at that
time and requested a challenge to check the
situation. However, since this situation did not meet
the requirements for the use of the challenge system,
and considering that the referee had not ruled on the
end of the rally and that the game had continued, the
result was a reprimand for stalling. After that,
Fabrizio explained how such a situation cannot be
the subject matter of a challenge, since the high
speed cameras follow only a small portion outside
the boundary lines and the attack line, and so it is

not possible to have a complete view of the entire
court. For the second match, the challenge awarded
the initial point. At a score of 0:0, Lisinac sent the
ball straight to the sideline, but the referees still
ruled it was an out. At the request of the Serbian
team, the action was replayed up until the moment
of contact between the ball and the floor, and the
referees changed their decision to our advantage.
After the first game, the trainers were better
informed about the possibilities which our system
offers, and were less hesitant, asking for challenges
more often” (Milinkovi¢, 2014).

CONCLUSION

The challenge system in volleyball is still in the
phase where it is expected to work toward better
and more sophisticated solutions, since the
experiences of trainers and players have so far been
very positive. The reaction of the audience to a
challenge is always good, which we have learned
from other sports as well. It is clear that people like
to see a problematic situation played out in slow
motion. Future research should focus on a unique
software solution which would be wused at
competitions the world over, since for now various
software solutions are being used (Italian, Polish,
Russian...). The experience of referees has also been
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positive and they stated that the challenge system to
a great extent decreases the tension among the team
players and any protests against referee decisions.
Future plans for the development of this system are
touch control of the ball and developing the
connection between this system and other
DataProject software solutions, primarily the
electronic ledger. This would enable automatic
actions (the system “presses the F1 key itself”), as
well as the more sensible name of the actions (the

result, instead of the automatically assigned
number).
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SUMMARY

With the aim of determining the metric characteristics of the tests for the evaluation of precision in serve

receive drills in volleyball, a pilot study was carried out on a sample of 25 volleyball players, all active competitors
in the Second League of Serbia and 25 volleyball players, active competitors of the First League of Serbia, in the
2012/2013 competitive season. Four tests were validated: to evaluate the volleyball serve receive precision with a
hammer and fingertips, from zone VI to position III, while passing the ball from zone VI, from the same side of the
court. Three items were measured for each test, so that the test-retest method could be used to evaluate their
reliability, and a factor analysis could be used to determine their validity. The data were processed using
multivariate analyses (item analysis, factor analysis) from the ‘Statistica 6.0 for windows’ statistical package.
Based on the results of the research and the discussion, we can conclude that the applied tests of serve receive
precision do not have any high coefficient of reliability, or factor validity, and that these tests, in order to be used
to evaluate serve receive precision in volleyball, must be analyzed further, adjusted and repeated on a larger and

more representative sample of participants.

Keywords: metric characteristics, precision, serve receive, volleyball

INTRODUCTION

Deflecting a ball using the forearms is used to
receive an opponent’s serve, and to defend the
team’s side of the court and receive of the deflected
balls from a block. The arms are joined in the so-
called “bump”, the forearms arms are parallel and
inside part of the forearm region are facing upward.
This kind of deflection is usually used for the first
contact with a ball during serve receive and for the
effective defense of the court and from the
opponent’s attack. Today, following its introduction,
the libero player specializes in this technique, and
takes over the main defensive role in the court, both
for the serve receive, and defense. The serve receive
using the bump should precisely guide the ball to the
player who will lift it, so that he could have the
optimal conditions to set up a swift and varied
attack. The optimum indicator of such a receive is in
more than two thirds of all cases stability and the

safe serve receive in each game, for achieving a high
quality game. The other elements, performed after
the serve receive, depend on its precision to a great
extent. Lifting in volleyball is directly conditioned by
the precision of the serve receive, and in practice it is
usually the case that a successful lift to a great extent
depends on the precision of the serve receive, while
the remaining factors including technical-tactical,
psychological and all the other abilities of the player
performing the lift.

Even though the existence of a dimension of
motor precision was experimentally confirmed on
several occasions, and that there is no obstacle for
the concept to be intuitively accepted, the concept of
precision has not been scientifically confirmed or
proven at a satisfactory level, irrespective of its
relatively early mention both in the relevant
literature as an aspect of coordination, and at the
same time, in relation to the neuro-muscular control
of movement and motion.
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There are studies which correspond to this
particular study: (Filin, Kasatkin & Maksimenko,
1997), (Strahonja & Jankovi¢, 1975), (Jankovi¢,
1976), (Strahonja, 1983,) (Tomas, 1982), (Strahonja,
Jankovi¢ & Snajder, 1982), (Mili¢, 2011).

THE METHOD

The sample of participants

The sample of participants numbered 50
members, divided into two sub-samples. The first
subsample consisted of 25 participants - volleyball
players who actively competed as members of three
first league clubs. The second sub-sample also
consisted of 25 participants - volleyball players who
actively compete as members of three Second
League clubs.

The participants, all volleyball players,
voluntarily agreed to take part in the research and
were all registered for the 2012/2013 competitive
season. Testing in the domain of the situational-
motor skills of all the participants was carried out
during the preliminary period of the competitive
season.

The newly-designed measuring
instruments

All of the measuring was organized in sports halls
in which the volleyball players trained, and during
their training sessions.

Hitting a horizontal target with the tips of the
fingers from zone VI to position III, while
passing the ball from zone VI, from the same
side of the court

The aim: to measure the precision of hitting the
target with the bump, a horizontal target in position
I1.

The equipment: A hoop, with a diameter of 47
cm, was positioned horizontally at a height of 2.43 m,
a basketball hoop with 10 balls and a ledger.

The task: The participant assumes the ready
position in the volleyball position VI, 2 m behind the
attack line. The horizontal target was set in zone III
(0.5 m from the net). The player who passes the ball
is in zone III, next to the hoop, on the same side of
the court. The player passes 5 balls each in a high arc
in the direction of the participant who tries to use
the bump to hit the target in position III.

The evaluation:
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e successful - 1 point - the ball passes through
the hoop and
e unsuccessful - 0 points - the ball does not

pass through the hoop.
The final grade: the overall number of points out

of 5 tries is added together.

The comments: One practice attempt is allowed.
The following pass by the player passing the ball
begins when the participant touches the ball with his
fingers, and it either hits the target or not.

The notes: One individual is needed to do the
measuring and at least two who will collect the balls.
The attempt is repeated is the players passing the
ball is not precise, if the participant strikes the ball
with only one hand, or if the participant makes a ball
handling error a held ball).

Hitting a horizontal target with joined
forearms (the bump) from zone VI to position
III, while passing the ball from zone VI, from
the same side of the court

The aim: to measure the precision of hitting the
target with the bump, a horizontal target in position
I1.

The equipment: A hoop, with a diameter of 47
cm, was positioned horizontally at a height of 2.43 m,
a basketball hoop with 10 balls and a ledger.

The task: The participant assumes the ready
position in the volleyball position VI, 2 m behind the
attack line. The horizontal target was set in zone III
(0.5 m from the net). The player who passes the ball
is in zone III, next to the hoop, on the same side of
the court. The player passes 5 balls each in a low arc
(at knee-level) in the direction of the participant who
tries to use the bump to hit the target in position III.
The evaluation:

e successful - 1 point - the ball passes through
the hoop and
e unsuccessful - 0 points - the ball does not

pass through the hoop.
The final grade: the overall number of points out

of 5 tries is added together.

The following pass by the player passing the ball
begins when the participant hits the ball with the
bump, and it either hits the target or not.

The notes: One individual is needed to do the
measuring and at least two who will collect the balls.
The attempt is repeated is the players passing the
ball is not precise, if the participant strikes the ball
with only one hand.
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Hitting a vertical target with the
fingers from zone VI in position III,
while passing the ball from zone VI,
from the same side of the court

The aim: to measure the precision of hitting the
target with the bump, a horizontal target in position
11

The equipment: A hoop, with a diameter of 47
cm, was positioned horizontally at a height of 2.70 m,
a basketball hoop with 10 balls and a ledger.

The task: The participant assumes the ready
position in the volleyball position VI, 2 m behind the
attack line. The horizontal target was set in zone III
(0.5 m from the net). The player who passes the ball
is in zone III, next to the hoop, on the same side of
the court. The player passes 5 balls each in a high arc
in the direction of the participant who tries to use
the bump to hit the target in position III.

The evaluation:

e successful - 1 point - the ball passes through
the hoop and

e unsuccessful - 0 points - the ball does not
pass through the hoop.
The final grade: the overall number of points out

of 5 tries is added together.

The following pass by the player passing the ball
begins when the participant hits the ball with the
fingers, and it either hits the target or not.

The notes: One individual is needed to do the
measuring and at least two who will collect the balls.
The attempt is repeated is the players passing the
ball is not precise, if the participant strikes the ball
with only one hand, or if the participant makes a ball
handling error (a held ball).

Hitting a vertical target with the
bump from zone VI in position III,
while passing the ball from zone VI,
from the same side of the court

The aim: to measure the precision of hitting the
target with the bump, a horizontal target in position
L

The equipment: A hoop, with a diameter of 47
cm, was positioned horizontally at a height of 2.70 m,
a basketball hoop with 10 balls and a ledger.

The task: The participant assumes the ready
position in the volleyball position VI, 2 m behind the
attack line. The horizontal target was set in zone Il
(0.5 m from the net). The player who passes the ball is
in zone III, next to the hoop, on the same side of the
court. The player passes 5 balls each in a low arc (at
knee-level) in the direction of the participant who tries
to use the bump to hit the target in position II1.

The evaluation:

e successful - 1 point - the ball passes through
the hoop and
e unsuccessful - 0 points - the ball does not

pass through the hoop.
The final grade: the overall number of points out

of 5 tries is added together.

The following pass by the player passing the ball
begins when the participant hits the ball with the
bump, and it either hits the target or not.

The notes: One individual is needed to do the
measuring and at least two who will collect the balls.
The attempt is repeated is the players passing the
ball is not precise, if the participant strikes the ball
with only one hand, or if the participant makes a ball
handling error.

The data analysis

In order to determine the factor validity of the
tests, a factor analysis was used, the method of main
components, which was used to give the projections
of all the items on the first main component, and
which were used as the basis of validity of each test.
The reliability of the test was determined using an
item analysis via the Crombach and Standardized
alpha coefficient, as well as the means of the
coefficients of the inter-item correlation. The
‘Statistica for windows 6.0’ package was used for
these analyses.
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THE RESULTS AND DISCUSSION

Table 1. The factor validity and predictability of the test of Hitting a horizontal target using the fingers
from zone VI in position III, while passing the ball from zone VI, from the same side of the court

Factor || _. Cronbach Standardized Average inter item
Item|{|Mean|(Std.Dev. loading Eigenvalue|| % Total alpha alpha COIT.
‘ | H 1,86 H 1,11 ” -0,66 ” 1,71 H 57% H 0.610 H 0.617 H 0.352

| n |[153] o096 | -082 ]
L |[1.73] 108 || 077 |

Table 1. shows the coefficients of the factor
validity and test reliability of Hitting a horizontal
target using the fingers from zone VI in position III,
while passing the ball from zone VI, from the same
side of the court and their statistical significance. It is
clear that the projections of the items on the first
main component (Factor loading) is low and ranges
from -0,66 to -0,82, which cannot be used to

determine the validity of the test for the precision of
the serve receive using the fingers. The overall valid
variance of this test is 1,71, and the percentage of the
explained variance is low and has a value of 57%. We
can also determine that the Chronbach (0.610) and
the standardized test (0.617) are quite low, as are
the means of the inter-item correlation (0.352),
which indicates the poor reliability of this test.

Table 2. The factor validity and predictability of the test Hitting a horizontal target with joined forearms
(the bump) from zone VI to position III, while passing the ball from zone VI, from the same side of the court

Factor || . Cronbach Standardized ||Average inter item
Item||Mean||Std.Dev. loading Eigenvalue||% Total alpha alpha COTrT.
‘ | H 1,72 H 1,18 ” -0,80 ” 2,09 H 70% ‘ 0.776 H 0.780 ” 0.544

[ [[153] 102 | 06 |
L m|[189] 118 || 084 |

Table 2. shows the coefficients of the factor
validity and reliability of the test Hitting a horizontal
target with the joined forearms (the bump) from
zone VI to position IlI, while passing the ball from
zone VI, from the same side of the court and their
statistical significance. It is clear that the projections
of the item on the first main component (Factor
loading) are low and range from d -0,80 to -0,86,

Table 3. The factor validity and predictability of the

which can be used to determine the validity of the
test for serve receive using the bump. The overall
validity of this test is 2,09, and the percentage of the
explained variance is low and has a value of 70%. We
can also note that both the Cronbach (0.776) and the
standardized test (0.780) are quite low, as are the
means of the inter-item correlation (0.544), which
indicates the poor reliability of this test.

test of Hitting a vertical target with the fingers from

zone VI to position III, while passing the ball from zone VI, from the same side of the court

Factor || _. Cronbach Standardized ||Average inter item
Item|{|Mean|(Std.Dev. loading Eigenvalue||% Total alpha alpha COIT.
‘ | H 1,60 H 1,21 ” -0,82 ” 2,03 H 68% ‘ 0.758 H 0.760 ” 0.514

L |[140] 1,07 | 083 ]
L |[1.79] 100 | 082 |

Table 3. shows the coefficients of the factor
validity and reliability of the test for Hitting a
vertical target using the fingers from zone VI to
position III, while passing the ball from zone VI, from
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the same side of the court and their statistical
significance. It is clear that the projections of the
items on the first main component (Factor loading)
are low and range from -0,82 to -0,83, which can be
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used to determine the validity of this test for the
precision of the serve receive with the fingers. The
overall valid variance of this test has a value of 2,03,
while the percentage of the explained variance is low
and has a value of 68%. We can also notice that both

the Cronbach and (1.758) the standardized test
(0.760) are quite low, as are the means of the inter-
item correlation (0.514), which indicates the low
reliability of this test.

Table 4. The factor validity and predictability of the test for Hitting the vertical target with the bump from
zone VI to position III, while passing the ball from zone VI, from the same side of the court

Factor || _. Cronbach Standardized ||Average inter item
Item|{|Mean|(Std.Dev. loading Eigenvalue||% Total alpha alpha COIT.
‘ | H 1,46 H 1,09 ” -0,82 ” 1,94 H 65% ‘ 0.725 H 0.726 ” 0.469

| n |[130] o098 | -0.80 |
L |[141] 004 ][ 079 |

Table 4. shows the coefficients of the factor of
validity and reliability of the test for Hitting the
vertical target with the bump from zone VI to
position III, while passing the ball from zone VI, from
the same side of the court and its statistical
significance. It is clear that the projections of the
items on the first main component (Factor loading)
are low and range from -0,79 to -0,82, which can be
used to confirm the reliability of this test for the
precision of the serve receive with the bump. The
overall variance of this test is 1,94, while the
percentage of the explained variance is low and has a
value of 65%. We can also note that both the
Cronbach (0.725) and the standardized test (0.726)
are quite low, as are the means of the inter-item
correlation (0.469), which also indicates the low
reliability of this test.

THE CONCLUSION

The practical application of this paper lies in the
fact that its aim is to modernize the programming
process of training of the most high quality volleyball
players in our environment, and the function of its
intensification and improved effectiveness in
relation to the individual needs and tendencies of the
players lifting, receiving, serving, spiking and the
libero players.

The results of this research can probably
relatively easily be applied in practice, since they
enable insight into the scientifically verified exercise
program with the aim of the development and
improvement of the situational-motor skills in
volleyball, especially precision. In addition, they
could have a positive influence on the motivation of
senior athletes for the improvement of precision,
considering that precision, as well as the other

situational-motor abilities, are of great importance
for achieving better results, both of each volleyball
player individually as well as the volleyball team as a
whole. In addition, this research can be used by
other researchers as a foundation and source of
ideas for the further direction their research should
move in. The authors of this research should use
these tests of precision of the serve receive in
volleyball to further analyze, adjust, and retest them
on a larger and more representative sample. The
research has provided the authors with some
answers, and has clarified certain problematic issues
related to precision, which was constructed, and
which was used to measure the precision of the
serve receive with the bump and fingers.
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SUMMARY

Introduction: The research problem is related to the determination of the most appropriate procedure for
registration of the final results in a composite test coordination. It is assumed that the method of calculating factor
scores intercorrelation matrix, and the method which involves recognition item in the largest correlated with the
main object of measurement, represent the best method for registration of the final results in a composite test

coordination.

Methods: The sample for this study consisted of 112 boys aged 7 years, where is applied 17 composite
coordination tests. In order to determine the most appropriate procedure for registration of the final results in a

composite test was applied factor analysis.

Results: Smallest number of factors with the highest percentage of common variance matrix of correlations, as
well as the highest correlation coefficients with a subject of major measurements obtained in the case of
application of methods that take into account the information of all the item.

Conclusion: Based on these results it is recommended that when using the results of testing for scientific
research purposes, certain priority should be given condensation process by summing or mean the original
results. The above-mentioned procedures are simple and economical to use, and the other, provide the most

information about the structure of the analyzed area.

Keywords: condensation results, factor analysis, the first subject to measurement

INTRODUCTION

Motor testing on a sample of respondents
includes the wuse of more motor measuring
instruments. This is necessary because any of the
motor ability cannot be measured, or estimate, by
the use of only one motor test. Likewise, it is very
problematic to evaluate one motor ability only on
the basis of one reaction to a stimulus that is caused
by the motor task in the corresponding motor test.
Therefore, during design of Kinesiology research
must construct appropriate samples (battery) of
motor composite tests, i.e. tests whose performance
is repeated two or more times (Bala & Madi¢, 2002).

When using composite motor test raises the
question: which measurement result, and that

particle must be taken into consideration. In other
words, you should choose the method of
condensation measurement results with more
results (particles) on the one most representative
information. In practice is using several modes of
condensation results in one composite test and that
(Bala & Krneta, 2007; PediSi¢ & Dizdar, 2010):

1. Condensation of original results with first

particle;

2. Condensation of original results with

maximum result (best particle);

3. Condensation of original results with mean;

Condensation of original results by summing
the results;

5. Condensation of standardized results of
mean;
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6. Condensation of particle with first main
component;

7. Condensation of results with particle that is
in the greatest correlation with the main
object of measurement.

Thomas and associates (Thomas, Nelson &

Silverman, 2010) consider that is the most and the
best information obtained when taking into account
all of the particles, and the result of his subjects is his
factor score of the first main component of matrix
variance results in all embodiments of the
appropriate test. This way takes into account
information of all the particles, but also on their
mutual relations, i.e. their common case of
measurement (PediSi¢ & Dizdar, 2010).

Obtained research results on the whole area of
motor skills how to preschool children as well as
with the student population (Bala & Madi¢, 2002)
indicate that some priority should be given
procedure of summation results of each execution of
the same test, or on the basis of calculating the
scores of the main components based on the results
of performing the same test. Furthermore it’s stated
that it is worth to take into account the best result of
all performances of the same test.

The practice and science confirms every day that
the coordination is one of the most important
psychomotor skills (Mijanovi¢ & Vojvodi¢, 2010).
Just because of that fact, the coordination is in all
formulas and equations specifications of success in
sport (Kosti¢, bDuraskovi¢, Panteli, Zivkovié,
Uzunovié, & Zivkovié, 2009).

Difficulties in trying to define the notion of
coordination, especially the difficulty in trying to
determine its latent structure, mainly are
consequence of disagreement in determining the
operational areas of motor skills (HoSek, 1976;
Pavlovi¢, 2008). Coordination significantly correlate
with a number of other motor abilities which often
limit it. Coordination is not only determined by one
factor. It consists of a number of "manifestations”
(Sekuli¢ & Metikos, 2007). Having in mind
multidimensionality of coordination, authors Yan &
Xu (1999) point out the necessity of applying the
battery of tests in the evaluation of this ability, and
not just one measuring instrument.

The big problem is that the area of coordination
is in many cases tested with measuring instruments
whose reliability has not been checked (Velickovi¢ &
Petkovi¢, 2005). As a result of the measuring
instrument is often taken just one shot and one
motor task (one systemically tests). Only in the
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selection process of gymnastic, for measuring of
coordination have been identified even 19 tests of
one item character (Velickovi¢, 1999). This way of
motoric testing emits little information on the
measured motor skill and can lead to wrong
conclusions. With this constructed, one item tests it
is impossible to reduce the specificity or
measurement error, and it is often impossible,
especially in terms of specificities, accurately identify
its size (Thomas, Nelson & Silverman, 2010).
Improving the reliability of existing tests can be
obtained only if it is conducted restandardization
and reconstruction in composite measuring
instruments type. The simplest and the most
economical procedure that allows to evaluate and
reduce measurement error is a multiple repetition of
certain motoric task (Bala, 2001).

The aim of the research is to determine the most
appropriate procedure for registration of the final
results when measuring coordination. Guess is that
the factor score of matrix intercorrelation particles
and particles which is mostly correlated with the
main object of measurement, will represent the best
way of registration of final results in the
coordination test.

METHODS

Sample of subjects

The study was conducted on a total sample of 112
boys, the age of 7 years (* 6 months), participants of
the first grade at six elementary schools in the town
of Nis. Criteria based on which is defined sample for
this study are the initial selection criteria for men's
gymnastics, prescribed by the Gymnastics
Association of Serbia. The subjects had to meet the
following criteria:

Age of subjects was determined by the
chronological age of 7 years (+ 6 months);

The subjects must be clinically healthy and
without the presence of any deformities, primarily
foot (flat foot), knee (bowlegged) and elbow
(hyperextension) joint, the spinal column (lordosis,
kyphosis and scoliosis);

The subjects must have a weight-height index
(BW/BH) below 0.190 kg/cm.

Consideration of the criteria set allowed the
selection of suitable for gymnastics, namely, the
formation of the sample for this study. From a total
of 288 first-grade schoolboys from six elementary
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schools (100%) underwent to the initial selection,
the established criteria were met by 112 schoolboys,
or approximately 40% of total.

All subjects included in this study had the
approval of the parents to participate in research.
The study was approved by the ethical committee of
the Faculty of Sports and Physical Education in Nis.

Testing procedure

Measuring of coordination skills was conducted
in each school separately. Since the school classes of
the first grade conducts differently by individual
schools, measurements were performed according to
the classes time, or between 8h and 10h, or between
13h and 15h. All measurements were performed
indoors at the temperature between 16 and 20°C.

Considering the size of the sample at schools
(between 13 and 23 students) and the number of
tests (17), for the treatment of each school, three
days was necessary (first day six tests, the second
day six tests and five tests on the third day). The
order of implementation of coordination tests was
the same in all schools and for all subjects. In the
organization of measurements, it was respected the
rule that the tests that requires higher energy
consumption was performed last.

Sample of measuring instruments

The sample of variables was obtained on the
basis of motor testing using a set of 17 composite
motoric tests, with three particles (three repetitions
of the same motor task), which were hypothetically
evaluating the following factors:

Tests for the evaluation of the realization speed
of complex motor tasks

e Rolling forward, sideways and backwards
(RFSB)

e Skills polygon, easier version (POLE)
e  Skills polygon, harder version (POLH)
e Backwards polygon (POLB)

Tests for evaluating the accuracy realization of
complex motor tasks

e Rolling and walking on the line with
asymmetrical hand movements (RWAH)

e Exercise in movement with asymmetrical
movements of the hands (EMAH)

e The combination of asymmetric movements
with arms and legs in one place (AALP)

e The combination of symmetrical extremity
movements in a sitting position (SMES)

e The combination of asymmetric hand
movements and jumps in one place (AH]JP)

e Jumping in one place with symmetrical
movements of the extremities (JPSE)

e Jumping in one place with asymmetrical
movements of the extremities (JPAE)

Tests for agility evaluating

e 10xlying, squat, jump (LS])
e Running 2x15m from a lying position
(R2X15)

o Envelope test (ENVT)

Tests for evaluation of coordination in rhythm

e  Un-rhythmic drumming with hands (UDRU)

e Rhythmic drumming with hands and legs
(RDHL)

e Drumming on the horizontal plates (DHOP)

For all of these measuring instruments it was
concluded the measured results provide a
distribution that’s not significantly deviated from the
normal (Velickovi¢ & Petkovi¢, 2005), that have a
high objectivity (Velickovi¢ & Petkovi¢, 2005) and
reliability (Velickovi¢, Aleksi¢-Veljkovi¢, & Herodek,
2013). Velickovi¢ et al. (2013) gave a detailed
description and standardization of all measuring
instruments for coordination used in this research.

Statistical data analysis

Analyses were conducted on the basis of the
following methods of forming the final results of the
measurements:

1. Condensation of original results with
first particle;

2. Condensation of original results with
maximum result (best particle);

3. Condensation of original results with
mean;

4. Condensation of original result with
summarizing results;

5. Condensation of standardized results
with mean;
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6. Condensation of particle with first
main component;

7. Condensation of results with particle
that is in the greatest correlation with
the main object of measurement.

Determining the most appropriate method of
condensation of results in composite tests of
coordination performance was conducted in two
ways.

The first method included the determination of
the structure of space of coordination respecting all
seven ways of registration of the final results of
measurements in each composite test. Way that gave
structure space with a smaller number of factors,
and higher percentage of common variance was
considered to be a better method for registration of
the final results in a composite test. In these analyzes
were applied Direct Oblimin transformation of the
main  components of the  corresponding
intercorrelation matrix of adequately formed
variables. Number of statistically significant main
components was determined based on the
Guttmann-Kaiser criteria. To illustrate the analyzed
were only displayed matrix of isolated components

RESULTS

of motor factors and the percentage of common
variance.

The second method included determination of
correlation of each way of registering the final
results in a composite test with the main subject of
measuring of the same test. For this method, it was
used a factor analysis, method of the main
components. Procedure which had a higher
correlation with the main object of measurement
was considered better.

It should be noted that in well-constructed motor
tests, with strict compliance to its standardization,
practically it's all the same on which way is
calculated the test result, because the difference in
the accuracy of the difference is so small that
practically it can be ignored. However, the problem
is with motoric coordination tests, which are not, or
cannot be completely well constructed (due to the
complexity of the main subject of measurement),
because of non compliance with the requirements in
standardization of appropriate composite motoric
tests by the measurer.

Statistical analysis was conducted with program
SPSSv 18.

Table 1. Matrix assembly - The best results (A), the arithmetic mean of all three measurements (B), the

sum of results of all three measurements (C)

VARIABLE 1A 2A 3A 4A 1B 2B 3B 4B 1C 2C 3C 4C

RWAH 0,43 0,29 | -0,60 | -0,01 0,44 032 | -0,63 | -0,01 0,42 0,33 | -0,62 0,01
EMAH 0,74 | -0,04 | -0,23 0,22 0,77 | -0,01 -0,28 0,15 0,77 0,01 | -0,27 0,15
AALP 0,61 0,03 | -0,53 | -0,09 0,61 0,11 -0,55 | -0,15 0,59 0,11 | -0,54 | -0,13
SMES 0,63 | -0,01 -0,41 0,07 0,62 0,06 | -0,43 0,08 0,62 0,03 | -0,46 0,11
AHJP 0,55 | -0,07 | -0,27 0,29 0,62 0,02 | -0,27 0,16 0,61 | -0,02 | -0,24 0,16
POLB -0,11 0,11 -0,43 0,68 0,01 0,11 -0,39 0,78 0,01 0,10 | -0,36 0,78
JPSE -0,78 | -0,05 0,30 0,05] -0,79 | -0,12 0,33 0,12 -0,78 | -0,10 0,36 0,13
JPAE -0,80 | -0,19 026 | -003] -0,78 | -0,25 0,24 | -0,02 ) -0,77 | -0,27 0,26 | -0,01
RFSB 0,29 0,16 | -0,09 0,78 0,46 0,15 | -0,09 0,75 0,46 0,14 | -0,08 0,74
POLE 0,15 0,45 | -0,06 0,59 0,08 0,49 | -0,13 0,62 0,07 0,47 | -0,10 0,63
POLH -0,04 0,65 | -0,29 0,66 0,11 0,64 | -0,34 0,63 0,09 0,62 | -0,33 0,65
R2X15 -0,04 0,90 0,04 0,24 ] -0,01 0,89 0,01 0,13 | -0,03 0,89 0,01 0,15
LSJ 0,11 0,51 | -0,18 0,34 0,11 0,55 | -0,17 0,30 0,11 0,54 | -0,16 0,32
ENVT 0,00 0,78 | -0,05 | -0,03 0,13 0,77 | -0,05 0,01 0,11 0,78 | -0,06 0,01
UDRU -0,24 | -0,26 0,74 | -026 ] 029 | -0,26 0,76 | -0,27 | -0,28 | -0,22 0,77 | -0,28
RDHL -0,34 0,03 0,75 0,00 ] -0,39 | -0,038 0,76 0,00 | -0,37 | -0,05 0,78 0,01
DHOP -0,33 0,07 0,75 | -0,14 | -0,24 0,11 0,73 | -0,24 | -0,26 0,11 0,75 | -0,22

% Variance 58,16% 59,96% 59,97%
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Table 2. Matrix assembly - with factor scores the first main intercorrelation matrix component of all three
performances in the composite test (d) and the arithmetic mean of standardized particles (E)

VARIABLE 1D 2D 3D 4D 1E 2E 3E 4E

RWAH 0,43 0,34 -0,61 0,02 0,44 0,34 -0,61 0,02
EMAH 0,77 0,00 -0,26 | 0,15 0,77 0,00 -0,26 | 0,16
AALP 0,60 0,12 -0,52 | -0,13 ] 0,61 0,12 -0,52 | -0,12
SMES 0,62 0,03 -0,44 | 0,11 0,62 0,03 -044 | 0,11
AHJP 0,61 -0,02 | -0,23 | 0,16 0,61 -0,02 | -0,23 | 0,17
POLB -0,01 0,10 -0,37 | 0,77 0,00 0,10 -0,37 | 0,77
JPSE -0,78 | -0,11 0,34 0,12 -0,78 | -0,11 0,33 0,12
JPAE -0,77 | -0,27 | 0,24 -0,02 | -0,77 | -0,27 | 0,24 -0,02
RFSB 0,45 0,13 -0,08 | 0,75 0,44 0,14 -0,08 | 0,75
POLE 0,08 0,47 -0,09 | 0,63 0,08 0,47 -0,10 | 0,62
POLH 0,09 0,62 -0,33 | 0,66 0,09 0,62 -0,33 | 0,66
R2X15 -0,03 | 0,89 0,02 0,16 -0,03 | 0,89 0,02 0,16
LSJ 0,11 0,54 -0,16 | 0,32 0,11 0,54 -0,16 | 0,32
ENVT 0,11 0,78 -0,06 | 0,02 0,11 0,78 -0,06 | 0,02
UDRU -028 | -0,22 | 0,77 -028 | -0,28 | -0,22 | 0,77 -0,28
RDHL -0,38 | -0,06 | 0,78 0,02 -0,38 | -0,07 | 0,79 0,02
DHOP -024 | 0,12 0,75 -020 | -0,24 | 0,12 0,75 -0,19

% Variance 59,86% 59,83%

Table 3. Matrix assembly - of the first result in each test (F) and particle which is in the highest
correlation with the main-first subject of measurement (G)

VARIABLE 1F 2F 3F 4F 5F 1G 2G 3G 4G 5G

RWAH 0,57 0,03 0,15 -0,25 | -0,22 ] 0,62 0,31 -0,51 -0,05 | 0,19
EMAH 0,42 -0,04 | -0,09 | -0,08 | 0,55 0,58 -0,01 -0,29 | 0,50 -0,28
AALP 0,57 0,05 -0,08 | -0,12 | 0,16 0,66 0,16 -0,40 | -0,07 | -0,21
SMES 0,40 -0,06 | 0,05 -0,17 | 0,31 0,67 -0,09 | -0,35 | 0,17 0,10
AHJP 0,04 0,03 0,01 -0,06 | 0,73 0,38 0,12 -0,27 | 0,34 -0,55
POLB -0,12 | -0,22 | 0,74 -0,17 | 0,20 0,03 0,04 -0,33 | 0,37 0,68
JPSE -0,77 | -0,02 | 0,16 -0,03 | -0,03 | -0,71 -0,06 | 0,31 -0,16 | 0,42
JPAE -0,79 | 0,01 -0,15 | -0,14 | -0,02 | -0,82 | -0,09 | 0,15 -0,23 | 0,03
RFSB 0,15 -0,04 | 0,57 0,23 0,49 0,25 -0,02 | -0,17 | 0,84 0,07
POLE 0,01 0,16 0,77 0,04 -0,26 | -0,02 | 0,47 -0,08 | 0,63 0,12
POLH 0,12 0,41 0,58 -0,16 | -0,10 ] 0,22 0,54 -0,35 | 0,44 0,48
R2X15 0,00 0,83 -0,01 0,02 -0,18 | -0,05 | 0,85 0,00 0,19 0,13
LSJ -0,21 0,69 0,05 -0,12 | 0,36 0,30 0,44 -0,11 0,10 0,51
ENVT 0,17 0,70 -0,01 0,13 -0,03 | 0,15 0,76 -0,12 | -0,05 | 0,01
UDRU -0,02 | -0,13 | -0,04 | 0,75 -0,16 | -0,19 | -0,25 | 0,78 -0,19 | -0,10
RDHL -0,24 | -0,11 -0,01 0,66 0,02 -0,35 | -0,03 | 0,79 -0,01 0,10
DHOP 0,09 0,23 -0,01 0,70 0,07 -0,26 | 0,07 0,74 -0,13 | -0,12

% Variance 59,18% 62,35%
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Table 4. Correlation coefficients of all seven ways of registration of the final results with the main object

of measurement for each composite test

VARIABLE Iy SUM AS MAX F score RF z

RWAH 0,931 0,999 0,999 0,972 0,999 0,958 0,999
EMAH 0,931 0,998 0,998 0,979 0,998 0,959 0,998
AALP 0,941 0,999 0,999 0,981 0,999 0,963 0,999
SMES 0,927 0,998 0,998 0,979 0,999 0,975 0,999
AHJP 0,899 0,998 0,998 0,966 0,998 0,936 0,998
POLB 0,868 0,999 0,999 0,922 0,998 0,928 0,998
JPSE 0,901 0,998 0,998 0,952 0,999 0,943 0,999
JPAE 0,968 1,000 1,000 0,980 1,000 0,981 1,000
RFSB 0,929 0,996 0,996 0,893 0,992 0,929 0,991
POLE 0,887 0,998 0,998 0,914 0,998 0,913 0,998
POLH 0,916 0,999 0,999 0,956 0,999 0,938 0,998
R2X15 0,906 0,996 0,996 0,964 0,997 0,924 0,997
LSJ 0,905 0,998 0,998 0,969 0,997 0,933 0,998
ENVT 0,859 0,996 0,996 0,939 0,997 0,899 0,996
UDRU 0,807 0,995 0,995 0,943 0,997 0,914 0,996
RDHL 0,860 0,996 0,996 0,960 0,996 0,942 0,996
DHOP 0,827 0,998 0,998 0,942 0,999 0,931 0,999
MEAN 0,898 0,998 0,998 0,954 0,998 0,939 0,998

Legend (Ways of registration result) - I1 (the first result), SUM (sum of original results of all three measurements), AS (arithmetic
mean of original results of all three measurements), MAX (best result in the composite test), F score (all three performances
presented with main component and factor scores), RF (measurement which is highly correlated with main subject of
measurement), Z (arithmetic mean of standardized results of composite test).

On treated sample of respondents by
factorization of each intercorrelation matrix
variables, which represented appropriate number of
repetitions of performing motoric tests, was
obtained four factors in case of condensation of
measurement results with maximum score,
arithmetic mean of original and standardized results,
the sum of the original results and factor scores the
of first main component (Tables 1 and 2). Four-
factor models are interpreted practically in the same
way: 1) realization accuracy of complex motoric
tasks, 2) Agility, 3) coordination in rhythm 4) speed
of realization of complex motor tasks. Thereby,
percentages of common variance of extracted
significant main components of the matrix
intercorrelation obtained on the basis of five
different registration procedures of measurement
results ranged from 58.16% to 59.97%. The lowest
was in registering the best performance (Table 1),
then at the arithmetic mean of standardized results
and when all registered performing was presented
as their main component (factor scores - Table 2),
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and highest was at the sum and arithmetic mean of
original results (Table 1).

In two cases were obtained five factors (Table 3),
in the case of condensation of information with first
measurement and with the measurement which is in
highest correlation with the main object of
measurement. In obtained five-factor structure of
the area, first four factors can be interpreted in a
similar way as in the previous case, with the proviso
that the fifth factor cannot be logically defined.
Percentage of common variance has similar values as
with four-factor model.

Reviewing Table 4 it can be seen that on average,
the highest correlation coefficients with the main
object of measurement have ways of registration of
the final results that take into account information’s
which give all three particles (sum and arithmetic
mean of the original results, the mean of
standardized result and factor scores the first main
intercorrelation matrix component result in all three
performances of a test), and not by selecting one of
the three measurement (first measurement, the
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maximum score). Slightly lower correlations were
obtained in average with way of registration where
the best result is respected, so the result which is in
highest correlation with the main subject of
measurement for each composite test. The lowest
correlation was recorded in the case of use of the
first result.

DISCUSSION

Review of all the tables we can see that the
advantage should be given to procedures that take
into account information of all three measurement
results, and not only by choosing one of three results
in a composite test. Similar results were obtained
during research of the structure of motoric
dimensions based on the way of registration
measurement results (Bala & Madi¢, 2002). This way
(when taken into account all three particles) gives a
lower number of factors, which are better and more
precisely defined, and which, of course, gives more
information about performing of the entire
coordination test, and therefore more information
about the main object of measurement in these tests.
Also these methods of registration the final results of
measurement have on average higher correlation
with the main object of measurement (Table 4).

The previous findings are confirmed (Bala &
Krneta, 2007) that taking into account only one
measurement (first measurement, the measurement
that is mostly correlated with the main object of
measurement, and the best result), get lost most of
the information about the real potential of
respondents. So it is recommended that this method
of registration measurement results of appropriate
motor skills should be avoided. When it comes to
individual results, the only noteworthy is the
procedure of taking into account only qualitatively
best results of all repetitions of motoric task
(particles) in the appropriate motoric test. Of course,
this means observance of conditions of
measurement, which are prescribed by the
appropriate standardization of each coordination
test, as well as training the measurer.

CONCLUSION

By analyzing and comparisons of the results
obtained in all four cases of forming motoric
variables in both samples of respondents, it was
concluded that condensation of particles with first
main component (calculating factor scores on the

main components based on the results of performing
same test), much favored in previous researches,
however, in this study there were no advantage of
this method compared to the previously mentioned
two ways of forming final variables. On the other
hand, this way is not so economical process, since it
requires several steps, application of statistical
programs and previous education of researchers.
This method, and the method of condensation of
standardized results with arithmetic mean, obtained
higher utility value when it comes to composite tests
where each particle represents a different motor
task, and ten way of results registration are not the
same measurement units.

Accepting the results which is mostly correlated
with an isolated factor (the main subject of
measurement), as final results of the composite test,
proved to be quite inaccurate procedure.

When using the results of testing for scientific
research purposes, strictly theoretical point of view,
and to some extent on the basis of information
obtained in this study, some priority should be given
to procedure of condensation of original results by
summing or by arithmetic mean, because this is the
most economical and most accurate methods. This
way allows simplest method of calculating results,
using the original value, and it is available and clear
to all researchers.

Of the procedures that take into account only one
result in a composite test, noteworthy is the
procedure of taking into account only best
qualitatively result of all repetitions of motoric task
(particles) in the appropriate motoric test. Of course,
this means observance of conditions of
measurement, which are prescribed by the
appropriate standardization of each motoric test, as
well as the training of the measurer.

If it is not possible to apply a test with multiple
execution of the same test, it is necessary to subjects,
especially young children, to enable them to try the
performance of a particular test before registering
results of performance. In this way we can obtain a
more adequate and more reliable results. Of course,
this kind of performing tests is recommended to
check the condition in work with children from a
teacher or coach, but it should be avoided for using it
in scientific research practice of quantitative and
qualitative characteristics of motoric abilities.
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SUMMARY

The aim of this study was to determine the relations between contractile abilities of the leg extensor muscles
with starting performance, as well as whether the level of average power, peak power and maximal force measure
with Loaded Squat Jump (S]) are related to the efficiency of start performance (t10m). Twenty seven sub-elite
male swimmers, all members of the swimming club ,Sveti Nikola“ and ,Nis2005“ from Nis, Serbia (height =
182.2+5.7 cm, weight = 73.5+7.3 kg, age = 20.1+3.4 yrs) performed one trial of S] test and two swimming start
trials corresponding to 10m distance. The results of inter-correlation matrix showed a statistically significant
association between the start efficiency (t10m) and the variables of average power (r = -0.65), peak power (r = -
0.63), maximal force (r = -0.52). Results of regression analysis indicate a statistically significant influence of the
whole system of S] predictor variables on the start performance (p = 0.04). This is confirmed by high coefficient of
multiple correlation (R = 0.67), where the common variance is explained with 45% (R2 = 0.45). Individually, no
variable has statistically significant influence on t10m. This indicates that all power and force variables listed
above which were the part of predictor variable set should be developed. Additionally, the results of this study
suggest that swimmers, with higher values of power and force variables, should be able to be faster on 10m-mark
then the swimmers with lower values of power and force variables.

Keywords: swimming start, muscle potential, vertical jump

INTRODUCTION

The swimming start, if performed effectively
might decide the swimmer’s classification and is
accepted as an important part of sprint swimming
events (de Jesus et al. 2011). The starting
performance is usually defined by the period
between the starting signal and the moment a
swimmer reaches 10 m (Blanksby et al.,, 2002), and it
is consisted of several phases: block, flight, entry,
underwater and swimming phases (Vantorre et al.
2010). Cossor and Mason (2001) have shown that in
competitive swimming, the start has been strongly
linked to overall performance. The study of Lyttle
and Benjanuvatra (2005) proved that swimming
start can contribute between 0.8 - 26.1 percent of
total race time depending on the distance. With the

percentage contribution increasing as the distance of
the race becomes shorter (Hay, 1986). The on-block,
flight and underwater phases are three typical start’s
phases. Slawson et al. (2013) research indicates that
the percentage start time contribution of each sub-
phase is approximately 11%, 5% and 84%
respectively.

The stroke length, stroke index, start dive length
and start dive velocity are different technical
characteristics which determine the differences
between more and less successful swimmers in
sprint event (Djurovi¢ et al,, 2012). As Schnabel and
Kucheler (1998) have shown in their study, a
swimmer must have a fast reaction time, significant
jumping power, a high take-off velocity and a
decrease in drag force to provide efficient starting
performance.
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Benjanuvatra et al. (2007); West et al. (2011);
Breed & Young, (2003) examined the relationship
between starting performance and land tests using a
different kind of methods with lower body land tests
in number of studies. Arellano et al. (2005) paper
shows that there are strong positive correlations
between the maximal forces found during the dry
land tests and the maximal forces measured on
wedge plates of the starting block, according that dry
land tests can be used as an alternative to pool based
tests for measure maximal force. Like in any other
sport, the optimal level of power is required in
swimming too (Newton, Jones, Kraemer & Wardle,
2002). Some specific requirements in terms of
swimmers power, conditioned by the character and
duration of dynamic effort in the process of
competitive activity, are set up by swimming (Madi¢,
Okici¢, Rasovi¢ and OKici¢, 2011). It cannot be denied
that leg extensors muscles have great influence on
the efficient start performance. Several studies, using
a variety of methods, have already tried to examine
the connections between strength and power
characteristics of leg extensors muscles with
swimming start (Lee et al. 2001; Breed & Young,
2003; Arellano et al. 2005; Croin & Hansen, 2005;
Mason et al.,, 2007; West et al.,, 2011; Bereti¢ et al.
2013). The authors point that the relationship
between starting performance and lower body
muscle potential during loaded squat jump hasn’t
been studied enough.

Therefore, the purpose of this paper was to
determine the relations between contractile abilities
of the leg extensor muscles during loaded squat
jump with starting performance, and to determine
whether the level of power and force variables
measure with loaded S] are related to the efficiency
of start performance. We hypothesized that the
muscle contractile abilities of leg extensors produced
during loaded S] is connected to starting
performance. The results obtained in this study
show that contractile abilities obtained by
performing the simple muscle tests measured on
land do relate to swimming start performance and
can be used by coaches and swimmers to improve
the start performance.

THE METHOD

Study involved 27 sub-elite male swimmers
(height = 182.2+5.7 cm, weight = 73.5+7.3 kg, age =
20.1£3.4 yrs), all members of the swimming club
,Sveti Nikola“ and ,Nis2005“ from Nis, Serbia. Tested
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swimmers have experience on national level
competitions. The swimmers and parents of
swimmers under 18 years gave informed written
consent for participation in the study. All methods
and procedures of this study were approved by both
clubs and Central Serbia Swimming Federation
Expert Advising Committee and by the ethical
committee of the University of Nis Faculty of Sport
and Physical Education, Serbia, and confirmed with
the Code of Ethics of the World Medical Association
(Declaration of Helsinki). All tests were performed
on the same day at fitness center of the SRC "Cair"
from city of Nis. The tests for contractile abilities
were performed in the morning, while the tests for
start performance were performed in the afternoon
session. Before the battery of tests, the participants
performed a standardized warm-up for each test. In
the warm-up for SJ test, the athletes preformed 5
minutes of cycling and then completed 2 to 3 series
with 6 - 8 repetitions of light squats. Before the
swimming start tests participants completed a warm
up, based around their competition warm up, which
consisted of easy swim, some sprint and dive drills to
ensure the athletes were ready to perform at their
maximal effort. Swimmers were instructed not to be
involved in strenuous exercise for at least 48 hours
before the testing and consume their normal pre-
training diet before the testing. The testing of
contractile abilities was measured with a Myotest
performance measuring system, Switzerland
(Myotest SA, Sion, Switzerland). The Myotest is
instrument with high reliability in testing strength
and power, demonstrated by the Comstock et al.
2011. The evaluation of leg extensors was made by
the following manual Myotest procedure for SJ.
Myotest instrument was placed on the barbell and
set to measure 5 attempts of jumps. The athlete
place the barbell on shoulders and stand still. At the
long beep, bend the knees to 90 degrees, stabilize the
barbell and stand still. At short beep, jump up as high
as possible without any countermovement while
firmly keeping the load on the shoulders. The
landing should be as soft and smooth as possible.
Return to the standing position, and wait for the next
long beep before bending the knees and for the short
beep before jumping. After 5 repetitions, the double
beep signals the end of the test. After the test, results
are automatically displayed on the screen of Myotest
instrument. The contractile abilities of knee
extensors were represented by predictor variables:
average power (Pavg) of three best repetitions in 5
jumps, in watts (W); peak power (Pmax) which
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provides information on athletes ability to generate
mechanical energy over time in watts (W) and
maximal force (Fmax) in newtons (N) which
provides information on athletes ability to produce
the highest dynamics possible against the system
moved during the impulse.

After warm-up in the swimming pool the
participants performed two swimming starts. There
was a 5 min rest between start attempts. The fastest
trial (time on 10m) was analyzed. Normal
competitive starting procedures were used for both
trials. The participants were instructed to perform a
maximal effort dive and maximal swim to the 10
meter mark (t10). Time at 10m is the time span from
the starting signal to the moment when the swimmer
touches the touchpads at 10m in seconds (0.01 s).
The starting block height from the surface of the
water was 0.70m. The starting platform was 0.5m x
0.5m, with a 102 slope. The touchpads (Alge Timing -
Austria) was set on the 10m mark attached on one
side on the lane line and on the other side to the

characteristic of start performance was represented
as: (t10) Time at 10m. Basic descriptive parameters
were calculated for all the variables: A-Mean, R-
range, MAX-maximum score, Min-minimum score,
SD-standard  deviation.  Results  distribution
symmetry was evaluated based on the values of
Skewness (Skew) and results distribution uniformity
based on the values of kurtosis (Kurt). For
determining the influence of the whole predictor
system onto the criteria variables the regression
analysis was used and following statistical
parameters obtained: multiple correlation coefficient
(R), determination coefficient, (R2), F-test result (F),
statistical significance (p). For determining the
influence of each individual variable in regression
analysis we calculated: partial correlation
coefficients (Part-R). Correlation coefficients (R),
standardized coefficients of partial regression (Beta),
t-test results (t) and statistical significance (p). All
the statistical operations were performed using
software Statistica 6.0 and level of significance was

swimming pool lateral edge. The kinematic setatp <0.05.
RESULTS
Table 1. Results of descriptive statistics
Mean Min Max Range Std.Dev. Skew Kurt

Pavg 2900.37 1500 4250 2750 637.56 0.27 0.13
Prax 3067.41 1590 4390 2800 676.07 0.32 0.21
Fmax 1697.41 1110 2130 1020 228.01 -0.15 0.36
t10 4.23 3.7 4.83 1.13 0.29 0.25 -0.23

Table 2. Inter-correlation matrix of applied variables

Pavg Prmax Finax t10
Pavg 1
Prnax 0.99 1
Finax 0.90 0.89 1
t10 -0.65 -0.63 -0.52 1

Table 3. Regression analysis of predictor variables and start performance

R=0.67, R*=0.45, F(6,20)=2.72, p<0.04
Std.Err. of
Beta Beta Part-R R t(20) p-level
Pavg 1.92 11.48 0.04 -0.64 0.17 0.87
Pmax -4.09 11.09 -0.08 -0.63 -0.37 0.72
Fmax 1.10 2.20 0.11 -0.52 0.50 0.62
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Tables 1. show the values of basic parameters of
descriptive statistics, then the value of Skewness’s,
Kurtosis’s. Table 2. presents the results of inter-
correlation matrix of applied variables, and all
statistically relevant variables were marked with
bold. There 1is statistically relevant and high
correlation among all 3 variables for contractile
abilities. The results of inter-correlation matrix
showed a statistically significant association
between the start efficiency (t10m) and the variables
of average power (r = -0.65), peak power (r = -0.63),
maximal force (r = -0.52). The negative sign in this
case represents a positive correlation considering
the fact that these two variables are inversely scaled.

Results of regression analysis in table 3. indicate
there is statistically significant influence of the whole
system of S] predictor variables on the start
performance (p = 0.04). This is confirmed by high
coefficient of multiple correlation (R = 0.67), where
the common variance is explained with 45% (R2 =
0.45). If we examine any variable on its own, we can
conclude that any of them has no statistically
significant influence on t10m. It suggests the need of
developing all these force and power variables that
are the part of predictor variable set.

DISCUSSION AND CONCLUSION

The results of the research show that explored
contractile abilities of the leg extensor muscles
during loaded squat jump have statistically
significant influence on the swimming start in the
time at 10m, for sub-elite swimmers. Any parameter,
if excluded from the group, has no statistically
significant impact. It just shows how complex and
mutual is the impact of lower body’s power and force
on start performance. According to all this, while
working with swimmers, optimal conditions for
development of contractile abilities, that may affect
start performance in sub-elite swimmers, should be
made.

The results are partially consistent with the
results of (Benjanuvatra et al., 2007; Bereti¢ et al,,
2013; Breed and Young, 2003; Mason et al., 2007;
Miyashita et al., 1992; West et al.,, 2011) which also
determine relationship between contractile abilities
in relation to different muscle force and power
characteristics and start variables. Statistically
significant relationship between start time and leg
extension peak power was found (r = -0.67, p = 0.01)
in study of Miyashita et al. (1992). West et al. (2011)
the study aim was to examine the key force and

power predictors of start performance on
international level British sprint swimmers. The
results of that study were significantly connected
with lower body peak power (r = - 0.85) and average
power values showed relation to 10m start times (r
= -0.40, p = 0.04) also. In the study of West et al.
(2011), authors proved positive correlation between
average power of leg extensor muscles and start
performance (r = -0.62). Mason et al. (2007) found
that peak power, average power and maximum
horizontal propulsive force were the features most
closely noticeable in excellent starting ability and
those three are linked to efficient start performance.

By doing this study we conclude that coaches and
swimmers can use contractile abilities, related to
swimming, obtained by performing the simple
muscle tests measured on land to improve the start
performance. The reason is that it do relate to
swimming start performance. What showed
significant bound to swimming start times on 10 m
were contractile abilities indicators of the leg
extensors muscles included in consideration (Pavg,
Pmax and Fmax). Swimmers with lower peak and
average values were slower than swimmers with
higher peak and average power values. According to
all this, while working with swimmers, optimal
conditions for development of contractile abilities,
that may affect start performance in sub-elite
swimmers, should be made.
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SUMMARY

Introduction: The purpose of this study is to determine the difference in explosive power between players

from the federal level and regional-level, aged 14-16. A general hypothesis Hi has been defined - there are
statistically significant differences in the explosive power between the federal level players and regional-level
players aged 14 to 16, and three partial: H1.1 - there are statistically significant differences in explosive force such
as jumping ability between the players of federal and the regional-level players aged 14 to 16; Hi - there are
statistically significant differences in explosive force such as throwing, between the federal and regional-level
players aged 14 to 16; H1s - there are statistically significant differences in explosive sprint power between the
federal and regional-level players aged 14 to 16.

Methods: The sample of examinees consisted of 20 players from the football club "Radnicki" from Ni$, which
compete in the federal range, and 20 players from the football club "Zelezni¢ar" from Ni§, who compete in the
Serbian regional rank. The sample of variables consisted of the following patterns of motor variables: long jump -
MSDM, triple jump - MTRS, five times jump - MPTS, 10 times jump - MDTS, medicine balls throw while lying -
MBML, medicine ball sit-up throw - MBMS, medicine ball chest throw - MBMNG, sprint 20 meters - M20L. Data
were analyzed by statistical methods to determine the central and dispersion parameters, variables, whereas t-
test for small independent samples was applied in order to determine the differences between players.

Results: There is a statistically significant difference between young soccer players in the following variables:
MSDM - jump out of spot, MBML - throwing medicine balls while lying, MBMS - throwing a medicine from gray,
MBMNG - throwing a medicine ball above your chest.

Conclusion: It is possible to assume that the attention hasn’t been paid enough to the development of the
explosive power in athletes of regional rank. After processing the obtained data it can be concluded that the
federal level coaches pay more attention to developing explosive power than coaches in regional ranking. Based
on these results it is necessary to create special programs that will influence on the further development of

explosive strength in football players.

Keywords: football, explosive power, federal league, regional rank

INTRODUCTION

Football is an anaerobic-aerobic sport with
alternating phases of high loads such as sprints,
quick change of direction, jumping, sudden stops.
Football is characterized by a continuous course of
activities with intermittent intensity of a game and a
very low success ratio (the number of achieved
goals) according to a possession of a ball (Reilly,
Clarys, & Stibbe, 1993). Explosive power is defined
as the ability of maximum rate of force development
in one move for as short as possible period of time.
This factor is reflected in all movements in which the
whole body, its parts, or loads extend their
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movement due to the received impulse or initial
acceleration (Malacko, 1991). Explosive power is
manifested in the activities such as: throwing, jumps,
kicks and sprint. Sprint, being a form of movement, is
regarded by some authors as associated with the
factor of speed power. Soccer is one of the most
widely played and complex sports in the world,
where players need technical, tactical, and physical
skills to succeed (Joksimovi¢, Stankovi¢, Ili¢,
Joksimovi¢, & Jerkan, 2009). Today's top soccer
requires strong endurance players with good motor
skills and sense of improvisation and collective
performance. Creating top football players is a long-
term process which includes identification,
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development and selection of the talents (Reilly,
Williams, Nevill, & Franks, 2000). Because of that,
the identification and development of young football
players have become very important for the majority
of the top-level teams (Williams & Reilly, 2000).
Researches in the field of explosive power of football
players are numerous both in the world and in our
country (Gil, S., Gil, ], Irazusta, Ruiz, & Irazusta,
2005; Joksimovi¢, 2005; Kymahugotis, Dulgeridis, &
Panajotis, 2005; Krsmanovi¢ & Krulanovi¢, 2007).

METHODS

Sample of examinees

The sample of examinees consisted of 20 players
from the football club "Radnicki" from NiS, which
compete in the federal range, and 20 players from
the football club "Zeleznicar" from Nig, who compete
in the Serbian regional rank. During testing, all
players were in the training process with three
sessions per week. All players have undergone a
health examination, after which those who could not
be included in the experimental program were
eliminated.

Sample of measuring instruments

The sample of variables consisted of the following
patterns of motor variables: long jump - MSDM,
triple jump - MTRS, five times jump - MPTS, 10 times
jump - MDTS, medicine balls throw while lying -
MBML, medicine ball sit-up throw - MBMS, medicine
ball chest throw - MBMNG, sprint 20 meters - M20L.
Sample of measuring means were: leather mat two
meter long and 7-10 cm thick, thin rubber mat with
rough surface whose length is 25 meters, steel tape
measurement with an accuracy of 0.1 cm, a medicine
ball weighing three kilograms, a chair with a
backrest and electronic stopwatch JUNSD JS- 320
with an accuracy of 0.01 seconds.

Statistical procedures

All results have been analyzed in the statistical
program Statistica 19.0. For all variables basic
parameters of descriptive statistics were calculated:
Range (R), the minimum score (MIN), maximum
score (MAX), mean (M), standard error (Er),
standard deviation (SD), skewness (Skew) and
kurtosis (Kurt). To determine a statistically
significant differences between the groups for each
variable, t-test was used, and significance was set up
to 0.05 (p < 0.05).

RESULTS
Table 1. Descriptive statistics of the regional ranking players aged 14 to 16

R MIN MAX Er SD Skew Kurt

MSDM 0.75 | 1.70 2.45 2.025 | 1.015 | 0.179 | 0.659 | 0.632
MTRS 1.90 | 5.30 7.20 6.035 | 0.213 | 0.412 | 0.861 1.580
MPTS 3.50 | 9.10 | 12.60 | 10.565 | 0.173 | 0.774 | 0.650 | 1.539
MDTS 5.60 | 19.40 | 25.00 | 21.940 | 0.336 | 1.506 | 0.500 | -0.214
MBML 3.00 | 4.10 7.10 5.635 | 0.188 | 0.840 | 0.053 | -0.173
MBMS | 2.00 | 3.50 5.50 4.685 | 0.112 | 0.500 | -0.508 | 0.127
MBMNG | 2.60 | 5.00 7.60 6.172 | 0.157 | 0.702 | 0.057 | -0.390
M20S 0.50 | 3.40 3.90 3.655 | 0.118 | 0.139 | 0.145 | -0.648
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Table 2. Descriptive statistics of the federal level players aged 14 to 16

R MIN MAX AS Er SD Skew Kurt

MSDM | 0.66 | 1.84 2.50 2.158 | 0.116 | 0.184 | -0.132 | -0.467
MTRS | 2.05 | 5.10 7.15 6.089 | 0.122 | 0.546 | -0.019 | -0.114
MPTS 290 | 9.70 | 12.60 | 11.011 | 0.164 | 0.734 | 0.460 | 0.314
MDTS 5.00 | 20.40 | 25.40 | 22.747 | 0.312 | 1.398 | 0.701 | -0.165
MBML | 3.52 | 4.60 8.12 6.306 | 0.196 | 0.877 | 0.478 | 0.333
MBMS | 1.60 | 4.20 5.80 5.210 | 0.116 | 0.407 | -0.665 | 0.476
MBMNG | 3.00 [ 5.50 8.50 7.030 | 0.166 | 0.744 | -0.083 | -0.198
M20S 0.50 | 3.40 3.90 3.695 | 0.945 | 0.131 | -0.667 | -0.289

In Tables 1 and 2 are given descriptive
parameters for regional players and the federal
players. Viewing of the results presented in both
tables can be ascertain that the value of basic, central

and dispersion parameters at intervals of minimum
and maximum results, do not contain five or more
standard deviations none of the variables, based on
which it can ascertain their sensitivity.

Table 3. Significance of differences between groups in explosive force - type vertical jump

Var Group AS SD t p

REG. 2.025 | 0.179

MSDM -2.32 0.026
FED. 2.158 | 0.184
REG. 6.035 | 0.412

MTRS -0.356 0.724
FED. 6.089 | 0.546
REG. | 10.565 | 0.774

MPTS -1.873 0.069
FED. | 11.011 | 0.734
REG. | 21.940 | 1.506

MDTS -1.757 0.087
FED. | 22.747 | 1.398

Table 4. Significance of differences between groups in explosive force - the type throws and sprint

Var Group AS SD t p

REG. | 5.635 | 0.840

MBML -2.469 0.018
FED. | 6.306 | 0.877
REG. | 4.685 | 0.500

MBMS -3.636 0.001
FED. | 5.210 | 0.407
REG. | 6.172 | 0.702

MBMNG -3.748 0.001
FED. | 7.030 | 0.744
REG. | 3.655 | 0.139

M20S -0.933 0.357
FED. | 3.695 | 0.131

The results of t-test in Tables 3 and 4 showed
that there is a statistically significant difference
between the players of regional and federal rank
aged 14 to 16 in the following variables: long jump-
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MSDM (.026), medicine ball throw while lying-
MBML (.018), medicine ball sit-up throw- MBMS
(.001), and medicine ball chest throw- MBMNG
(.001).
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DISCUSION

Present study was conducted in order to analyze
the explosive power of young football players of
different rank. After the data, concerning the
significance of differences in explosive force, being
processed and analyzed, we may conclude that there
is a statistical significance between the player’s of
federal compared to regional rank players in the
following variables: MSDM - long jump, MBMS -
medicine ball sit-up throw, MBML - medicine ball
throw while lying, and MBMNG - medicine ball chest
throw, in favor of the senior players. For other motor
area variables of explosive power, there aren’t any
statistically significant differences. Based on the
obtained parameters it can be determined that
football players of regional competition rank are
weaker in some types of explosive force, mainly in
the types that are not highly genetically determined,
compared to their peers from the federal rank.
Furthermore, it leads us to a conclusion that federal
rank coaches work more with the players so as to
develop explosive throwing strength type, i.e. they
pay more attention to the development of the upper
extremity compared to coaches of regional rank
competitions. The very same conclusions were
obtained by Gill et al. (2005), Joksimovi¢ (2005),
Kymahugotis et al. (2005), Strudwick, Reilly, &
Doran (2002). It seems that it doesn’t matter that the
subjects are in a period of intense growth and
development, however what seems to matter is
harder training, as analyzed variables show. In other
words, players who have undergone a harder
training have better explosive force results.

CONCLUSION

Results obtained by descriptive analysis of the
motor area have shown that there is a statistically
significant difference between the players of federal
rank compared to players of regional rank
competition aged 14 to 16. This difference is defined
by much better results in motor tests in favor of the
players from the federal rank competitions. On this
basis hypothesis H; is partially confirmed, which
states: There is statistically significant difference in
explosive power between the federal and regional-
level players aged 14 to 16. Results of explosive
power-type vertical jump are statistically significant
for variable MSDM- long jump, whereas the
following variables don’t show any statistical
significance: MTRS- triple jump, MPTS- five times

jump, MDTS- ten times jump. This partly confirms
the hypothesis Hi1 which states: There are
statistically significant differences in explosive force-
type vertical jump between the federal and regional-
level players aged 14 to 16. Results of explosive
power such as throwing are statistically significant
for all variables of the motor area, which therefore
fully confirms the hypothesis Hi, which states: there
are statistically significant differences in the type of
explosive throwing force between the federal and
regional-level players aged 14 to 16. Results of
explosive sprint power don’t show any statistically
significant difference in variable M20S - sprint 20
meters, which completely rejects the hypothesis Hi 3
which states: there are statistically significant
differences in the type of explosive sprint power
between the federal and regional-level players aged
14 to 16. The obtained results should represent the
important information for the coaches when it
comes to the selection of players, but not as the only
one determining factor. In general, this research
suggests the need for further investigations of this
issue given, its importance to the development and
promotion of sport practice which has repeatedly
confirmed.
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SUMMARY

Introduction: The aim of this study was to determine if there were significant differences in somatotype
components among young soccer players according to player position.

Methods: The study was carried out on a sample of 147 young Croatian soccer players, of mean chronological
age of 14.25 years, mean body height of 167.92 cm and body mass of 56.65 kg.

The participants were divided into 4 groups according to player position: goalkeepers, defenders, midfielders
and forwards. According to age category, young soccer players were divided into 3 groups: young pioneers (U-13),
pioneers (U-15) and cadets (U-17).

Ten measures of anthropometric characteristics were used based on which the Body Mass Index and
Somatotype according to the Heath-Carter method were then calculated. By univariate analysis of variance
(ANOVA) the differences between somatotypes, morphological characteristics and Body mass indices according to
player positions in different age categories of young soccer players were calculated.Data analysis was done by
Somatotype 1.2.5. and Statistica Ver.11.00. computer programmes.

Results: The obtained results show that in these age categories there were no significant differences in
somatotype according to the criterion of player role. Also, there were significant differences in body height and
body mass variables between the goalkeeper position and other positions, as well as in the elbow diameter variable.

Conclusion: The set hypothesis about the lack of significant differences in somatotype between player

positions among young soccer players is fully accepted.

In future studies it would be desirable to expand the sample by including soccer players from other Croatian
regions and to divide young players according to the criterion of efficacy. In this way correlation between body
build and situational efficacy of young soccer players at competitions could be determined.

Keywords: anthropometry, body build, BMI, soccer, ANOVA.

INTRODUCTION

Today, soccer is considered one of the most
developed, most visited and most popular sports
games in the world. From a simple and attractive
game soccer has become “the most important
secondary thing in the world” in a very short time
period. Soccer is played on almost every court
surface (grass, clay, asphalt, concrete, parquet, sand),
open or closed (Dujmovi¢, 2000).

To achieve top results in sport, one must be
familiar with scientific knowledge about the
characteristics of the sport and the influence of
certain factors on success in that sport. Scientific
approach includes systematic and successive
monitoring and testing of athlete’s overall

anthropological status through all stages of his
sports The most frequently tested
components of anthropological status are athlete’s
motor-functional abilities and morphological
characteristics. This is due to the fact that measuring
instruments for assessing those characteristics have
satisfactory metric characteristics, so the obtained
results are exact and interpretable, and are of great
importance for success in almost every sport
(Krstulovi¢, 2006).

Somatotype is a convenient shorthand descriptor
of overall physique in terms of body shape and
composition independent of body size. Somatotyping
is one of the most frequently used techniques for
analysing body build. Because of its uniqueness,
somatotyping has been used to study many aspects

career.
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of exercise, sports sciences and human biology,
which may be important in identifying talented
young athletes for particular sports (Carter, Ackland,
Kerr and Stapff, 2005).

The application of new Somatotype Ver.1.2.5.
software package according to Carter & Goulding
(2010) has caused investigations on somatotype of
different athletes and populations to evoke greater
interest and become more attractive to many
scientists because the programme uses certain age
and gender coefficients in addition to basic
morphological measures necessary for somatotype
calculation (Mili¢, Grgantov and Kati¢, 2012).

Results of previous studies (Janssens,
Renterghem and Vrijens, 2002; Matkovi¢ et al. 2003;
Gil, J. Gil, Ruiz, Irazusta, and Irazusta, 2010; Lago-
Penas, Casais, Dellal, Rey, and Dominguez, 2011;
Polat et al,, 2011; Russell and Tooley, 2011) show
that goalkeepers are generally the tallest and have
the highest body mass value, skinfold values and
body fat percentage. Wide midfielders were the
shortest and had the lowest body mass. In soccer
players mostly the mesomorphic type of somatotype
has been established, and in relation to the general
population, the soccer players are taller and have
greater body mass. The basic problem of
investigating inter-positional differences is including
a larger number of participants because of the
division into 3-5 smaller subsamples according to
player positions, which would represent a
homogenous sample.

The main aim of this study was to determine if
there were significant differences in somatotype
components among young soccer players according
to player position.

METHODS

Sample of examinees

The study was carried out on a sample of 147
young Croatian soccer players of mean chronological
age (MCA) of 14.25 years, mean body height of
167.92 cm and body mass of 56.65 kg.

The participants were divided into 4 groups
according to player position: goalkeepers (N=14),
defenders (N=46), midfielders (N=44) and forwards
(N=43).

According to age category, young soccer players
were divided into 3 groups: U-13 - young pioneers
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(N=51, MCA=12,32 years), U-15 - pioneers (N=52,
MCA=14,30 years) and U-17 - cadets (N=44,
MCA=16,30 years).

Sample of measuring instruments

Ten anthropometric characteristics were
measured: body height, body mass, triceps skinfold,
back skinfold, abdominal skinfold, calf skinfold,
upper arm circumference flexed, calf circumference,
elbow diameter and knee diameter. From these
characteristics, the following values were then
calculated: Body mass index (BMI) by dividing body
mass (kg) and body height squared (m?), and
somatotype according to the Heath-Carter method
(Carter & Goulding, 2010). The measurements were
made according to the ISAK protocol (Stewart, 2011)
on the dominant side of the body, as was originally
suggested by the original description of using the
Heath-Carter method of somatotype calculation
(Heath and Carter, 1967; Carter and Heath, 1990).

The measurements were taken twice, and mean
value was taken as the final result.

The exception was made in case of possible great
variability in skinfolds and the necessity of taking a
third measurement.

Statistical procedures

Methods of data analysis included calculation of
descriptive  statistical  indicators of ten
morphological measures: mean (M) and standard
deviation (SD).

By univariate analysis of variance (ANOVA) it
was determined if there were significant
differences between somatotypes, morphological
characteristics and Body mass index according to
player position in different age categories among
young soccer players.

Data analysis was done by Somatotype 1.2.5. and
Statistica Ver.11.00. computer programmes.

RESULTS

The results of one-way analysis of variance
(ANOVA) of morphological characteristics, Body
mass  indices and  somatotype  components
(endomorphic, mesomorphic and ectomorphic
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component) according to player position among

young pioneers (N=51) are presented in Table 1.

Table 1 Differences of morphological characteristics, Body mass indices and somatotypes according to

player position among U-13 (N=51)

G°a('5::')°ers D‘:Le:f.f)’s Midfielder (N=19)  Forwards (N=11)

Variables M SD M SD M SD M SD F

Body height 165.80 5.32 154.14 7.95 150.87 7.02 151.40 6.38 5.17*
Body mass 50.88 5.02 45.72 7.43 41.00 6.68 40.70 544  3.83*
Upper arm circumference flexed 25.25 1.29 24.07 2.82 22.75 2.28 22.80 1.17 2.19
Calf circumference 27.66 10.83 32.15 3.06 29.88 4.03 30.84 2.09 1.60
Elbow diameter 6.14 0.21 5.91 0.50 5.82 0.43 5.90 0.35 0.61
Knee diameter 9.53 0.17 9.13 0.46 8.96 0.57 8.82 0.38 243
Triceps skinfold 10.68 4.47 10.97 4.67 9.71 3.61 8.86 1.85 0.78
Back skinfold 7.90 4.04 8.00 3.38 7.73 3.69 6.00 0.84 0.99
Abdominal skinfold 9.85 5.80 8.06 3.78 6.44 3.38 5.69 1.62 2.1
Calf skinfold 12.75 3.91 12.77 4.65 10.88 4.54 9.40 243 1.68
Body mass index 18.43 2.06 19.09 2.07 17.94 2.04 17.64 1.30 1.63
Endomorphic component 2.90 1.54 2.95 1.22 2.66 1.19 2.26 0.44 0.91
Mesomorphic component 3.53 0.81 4.16 1.16 3.94 0.88 3.96 0.49 0.55
Ectomorphic component 4.23 1.30 3.08 1.18 3.54 1.01 3.69 0.81 1.64

LEGEND: mean (M), standard deviation (SD), coefficient of F-test (F), significant difference at the level of p<0.05 (*)

By analysing the results from Table 1 it can be
noticed that the goalkeepers in the U-13 category
had significantly the highest values of body height
and body mass, and the midfielders were the
shortest, whereas the forwards had the lowest body
mass. The defenders had the highest and the
forwards had the lowest values of BMI.

Mean values of somatotype components showed
no significant differences between player positions
among U-13 and indicate that the goalkeepers fit the
mesomorphic ectomorph somatotype category,
whereas all other player positions displayed mean
somatotype of ectomorphic mesomorph.

Mean values of somatotype components showed
no significant differences between player positions
in the U-15 category and indicate that the
goalkeepers fit the ectomorphic mesomorph
somatotype category, the midfielders fit the
ectomorph-mesomorph category, whereas the
defenders and the forwards displayed mean
somatotype of mesomorph-ectomorph.

The results of one-way analysis of variance
(ANOVA) of morphological characteristics, Body
mass indices and  somatotype  components
(endomorphic, ~mesomorphic and ectomorphic
component) according to player position among U-15
(N=52) are presented in Table 2.

By analysing the results from Table 2 it can be
seen that the goalkeepers in the U-15 category had
significantly the highest values of body height and
body mass, whereas the forwards were the shortest
and had the lowest body mass. The forwards also
had the lowest values of BMI, whereas the
goalkeepers and the defenders had the highest
values of BMI.

The results of one-way analysis of variance
(ANOVA) of morphological characteristics, Body
mass  indices and  somatotype  components
(endomorphic, mesomorphic and ectomorphic
component) according to player position among
cadets (N=44) are presented in Table 3.
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Table 2 Differences of morphological characteristics, Body mass indices and somatotypes according to

player position among U-15 (N=52)

Goalkeepers

Defenders

(N=4) (N=16) Midfielders  (N=11) Forwards (N=21)

Variables M SD M SD M SD M SD F

Body height 176.47 8.01 169.43 8.80 169.21 7.08 168.65 9.91 2.67*
Body mass 64.03 8.66 59.13 11.48 56.09 7.33 55.82 10.53 2.27*
Upper arm circumference flexed 27.08 2.06 27.75 3.50 26.29 2.03 26.39 2.58 0.92
Calf circumference 34.78 3.08 35.83 3.01 34.74 2.20 33.93 2.69 1.46
Elbow diameter 6.46 0.38 6.74 0.57 6.58 0.33 6.52 0.47 0.79
Knee diameter 9.74 0.44 9.81 0.56 9.52 0.29 9.54 0.51 1.24
Triceps skinfold 10.49 4.74 10.09 4.57 9.01 1.72 8.73 2.09 0.75
Back skinfold 8.63 3.09 8.45 2.50 7.46 1.36 7.12 1.57 1.69
Abdominal skinfold 7.35 1.27 7.85 3.13 6.49 1.66 6.92 244 0.75
Calf skinfold 11.45 3.72 11.31 4.40 10.09 3.08 9.98 3.75 0.49
Body mass index 20.43 1.20 20.42 2.73 19.50 2.02 19.43 1.96 0.79
Endomorphic component 2.68 1.04 2.52 1.00 2.29 0.49 2.25 0.51 0.68
Mesomorphic component 4.00 0.51 3.69 1.16 3.91 1.03 3.83 0.82 0.17
Ectomorphic component 3.33 0.33 3.87 1.17 3.85 1.21 3.86 0.83 0.35

LEGEND: mean (M), standard deviation (SD), coefficient of F-test (F), significant difference at the level of p<0.05 (*)

Table 3 Differences of morphological characteristics, Body mass indices and somatotypes according to

player position among U-17 (N=44)

G“{:j‘:g;’e’s DTL‘*:%” Midfielders (N=14)  Forwards (N=10)

Variables M SD M SD M SD M SD F

Body height 185.13 5.69 181.24 5.13 181.07 4.36 176.48 6.61 3.51*
Body mass 75.75 8.99 68.96 5.17 68.13 9.14 67.50 5.12 1.95
Upper arm circumference flexed 31.41 2.86 29.78 1.87 29.33 2.26 29.08 1.02 1.92
Calf circumference 38.41 2.23 36.29 1.03 36.60 1.90 36.51 1.66 2.46
Elbow diameter 7.28 0.37 6.81 0.31 6.94 0.29 6.70 0.19 5.49*
Knee diameter 10.13 0.27 9.79 0.42 9.71 0.54 9.82 0.42 1.21
Triceps skinfold 8.98 2.79 8.76 2.16 9.04 4.97 9.95 3.43 0.22
Back skinfold 8.79 1.83 8.99 1.36 9.08 3.44 9.28 1.57 0.06
Abdominal skinfold 8.21 2.22 6.97 1.94 8.52 6.16 9.08 4.31 0.54
Calf skinfold 10.47 2.69 8.42 2.19 10.02 4.26 9.74 2.93 0.85
Body mass index 22.13 2.53 20.96 1.21 20.70 2.1 21.68 0.87 1.36
Endomorphic component 2.37 0.68 2.31 0.44 2.42 1.28 2.73 0.88 0.45
Mesomorphic component 4.33 1.44 3.62 0.78 3.64 0.76 4.05 0.69 1.39
Ectomorphic component 3.52 1.31 3.79 0.76 3.95 0.90 3.15 0.64 1.81

LEGEND: mean (M), standard deviation (SD), coefficient of F-test (F), significant difference at the level of p<0.05 (*).

By analysing the results from Table 3 it can be
seen that the goalkeepers in the U-17 category had
significantly the highest values of body height and
elbow diameter. Values of body mass and knee
diameter were also the highest among the
goalkeepers, but with no significant inter-positional
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difference. The forwards were the shortest and had
the lowest body mass in this category as well. The
midfielders had the lowest values of BMI, whereas
the goalkeepers showed the highest values.

Mean values of somatotype components showed
no significant differences between player positions
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in the U-17 category and indicate that the
goalkeepers and the forwards fit the ectomorphic
mesomorph somatotype category, whereas players
in other positions, the defenders and the midfielders,
fit the mesomorph-ectomorph mean somatotype.

Frequencies and relative values of somatotype
categories according to age groups are presented in
table 4.

Table 4 Frequency and percentage of somatotype categories among young soccer players (N=147)

U-13 U-15 u-17
(N=51) (N=52) (N=44)
Somatotype category N % N % N %
Endomorph- ectomorph 3 5.88 - - 1 2.27
Balanced endomorph 1 1.96 - - - -
Mesomorphic endomorph 8 15.69 4 7.69 3 6.82
Mesomorph - endomorph 5 9.80 5 9.62 3 6.82
Endomorphic mesomorph 5 9.80 5 9.62 9 20.45
Balanced mesomorph 3 5.88 4 7.69 6 13.64
Ectomorphic mesomorph 1 21.57 15 28.85 11 25.00
Mesomorphic ectomorph 10 19.61 16 30.77 6 13.64
Balanced ectomorph - - 1 1.92 1 2.27
Central 5 9.80 2 3.85 4 9.09

LEGEND: frequency of participants (N), relative values (%).

In the U-13 category, out of the 13 somatotype
categories, 9 categories were recorded. The majority
of young soccer players in this age group fit the
ectomorphic mesomorph and mesomorphic
ectomorph somatotype category with the overall
percentage of 42%. At the same time, 16% of U-13 fit
the mesomorphic endomorph category.

In the U-15 category, there were 8 different
somatotype categories, only two of which, the
mesomorphic ectomorph and the ectomorphic
mesomorph, exceeded 59% or the total of 31
participants.

DISCUSSION

The main aim of the study was to determine if
there were significant differences in somatotype
components among young soccer players according
to player position. The study showed that there were
no significant differences between young soccer
players at different player positions, which is

U-17 also defined 9 somatotype categories. The
ectomorphic mesomorph had the highest percentage
as it included 11 participants or 25%, followed by
the endomorphic mesomorph with 20.54% or 9
young soccer players. The balanced mesomorph and
the mesomorphic ectomorph categories fit around
27% of the total percentage in the age group of
cadets.

The somatoplot of the overall sample of young
soccer players (N=147) is presented in Figure 1.

congruent with previous findings (Janssens et
al,,2002; Sporis, Canaki and Bari$i¢, 2007; Russell
and Tooley, 2011; Salgado et al,2009; Rogan,
Hilfiker, Clarys, Clijsen and Taeymansa, 2011;
Cossio-Bollanoso, Portella, Hespanhol, Fraserr and
de Arruda, 2012; Orahn, Sagir and Zorba, 2013).
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Figure 1 Somatoplot of the overall sample of young soccer players (N=147)

The soccer players that were measured were
averagely 3 cm shorter and had 6.5 kg lower body
mass than the participants in a study carried out by
Russel and Tooley (2011) in which 43 young soccer
players of mean age of 15+2 years were tested. Given
that the participants in the current study were
somewhat chronologically younger, these differences
were expected. The same conclusion can be drawn
by comparing the current study with a study carried
out by Polat et al. (2011) in which soccer player at
the age of 16 had mean body height of 174.38 cm
and body mass of 57 kg. The mean values of
somatotype components indicate that all age groups
fit the ectomorph-mesomorph somatotype category
(U-13 2.69-3.99-3.47; U-15 2.37-3.82-3.82; U-17
2.45-3.82-3.66), whereas in a study carried out by Gil
et al. (2010) on soccer players of mean age of
16.48+2.63 years, the mesomorph component was
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prevalent in all age groups, with the exception of
fourteen-year-olds who were mostly ectomorphic.

Dominance of two somatotype categories,
balanced mesomorph and ectomorphic type, was
determined in a study carried out by Martirovsov,
Skomorokhov, Farmochi and Varga (1987) on 254
young soccer players. In a study carried out by
Salgada et al. (2009), dominance of the mesomorphic
component was also determined among young
soccer players aged 17 to 18 years.

In studies among senior soccer players (Janssens
et al, 2002; Castanhede, Filho and Dantas, 2003;
Hazir, 2010; Orahn et al., 2013), the results indicated
dominance of the mesomorphic component, with the
emphasised somatotype component of balanced
mesomorph.

All the aforementioned studies that were carried
out on young soccer players and senior soccer
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players indicated the prevalence of the mesomorphic
component, whereas in the current study, besides
the mesomorphic component, the ectomorphic
component stood out as well. It can be assumed that
the reason for this was the participants’ younger
chronological age in the current study. Namely, a
study carried out by Nikolaidis and Vassilios Karydis
(2011), investigating body composition of young
soccer players through adolescence (from 12.01 to
20.98 years), showed that somatotype components
change during adolescence so that the endomorphic
and ectomorphic component are decreased, while
the mesomorphic component is increased.

Significant  differences in  morphological
characteristics, body mass index and somatotype
according to player position among U-13 and U-15
were found only in morphological variables of body
height (p=0.00; p=0.05) and body mass (p=0.02;
p=0.05). Among U-17, significant difference was
found only in the body height variable (p=0.02) and
the elbow diameter variable (p=0.00). Among U-13
and U-15, the goalkeepers were significantly
different from the other three positions by being
taller and having higher body mass. Among U-17, the
goalkeepers were also taller and significantly
different from the other three positions in the elbow
diameter variable. The results of previous studies on
young soccer players (Gil, S. M,, Gil, ], Ruiz, Irazusta,
A. and Irazusta, J., 2007; Lago-Penas et al.,, 2011) are
congruent with those results. In studies carried out
among senior soccer players, it was also determined
that goalkeepers were significantly taller and had
higher body mass than their teammates playing
other positions (Bloomfield, Polman, Butterly and
O0’Donoghue, 2005; Hazir, 2010).

Therefore, it can be concluded that many young
soccer players were selected for the goalkeeper
position at the very beginning of their training
because of their dominant height in comparison to
their teammates.

CONCLUSION

The set hypothesis about the lack of significant
differences in somatotype between player positions
among young soccer players is fully accepted. In
future studies it would be desirable to expand the
sample by including soccer players from other
Croatian regions and to divide young players
according to the criterion of efficacy. In this way
correlation between body build and situational

efficacy of young soccer players at competitions
could be determined.
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SUMMARY

Introduction: The aim of this study was to analyze differences in the parameters of situational efficiency of

two clubs that were by results most successful in the Croatian basketball league at the end of the season
2012/2013. The hypothesis of this research is to identify variables that discriminate winning matches from the
defeated ones.

Methods: The sample consisted of 8 matches between basketball clubs ,Zadar“ and Cibona“ played in the
regional ABA league, the Kre$imir Cosié¢ cup, Croatian championship and playoff. Used variables are 13 standard
indicators of situational efficiency in basketball. Parameters of descriptive statistics were calculated for an overall
sample, and also for groups of winner teams and hence the defeated teams. By using T-test for independent
samples, for each of the 13 parameters of situational efficiency, the existence of significant differences between
winning and defeated teams has been examined.

Results: Results indicate that variables Points made, Offensive rebounds, Three point shots total, Free throws
total and Fouls made statistically significant differ winning teams from defeated ones (p<0,05)

Conclusion: Obtained results show that, from the viewpoint of basketball expertise, indicators of situational
efficiency are only a partial indicator of efficiency of an individual or a team that emphasizes further importance of
an expert basketball experience, knowledge and understanding in their interpretation, with the aim of acquiring
relevant information of overall efficiency of all participants of the game. Surely, the research is limited due to a
relatively small number of matches. In future researches dealing with similar issues, the sample should certainly

be increased, and nonstandard indicators of situational efficiency should be used.

Key words: team efficiency, situational efficiency, basketball expertise

INTRODUCTION

Outstanding achievements in basketball in
general are a result of continuous scientific research
and mostly thorough professional work those
cognitions have been integrated. Therefore, the
research of the effect of standard indicators of
situational efficiency on a total result in a basketball
game no longer belongs only to the scientific area,
but to a professional area too, and furthermore, it is
a practical link between the two areas (Trnini¢,
2006). Detailed analysis of obtained data along with
the results of conducted researches, surely provide
coaches with information that can direct and form

the preparation, as well as the training process. It is
important to point out that a large amount of works
has been published, based on the analysis of
standard indicators of situational efficiency
conducted with different statistical methods and
with different research goals.

Structure of a basketball game is not easily
described with one or more sentences. For direct
participants, the game goes beyond the mere
kinesiological definition, and seen from their point of
view, it takes on a different or, that is to say, more
concrete dimension. For a coach, the game consists
of a number of tasks that players of different
positions must execute in order to create defensive
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and offensive advantage (Trnini¢, 2006). Coach,
besides the knowledge how to use skills, qualities
and knowledge of a player in a tactical part of the
game and how to consolidate them within a team,
must also know how to compensate the deficiencies,
concerning both the team and an individual. On the
other hand, for players, the game is consisted of a
number of defensive and offensive situations in
which their own set of skills can be demonstrated
with the aim of outplaying the opponent with the
tendency of a rational energy consumption (Trnini¢,
Dizdar & Dezman, 2002). The above mentioned
skills, qualities and knowledge raise the question of
the equation of specification in basketball. Equation
of specification is an often subject of discussion and
it is relative in a complex motorical activity that is
realized within the dynamic conditions of the game
(Trnini¢, Jelaska & Papi¢ 2009). Quality game
performance is highly related to almost every
dimension of an anthropological status. Besides an
optimal health state and appropriate morphological
features, the game demands a high level of functional
and certain motor skills. Some experts emphasized
conative traits (strong character, motivation,..) are
very desirable, also some cognitive abilities
(perception, anticipation,..) make a difference
between the players and it is an additional quality
for players of similar characteristics and skills. The
ratio of importance of mentioned dimensions within
the equation specification opens up space for further
scientifically based discussions (Bartlett, 2006;
Jelaska, 2011). Certainly, the structure of a
basketball game with its demands opens up a
enough large space for participants of various
anthropological statuses, which is probably one of
the reasons for the attractiveness of this sport.

Of great significance is also the research, that was
conducted on a sample of 870 matches during 6
LEB1 seasons (Spanish basketball league) with the
aim of establishing which statistical indicators differ
seasonally successful and unsuccessful teams
(Ibanez, Sampaio et al, 2008). Using the
discriminant analysis, the obtained results indicate
on a great number of differences between statistical
indicators of the best and the worst teams on the end
of the season, with an emphasis on the passings,
rebounds and blocks. The mentioned example of the
research is a part of a great amount of related works
that offer a different view on a basketball game,
aswell as open up new spaces for further researches.

Previous studies, along with the future ones, do
not prove but rather educate, direct and undertake
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the additional step to the improvement of basketball
and a basketball game. methods

Sample of examinees

In accordance with the resarch goal, 8 games
played between basketball clubs ,Zadar“ and
,Cibona“ in the season of 2012/13 were used. The
games were played according to the seqeunce: two
in the regional ABA league, one in the Kresimir Cosi¢
cup semifinale, two in the Champions League of the
Croatian championship and three in the Croatian
championship playoff finale. Games were observed
from the aspect winner - defeated. Both teams had
result oscillations during the season and weren'’t the
best ranked Croatian club in the end of the regional
league, but the two have played the most matches
among themselves, accomplished the best position
for the Champions League and played the finals of
the championship. The matches were observed in
terms of differentiating the winners from the
defeated.

Sample of variables

The variables used in this resarch are 13
standard indicators of situational efficiency in
basketball: 2PT SUC - two point shots successful;
2PT TOT - two point shots total; 3PT SUC - three
point shots successful; 3PT TOT - three point shots
total; FT SUC - free throws made; FT TOT - free
throws total; DEF REB - defensive rebounds; OF REB
- offensive rebounds; ASSIS - assists; STL - steals;
TO - turnovers; BL - shot blocks; and FTS - fouls
made. The PM - points made variable was also used.
Data was taken from the official ABA league site
(www.abaliga.com) and the official Croatian
basketball association site (www.hks-cbf.hr). Results
presented in the tables, aswell as the discussion we
written on behalf of this insight in the indicators of
situational efficiency, and without any further visual
analysis of the matches.

Data processing methods

For both teams, regardless of the match results,
parameters of descriptive statistics were calculated:
artithmetic mean, median, minimum score,
maximum score, standard deviation, coefficient of
skewness, coefficient of kurtosis and significance
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while testing the normality using Kolmorgov-
Smirnov test. Same parameters of descriptive
statistics were calculated for groups of both winners
and defeated teams as well. T-test for independent
samples, for each of 13 parameters of situational
efficiency, existence of statistically significant
differences for the winners and defeated teams were
examined.

RESULTS

In table 1, results of descriptive statistics for all
observed matches are found. Indicators of
descriptive statistics were calculated: arithmetic
mean, median, minimum score, maximum score,
standard deviation, coefficient of skewness,
coefficient of kurtosis and significance while testing
the normality by using Kolmorgov-Smirnov test

Table 1: Results of descriptive statisctic for all matches (AS - arithmetic mean, MED - median, MIN -
minimal score, MAX - maximal score, o - standard deviation, az-coefficient of skewness, a4 — coefficient of
kurtosis, KS-p - and significance while testing the normality by using Kolmorgov-Smirnov test).

AS MED | MIN | MAX | © [ Oy KS-p
PM 829 | 825 | 67 101 9,75 10,29 | -0,16 | p>0,20
2PTSUC | 231 | 22,0 | 18 33 4,02 086 | 1,08 | p>0,20
2PTTOT | 44,2 | 440 | 34 53 6,05 | -0,26 | -0,82 | p>0,20
3PTSUC | 6,8 7,0 4 10 1,87 1 0,24 | -0,60 | p>0,20
3PTTOT | 21,3 | 22,0 | 16 27 2,89 | -0,00 | -0,20 | p>0,20
FT SUC 16,4 | 15,0 | 10 28 514 | 1,50 | 1,89 | p>0,20
FT TOT 224 | 210 | 16 35 592 | 0,72 | -0,23 | p>0,20
DEFREB | 24,6 | 250 | 20 30 299 1025 | -0,12 | p>0,20
OF REB 10,4 | 9,0 5 20 4,60 | 1,13 | 0,15 | p>0,20
ASSIS 13,0 | 110 |9 21 360 | 1,11 | 0,23 | p<0,20
STL 7,5 7,0 4 15 266 | 1,52 | 3,27 | p<0,20
TO 134 |1 130 |9 22 3,10 | 1,36 | 2,99 | p>0,20
BL 1,9 1,5 0 5 1,65 | 0,72 | -0,46 | p>0,20
FTS 236 | 235 | 17 32 3,67 | 0,50 | 0,65 | p>0,20

Legend: PM - points made, 2PT SUC - two point shots successful; 2PT TOT - two point shots total; 3PT SUC - three
point shots successful; 3PT TOT - three point shots total; FT SUC - free throws made; FT TOT - free throws total; DEF
REB - defensive rebounds; OF REB - offensive rebounds; ASSIS - assists; STL - steals; TO - turnovers; BL - shot

blocks; FTS - fouls made

From the table of basic statistic indicators (Table
1), it is visible that all of the variables are normally
distributed. Although there's a slight range of values
in the variable Points made (67-101), the arithmetic
mean (AS=82,9) indicates a standard value of the
final result with a standard deviation of 9,75. The
range of results of other variables, for example
Offensive rebounds (5-20), or Turnovers (9-22), is
also wide, but the arithmetic mean of the two has a
standard value, also with no bigger oscilations

(0=4,60; 0=3,10). Arithmetic mean of all variables,
with the hypothetical replacement of values between
the variables STL (AS=7,5) and TO (AS=13,4),
observed from a basketball aspect, is a good final
match statistic.

In Table 2, results of descriptive statistics of the
winning teams are found. The basic statistic
parameters are calculated: arithmetic mean, median,
minimum score, maximum score, standard deviation,
coefficient of skewness and coefficient of kurtosis.
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Table 2: Results of descriptive statistics - winners (AS - arithmetic mean, MED - median, MIN - minimal
result, MAX - maximum result, ¢ - standard deviation, a3 - coefficient of skewness, a4 - coefficient of

kurtosis).
AS MED | MIN | MAX | o a3 ay
PM 89,25 | 88,50 | 78 101 8,22 | 0,32 -1,00
2PTSUC | 24,75 | 25,50 | 18 33 4,74 | 0,29 0,11
2PTTOT | 43,88 | 43,00 | 34 53 7,68 | 0,09 -1,85
3PTSUC | 7,25 7,00 4 10 2,25 | -0,01 | 1,39
3PTTOT 19,38 | 18,50 | 16 23 2,50 | 0,60 -0,66
FT SUC 18,00 | 16,00 | 10 28 6,63 | 0,85 -0,49
FT TOT 25,25 | 24,50 | 16 35 6,30 | 0,21 -0,67
DEF REB | 26,38 | 26,00 | 23 30 2,56 | 0,47 -0,82
OF REB 9,00 8,50 5 17 3,63 |1 1,68 | 3,90
ASSIS 14,38 | 12,50 | 10 21 4,34 | 0,55 -1,70
STL 8,00 7,00 4 15 3,42 | 1,23 1,99
TO 12,63 | 13,00 | 9 15 1,77 | -1,10 | 2,42
BL 1,00 1,00 0 2 0,76 | 0,00 -0,70
FTS 21,00 | 21,00 | 17 24, 2,14 | -0,58 | 0,94

Legend: PM - points made, 2PT SUC - two point shots successful; 2PT TOT - two point shots total; 3PT SUC - three
point shots successful; 3PT TOT - three point shots total; FT SUC - free throws made; FT TOT - free throws total; DEF
REB - defensive rebounds; OF REB - offensive rebounds; ASSIS - assists; STL - steals; TO - turnovers; BL - shot

blocks; FTS - fouls made

From the table of basic statistic indicators (Table
2), it is visible that the variable Points made indicates
that the winning team, from a basketball point of
view, have accomplished a high value in the
parameter arithmetic mean (AS=89,25), extremely
high in parameter maximum (MAX=101). Moreover,
bearing in mind the minimum number of Points
made (MIN=78), resonating from an aspect of
Croatian league basketball practice, we can notice
that a relatively high value of Points made had been

accomplished at the match. Furthermore, from the
more exceptional results of other statistical
parameters, the high values of Successful two point
shots (AS=24,75) and assist variables (AS=14,38) are
worth of emphasizing. It should be mentioned that
the winning team had a more significant oscillations
in values of minimum (MIN) and maximum (MAX)
Offensive rebounds (5-17), Steals (4-15) and Free
throws made (10-28).

Table 3: Results of descriptive statistics — defeated (AS - arithmetic mean, MED - median, MIN - minimal
result, MAX - maximum result, ¢ - standard deviation, a3 - coefficient of skewness, a4 - coefficient of

kurtosis).
AS MED MIN | MAX | o a3 oy
PM 76,63 | 76,00 | 67 86 6,72 | -0,23 | -0,88
2PT SUC | 21,38 | 22,00 | 18 25 2,39 | -0,34 | -0,26
2PTTOT | 44,50 | 45,50 | 35 48 438 | -1,66 | 3,16
3PT SUC | 6,38 6,50 4 8 1,41 | -0,48 | -0,56
3PTTOT | 23,13 | 22,00 | 22 27 1,89 | 1,64 1,77
FT SUC 14,75 | 14,00 | 12 19 2,55 | 0,85 -0,65
FT TOT 19,50 | 18,50 | 16 26 4,07 | 0,84 -0,92
DEF REB | 22,75 | 23,00 | 20 25 2,25 | -0,19 | -2,19
OF REB 11,88 | 10,00 | 7 20 525 | 0,78 -1,12
ASSIS 11,63 | 11,00 | 9 15 2,13 | 0,53 -1,15
STL 7,00 6,50 5 10 1,69 | 0,95 | -0,03
TO 14,25 | 13,50 | 10 22 3,99 | 1,03 0,81
BL 2,88 3,00 0 5 1,81 | -0,34 | -0,93
FTS 26,25 | 26,00 | 23 32 2,92 | 1,05 1,12

Legend: PM - points made, 2PT SUC - two point shots successful; 2PT TOT - two point shots total; 3PT SUC - three
point shots successful; 3PT TOT - three point shots total; FT SUC - free throws made; FT TOT - free throws total; DEF
REB - defensive rebounds; OF REB - offensive rebounds; ASSIS - assists; STL - steals; TO - turnovers; BL - shot

blocks; FTS - fouls made
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In Table 3 are the results of descriptive statistics
of defeated teams. The basic statistic parameters are
calculated: arithmetic mean, median, minimum
score, maximum score, standard deviation,
coefficient of skewness and coefficient of kurtosis.

From the table of basic statistic indicators for the
defeated teams (Table 3), it is evident that the
maximum value (MAX) indicates that the defeated
teams have not accomplished an exceptionally high
value of Points made (MAX=86), but have
accomplished a high value in Turnovers variable
(MAX=22), aswell as the fouls made variable
(MAX=32). On the other hand, in the same statistical
indicator of variables of Offensive rebounds, the
defeated teams mark a high value (MAX=20), but not
in the arithmetic mean as well (AS=11,88).
Furthermore, by examining the arithmetic mean
(AS), it can be noticed that, from a league basketball
practice, there is a relatively bad ratio of values in
Steals (AS=7,00) and Rebounds (AS=14,25) variables.

There is also an interesting information that the
defeated teams in variables of Two points shots total
(AS=44,50) and Three points shots total (AS=23,13),
mark higher values than those of the winner teams.
On the other hand, the values of Two point shots
successful (AS=21,38) and Three point shots
successful (AS=6,38) variables are lower.

In Table 4 results of t-test for independent
samples are presented. Previously calculated
arithmetic values are shown and a testing value
while testing the statistical significance of
differences between the arithmetic means, level of
significance while testing the statistical significance
of differences between the two observed groups in
the arithmetic means, test value while testing the
statistical significance of differences between two
observed groups in variances and level of
significance while testing the statistical significance
of differences in variances were calculated.

Table 4: Results of t-test for independent samples (AS-1- arithmetic mean of winners, AS-0- arithmetic
mean for defeated, t - testing value while testing the statistical significance of differences between the
arithmetic means, p - level of significance while testing the statistical significance of differences between the
two observed groups in the arithmetic means, F-Var - test value while testing the statistical significance of
differences between two observed groups in variances, p-Var - level of significance while testing the

statistical significance of differences in variances).

AS-1 | AS-0 |t p F-Var | p-Var
PM 89,25 | 76,63 | 3,36 | 0,005 | 1,50 0,61
2PTSUC | 24,75 | 21,38 | 1,80 | 0,094 | 3,95 0,09
2PTTOT | 43,88 | 44,50 | -0,20 | 0,844 | 3,08 0,16
3PTSUC | 7,25 6,38 0,93 | 0,367 | 2,56 0,24
3PTTOT | 19,38 | 23,13 | -3,38 | 0,004 | 1,76 0,47
FT SUC 18,00 | 14,75 | 1,29 | 0,217 | 6,77 0,02
FT TOT 2525 | 19,50 | 2,17 | 0,048 | 2,39 0,27
DEF REB | 26,37 | 22,75 | 3,01 | 0,009 | 1,29 0,74
OF REB 9,00 11,88 | -1,27 | 0,223 | 2,10 0,35
ASSIS 14,38 | 11,63 | 1,61 | 0,130 | 4,14 0,08
STL 8,00 7,00 0,74 | 0,471 | 4,10 0,08
TO 12,63 | 14,25 | -1,05 | 0,310 | 5,10 0,05
BL 1,00 2,88 -2,71 |1 0,017 | 5,72 0,03
FTS 21,00 | 26,25 | -4,11 | 0,001 | 1,86 0,43

Legend: PM - points made, 2PT SUC - two point shots successful; 2PT TOT - two point shots total; 3PT SUC - three
point shots successful; 3PT TOT - three point shots total; FT SUC - free throws made; FT TOT - free throws total; DEF
REB - defensive rebounds; OF REB - offensive rebounds; ASSIS - assists; STL - steals; TO - turnovers; BL - shot

blocks; FTS - fouls made

From the Table 4 it is visible that variables Points
made, Defensive rebounds, Three point shots total,
Free throws total and Fouls made statistically
differentiate the winning teams from the defeated
teams.

DISCUSSION

From Table 4 it is evident that high value of
points made (PM=89,25), or in other words, an
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efficient offense statistically significantly contributes
to victory. In modern basketball, where defense is a
very important segment of team strategy, a value of
almost 90 points is usually classified as a high value
of points made. On the other hand, from the same
amount of value, it could be concluded that poor
quality defense is the one that takes away the
victory. Therefore a pointed question is asked: ,Does
the winning team have a quality offense or does the
defeated team have poor quality defense?“ As it can
be seen from tables 2 and 3, a high number of total
shots from the game, shown in variables Two point
shots total and Three point shots total, of the winning
teams (2PT TOT =43,88; 3PT TOT =19,38) but also
the defeated teams (2 PT TOT=44,50; 3PT
TOT=23,13) marks a basketball match with a high
number of offenses. Furthermore, considering the
variable Offensive rebounds in winning teams (OF
REB= 9,00), and defeated teams (OF REB=11,88)
doesn't mark any slight deviation from the usual
statistical values of a basketball match, it can be
assumed that there weren't many chances for a
second or a third attack (Ibanez, Garcia et al., 2008).
So it is necessary to mention that, in a basketball
match, team in the attack phase, after a missed jump
shot in the offense, gets a chance for at least another
attack while a big number of total shots is a result of
a high game tempo. High game tempo in offense is
characterised by shorter time of attacks, in which an
attempt to score is realized in 10 or more seconds
before the expiration of an allowed time of offense
phase, and a large number of counterattacks. Unlike
short attacks in which the attacking team, using a
»quick shot“, decreases the chance of a successful
realization because of the more quality defensive
formation of the defending team and higher level of
fatigue as a consequence of an inadequate physical
recovery from previous defensive and offensive
actions, the counterattacking team increases the
chance of a successful realization because of the
numerical superiority realized with a fast transition
(conversion) from defense to offense. The
prerequisite of every counterattack, primary (2:1) or
secondary (5:4), is a defensive rebound in which the
defending team in the defensive phase gains
possession of the ball. Statistically significant
difference between the winner and the defeated in
the variable Defensive rebounds (p=0.009) indicates
that the winning team (DEFREB=26,37) had
significantly more overtaken balls than the defeated
ones (DEF REB=22,75), and therefore more chances
for counterattack and easier realization. The Two
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point  shots  successful (p=0,094), although
statistically not differentiating the winning team
from the defeated team, indicates that the winning
team (2 PT SUC=24,75) had a more successful
realization than the defeated team (2 PT SUC=21,38
in that segment of the game which can be
accomplished with a quality counterattack and a
good selection of offence and shots in the set offence,
respectively (Gomez, Lorenzo, Sampaio et al.,, 2008).

A team surely has a good shot selection when it,
with various offensive maneuvers which do not
allow the defense to adapt (good offense selection),
finds a player who is, according to his own capability,
in the best position for realization in relation to
defense and the basket. It is partially visible from the
Three point shots total variable (p=0,004) which
statistically differentiates the winning team (3 PT
TOT=19,38) from the defeated (3 PT TOT=23,13).
The defeated teams had a higher number of Three
point shot total, but lower number of Three point
shots successful (3 PT SUC=6,38) than the winning
team (3 PT SUC=7,25), which also indicates the
posibility of worse three point shot selections
emerging from the unilateral offensive maneuveres
to which the defense has adapted (bad attack
selection that lowered the efficiency of realization).
In the other hand, it is possible that the winning
teams were more ,hot“, or that the defeated team
was less ,hot“ so the winning team took the
conceptional risk and allowed more open shots.
Shooting outside of the three point line is part of the
basketball game and it is also the offensive strategy
of many teams, so it can not and shouldn't be a priori
characterised as a bad shot selection. Precisely
speaking, bad shot selection is not a missed shot,
rather it is a bad shot timing and poorly chosen
shooting position, as well as a wrong choice of player
for shooting (bad offense selection).

Because of the higher realization percentage, lots
of different ways for realization and the nearness of
the basket, and also the chance of extortion of a
higher number of fouls, the two points shot is a more
safer way to score than the three point shot.
However, the following two variables which
statistically differentiate the winner from the
defeated, Free throws total (p=0,048) and Fouls made
(p=0,001), indicate and almost prove a better shot
selection of the winning team. The winners have a
higher number of Free throws total (FT TOT=25,25)
than the defeated (FT TOT=19,50), and the defeated
- as expected but not necessary, have a higher
number of Fouls made (FTS=26,26) than the winners
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(FTS=21,00). The highest number of fouls is made or
extorted inside the three point line when the
attacker has obtained advantage (in position, in
penetration, on the shot,...) in relation to the defense
and is in a likely position for realization. Stopped by
a foul, the attacker gains the ball on the side and a
new attack or free throws or even both (in
unsportsmanlike or intentional fouls).

The defeated teams had a higher number of Two
point shots total (2 PT TOT=44,50) than the winners
(2PT TOT=43,88) but as is already mentioned, also a
lower number of Two point shots successful as well as
Free throw total, while the winners had higher
number of Two point shots successful and Free throws
total with a lower number of Two point shots total.
That probably indicates that the winners had more
good opportunites from where with good shooting
(and attack) selection have scored or extorted a
higher number of fouls made from the defeated and,
from the same reason, made more free throws
(Gomez, Lorenzo, Barakat et al., 2008). As the
significantly lower number of fouls is made on the
three point shot than in the two point shot zone, it is
probably that the winners were loooking for a safer
mean of scoring. Furthermore, a higher number of
defensive rebounds in the winning team has opened
more opportunities for counterattacks from which
they have either scored or extorted a foul right after
a missed shot, by which ,easy points“ are prevented
(tactical foul if the team isn't in bonus); or extorted a
free throw foul. The block variable also statistically
differentiates the winners from the defeated
(p=0,017), but, although having a negative value (t=-
2,77) because of the aforementioned, it goes in favor
of the winning team because most of the shots are
blocked below or in proximity of the basked which
even further confirms that the winning team was
constantly looking for a safer way of realization,
which finally means, closer to the basket.

CONCLUSION

Basketball is an extremely complex sports game
in which a continuous, nonlinear, hardly predictable
and at moments even chaotic interactions within a
team along with confrontations between two teams,
takes place. Researches show that the structure of a
basketball game is similar to the systems that
describe dynamic systems and models of
deterministic chaos (Jelaska, 2011). Analysis of the
differences of situational efficiency indicators of the
selected clubs, in this case Cibona and Zadar, can

surely only partially present all the relevant
elements that affect the result efficiency in
basketball games. In this research, relatively small
number of indicators used (although used by
standards) surely has a limited reach. A pointed
question is asked: ,To which extent is it even
possible to present and explain the issues and course
of events that take place in the match, based only on
the statistical indicators, even if they are greatly
numbered?”. Indicators of situational efficiency give
thorough information, draw coaches’ and players’
attention and even educate, but they surely cannot
present all of the elements that are to a greater or a
lesser extent important for the ultimate outcome.
This is not only because of the complexity of
basketball as a sports game, but because of a series
of other external and internal factors that are in
reality extremely difficult, or even impossible, to
accurately measure.

Thus, for example, the pure issues of the sports
form, which defines itself as an optimal
psychophysical condition of a athlete or a team, is of
great importance in basketball as for a single match
so for an entire season, which in real situations
cannot be exactly measured or presented. The
influence or pressure from the audience, positive or
negative, has an impact on individuals and teams to
such an extent that it makes them look like other
persons or teams. From great significance is also the
referee criterion, or in other words the possible
subjective impact of the referee, which isn't exactly
measureable but is an integral part of a basketball
match. In basketball games there were situations in
which one particular decision of a referee changed
the outcome of the entire match. The sole basketball
match tracked by educated statisticians consists of a
series of situations which cannot be recorded on
paper. As an example, a team with a great offensive
player, who is also already renowned and has its
»significance” in the field, can be specified. Because
the strategy of the defending team is focused on him,
the attacking team will have different indicators of
situational efficiency (for example more shots ‘in the
paint’, more offensive rebounds etc.) than against a
team with no such defensive strategy. Or, for
instance, a team who has few attempts and a low
percentage of two shot realizations, and only
because the defending team has a tall player or an
exceptional blocker who had “closed” access towards
the basket. The presence of such a player on the floor
can be recorded in minutes, the efficiency with
recorded blocks and rebounds, but the deviation
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from the shot execution or loss of confidence by the
opposing team cannot be measured. These situations
which in various factors have effect on the score and
lots of unmentioned situations proved that the
situational efficiency indicators aren’t and shouldn’t
be the only measure in player and team efficiency.
So, for instance: “How to record the pressure level in
the defense?”, or how to quantify a player who is,
from a statistical point of view, among the worse
players, but who has during the defensive phase
“shut down” an opponent from all actions and
minimized his effect?
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SUMMARY

Introduction: Generally understood as the linguistic/semantic structures represented in the written and
spoken medium, discourses represent the sociolinguistic phenomena, whose analysis merits scientific importance;
they are closely linked to the means by which a society is governed and managed. Other life discourses, in this
particular case, political one, cannot do without sports language. This cohabitance of linguistics units is the scope
and aim of this paper.

Methods: The identification of metaphor clusters or bursts requires the analyst to decide which increases in
use are sufficiently sudden or distinct from the immediately previous discourse to warrant labelling as clusters. By
plotting the cumulative frequencies on a graph, increases in use appear as sudden rises in the curve, i.e., they
become visually identifiable. However, reliability and validity in visual identification are affected by the unit
chosen to divide the discourse.

Results: The visual displays created using the VisDis software proved to be as accurate as the statistical
method in identifying metaphor clusters, and for many research purposes will be ‘reliable enough’. The extra
information about Vehicle domains available in the visual display showed cluster boundaries more clearly than in
a cumulative frequency graph.

Conclusion: Media commentators have long bemoaned a style of campaign coverage known as "horse-race
journalism,” in which the contest becomes everything. Strategies and tactics subsume policies and ideas. Soon this
interminably long race will be over - it is a marathon not a sprint - and there will follow another of the great rituals
of campaign coverage. Correspondents will identify the single moment the election was won or lost, or the
strategy or move that led to defeat. Needless to say, the Americans have a name for this kind of post-match
analysis: Monday morning quarterbacking. In a word, it seems no sphere of life can do without sports language, so
the sooner we realize the better for us all. The sooner we educate our students to use the wealth of sports
language in other domain discourses the better life rank awaits them.

Keywords: discourse, power, politics, language, communication

INTRODUCTION

The focus of research shifts from the structure of
language on its functions and specific practices
related to the particular context. Based on these
shifts, poststructuralist and constructionalist
comprehensions of a discourse go a step further in
the direction of functionalism with the process of
identifying discourse signification, the creation of
meaning. The concept of discourse gains thus
specific meanings, irreducible to the existing
linguistic and vocabulary definitions. The discourse

is seen as a kind of a linguistic structure, which social
use represents a specific exertion of power. By
linking the notion of discourse with the concept of
power in his research, Michel Foucault gave the main
impetus to these studies. Foucault sees a discourse
as a power that should be won. Thus, the power is a
discursive category, the vacant position that can be
occupied by individuals and institutions.

Metaphor, whether conceptual or linguistic, from
the discourse dynamics perspective becomes
processual, emergent, and open to change. Rather
than seeing metaphor as a ‘tool’ or some other kind

119



FIS Communications 2014

of object that is put to use, a processual view attends
to metaphor activity. Through self-organization and
emergence, metaphors and systems of metaphors
can stabilize out of use. That stability too though is
dynamic, open to further change, and accompanied
by flexibility. The flexibility or variability around
stabilized phenomena allows the possibility of
further change in the continuing flow of discourse.
Linguistic metaphors, or rather ‘metaphoremes’
(Cameron & Deignan, 2006), stabilize as idiomatic or
preferred forms and associated pragmatic and
semantic features that emerge from interaction.
Depending on communicative activity, they may
continue to change or they may remain in the
stabilized form for a long period of time.

METHODS

Corpus sample

The topic of a linguistic metaphor is the real
world referent of the vehicle word or phrase. In
spoken interaction, there is often no explicit topic
verbalized. The extra information is itself not very
specific: there is no evidence to warrant a more
specific interpretation. Given also that we were
dealing with more than 1000 linguistic metaphors in
each transcript, it became impractical to work out
and agree specific topics for each vehicle. Our
solution was to streamline topic coding by
constructing and using a limited set of key discourse
topics relevant to our research topic and research
questions. Thus, “system” was allocated to the key
topic: responses to terrorism (coded as 3) and one of
its two sub-topics, responses to terrorism by the
authorities (coded as 3a) (the other being, responses
to terrorism that affect Minorities (3m)). The three
other key discourse topics were: politics (elections)
and terrorism (including acts of, risk of, causes of,
perpetrators (coded 1)); communication about
politics and terrorism (coded 2) (with sub-topics:
communication about politics and terrorism by the
media (2n) and communication about terrorism and
the politics by the authorities (2a)); society and
social groups (coded 4) (with a sub-topic: Minorities
in society (4m).
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Political language segmenting and
sports metaphors

The language of politics is abundant in sports
metaphors. When analyzing the current political
situation one often hears: True, we have not quite
reached the bottom of the ninth (the final, often
dramatic, inning of a baseball game). In the election
period we could also encounter the following: It is
probably too early for the front-runner (Barrack
Obama) to start running down the clock (cautious
tactics used by the team ahead in the final minutes of
a basketball match designed to protect its lead).
When talking about the running candidates as the
opponents the newspapers report something like
this: Three presidential debates still lie ahead, where
Mitt Romney will doubtless be looking for a knock-
out punch (one of the few analogies that requires no
translation outside the US). Even after the debates,
there may still be time to hurl a Hail Mary pass (a
desperate long pass thrown by the quarterback in
the dying minutes of an American football game in
the hope of getting a touchdown). Certainly, he needs
a game-changer (some dramatic "play" that will
upend the contest).

Across the political Anglo-sphere, the language of
sport often doubles as the language of politics. At

Westminster, cricketing metaphors are not
uncommon. The sticky wicket, the straight bat,
the hit-for-six. When the former Conservative

Chancellor Geoffrey Howe delivered his dramatic
resignation speech attacking Margaret Thatcher, he
likened her handling of negotiations with Europe to
"sending your opening batsmen to the crease only
for them to find the moment the first balls are
bowled, their bats have been broken before the game
by the team captain." In Australia, the preferred
national metaphor is a sporting one: the
country punches above it weight. In the daily rough
and tumble of Canberra life, politicians also often
accuse each other of playing the man not the ball. In
Canada, ice hockey naturally provides the analogies.
Politicians are sometimes described
as pylons (hopeless defenders that attackers can
skate round at will). Occasionally they have
to stickhandle an issue (which means to retain
possession of the puck with some artful individual
stick play).

Still, it is in US presidential politics that sports-
speak is most prevalent. During the convention
season, the test of a speech is whether it is hit out of
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the parkor remains within the confines of the
auditorium - which, fittingly, now tends to be a
sports arena. At the Democratic convention in
Charlotte, for instance, Bill Clinton was deemed to
have hit a home run for Obama. The previous night,
the First Lady Michelle Obama had also swung for
the fencesand connected. It is often more than
necessary to introduce the lay public into the
language of sports metaphors. Here are some of
these metaphors:

Front-runner: An athlete or horse that leads the
race, Punching above one's weight: When a boxer
fights someone in a heavier weight category, To hit a
home run: To hit the baseball far enough to give time
to circuit bases and score a run, Swing for the
fences: Swing the bat as hard as possible, aiming for
the stadium perimeter, Step up to the plate: Take
your turn at the batting plate in baseball, Knock-out
punch: A hard punch that floors the opponent.

In the coming days, as we approach the televised
debates, boxing will supply the metaphors. The talk
will be of knock-out punches, even though relatively
few debates have finished with much blood on the
canvas. In the classic Kennedy-Nixon debates in
1960, the first in US political history, it was not the
then Vice-president's glass jaw that was the problem
but rather his sweaty upper lip. Go back and study
the tapes: from Kennedy, you will not find a smack-
down blow. Success in the debates often bestows
upon the winning candidate the Big Mo (unstoppable
momentum); a phrase that has become such an
integral part of the political vocabulary that it is easy
to forget that it comes from 1960s gridiron football.
Earlier this month, as the college football season got
under way, Mitt Romney urged voters to hire a new
coach because "it's time for America to see a winning
season again." Obama responded in kind with a
string of sporting analogies: with an economic play-
bookso badly flawed, he said, Romney would
produce alosing season. Rick Perry optimistically
compared himself to quarterback Tim Tebow.

Statisticial data processing

The identification of metaphor clusters or bursts
requires the analyst to decide which increases in use
are sufficiently sudden or distinct from the
immediately previous discourse to warrant labelling
as clusters. By plotting the cumulative frequencies
on a graph, increases in use appear as sudden rises
in the curve, i.e., they become visually identifiable.

However, reliability and validity in visual
identification are affected by the unit chosen to
divide the discourse.

The visual displays created using the VisDis
software proved to be as accurate as the statistical
method in identifying metaphor clusters, and for
many research purposes will be ‘reliable enough’.
The extra information about Vehicle domains
available in the visual display showed cluster
boundaries more clearly than in a cumulative
frequency graph.

RESULTS

BASEBALL METAPHORS

1. (throw) a curve (ball) -
surprising, even deceptive event”

As the Oscars roll towards us, the Berlin film
festival has thrown the world a curveball by picking
as best film the most thoroughly anti-Hollywood
offering you can imagine. [The Guardian (London),
Feb 20, 2009]

2. step up to the plate - “take on or accept a
challenge or responsibility”

Some of our senators and representatives say the
Iraqgis should step up to the plate and reconcile their
differences; others say we made the mess and we
should stay in Iraq until there is a return to stability.
[New York Times (USA), Apr 10, 2008]

3. be off base - “be completely wrong”

But, unfortunately, the party's assessment of its
own strength is way off base. [Hindustan Times
(India), Feb 8, 2009]

4. out P left field - within: “a state or position far
from the mainstream”; “not knowing what’s
happening”; “a source of the

“unexpected,

with of/from: “a
unexpected or illogical”

Kerry Keady, a solicitor representing three
leaseholders, said the revoking of leases "came
completely out of left field". [Sydney Morning Herald
(Australia), Feb 15, 2008]

5. have two/three strikes against - “condition or
situation that makes it extremely difficult to be
successful”

When Jesus Montero, 28, immigrated from Peru
six years ago to join his mother and begin a new life
in New York, he had three strikes against him. Mr.
Montero is deaf, he cannot speak, and he reads only
"a little Spanish and less English," he said last month
through a sign-language interpreter. [New York
Times (USA), July 8, 2007]
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CRICKET METAPHORS

1. a sticky wicket - “difficult or tricky situation”

The Assam Government is on a sticky wicket by
not holding Panchayat elections within five years of
its constitution as provided under Article 243(E)(3)
of the Constitution of India. [Hindustan Times
(India), Mar 17, 2007]

2. (just) not cricket - “unfair or unjust”

Gentlemen's agreements ought to be sacrosanct
and the behavior of the Russian leader was just not
cricket. [The Observer (UK), July 22, 2007]

3. V a straight bat - “offer a noncommittal or
evasive answer to a question”

On immigration, Ms Smith has played a very
straight bat - acknowledging concerns about east
European migration but stressing the benefits it has
brought. [The Guardian (UK), June 29, 2007]

4. have a good innings - “having spent a long time
doing smth., having had a long, successful life”

None of my immediate family has died early and
my grandparents all had reasonably good innings,
except for my paternal grandfather who died of a
heart attack in his 60s. [The Guardian (UK), Dec 9,
2008]

5. hit for six - “score a big success”, “being
astonished or amazed by smth.”, “being devastated”

The corporate regulator has had its landmark
lawsuit against the world's biggest bank hit for six
after it failed to prove the very basis of its case.
[Sydney Morning Herald (Australia), June 29, 2007]

FOOTBALL/SOCCER METAPHORS

1. play it safe - “act carefully, avoid risks”

Michael Davison, super policy adviser at CPA
Australia, says that in the past advisers would tell
their clients to play it safe by limiting their
investment to equity warrants and installments.
[Sydney Morning Herald (Australia), Dec 12, 2007]

2. V an own goal - “creating a problem by
achieving the opposite effect from what was
intended” . The Liberal Democrat's home affairs
spokesman, Chris Huhne, said: "It beggars belief that
the government could have scored such a
devastating own goal on the very day that it was
pushing draconian counter-terrorism laws through
parliament.”. [The Guardian (UK), June 12, 2008]

3. V the back of the net - “be successful”. As Lev's
Irish landlord Christy says, with some prescience:
'Life's a feckin' football match to the Brits now. They
didn't used to be like this, but now they are. If you
can't get your ball in the back of the net, you're no
one.' [The Observer, (UK), June 10th, 2007]

4.V the ball rolling - “start smth. happening”
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In 2001, King Jigme Singhye Wangchuck set the
ball rolling for Bhutan's transformation from an
absolute monarchy to a parliamentary democracy,
which led to a new draft constitution. [Hindustan
Times (India), Jan 1, 2008]

5. V the goalposts - “change the rules, limits etc
for something while someone is trying to do
something, making it more difficult for them”. As
they try to play the game in a situation of constantly
shifting goal posts, South Africa's mining companies
are about to take some tough strategic decisions.
[Sunday Times (South Africa), Feb 03, 2008]

DISCUSSION

Use of metaphorical expressions across sport
types

a) American Michael Phelps got the ball rolling,
smashing lan Thorpe's 200m freestyle record to
claim gold. (Sydney Morning Herald, Mar 28, 2007)

b) Yet, it wasn't all William’s work. Safina scored
some own goals, starting with three double faults in
her first service game. (Sun Herald, Feb 1, 2009)

c) In order to advance from a heat, many surfers
take what waves they can catch and play it safe for
sure points. (NYT, Nov 27, 2007)

d) After the week Craig Pickering has had -
winning his second major 100metres senior
international meet in Ostrava following victory at the
European Cup last weekend - the 20-year-old Bath
sprinter says the goalposts keep changing as he
prepares for his next race, the IAAF Grand Prix in
Athens, tomorrow evening. (The Observer, July 1,
2007)

e) Understandably, McClaren played a straight
bat, and would only repeat that he had picked a team
to beat Estonia in next week's qualifier. (The
Guardian, May 28, 2007)

f) Football: Championship: Wolves' promotion
hopes hit for six but omens may provide comfort
(The Guardian, Apr 2, 2007)

g) The sport's leaders will be hoping that
Jamaica's Asafa Powell or America's Tyson Gay can
step up to the plate in the 100m to help bring these
championships alive. (The Observer, Aug 26, 2007)

h) The first was the decision, made not in haste
before the Wellington Test but in the immediate
aftermath of New Zealand's first-innings 470 in
Hamilton, to drop not just Steve Harmison but,
straight out of left field, Matthew Hoggard as well.
(The Guardian, Mar 27, 2008)
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CONCLUSION

Linguistically speaking, one question is always
posed: should sport and politics mix? Media
commentators have long bemoaned a style of
campaign coverage known as "horse-race
journalism,” in which the contest becomes
everything - although a better description might be
"play-by-play journalism. "Strategies and tactics
subsume policies and ideas. Politicians tend to be
judged as players in the political game, rather than
as potential leaders. Soon this interminably long race
will be over - it is amarathon, remember, not
a sprint - and there will follow another of the great
rituals of campaign coverage. Correspondents will
identify the single moment the election was won or
lost, or the strategy or move that led to defeat -
which will seem obvious now, even if it wasn't at the
time. Needless to say, the Americans have a name for
this kind of post-match analysis: Monday morning
quarterbacking. To conclude: it seems no sphere of
life can do without sports language, so the sooner we
realize this fact the better for us all.
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SUMMARY

Introduction: The aim of our research is to determine the effects of game-based training on explosive
strength in adolescent volleyball players. The authors hypothesized that this program might significantly improve

explosive strength in adolescent volleyball players.

Methods: Fifty six adolescent volleyball players participated in this study (16,26%1,01). Players were

randomly allocated into a game-based conditioning group (n = 30) or a control group (n = 26). Each player
participated in a 8-week training program that included 3 organized court training sessions per week. Training
effects were analyzed using a one-way univariate analysis of variance (ANOVA).

Results: Game-based conditioning training induced a significant improvement (p < 0.05) in SJ, CMJ], MEDS and
MEDST, whereas traditional volleyball activities did not significantly improved any of the tested variables. In SJ
and CM] results revealed a statistically significant difference between groups pre- to post-training (p < 0.05). After
8 weeks of training, there were increases in two medicine ball tests (MEDS and MEDST) for training group

(p<0.05). There were no significant changes for lying medicine ball throw in both groups (p> 0.05).

Conclusion: Game-based training appears to be an effective way of improving explosive strength in adolescent
volleyball players. The results of this study indicate that game-based training method was more effective for
explosive strength performance than traditional instructional programme.

Keywords: skill, conditioning, impact, power

INTRODUCTION

In recent years, an approach called game-based
training has been developed in order to combine the
skill and conditioning elements in a coordinated
approach (Gabbett, 2002; Gabbet, 2003; Gamble,
2004; Nurmekivi et al., 2002; Sassi, R., Reilly, T. and
Impellizzeri, 2004). It is an important consideration
to optimize skill development in volleyball while still
obtaining appropriate conditioning levels. Simply
put, according to Magill, (2001) transfer of practice
to the game environment depends on the extent to
which practice or training resembles the game. In
order to expose players to the intensity, decision
making, speed and skill execution required in the
competition setting, practice sessions need to
replicate actual game events and phases of play. The
use of game-based conditioning games as training
drills allows the simulation of movement patterns of
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team sports, while maintaining a competitive
environment in which athletes must perform under
pressure and fatigue (Gabbett, 2002). Game-based
training offers an additional challenge to team-sport
athletes not normally present in non-skill related
conditioning activities (Farrow, Pyne, Gabbett,
2008).

Studies have assessed the specificity of game-
based conditioning games in a limited number of
team sports (e.g., volleyball, soccer, rugby league,
and rugby union). Gabbet (2008) showed that skill-
based conditioning games that simulate the
physiological demands of competition in junior elite
volleyball players offer a specific training stimulus.
Gabbett, Georgieff, Anderson, Cotton, Savovic, and
Nicholson (2006) have concluded that skill-based
volleyball training improves speed and agility
performance, spiking, setting, passing accuracy,
spiking and passing technique, but has little effect on
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the physiological and anthropometric characteristics
of players. They also stated that skill-based training
programs should be supplemented with an
appropriate amount of energy system training to
enhance the physiological and anthropometric
characteristics of talented junior volleyball players.
Trajkovié¢, Milanovi¢, Sporis, Mili¢ and Stankovi¢
(2012) examined the effects of pre-season skill
based conditioning training in semi- professional
volleyball players. The authors stated that selected
program does not offer a sufficient stimulus for
semi- professional volleyball players due to the fact
that there were no significant differences between
pretraining and posttraining for lower-body
muscular power (vertical-jump height, spike-jump
height, and Standing broad jump) and agility.

According to author’s findings, game-based
training could be a part of training programs in
younger volleyball players where the intensity of
training is not as high as in professional and elite
volleyball players. Therefore, more research is
needed in order to confirm this theory. The aim of
our research is to determine the effects of game-
based training on explosive strength in adolescent
volleyball players. The authors hypothesized that
this program might significantly improve explosive
strength in adolescent volleyball players.

METHODS

Subjects

Fifty six adolescent volleyball players
participated in this study. Four of the participants in
control group didn’t complete the program. All
players were members of the teams that finished in
best eight youth and junior teams in Serbia for the
past few years. Two participants were in the under-
16 National team which finished first in the world
youth championship in Italy, and two of them were
candidates for National junior squad. Descriptive
characteristics are presented in Table 1. Players
were randomly allocated into a game-based
conditioning group (n = 30) or a control group (n =
26). All subjects received a clear explanation of the
study, including the risks and benefits of
participation, and written parental or guardian
consent was obtained before players were permitted
to participate. The protocol of the study was
approved by the Ethical Committee of the Faculty of
sport and physical education, University of Nis, and
according to the revised Declaration of Helsinki. The
mean * SD sporting experience of all subjects was 5
+ 1 year (range: 2-9 years), corresponding to 2-hour
training sessions, and at least 1 competition per
week.

Table 1. Descriptive characteristics of the subjects

MeantSD MeantSD MeantSD
(n=56) Experimental (n=30) Control (n=26)
Age (years) 16,26+1,01 16,36+1,03 16,16+0,98
BH (cm) 182,1547,44 184,18+8,62 180,13+5,46
BW (kg) 68,99+10,79 70,84+10,45 67,14+10,97
assistants demonstrated proper testing procedures
Procedures and participants practiced each test. Participants
were asked not to perform any vigorous physical
Beside the results, basic anthropometric

parameters (body height and body weight) were
registered in the study protocol. The initial testing
took place before the beginning of the pre-season
period while the final testing was performed after 8
weeks of intervention with the game-based training
method. All study procedures took place at a school
athletic facility. All participants took part in one
introductory session during which time proper form
and technique on each fitness test were reviewed
and practiced. During this session research

activity the day before or the day of any study
procedure. The same researchers tested and trained
the same participants and the fitness tests were
performed in the same order with identical
equipment, positioning, and technique. Before each
testing, the participants performed a standard 20-
minute warm-up. Standard warm up protocol
consisted of 10 min of warm up running and 10 min
of dynamic stretching and 5 x 30m of running
exercises.
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Countermovement and Squat Jump Performance

For the purpose of the explosive strength
assessing, a device “Myotest” was used. Subjects
performed two vertical jumps, Countermovement
Jump (CM]) and Squat jump (S]). The sample of the
variables, processed and mistreated by the device
“Myotest” consisted of the: Height (expressed in cm);
Power (expressed in W/kg); Force (expressed in
N/kg) and Velocity (expressed in cm/s). Subjects
carried a belt around their lower trunk, on which
was positioned a wireless device “Myotest” (safely
attached to a belt). All subjects performed three
vertical jumps (CM]J), in the following way: from the
initial position, i.e.,, normal standing position and the
hands placed on the hips, through the flexion in the
articulations of the knee up to 909, after the audio
signal of the device, the subjects performed the
maximum vertical take-off, and landed with affable
flexion (up to 1109) in the articulations of the knee
and finally, went back into a starting standing
position, while waiting for the new sound signal,
when the specified jump technique was repeated. In
the case, when the CM] was not well performed,
double audio signal, informed the subject, to repeat
properly specified jumping technique. At the end of
the protocol, software of the device “Myotest”,
automatically processed and mistreated the mean
values of analyzed variables.

The squat jump (S]) allows measurement of “non-
pliometric” displacement and the ability to develop a
great deal of strength within a very short space of
time (explosiveness). This test consisted of the
person jumping as high as possible with their hands
on their hips from a half-squat position (i.e. 90°
bending of the knees). This position was maintained
for about 1s. The subjects were then instructed to
extend the lower limbs as explosively as possible
with the aim of performing a squat jump. Three
attempts were made at this exercise. The best result
was retained for analysis.

Spike and block jump performances

For the standing reach, while wearing their
normal volleyball footwear, players were requested
to stand with their feet flat on the ground, extend
their arm and hand, and mark the standing reach
height while standing 90° to a wall. Players were
encouraged to fully extend their dominant arm to
displace the highest vane possible to determine their
maximum standing reach height. The measurement
of the standing reach height allowed for a calculation
of the relative jump heights on each of the jumping
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tasks (absolute jump height (cm) - standing reach
height (cm) = relative jump height) (Sheppard et al,
2009).

Spike (S]) and block (BL]) jump performances for
volleyball players depend heavily on the height at
which these skills are performed above the net and
are determined by not only the capacity of the
athlete to raise vertically his center of gravity, but
also his stature and standing reach. In this particular
case, specific tests would provide a further
understanding of the training-induced adaptation.
For the §], the standing reach was determined as the
maximal distance between the fingertip of the attack
hand and the ground, while standing 90° to a wall.
The S] was measured from a running lead (2- or 3-
step approach) by using a basketball backboard
marked with lines 1 cm apart with a 1-minute rest
interval between them (Hasegawa, Dziados, Newton,
Fry, Kraemer, and Hakkinen, 2002). For the BLJ, the
standing reach was determined as the maximal
distance between fingertips of the block hands and
the ground, while facing the wall. The BL] jumps
started from a standing position with the hands at
shoulder level and arms raised from the start
position without extra swing. All tests used the same
observer who was situated on a volleyball referee
stand placed 2 m from the backboard. Both jumps
were recorded as the best of the 3 attempts
(Stanganelli, Dourado, Oncken, Mancan, da Costa,
2008).

Upper-Body explosive strength

Medicine Ball Testing

Upper-body explosive strength was estimated
using an overhead medicine ball throw, seated
medicine ball throw and lying medicine ball throw.
Medicine ball throws were performed using the
21.5-cm diameter and 3-kg rubber medicine balls
(Tigar, Pirot, Serbia). All subjects were introduced to
the testing on familiarization session. The skin of the
medicine ball was lightly dampened (magnesium
carbonate) to leave an imprint on the floor where
first contact was made and to ensure precise
measurement of the throwing distance. Distance was
measured from the base of the bench to the closest
edge of the medicine ball imprint.

Overhead medicine ball throw (MEDST)

The test was conducted with players standing
one step behind a line marked on the ground facing
the throwing direction, with a 3-kg medicine ball
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held in both hands behind the head. Players were
instructed to plant the front foot with the toe behind
the line and to throw the medicine ball overhead as
far forward as possible. Each throw was measured
from inside the line, to the nearest mark made by the
fall of the medicine ball. Throwing distance was
measured to the nearest 1 cm, with the greatest
value obtained from 3 trials used as the overhead
throw score (Gabbett & Georgieff, 2007).

Medicine Ball Put (MEDS)

The medicine ball put approximated a basketball
chest put, completed from a sitting position. Each
subject was seated on an adjustable chair with back
oriented vertically against a back support, thighs
horizontal, knees flexed at 90°, and ankles fixed
behind swivel pads at the base of the chair. Subjects
were secured to the bench with elastic strapping
placed around the trunk and the backrest at
midchest level under the axillae. This position and
mode of stabilization minimized trunk movements
during the put. Subjects were instructed to hold the
medicine ball in their laps with both hands, bring the
ball up quickly to touch their chest at about nipple
level, and then explosively perform a chest type pass,
pushing the ball outward and upward at an angle
approximately 30° above horizontal. The same
instructions and demonstrations were given to each
subject before each test (Vossen, Kramer, Burke, &
Vossen, 2000).

Lying medicine ball throw (MEDL)

The subjects were instruct to lay down on their
backs and held a 3-kg medicine ball on the floor
above their head with the arms fully extended. The
shoulders were on the zero-line. The throwing action
was similar to that used for a soccer throw-in. The
ball was thrown forward as vigorously as possible,
while the head was kept on the floor. The best of the
consecutive trials was recorded as the final result (to
the nearest 1 cm). (Tomljanovic, Spasic, Gabrilo,
Uljevic & Foretic, 2011).

Statistical Analysis

Statistical analysis included descriptive analyses
(means and standard deviations for the sample as a
whole, and separately for the EG and CG) for the pre-
and post-training status. The normality of the
distribution was tested using Shapiro-Wilk test.

Training program

One cycle of eight weeks was analyzed in
preseason (2013/14). The schedule of the
performed preseason conditioning is shown in Table
2. The goals of the preseason conditioning were to
increase the intensity of sport-specific training, and
attention was given to volleyball drills and skills.
Two weeks before the training program players
performed the general conditioning in order to level
the conditioning of players after the break during off
season. None of the players was performing any
additional resistance or aerobic training outside of
the 3 game-based sessions. The duration of training
sessions was recorded, with sessions typically
lasting 90 min. During the 8-week follow-up, the
team played 4 friendly preseason matches. For this
purpose game-based conditioning exercise were
selected based on previous experience and pilot
studies in which mean exercise intensity responses
of traditional drills is suggested by previous authors
(Gabbett, 2008; Gabbett, et al., 2006). In the first part
of sessions players were involved in technical drills
and after that more complex, game-based
conditioning exercises were used (2 vs. 2,3 vs. 3, 4
vs. 4 and competition drills 6 vs. 6). Although the
duration of each individual rally in this drills was not
controlled by the coach, total duration of the drill can
be recorded to assist in inter and intra-session
planning. The total repetitions can be easily
quantified by summing the total points played in the
rally, then multiplying by the number of rallies per
point (Sheppard and Borgeaud, 2009). The coach
create an emotionally intense environment by
implementing a scoring system (e.g., team that wins
2 out of the 3 rallies scores one big point, 5 seconds
rest) and by encouraging the players.

Changes in the physical characteristics, lower-body
and upper-body muscular power of players over the
training period were compared using one-way
univariate analysis of variance (ANOVA). All
coefficients were considered significant at a level of
95% (p<.05).
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Table 2. Training program used between weeks 1 and 8.

Goal: game-based conditioning

Sessions 1-24 (Monday-Wednesday-Friday)

Exercises

Warm up General activity + specific warm up games with the ball (25 min)

Instructional drills | 20 min of drills that include low intensity movement and combine volleyball technique . Two
for technique drills were performed with 2 minute break between.

3vs.3,4vs.4and Small-sided (e.g., 3 vs. 3, 4 vs.4) games where the volleyball court was separated in two
6 vs. 6 drills smaller (9 x 4.5 m) courts.

Competition drills (6 vs. 6) with the majority of free balls to each side thrown by the coach.
Both teams rotate depending of the scoring. After each rotation players take one minute
break (40 min).

Stretching 5 minutes of stretching for the muscle groups mainly involved in sessions

RESULTS

The Shapiro-Wilk test has shown that data was normally distributed. There were no significant
differences (p > 0.05) between the groups for vertical jump and medicine ball throw tests before training
program. Game-based conditioning training induced a significant improvement (p < 0.05) in S], CM], MEDS
and MEDST, whereas traditional volleyball activities did not significantly improved any of the tested
variables. Moreover, one way ANOVA revealed a statistically significant decrease in control group pre- to
post-training (p < 0.05) in MEDS. Significant differences (p < 0.05) were detected between traditional
volleyball activities and game-based conditioning groups for changes in block jump, SJ, CMJ, MEDL, MEDS and
MEDST. There were no statistically significant differences between the groups for Spike jump prior to the

training (Table 3).

Table 3. Differences between experimental and control group

Experimental group Control group
(n=30) (n=26)
Initial Final Initial Final

(Mean + SD) (Mean + SD) (Mean % SD) (Mean + SD)

Block jump 44,10+ 7,48 45,33+ 5,67" 41,02+ 6,33 40,42+ 6,68
Spike jump 56,63+ 8,70 58,63+ 8,72 53,73+ 7,30 57,26+ 8,66
SJ 30,29+ 4,65 32,21+ 3,91*" 31,59+ 4,19 31,30+ 4,74
cMJ 36,16+ 6,59 40,87+ 5,62*" 36,04+ 4,86 36,66+ 4,84

MEDL 6,82+ 1,23 7,31+ 1,09" 6,24+ 1,05 6,28+ 1,01
MEDS 5,07+0,65 5,39+ 0,68*" 4,70+0,64 4,32+ 0,60*

MEDST 8,03+ 1,46 8,84 +1,42*" 7,34+1,36 7,52+ 1,41

* Significant difference p < 0.05 between initial and final testing
T Significant difference between experimental and control group (p < 0.05)

Table 3 shows the means for distance of medicine  found between the experimental and control group

ball throw tests for two groups at pre and post atimproving all medicine ball tests.
measurement. After 8 weeks of game based training,
there were increases in two medicine ball tests
(MEDS and MEDST). Significant differences were
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DISCUSION

The present study investigated the effect of a
game-based training program on explosive strength
in male volleyball players. Due to the different
responses inherent with specific game-based
volleyball training and instructional training, we
hypothesized that the game-based volleyball training
would be more efficient at enhancing jumping
performance. Our results show that game-based
volleyball training was more effective than
instructional  training at increasing most
performance parameters in young elite players, and
suggest that game-based volleyball training should
be used preferentially due to their higher quantity of
game-based specificity. Significant improvement was
observed in squat and countermovement jump tests
for training group. However, game based
conditioning group showed significant improvement
compared to control group in Block jump, S] and
CM]J. In similar studies with young male subjects
Gabbett (2008) stated that skill-based conditioning
games have induced improvements in speed, vertical
jump, spike jump, agility, upper-body muscular
power, and estimated maximal aerobic power. In
addition, Gabbett et al. (2006) have concluded that
skill-based volleyball training improves speed and
agility performance, spiking, setting, passing
accuracy, spiking and passing technique, but has
little effect on the physiological and anthropometric
characteristics of players. Moreover, our results are
in opposition to another longitudinal 6-week study
conducted in senior semi professional volleyball
players that showed no impact of skill-based
conditioning training on jumping performance
(Trajkovi¢, Milanovi¢ , Sporis, Mili¢ & Stankovi¢,
2012) . It is possible that training backgrounds of the
players, training modality and exercise intensity
prescription might explain discrepancies in these
results.

Both groups showed no significant improvement
in Block and Spike jump. Two possible reasons could
be involved with this results. This is not surprising,
since both training programs use the same technique
to improve volleyball skills and conditioning. Based
on previous research, it was suggested that the
training-induced adaptations in this types of specific
tests (Block jump and Spike jump test) could
occurred due to the characteristics of the loads
applied. Moreover, the drills (i.e., service, attack, and
block) and matches during training programs can
contribute significantly to the improvement of the

performance in such a specific type of test
(Stanganelli, Dourado, Oncken, Mancan, and da
Costa, 2008). Applied loads in our research were
probably insufficient for the improvement in specific
volleyball tests. Another reason could be that the
subjects were familiar with this specific volleyball
tests and already have high level of jumping abilities.
Moreover, the prolonged season with beach volley
could also contribute to high level of jumping
abilities. Therefore, it is unclear if the improvements
would have been better if the stimulus was different
or more similar to a competitive environment.

The most number of recent studies in volleyball
concerning the effects on squat jump and
countermovement jump included plyometric
training showing that it should be included in
volleyball training (Ziv and Lidor 2010). In our
study, results for S] and CM] test showed a
statistically significant difference between groups
pre- to post-training (p < 0.05). In volleyball, a squat
and countermovement jump are usually performed
in a fast spike and in a static block jump (BJ).
Volleyball players use two different B] techniques,
starting from an upright position or starting from a
squat position, with a countermovement being
performed in both cases (Amasay, 2008). Therefore,
improvement in S] and CM] following game-based
training was logical.

After 8 weeks of game based training, there were
increases in two medicine ball tests, overhead
medicine-ball throw and medicine ball put (Table 3).
The improved upper-body power in response to
training may reflect the highly repetitive nature of
selected explosive volleyball skills (e.g., blocking,
spiking, serving). However, it is unclear why these
skills failed to improve lying medicine ball throw
ability. Gabbett et al, (2006) also failed to improve
upper-body muscular power (overhead medicine-
ball throw) following a skill-based training program.
However, Gabbett (2008) founded in male junior
volleyball players that skill-based conditioning
games induce improvements in vertical jump, spike
jump, speed, agility, upper-body muscular power
(Medicine ball throw), and estimated maximal
aerobic power.

Studies of the effect of volleyball and physical
conditioning  training on the physiological
characteristics of players could not show clear
conclusions, with reports of increased (Fardy, Hritz,
and Hellerstein, 1976; Franks and Moore, 1969;
Hascelik, Basgoze, Turker, Narman, and Ozker,
1989), decreased (Hakkinen, 1993.), or unchanged
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fitness (Gabbett and Georgieff, 2004; Trajkovic et al.,
2012) in response to training. Therefore, more
research is necessary in order to further examine the
effects of different training programs in volleyball,
especially game-based conditioning and its effects in
volleyball.

CONCLUSION

To conclude, game-based training appears to be
an effective way of improving explosive strength in
adolescent volleyball players. The results of this
study indicate that game-based training method was
more effective for explosive strength performance
than traditional instructional programme. From a
practical viewpoint, these findings demonstrate that
instructional-based training programs should be
supplemented with an game-based conditioning
training or with appropriate amount of energy
system training to enhance the physiological
characteristics of adolescent volleyball players.
Volleyball coaches could use this information in the
process of planning the pre and in-season training.
For proper volleyball conditioning, coaches could
make training more specific in such a way that the
transfer of training effects to game efficiency will be
faster. Many coaches do not use the approach
described in this article to the training process
because they fear of insufficient stimulus that game-
based training could have in volleyball or that the
level of skills could decrease in adolescent volleyball
players.
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SUMMARY

Introduction: The aim of subject was 172 karate players 11 years old from region of Raska. his research
presents the results of the respondents involved in the educational process in schools and training process in
karate clubs. The experimental treatment was applied upon the completion of the initial check, and included a
program that contains the program contents in artistic gymnastics for 48 hours, with two sessions a week for a
period of six months. Upon completion of the final measurement was performed and the results applied to the
program (Meki¢, 2009) on participants involved in karate sections have shown that there is a positive influence
and transform of balance and strenght. The aim of subject was focused on balance and strength boy Raska region
aged 11 years. The problem of this study is to determine the impact of gymnastics program content of motor skills
of balance and strength. Formulated the following hypotheses: Hi. - It is expected to identify significant differences
in the area of motor skills of balance and strength after the application of experimental treatments between the
groups; Hi/1. - It is expected significant differences in the area of balance and strength after the application of
experimental treatments within the experimental group and Hi/2. - It is expected significant differences in the area
of balance and strength after the application of experimental treatments within the control group.

Methods: Methods: To determine the difference between the initial and final measurements shall be applied t-
test on small independent uzorcimam the univariate level and canonical - discriminant analysis for multivariate
level.

Results: Applying the T-test showed statistically significant differences between two groups in two variable
power (MSIZ and MSDT) and two variable balance (MRPs and mroku) at a significance level of 100% (p = .00).
Statistically significant difference between the control group achieved only one variable balance (mroku), the
significance level of 98% (.02). After conducting the Program isolated one canonical factor, with 87% explained by
differences expressed tested parameters balance of power in favor of young karate.

Conclusion: Planned study determined the differences of program content in artistic gymnastics at the
transformation of the balance and strength of the test samples at a level of significance of 100% (p = .000), so we
can conclude that the hypothesis H1 is confirmed. When your existing experimental program conducted within a
group of students led to the positive transformation of two variables and two variables balance of power, thus
hypothesis H1 / 1 only partially accepted. Within the group karate there was a positive transformation in only one
variable balance, thus hypothesis H1 / 2 partially upheld.

Keywords: Gymnastic program content, Artistic Gymnastics, experimental treatment, transformation, motor
skills

INTRODUCTION

One of the central points in the science of
physical culture are essential physical skills and
motor performance man (Petkovic, 2008). This
notion of different authors are named (Anthropo
ability biomotoricke dimensions, kinesiology skills,
crete habits, motor size etc..), But they all talk about
the qualities of man expressing his physical fitness
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for a particular work or activity, as well as the
creative expression of their own personality . The
most widely accepted and most frequently cited is
the division Zaciorskog (1975), which is based on
previously ascertained latent motor dimensions,
singled out seven (according to Petkovic, 2008):
strength, speed, endurance, coordination, balance,
accuracy and mobility. As a basic sport, sports
gymnastics impact on the development of motor
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skills: strength, coordination, flexibility and balance
(Arruda & Farinatti, 2007). Balance is an important
factor for success in many sports, but in gymnastics
it is one of the most important factors of success. The
impact of exercise on the psychosomatic status of
children can lead to significant positive, but also
negative consequences. The reaction of the organism
to external influences are not the same in all age
periods of muscle development in children aged 11
years is an intense, strength increases, and also the
speed of contraction. Many researchers have dealt
with the exploration of the anthropological status of
children and their transformation wunder the
influence of physical exercise. ). Petkovic (1989)
investigated the relation of morphological, motor
and cognitive skills with success in gymnastics,
through the implementation of the "school of
gymnastics”, a sample of 207 participants (104 girls
and 103 boys) aged 7 to 9 years from the territory of
Serbia. Doder (2001) determined the differences of
motor skills in a sample of 82 karateka aged 10-14
years from clubs from the province of Vojvodina.
Kovac (2003) on a sample of 70 karateka aged 11-13
years, who are in the training process 5-7 years
investigating the impact of the program Kkarate
school on anthropometric dimensions, motor and
situational-motor abilities of.

The subject of this research are motor skills
and balance power boys Raska region aged 11 years,
involved in the training process and regular physical
education in elementary schools. The problem of this
study was to determine the differences of programs
sport of gymnastics as a basic function of the level of
motor skills and balance of power among the boys.
On the basis of this case and the problem can be
formulated the following hypothesis H; - It is
expected to identify significant differences in the
area of motor skills of balance and strength after the
application of program content between the groups;
Hi/1 - Expect significant differences in the area of
balance and strength after the administration of
programs within the experimental group; Hip -
Expect significant differences in the area of balance
and strength after the administration of programs
within the control group.

METHODS

The sample

Population of sample was young male karate on
one side, and elementary school boys, on the other
hand, aged 11 years + 6 months, in the cities of Raska
region. Subjects were divided into two groups in
order to monitor the impact of gymnastics program
contents on transformation motor skills of balance
and strength. Sample of respondents consists of 172
boys Raska region. Of the total number of
respondents experimental group were 132 school
boys, a control group of 40 karate players.
Experimental research sample consists of fifth grade
school boys who attended regular physical education
in their schools. The control group consisted of
karate the same age, who are in the system of
programming training process. Program that
includes program content from Sport Gymnastics
(Meki¢, 2009) was carried out for 48 hours, with two
sessions per week for a period of eight months. The
experimental group program implemented prior to
physical education in their schools, and the control
group before their training, according to the present
plan (Meki¢, 2009). The time interval for the
implementation of the eight months, the annual cycle
is divided into two periods of four months, so that
children can smoothly follow the teaching of physical
education in school or training in their chosen club.
School curriculum predicts that the program is
implemented in groups of 25 to 30 children, who
attend a normal physical education in primary
schools in the region of Raska and children who are
involved in the training process of the karate club
(control group). The experimental treatment was
introduced programs that provide program content
from the sport of gymnastics, consisting of "A"
PROGRAM (polygons), "B" PROGRAM (small
trampoline) and "C" PROGRAM (gymnastics all-
round competition).

Sample of measuring instruments

Applying this program to be implemented as
additional content at the beginning of karate training
and physical education included the following
variables (Kureli¢ et al., 1975): strength - endurance
in an overhand grip pull-ups (MSIZ), lift forces on the
Swedish bench (MSDT), Correcting troops (MSIT);
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Poise - Transverse standing on one leg (MRPs),
Standing on the reverse bench for balance (MOK),
Standing on one leg with eyes closed (MRZO).

Statistical analysis

For determining the difference between initial
and final measurements will be applied t-test for
small independent samples of the univariate level
and canonical - discriminant analysis for
multivariate level.

RESULTS

Table 1. shows the arithmetic mean of the
initial and final measurements in the experimental
group using the t-test. Table 2. shows the arithmetic
mean of the initial and final measurements in the
control group at the univariate level by applying the
T-test. Table 3. shows the T-test between the
experimental and control groups after the
completion of the program, and Table 4. the
differences between these two groups after the
completion of the Program on the multivariate level,
applying Canonical - discriminant analysis.

Table 1. The significance of differences initial and final measurements in the Experimental group

Variables In/Fi N Mean SD t-value p

MSIz Inic. 132 15.11 5.82 -5.74 0.00
Fin. 132 19.18 5.66

MSDT Inic. 132 10.54 3.49 -2.82 0.00
Fin. 132 11.63 2.72

MSIT Inic. 132 39.64 7.04 -1.79 0.07
Fin. 132 41.13 6.40

MRPS Inic. 132 19.97 5.66 -5.72 0.00
Fin. 132 23.82 5.23

MROK Inic. 132 17.29 6.01 -7.62 0.00
Fin. 132 22.98 6.12

MRZzO Inic. 132 32.90 8.56 0.35 0.72
Fin. 132 32.57 6.50

Table 2. The significance of differences initial and final measurements in the Control group

Variables In/Fi N Mean SD t-value p

MSIZ Inic. 40 9.57 5.03 -1.32 0.18
Fin. 40 10.93 4.13

MSDT Inic. 40 8.35 3.58 -0.35 0.72
Fin. 40 8.62 3.35

MSIT Inic. 40 34.05 9.15 -0.41 0.67
Fin. 40 34.85 7.99

MRPS Inic. 40 14.18 4.26 -1.49 0.14
Fin. 40 15.54 3.89

MROK Inic. 40 11.98 3.96 -2.28 0.02
Fin. 40 14.28 4.98

MRZO Inic. 40 26.10 10.12 0.62 0.53
Fin. 40 24.84 7.91

Table 1. shows that the statistical significance of
the difference after the program was conducted in
two variables and the strength of two variables, and
balance to the significance level of 100% (p = .00).
When a group of students in Table 1. shows that all
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the results numerically better on the final measure
unless MRZO but statistical significance only have
MSIZ, MSDT, MRPs and MROK.

Table 2. shows the statistical significance of
differences after conducting the program was only
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one variable balance, and with variable - Vigils
reversed bench for balance (MOK), at a significance
level of 98% (.024), while the other parameters
examined power and the balance was not

statistically demonstrated significant differences. In
group karate in Table 2. shows that all the results are
numerically better on the final measure unless MRZO
but statistical significance only have MROK.

Table 3. T-test between the Experimental and Control groups after gymnastic program content

Variables Ek/Ko N Mean SD T p

MSIz Experimental 132 19.18 5.66 8.53 0.00
Control 40 10.93 4.13

MSDT Experimental 132 11.63 2.72 5.77 0.00
Control 40 8.62 3.35

MSIT Experimental 132 41.13 6.40 5.11 0.00
Control 40 34.85 7.99

MRPS Experimental 132 23.82 5.23 9.25 0.00
Control 40 15.54 3.89

MROK Experimental 132 22.98 6.12 8.19 0.00
Control 40 14.28 4.98

MRZzO Experimental 132 32.57 6.50 6.25 0.00
Control 40 24.84 7.91

Table 3. shows a significant difference between
the experimental and control groups after the
completion of the Program on the univariate level. It
is observed that there is a statistically significant
difference between the groups after the completion
of the Program in all tested parameters of balance
and strength, the significance level of 100% (p =.00).

Table 4. Canonical- discriminal analysis between

In Table 4. is an isolated canonical factor, which
may explain the significant difference after the
completion of the Programme at a significance level
of p =.00. With 87% was explained the significance
of differences in balance and strength among a group
of students of the same age and karate.

the Experimental and Control groups at the final

measurement
Eigen- Canonicl Wilks' Chi-Sqr. df p-level
0 3.18 0.87 0.23 228.50 21 0.00
In Table 5. are given centroids of the with a negative sign. How centoidi indicate the
experimental and control groups after the homogeneity of the samples, and in our case it is

completion of the gymnastic program contents. The
experimental group or a group of students with a
positive sign and a control group or a group of karate

from -0.97 to + 3.22, it can be seen that the
homogeneity violated, and to move to the right
towards the positive values of groups of students.

Table 5. Centroids

Root 1

Karate players

-0.97

School boys

3.22

Results of canonical structure factors (Table 6)
indicate that the existing separation - discrimination
is possible to explain the results of the group with a

negative sign, which is a group of karate. Credits for
discrimination belong to the karate.

The largest contribution in the hierarchical
structure of motor skills belong variables balance -
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Cross standing on one leg (MRPS - 0.39), the variable
strength - endurance in an overhand grip pull-ups
(MSIZ - 0.36), then two variables balance (MOK -

0.35 and MRZO - 0.26) followed by two variable
power (MSDT - 0.24 and MSIT - 0.21).

Table 6. Structure of canonical factors

Root 1 | Hierarchy
MSIZ -0.36 2
MSDT | -0.24 5
MSIT -0.21 6
MRPS | -0.39 1
MROK | -0.35 3
MRZO | -0.26 4

DISCUSSION

Results of previous studies (Kovacs, 2003 ;
Doder, 1998) suggests a positive transformation of
motor skills of balance and strength, on the basis of
which was followed by the proposal of the
Programme with the program of sports of
gymnastics and its verification in practice. The
proposed program of sports gymnastics at students
aged 11 in the region of Raska contributed to the
positive transformation of motor skills of balance
and strength (Table 4.) upon completion of the
Program, which lasted eight months.

Table 1. shows statistical improvement in the
examined parameters of strength and static strength
in arms and shoulders (MSIZ) and repetitive
strength of the abdomen (MSDT), while the
repetitive force of the back muscles (MSIT) has not
achieved statistical transformation. In the examined
parameters balance the proposed program content
from the sport of gymnastics are significantly
influenced the improvement of static equilibrium (p
= .00) for students who have progressed from the
initial measurement to the final measurement,
except for the variable MRZO that no numerical or
statistical significance of the transformation. In Table
2. the sample of respondents are karate practitioners
in their chosen clubs. Program content even though
they have not contributed to the numerical
significance of the positive transformation of the
tested parameters of strength and balance, except
for standing in the reverse bench for balance -
MROK. Parameter balance MROK a statistically
significant transformation (p = .00), suggesting that
in their training process were not represented
exercises that develop balance on a high bench,
because it is not of great importance for success in
the sport of karate. In Table 3, using the T-test for
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independent samples was small it was observed that
the differences in the parameters of balance and
strength of the .00 level of significance. By applying

the canonical - discriminant analysis, despite
significant differences (p = .00) and percentage
explaining it (genre = .87) was found, a large

heterogenity by using centroid (Table 5.) within the
experimental group (school boys), as might be
expected because the control group of selected
athletes - karate.

Disruption of homogenity of the sample is
explained that experimental group consists of
elementary school boys of Raska region and they are
heterogeneus sample. In this sample of respondents
are school boys who are already focused on some of
the sports section and have better motor skills than
school boys who do not do any sports. In contrast to
the control group consisting of karate, the sample is
homogenous because all karate were selected and
have an approximately similar motor abilities as
they are programmed into the same system of the
training process. Looking at the structure of
canonical factors credited for the separation of
belonging to a group karate, where he established a
hierarchical contribution (Table 6). The largest
contribution has MPRS and the lowest MSIT.

CONCLUSIONS

Planned study demonstrates the difference
between a student and karate after administration
programs with gymnastics contents, which have
contributed to the transformation of balance and
strength using the T-test (Table 3.) and canonical-
discriminant analysis (Table 4.) at a significance
level of 100% (p = .00), so it can be concluded that
the hypothesis Hjis fully confirmed. Applying the
offered program of gymnastics contents conducted
amongschool boys there was a positive
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transformation of two variables, and balance the two
variables power, thus hypothesis Hi/; (Table 1.) can
be only partially accepted as hypothesis. After
implementation of gymnastics contents in karate
there was transformation to positive in only one
variable of balance, so only partially can be accepted
hypothesis Hy 2. (Table 2.). Based on results of this
program gymnastics contents can be recommended
population of the same age who want to prepare for
active participation in sports schools in other sports.
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SUMMARY

Throwing activities, such as shots and passes of props (ball) in sport, in handball, mostly depend of explosive
strength in muscle region which is doing the throw. Explosive strength (horizontal and vertical), precision,
movement speed of players with or without ball and coordination are defining efficiency of handball players. In
popular handball game each position has already developed specific motor abilities which contributes to the final
team success. Number of subject was consisted of 30 handball players age from 14 to 16 years. Explosive strength
data were collected with Myotest device. Results have also shown difference in explosive strength of upper limbs
between players at pivot position and players at other positions, while there was no difference in explosive
strength of lower limbs between players at different playing positions of this age. One of possible reasons for non
existing of statistically significant differences in explosive strength of lower extremities at different playing
positions is age of participants, but before everything length of training process in handball where they still did

not manage to develop their specificity based on playing positions.

Keywords: handball, training, explosive strentgh, position in the game

INTRODUCTION

Explosive strength is one of determinants of
success in all activities which demands readings of
maximal muscle force in shortest time unit possible
(Newton & Kreamer, 1994). Most of throwing
activities such as kicking and passing the props
(balls) in sport, and specifically in handball, depends
mostly of explosive strength in muscle region which
is doing the throw.

Positive strength effect on speed of flying ball
was confirmed in a large number of researches
(Kotzamanidis, Karahekaglas, Kiparos, Giavroglov, &
Tsaarouhas, 1995; Bayios, Anastasopoulou, Sioudris,
& Boudolos, 2001; Joris, Edwards van Muyen, van
Ingen Schenau, & Kemper, 1985; Muitjens, ]oris,
Kemper & Ingen Schenau, 1991).

Explosive strength represents ability which
allows one sportsmen acceleration of his body
towards other object or teammate. Exhibited
explosive strength depends on percentage and
composition of motor units of corresponding muscle
groups (Bubanj & Brankovi¢, 1997).
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In handball, explosive strength of legs is closely
associated with the height of the jump during jump
shot and running speed (Hermassi, Chelly, Tabka,
Shephard, & Chamari, 2011; Marques & Gonzalez-
Badillo, 2006).

In modern handball game each playing position
has developed specific motor abilities which
contribute to the final team performance (Oxyzoglou,
Hatzimanouil, Kanioglou, & Papadopoulou (2008).
According to Bolek (1982) circle attackers are
exercising higher strength of upper limbs comparing
to lower, while wing attackers compared to players
at other playing positions are exercising highest
endurance in muscles of abdominal region and feet.

Main goal in this research is the quantification of
variables of exercised arms and legs explosive
strength and determination of differences in
exercised explosive strength between players based
on playing position.
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METHODS

Sample of participants

The number of subject was consisted of 30 boys
from handball club , Sloga ,, Kraljevo, which are
competing in Second league West. Boys are from 14
to 16 years of age. They are divided by the playing
positions on the subsample with backs players
(n=9), wing players (n=10), goalkeepers (n=5) u
pivots (n=6).

Basic criteria for participating in this research
was length of practicing handball, which was at least
three years, with also any absence for diseases and
injuries that could adversely affect the health status
of the participants and the results of research.

Variable sample

Anthropometric characteristics were assessed by

following variables:
e Body Weightin kg,
e Body Height in cm and
e BMI (Body mass index).

With usage of wireless accelerometer Myotest,
the values of following variables for explosive
strength in upper limbs were determined:

e Power (power in W),
e Force (forcein N) and
e Velocity (velocityincm/s).

With usage of wireless accelerometer Myotest,
the values of following variables for explosive
strength in lower limbs were determined:

«  Height (height in cm),

e Power (power in W/kg),
e Force (force in N/kg) and
e Velocity (velocity in cm/s).

Organization, instruments and
conditions of measuring

Research of transversal character was carried by
authors and for this purpose specially trained staff to
use the device for the assessment of explosive
strength "Myotest."

Determining the strength was preceded by the
determination of height using anthropometry by
Martin, and weight using digital scales. Research was
conducted in accordance with the Helsinki
Declaration in the hall of the Sports Center "Ibar" in
Kraljevo. All participants were familiar with the
tasks of measurement, and their participation, i.e.

agreement of participation
confirmed in writing.

Determining the explosive strength of the lower
extremities was preceded by a warm-up consisting
of jogging 800m, skip ahead 4 x 30 m, lateral
movement 4 x 30 m and skip back 4 x 30 m.

Determining the explosive strength of the upper
extremities was preceded by a warm-up consisting
from protocol of thrust from the bench with 2 x 5
repetitions of low intensity, with a load of 10 kg, 2 x
5 repetitions of moderate intensity, with a load of 10
kg and 2 x 3 reps of high intensity with a load of 20
kg. Between the above series of thrust from the
bench, there was a rest for 1 min, and also after
conducting a series of warm-up with a period of 3
min.

in the study was

Measuring procedures

Countermovement Jump - CM] represents a
plyometric exercise for the lower body. The
application purpose of the of CM] jump is to improve
the reactivity and explosive strength of the lower
body (Brown, Ferrigno, & Santana, 2004).
Participants were required that from initial, normal
upright position, through rapid flexion of the knee
joint to 90 deg, i.e. eccentric phase, enter the
concentric phase, i.e. complete and rapid extension
in the knee joint and take off in order to reach a
maximum height of vertical jump (Gorostiaga,
Granados, Ibanez, Gonzalez-Badillo, & Izquierdo,
2005).

In order to determine the explosive power of the
lower extremities, just before the vertical jump,
special Velcro belt attached with device Myotest was
placed around participants waist.

The subjects performed five CM] jumps with half
squat on above described way after the short beeps
from Myotest device.

In addition, subjects were instructed to put hands
on hips, as they would communicate the additional
body momentum during takeoff, and that the take off
spot should be identical in landing, as well as contact
with the ground should be as short as possible.

Bench press represents basic exercise for
strengtheningand testing the strength of the upper
body athletes in different sports (Ebben & Blackard,
2001; Ebben, Carroll, & SimEnz, 2004) and involves
lifting and lowering of the specific load. Pectoralis
major, Deltoideus pars anterior and Triceps brachi
are main muscles involved in this exercise
conducting (Ojasto & Hakkinen, 2009). The most
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critical factor of this exercise, which needs to be
predicted by exercise plan, is load (Earle & Baechle,
2004), which can be determined unprofessional i.e.
randomly by participant itself, or instructor, after a
number of trials and repetitions or professionally
determined using certain formulas and calculations
which are including properly overcome loads (Wong
etal,, 2010).

In order to determine the explosive strength of
upper limbs thrust from the bench, authors have set
Myotest device to the Smith machinebar, whose total
weight with weights was 20 kg.

From the initial supine position with arms
stretched in elbow joints, subjects performed five-
lowering and lifting of the load, after short beeps
from Myotest device.

Method of processing data

Explosive strength results were automatically
statistically processed by Myotest device after
performing the protocol and on-screen display
showed the mean value of the studied variables.

In order of statistical processing of the used data
package "SPSS version 18" was used, and the results
are presented using descriptive statistics (tables).

For determination of statistical significant
differences in variable values variance analyses was
used i.e. One-way ANOVA (Petkovi¢, 2000).

Checking the normality of data distribution was
checked with Kolmogorov-Smirnov test.

RESULTS
Descriptive statistic
Table 1.Body height and body weight of players based on Table 2. Explosive strength of upper limbs of players
positions based on positions
" . Power Velocit
position Weight | Height position W) Force (N) | (om/s)
(Kg) (cm)
Mean 73,78 185,56 Mean | 13522 | 260,89 68,11
back player Std. Dev. 9,16 5,70 ?ack g’::\; 14,91 24,52 6,90
= ini ayer .
n=9 Minimum 62,00 175,00 pn=yg Min. 112,00 231.00 58,00
Maximum | 91,00 193,00 Max. | 159,00 | 293,00 79,00
Mean 62,70 184,60 Mean | 13570 | 242,70 65,10
wing player | Std-Dev- | 7,17 9.07 wing | S6. | 1270 | 5286 7,26
n=10 Minimum 54,00 174,00 player Dev.
i n=10 Min. | 118,00 149,00 54,00
Maximum 77,00 198,00
Max. | 161,00 | 293,00 77,00
Mean 86,33 181,00
Mean | 109,33 | 233,83 56,17
. Std. Dev. 5,75 5,69
pivot _ Std. | 9,61 10,03 6.74
n=6 Minimum 79,00 171,00 pivot Dev.
Maximum 92,00 187,00 n=6 Min. | 98,00 221,00 49,00
Mean 67,60 184,40 Max. 123,00 251,00 68,00
Std. Dev. 114 4.39 Mean | 139,20 255,40 68,40
goalkeeper ’ ’
n=5 Minimum 66,00 178,00 Std. 19,20 12,60 4,22
goalkeeper | pDev.
Maximum | 69,00 189,00 n=5 Min. | 112,00 | 241,00 62,00
Mean 71,57 184,13 Max. | 163,00 | 273,00 73,00
Total Std. Dev. 11,02 6,75 Mean | 130,87 | 248,50 64,77
n=30 Minimum 54,00 171,00 Std. 17,32 3441 7.80
Maximum | 92,00 198,00 Total | Dev.
n=30 Min. | 98,00 149,00 49,00
Max. | 163,00 | 293,00 79,00
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Table 3. Explosive strength of lower limbs of players based on positions
. Height Power Force Velocity
position (cm) (WIKg) (N/kg) (c/ms)
Mean 37,56 38,33 24,47 222,11
back Std. 4,77 10,63 2,61 38,56
player Dev.
n=9 Min. 31,00 28,00 21,20 165,00
Max. 46,00 54,00 28,70 276,00
Mean 35,60 41,00 24,47 246,30
wing Std. 3,75 7,21 4,43 20,19
player Dev.
n=10 Min. 32,00 30,00 20,20 208,00
Max. 43,00 52,00 33,40 278,00
Mean 33,50 39,67 24,83 227,17
. Std. 3,15 6,68 2,25 30,05
pivot Dev.
n=6 Min. 28,00 33,00 21,20 192,00
Max. 37,00 51,00 28,00 279,00
Mean 39,00 40,40 24,40 216,60
goalkeepe | Std. 9,46 8,56 2,83 59,20
r Dev.
n=5 Min. 29,00 30,00 21,60 117,00
Max. 51,00 51,00 27,80 261,00
Mean 36,33 39,83 24,53 230,27
Total Std. 5,31 8,15 3,10 36,32
ota Dev.
n=30 .
Min. 28,00 28,00 20,20 117,00
Max. 51,00 54,00 33,40 279,00
ANOVA
Table 5. Explosive strength of upper limbs ANOVA
Sum of Squares | df Mean Square F Sig.
Between Groups 3533,68 3 1177,89 5,93 ,003*
Power Within Groups 5167,79 26 198,76
(W)
Total 8701,47 29
Between Groups 3246,48 3 1082,16 ,90 ,452
Force "
(N) Within Groups 31091,02 26 1195,81
Total 34337,50 29
Between Groups 611,54 3 203,85 4,59 ,010*
Velocity Within Groups 1153,82 26 44,38
(cmls) Total
1765,37 29
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Table 6.Variance analyses and Post Hoc test (LSD) for explosive strength of upper limbs.
Dependent Variable (1) position (J) position Mean Difference (I-J) Std. Error Sig.
back player wing -48 6,48 94
pivot 25,88 7,43 ,00
goalkeeper -3,98 7,86 ,62
wing player back 48 6,48 ,94
pivot 26,36 7,28 ,00
Power goalkeeper -3,50 7,72 65
w) pivot player back -25,88 7,43 ,00
wing -26,36 7,28 ,00
goalkeeper -29,86 8,54 ,00
goalkeeper back 3,98 7,86 ,62
wing 3,50 7,72 ,65
pivot 29,86 8,54 ,00
back player wing 3,01 3,06 ,33
pivot 11,94 3,51 ,00
goalkeeper -,29 3,72 94
wing player back -3,01 3,06 ,33
Velocity pivot 8,93 3,44 ,02
(cmis) goalkeeper -3,30 3,65 37
pivot player back -11,94 3,51 ,00
wing -8,93 3,44 ,02
goalkeeper -12,23 4,03 ,01
goalkeeper back ,29 3,72 ,94
wing 3,30 3,65 37
pivot 12,23 4,03 ,01

From this table we see that among groups there
are statistically significant values for parameters
Power (,003) and Velocity (,010).

Based on results of variance analyses and LSD
post hoc test we conclude that players at pivot
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position are statistically significantly different then
all players at other different positions in values for
variables Power and Velocity. Average values of
pivots were less than average values of other
players.
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Table7.Variance analyses for explosive strength of lower limbs
Sum of | df Mean F Sig.
Squares Square
Between Groups 102,54 3 34,18 1,24 ,315
Height
(cm) Within Groups 716,12 26 27,54
Total 818,67 29
Between Groups 35,63 3 11,88 ,16 ,920
Power
(W/Kg) Within Groups 1888,53 26 72,64
Total 192417 29
Between Groups 71 3 24 ,02 ,995
Force
(N/kg) Within Groups 268,97 25 10,76
Total 269,68 28
Between Groups 4160,84 3 1386,95 1,06 ,384
Velocity Within Groups 34101,02 26 131158
(cmls)
Total 38261,87 29

Based on results of variance analyses we
conclude that there is no difference in value of
variables for explosive strength of lower limbs
between players which are playing at different
playing positions.

DISCUSSION

Based on analyses of tables in which are shown
differences in explosive strength of upper limbs
between players at different playing position and
variance analyses and LSD pos hoc test, we conclude
that players at pivot position are statistically
significantly different then all players at other
different position in values for variables
Power(p £,00)and Velocity (back player p<,00),
wing player (p <,02), goalkeeper (p <,01). Average
values of pivots were less than average values of
other players.

Looking at the game play of players at pivot
position, it is evident that their game is based on the
occupation of space, while using largely static muscle
strength, especially the muscles of the lower
extremities. Goal shots are with very little start-up of
the body and arm swing, shots are accurate and
surprising for the goalkeeper, and distance between

pivot player and goalkeeper are usually short. All of
the above gives right to conclude that pivot players
are statistically different in the above-mentioned
variables, primarily because they need to provide
space for themselves by using muscle strength of
lower extremities. Nevertheless, close goal distance
from position, from pivot player does not explicitly
require strong shot, it requires precise and lucid shot
on goal.

The analysis results in table which shows the
results of the variance of explosive strength of the
lower extremities, leads to the conclusion that there
are no differences in values of variables for explosive
strength of lower extremities between players which
are playing at different position.

One of possible reasons for non existing of
statistically significant differences in explosive
strength of lower extremities at different playing
positions is age of participants, but before
everything length of training process in handball
where they still did not manage to develop their
specificity based on playing positions. Experience
and practice are telling us that in longer training
process players themselves will ,run“ in their
specificity all because of better usage of their

143



FIS Communications 2014

physical abilities, together with element correlation,
technique and tactic of handball game.

CONCLUSION

If we observed this research which is deducted
on this sample as isolated whole, we come to
conclusion that the selection of tested players
satisfactorily carried out, according to their mental
and physical abilities and body composition in
relation to positions they play. Their previous
training process shows us that the more attention
was devoted to the general physical preparation,
rather than their specific physical preparation based
on the positions which they are playing in a team.
Team was probably involved too early in
competition system so coaches and trainers did not
have enough time to devote themselves to specific
need of each participants. In next period as many
attention should be focused on diet, sport way of life
and exercise plan and program for each player in the
team, all in favor of achieving better results for each
player at his own place in the team, and also for
improving the success of the team in general.
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SUMMARY

Introduction: The aim of this study was to determine whether there is a difference in the manifested
explosive strength of the lower limbs, determined by the implementation of the jump with a half squat, between
the athletes and non-athletes of high school population with normal and flat foot.

Methods: The sample of subjects consisted of 240 high-school students, 16,67+4,21 years (Mean+SD), and
was divided in two sub-samples: sub-sample of non-athletes (N=120) and sub-sample on athletes (N=119). Among
non-athletes, there were 43 subjects of male and 77 subjects of female sex, while among athletes, there were 75
subjects of male and 44 subjects of female sex. Explosive strength of lower extremities, were determined by a
wireless device Myotest (Sion, Switzerland), safely attached to a velcro belt of subjects, for the purpose of the
vertical jump. All subjects performed five CM] (countermovement jumps) without the arms' swing. Status of foot
were determined by a modern computerized podoscope Podiart (Hungary) along with the appropriate software.
Statistical method applied in this research to investigate the difference was t-test.

Results: Based on the t-test it can be concluded that subjects with normal foot and subjects with flat foot do
not differ significantly in terms of average values of the explosive strength parameters, nor in the sub-sample of
non-athletes, neither in the sub-sample of athletes.Simodiossita volor sitium id moluptiame nobisit et fugia dolor
sediatemolo et facium restiaecus.

Conclusion: Although in previous chapter prevail studies, in which it is concluded that flat foot is not a
disadvantage for successful sport performance, parents, health and education workers should be committed in
prevention of possible future pain syndromes and injuries of the locomotor apparatus, with children in the period

of growth and development, and work on strengthening of their muscles, tendons and ligaments of the foot.

Keywords: lower limbs, countermovement jump, status of foot

INTRODUCTION

In complex movements of human, foot represents
a lever and surface with which it is possible to
achieve a more effective movement. The pressure of
the foot on the ground is not evenly distributed.
According to footprints on a flat surface, it is obvious
that the main areas of support are calcaneus, heads
(distal part) of metatarsal bones and base (proximal
part) of the fifth metatarsal bone. The major part of
the overall pressure is related to the heel bone and
the minor part to the forefoot. During the movement
as well as, at various positions, that attitude is
changing. Forefoot maximum load is not being on
heads of the first and fifth metatarsal bones, i.e., on

the outer edges of the distal portion of the
longitudinal arch, but in the central area, i.e, on
heads of the second, third and fourth metatarsal
bones. This is supported by the fact that the first and
fifth metatarsal bones are more mobile than other
metatarsal bones.

These peripheral metatarsal bones move
resiliently sideways during increasing pressure, thus
performing two useful functions. First, the bearing
surface of the frontal plane is increased, and second,
by the same moving pressure depreciation becomes
more effective. By the mentioned moving most of the
pressure is transferred to the secondary metatarsal
bone. It is one of the reasons why in case of the
increased pressure, for which the mechanism of the
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foot is not prepared, the middle metatarsal bones are
being often broken. It is necessary to mention that
this function of the metatarsal bones, especially of
the first and fifth metatarsal bones, is a consequence
of the need for a greater bearing surface; this is
particularly emphasized when changing the
direction of movement or moving in the curved line,
when the foot is more reliant on the ground by its
side edges, mainly at the front of the feet (Bubanj,
1997).

The function of the foot of a man is to by its
firmness provide the locomotor apparatus a solid
ground, and by its elasticity to enable amortization
of the increased pressures, that is, to participate in
resisting (reflection) by its elastic forces, when the
mentioned pressures decrease (Bubanj, 1997). In its
broadest sense, the foot comprises the two different
shape and function arches, longitudinal and
transverse ones. According to the mechanical
function, the longitudinal arch is formed by two arcs,
external and internal ones. The outer arc is formed
by the calcaneus, cuboid bone and the fourth and
fifth metatarsal bones. The inner arch is formed by
ankle bone, navicular bone, three cuneiform bones of
the foot and the first three metatarsal bones. The
outer arch is stronger and lower, and the inner arch
is more flexible and higher. According to such
properties one determines also their functions. In
the outer arch prevalent is the support function and
in the internal arch prevailing function is that of
depreciation. Longitudinal arch sustains the entire
weight of the body. The most important connections
that are part of the arch system are long plantar arch
connections (lig. plantare longum) and plantar
calcaneus navicular connection (lig.
calcaneonaviculare plantare). In maintaining the
longitudinal arch participate muscles whose tendons
pass under the foot system and the metatarsus. The
same muscles by their contractions increase the arch
curvature. It is assumed that the long-leaf muscle is
one of the main active holders of the longitudinal
arch of the foot, because its paralysis causes changes
in the foot that are characteristic for the flat feet (pes
planus). Flat foot is described as the loss of the
medial longitudinal arch of the foot, valgus deformity
of the heel and medial talar prominence (Herring,
1990).

Muscular strength and power are important
components of fitness essential for the execution of a
variety of daily and sporting activities (Beunen &
Thomis, 2004). Explosive strength is defined as the
ability of the neuromuscular system to produce
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dynamic force rapidly in an open Kkinetic-chain
movement, such as jumping, in which rate of force
development is at or near maximum (Kinser et al,,
2008). Countermovement jumps (CMJ]) contain an
eccentric and concentri