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Dear participants and readers!

In the year 2005, when the University of Zagreb is celebrating the 336" anniversary of its establishment and
the Faculty of Kinesiology University of Zagreb its 46" anniversary, the International Scientific Conference
on Kinesiology is being organized for the fourth time. Thus, the proclaimed intention of the organizer, the
Faculty of Kinesiology, to make the Conference a traditional forum for kinesiologists to exchange findings,
ideas, experiences and theories has become a reality. You will probably agree with us that, despite all the
conveniences the modern communication technology has provided, a vivid dialogue, established in personal
contacts of people who share similar vocational interests, is always a unique event and experience. We hope
that the debates on how to foster excellence and joy in sport and exercise and on how to promote PE as an
underpinning activity for sport, competitive and recreational alike, and life-long active life-styles, as well as
discussions on numerous issues regarding human movement, health, exercise and business will bring fruitful
results in form of new ideas and research projects.

The ever-growing body of kinesiology or sport science knowledge is continuously transformed into higher
education curricula which allow graduates and masters of science to become well-educated professionals who
have insights into the recent advances in kinesiology. In Croatia a highly specialized education and training of
sport and PE professionals has a hundred-and-ten-year-old tradition. Based on that long tradition, the Faculty
of Kinesiology has prepared two new university study curricula, adjusted to the Bologna Declaration and the
European Credit Transfer System (ECTS) and has obtained the accreditation to organize them commencing in
academic year 2005/06. The new university graduate and postgraduate doctoral study programmes will enable a
higher level of knowledge of students and will promote a higher two-way mobility of both students and scholars.
The curricula have assimilated the orientation of the members of the Faculty of Kinesiology that the mission
of higher education institutions is viable only in the symbiosis of educational (professional training) and elite
fundamental, developmental and applied research work in the fields of general and applied kinesiology and in
the cognate and adjacent, mainly anthropological, scientific branches.

The motto of this year’s Conference is “Science and Profession — Challenge for the Future”. It suggests
that the focus of attention is directed towards the inevitable connectedness between everyday practical issues
and professions related to physical exercise and sport, on the one hand, and kinesiological research activities,
theories, insights, findings and inferences on the other. The assembly of kinesiologists from 25 countries
has gathered to discuss diverse biological, medical, biomechanical, psychological, sociological, cultural and
economic aspects of a variety of kinesiological issues presented in 226 papers written by 300 authors.

Besides the contributing authors, much credit for the Conference scientific programme goes to the
esteemed invited lecturers, both the plenary and the session introductory speakers, and chairpersons of
particular thematic sessions, and the members of the Scientific Programme Committee. Thematically and
methodologically related contributions have been divided into eleven thematic sections (APA and Sport for
the Disabled; Biology and Medicine of Sport and Exercise; Biomechanics; Management of Sport; Physical
Conditioning; Physical Education; Research Methodology; Sociology, History and Philosophy of Sport; Sport
for All, Fitness and Health-related Activities; Sport Psychology; and Top-level Sport), which, in turn, represent
recognizable groups of issues currently prevailing in the scientific research dealing with human movement,
sport and exercise activities. Our special thanks go to the reviewers (62) who altruistically engaged their
knowledge, effort, experience and time in making the conference papers consistent and good enough to enable
creative clarification and communication of ideas. Although time restrictions made it impossible to afford in-
depth reviews, the authors were requested to undertake revisions whenever it was possible in order to minimize
the rejections. The selection and classification process was performed according to the quality criteria that
primarily regarded novelty and the amount of information, and quality of structure and presentation. Due to
the formal quality and lack of consistency of quite a number of papers, the original idea of reproducing them
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as submitted proved hardly tenable. Therefore, a certain amount of copy-editing has been performed, though
restricted to a minimum and simply in order to achieve a reasonable degree of formal consistency. This has been
a demanding and complex process, performed under serious time pressure. We do apologise for any mistakes
or inconveniences this might have caused.

The Proceedings Book is a reminder of the research findings accomplished in the field of kinesiology, or
sport sciences, or kinetics, or kinanthropology throughout the past three years. The presented papers are a
basis and a probable starting point for new ones since they cover a wide range of anthropological (understood
in the widest sense), methodological and didactic investigations in the areas of physical education, competitive
sport, physical recreation, and physical rehabilitation.

The organizer, the Faculty of Kinesiology tried to make the 4th Conference on Kinesiology comparable to
the quality level of many conferences worldwide. The Dean of the Faculty and the presidents of the Organizing
and Scientific Committee wish to express their deep gratitude to all the invited speakers, contributors (authors),
members of the Scientific Committee, reviewers, members of the Organizing Committee, members of the
Proceedings Book Editorial Board, and, particularly, to all the Conference Office executives who made the 4t
Conference and the Proceedings Book possible.

Our acknowledgments go to the Croatian Academy of Sciences and Arts and to its president a Fellow of the
Croatian Academy Milan Mogus, PhD, for their traditional patronage of the Conference. Their support is of great
value to the Faculty because it is a significant recognition of the work done in the domain of kinesiology.

Recognition of the Conference has been also granted by the co-organizer, the Ministry of Science, Education
and Sport of the Republic of Croatia.

We are convinced that the 4th Conference on Kinesiology will affirm all the effort exerted so far in the
kinesiology and will open new challenges for the future and better cooperation between scientists and the
professionals. To all the Conference participants we wish a productive and beneficial time and contacts. It is
our hope that new research ideas and projects will emerge from it. We will welcome the forthcoming results
at our next conferences. To those who were not able to actively participate in the Conference work this year,
we offer these Proceedings as an invitation for cooperation of competent partners and for joining us at the 5"
Conference on Kinesiology in three years time.

Prof. Mato Bartoluci, PhD, Dean of the Faculty of Kinesiology
Prof. Dragan Milanovi¢, PhD, President of the Organizing Committee

Prof. Franjo Prot, PhD, President of the Scientific Programme Committee
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NEUROMECHANICAL FUNCTION IN EXERCISE: EXPERIENCES
FROM DIRECT IN-VIVO MEASUREMENTS IN HUMANS
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It is usually believed that stretch-shortening cycle (SSC) in human skeletal muscle is the only normal way of muscle
function. Isolated forms of isometric, concentric or eccentric actions do not occur often in real life. Running, walking
and hopping are typical examples in human locomotion of how external forces (e.g. gravity) lengthens the muscle. In this
lengthening phase the muscle is acting eccentrially, then a concentric (shortening) action follows. The true definition of
eccentric action indicates that the muscle(s) must be active during stretch. The combination of eccentric and concentric
actions forms the muscle function called stretch-shortening cycle of SSC. This type of sequence in muscle function also
involves the important features of preactivation and variable activation. SSC function has a well-recognized purpose:
enhancement of performance during the final phase (concentric action) when compared to the isolated concentric mode.
Characteristic to this phenomenon is very low EMG activity in the concentric phase of the cycle, but a very pronounced
contribution of the short-latency stretch-reflex component. The stretch reflex contributes significantly to force generation
during the transition (stretch-shortening) phase in SSC action such as hopping and running.

Knowledge on the function of SSC has increased considerably when direct in-vivo measurement techniques have
been applied in natural movement situations. Two basic techniques have been used in these measurements: buckle
transducer and optic fiber techniques. Both techniques have been applied in measurements of several activities, ranging
from low speed walking to maximal hopping, jumping and running. A wide range of tensile forces (1.4 to 9.5 kN) have
been recorded under these conditions. Achilles tendon (AT) and patella tendon have been explored more extensively.
AT can sustain very high forces, which in some individuals can reach as high values as 9.5 kN, corresponding to 12.5
times the body weight. More important, however, is the observation that, especially during the early contact phase of
running, the rate of AT force development increases linearly with the increase in running speed. This suggests that this
parameter, instead of the peak force levels, should be used to characterise the loading of the tensile tissue. These direct
force measurements can be complemented with simultaneous ultrasonographic recordings of the length changes in the
fascicle and tendinous structures.

The common assumption in SSC activities has been that both the muscle fiber compartment and the tendon would
change their lengths in phase. This assumption has been challenged, because muscle fibers have been estimated to stay at
a constant length or they can even shorten while the whole muscle-tendon complex may be lengthening. These suggestions
naturally question the applicability of the instantaneous force-length and force-velocity curves equally to both parts of
the muscle-tendon complex.

Several studies have recently been performed to examine the fascicle and tendon length changes combining
ultrasound (fascicle length) and optic fiber (tendon force) for the vastus lateralis (VL) and gastrocnemius (GA) muscles
simultaneously using different types of jumps and effort intensities. The purpose was to examine further the hypothesis
that in the eccentric phase of slow SSC actions the VL fascicle demonstrates much greater increase in length as compared
to a faster SSC. The following important findings were observed: (1) the fascicle lengthening/shortening does not occur
in phase in the two muscles: (2) the fascicle behavior, in addition to the expected effort dependence, is also very much
muscle and joint dependent: and (3) these changes in the fascicle (and tendon) are also dependent on the type of muscle
action and movement. Consequently, in multijoint action it is possible that the fascicles of some muscles may demonstrate
differences from the “general” rule of lengthening (eccentric mode) and shortening (concentric mode). For example, if
the VL fascicle is being lengthened in the braking phase of CMJ, GA may demonstrate either no change in length or
even shortening of the fascicle.

Isolation of the fascicle and tendon of the muscle-tendon complex can reveal specific roles the tendon and aponeurosis
play in performance potentiation in SSC. But their potential and individual contribution may be clearly dependent on
the type of SSC movement and muscle in question. Thus it is difficult to generalize muscle mechanical behavior in SSC
from single experimental conditions only. In addition, this generalization becomes even more difficult in studies of SSC
fatigue.

Although the effects of exhaustive SSC exercise are somewhat similar in mechanisms to those occurring after intensive
pure eccentric exercise, the SSC fatigue is much more problematic and complex due to the comprehensive way in which
it loads the neuromuscular system: mechanically, metabolically and neurally. All these aspects are responsible for and
characteristic of the bimodal trend of fatigue response reflecting their specific roles in characterizing the damage and
inflammatory processes in the progress of deterioration and recovery of neuromuscular performance. Recovery from
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exhaustive eccentric exercise is reportidly bimodal as observed both in animal and human experiments. This bimodality
is observable also for stretch reflex after short and long lasting stretch-shortening exercises. These changes in stretch
reflex as well as in H reflex are likely to be coupled with similar changes in mechanical response. From these factors
the neural adjustments, although they are well coupled with the metabolic and mechanical influences, represent greatest
challenges in understanding the detailed mechanisms involved. It is usually understood that the reduced neural input to
the muscles, under the influence of SSC fatigue, is at least partly of reflex origin. Different pathways have been suggested
involving both disfacilitation of the muscle spindle sensitivity and presynaptic inhibition of the a motoneurone pool.
There are, however, several aspects that need to be explored for further understanding of the nature and the mechanisms
of exhaustive and damaging SSC exercise. These include possible structural changes in the proprioceptors (especially
in the muscle spindle), and inhibitory/excitatory changes that may take place in the higher centers of the sensory and
motor pathways.

Key words: muscle mechanics, stretch-shortening cycle, in-vivo muscle function, neuromuscular control
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Abstract

Visual and biochemical methods enable an inside into the regional cerebral blood flow and metabolic responses in
connection with physical exercise. We call this new interdisciplinary area “exercise-neuroscience”. Physical activity has
a positive influence on cognitive brain functions and age-related degeneration processes. Increased regional cerebral
blood flow during dynamic work induces an increase in production of brain derived neurotrophic factors (BDNF) as well
as of IGF-1 and oestrogen. Thus, physical exercise is a stimulus for the formation of synapsis and spines as well as for
neurogenesis. Exercise also induces gene expression, thereby effecting brain plasticity. Small doses of physical activity
as walking two hours/week can improve cognitive effects at the older untrained person. It can be suggested that physical
activity can enhance brain performance capacity and brain health — just like it has been documented for the cardio-
pulmonary-metabolic system many decades ago.

Key words: Brain and Physical Activity

Until one and a half decades ago, little was known of the acute and chronic influence of the various motor strains
coordination, flexibility, strength, speed and endurance on the brain. The application of examination techniques such
as positron emission tomography (PET), functional magnetic resonance tomography (fMRT) and others allowed
haemodynamic and metabolic insights into smallest regions of the brain in connection with physical activity. This
produced a new and fascinating target area for interdisciplinary research. We call it “exercise neuroscience” (22).

The human brain knows two critical periods: early child age and old age. In the former sector the surplus of neurones
is reduced and a life adjusted synapsis structure is formed. The latter sector from middle age initiates increasing neuronal
degenerative changes. Numerous studies during the last decade have proven the extraordinary importance of physical
activity in regard to health and the performance of brain functions. Today we regard qualitatively and quantitatively suitable
physical activity just as important for the brain as e.g. for the cardiovascular system (20, 22). The results found for man
are largely supported by macroscopic and microscopic results of animal experiments. Therefore it can be ascertained
today that physical training improves brain vascularisation (5), spine and synapsis production, neurogenesis, increases
the resistance of neurones and cognitive functions (review in 22). The probability of cognitive malfunctions and dementia
is reduced in connection with physical training.

Regional cerebral blood flow, regional glucose metabolism, neurotrophic factors and
physical activity

For a long time the rule existed that autonomous regulation of cerebral perfusion did not permit modifications by
physical activity. In our bicycle ergometer tests with 25 watts and 100 watts we however observed significant regional
circulation improvements of different local intensity (18). In all probands the grey-matter flow was higher than the white-
matter flow. Therefore, it is a little surprising that in connection with static exercise no alterations of the regional cerebral
blood flow are to be observed (27). Either mild nor moderate or heavy isometric contractions of the leg- or of the arm
muscles changed the regional cerebral blood flow.

We agree with the assumption of Rogers et al. (27) that the increase of cerebral blood flow in connection with dynamic
muscular exercise may depend on stimulation of mechanoreceptors in the exercising tendons and muscle and of cortical
planning of the movement with influences on the effect of central activation.

It has been demonstrated that cerebral blood flow and the cerebral metabolic rate of glucose utilisation (CMRglu)
are coupled in response to various mental activities. In our investigations, performed with the method of PET and the
application of ®F-fluorodeoxyglucose, we did not observe a significant change of CMRglu and several cortical areas in
4 different slices parallel to the orbito line from the cerebellum to the centrum semiovale. In contrast to this finding the
CMRglu increased in the visual cortex by 9 % (19). This indicates uncoupling between local CMRglu and CBF under
exercise in different areas. The reason may be a metabolic intervention for example by lactate or keton bodies (11).

We formed the hypothesis that the increased regional cerebral blood flow might have the task of transporting the
rising production of biochemical substances as compact and fast as possible to peripheral target areas. This hypothesis
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has been ascertained. Experiments with rats during treadmill exercise showed that the growth factor IGF-1 similar
to insulin found in the blood is increasingly absorbed by neurones in the better circulated regions. These neurones
spontaneously increase their electric activity and sensitivity for afferent stimuli. The neuronal c-fos is strongly increased
in the cell nucleus only 30 minutes after the exercise commences. C-fos is the sum of 36 transcription factors and probably
contributes to the storage of information and also takes part in the fixing of behaviour engrammes in the frontal lobes.
The IGF-1 increasingly absorbed during the running process apparently initiates activation processes and thus produces
neuroprotective strategies (10).

Only a few days after treadmill exercise the rats show an increase in their brain derived neurotrophic factor (BDNF)
and the mRNA also increases highly significantly especially in the hippocampus (1, 17). The BDNF-mRNA is a plastic
structure that is connected rather to cognitive functions than motor activity. This especially affected neurones in the
dentate gyrus, in the hilus and in the CA3-regions and was accompanied by an increase in BDNF-protein amounts. This
symptom was also observed in the cerebellum and cortex (4). The nervous growth factor (NGF) and fibroblasts growth
factor 2 (FGF-2) also increased significantly (17).

If physical activity has a positive effect on the BDNF-gene-expression, learning can also profit from it. The
hippocampus is the organiser of long-term memory. Alzheimer’s disease strongly affects this type of memory.

Sufficiently high BDNF-values in the brain are a prerequisite for maintaining neuronal functions and for long life.
Aerobic dynamic muscle work increases the expression of BDNF-receptor synapsin 1, of growth related protein (GAP-
43 mRNA) and of cyclical ANP/calcium response element binding protein (CREB), which serves as mediator in the
signal-transcription coupling.

The results of these experiments lead to the conclusion that a minimum amount of neuromuscular activity is required
in order to secure normal values of BDNF as well as the potential for neuroplasticity.

Beta-endorphines and exercise

A constancy of beta-endorphines (beta-end) during an exercise intensity up to 60 % of the individual maximum
oxygen uptake is to be observed (12). A higher exercise intensity caused in our examinations an increase of Beta-end
analogous to that of the arterial lactate level (2, 12). An exercise of longer duration than 50 or 60 min also initiated an
increase, the lactate level did the same. When the maximal O,-uptake was reached, the beta-end level attained three fold
of the rest value.

In double-blind cross over designs we investigated the significances of endogenous opiates on pain and mood. Pain
threshold was measured with a technique of dental electrical stimulation. It increased significantly after exercise until
exhaustion. Naloxone, an opiate antagonist, abolished this phenomenon. Psychological questionnaires reviewed mood
changes to an euphoric state.

Synapsis and neurone regeneration in connection with BDNF and exercise

Physical activity influences other genes in the brain apart from BDNF. The medial septum which has cholinergic and
GABAergic relations to the hippocampus participates in the increased production of BDNF in connection with physical
activity (10). A mechanism modulated by acetylcholine (Ach) supports the BDNF-gene-expression in the hippocampus
(39). It can be assumed that this action is also subject to a regulation made by physical activity. A strong participation of
the medial septum with activity dependent regulations of the BDNF-gene-expression is definite (10, 36).

The BDNF-gene-regulation also includes a monoamine induced signal. This signal travels via the tyrosinkinase,
which conveys the biological effect of neurotrophin 3 (NT-3) via according receptors. NT-3 regulates the proliferation of
neuronal precursor cells and enhances the survival of specific neurone populations (29). Antidepressant medication that
boosts the transmission at monoaminergic synapses also increases the BDNF-gene-expression in the hippocampus (28).
In combination with physical exercise this effect is increased additionally. The signal system induced by noradrenaline
may be of particular importance to the BDNF-gene-expression (23).

As mentioned above, physical activity stimulates the absorption of IGF-1 from the blood into the brain. This especially
affects the hippocampus and the frontal brain. In close connection to this the amount of newly generated neurones
rises in the hippocampus. Physical exercise proved to be the strongest stimulus for the generation of new neurones.
The pharmacological suppression of the IGF-1-absorption from the bloodstream largely blocked the generation of new
neurones (8).

It can therefore be established that physical exercise with acrobic dynamic muscle activity increases brain plasticity
and has direct influence on the quantity and quality of neurones and synapses. Neuronal connections can be strengthened
and their efficiency can also be enhanced by an increased synaptic capacity and the adding of new neurones (3, 14, 25,
26, 37).
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Body periphery and brain functions

Animal experiments carried out in the 1980s and 1990s proved that the organisation of the cerebral cortex is subject
to constant changes in the macroscopic and microscopic area that are functionally triggered by the body periphery and
partly also controlled by it. As Elbert et al. (13) were able to show, few days of training suffice for re-organising the cortex.
If the exercises are practiced with one hand the cortical representation of the other also changes. In the corresponding
experiments this could be reduced by 25% within only a few days. The respective inactive area soon participates in the
processing of information from neighbouring areas. These practically penetrate the area that was rendered inactive.
Accordingly after amputations parallel changes of the cortical map in regard to somatosensory and motor cerebral cortex
occur (7, 15, 32).

From the body periphery estrogen has an influence. The hormone has a protective effect against neurodegenerative
changes. Physical work leads to an increase of the estrogen level. Studies by Cotman and Berchthold (9) showed that
especially in women the brain related positive influence of physical activity is due to the presence of estrogen. After
a two-month estrogen extraction physical activity was not able to produce an increase of BDNF-mRNA or protein in
the hippocampus of a female rat. If the physical training was however combined with estrogen supply the result was a
stronger increase of BDNF-protein (16).

In contrast to well-dosed physical training, overexertion of longer duration leads to dendrite atrophy and spine
reduction. Corticosteroids probably play a part in this process. Animal experiments showed that these hormones reduce the
BDNF-availability in the hippocampus (4). At the same time an atrophy of the hippocampus is to be observed. If physical
training of the rats lasting several weeks is abruptly terminated, the BDNF values fall below initial resting values (38).
This result apparently correlates with that depressive effect that is often observed in high performance athletes when their
high performance training is abruptly terminated due to e.g. an injury (“sport withdrawal symptoms”). The symptoms
of so-called overtraining probably also correlate with altered brain plasticity. In this context the frontal cortex may play
a special role due to the hierarchical structure and organisation of brain and body functions (22).

Three weeks of running leads to both an increase and decrease of numerous genes in the hippocampus of rats (24).
Many of these affect the synaptic functions and plasticity through their connection with membrane-transport mechanisms
and synapse growth. This leads to the conclusion that physical activity has a very strong regulating effect in the entire
brain physiology (9).

Physical activity influences psyche and depression

Psychological stress can possibly lead to depression, which is probably accompanied by a reduction of the BDNF-
mRNA level in the hippocampus. The effects of mental stress on cardiovascular and sympatho-adrenal reactions can
be reduced by aerobic dynamic activity (6, 28). The combination of physical work and antidepressant medication led to
a significant increase of BNDF-mRNA level in the hippocampus, which were far greater if physical work was included
than with medication alone. Which individual factors may be responsible for this at cell level is still unknown (35).

General aerobic dynamic endurance and its cognitive effects on the aging brain

Age-related modifications to the brain commence at about the age of 50 to 60. They affect among other things the
reduction of dendrites along with spines. The latter constitute the area of human short-term memory. The reduction of
their number and the subsequent quality reduction of short-term memory is the first functionally apparent age-related
change. In experiments with male test persons aged on average 69 +- 3.5 years, we employed O-15-butanol-PET-scans to
examine behaviour patterns and efficiency when learning and testing word-pairs with a high visual content but without
any semantic relation. We compared the results to those obtained with younger men with an average age of 24 +- 3.6
years and were able to deduce that with increasing age identical intellectual performance coincides with the activation
of larger brain areas. If older test persons had however undergone endurance training for more than 25 years, the results
were more similar to those of younger men and showed significant differences to those of untrained test persons of the
same age. The apparent training effect was the activation of smaller brain areas under identical mental performance.
Therefore the brain is probably also susceptible to a similar training-related economisation process known to us in the
cardiovascular field after training (30, 31).

Marathon runners with an average age of 70 years that still regularly performed 65 km per week at the time of the tests,
showed reduced adrenaline suppression under dexamethasone 90 minutes after an injection of corticotropin-releasing-
hormone (CRH). After 20 weeks of aerobic training (3x walking per week with a duration of 30-60 min) older untrained
patients showed no changes in the hypothalamic-hypophyseal-adrenaline and gonadal axis function. However, the training
did produce a significant improvement in cognitive tests and general well-being of the test person (33, 34).
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Abstract

The turn of the year 2000 millennium coincided with alleged inactivity crises, obesity epidemics, concerns about
drop-out rates from sport amongst young people as well as real and perceived reductions of school physical education
across the world. The overriding purposes of this paper are to indicate trends in physical education since the 1999 Berlin
Physical Education World Summit, address some societal changes (sedentary lifestyle patterns, obesity trends in sport,
impacts of Information Communication Technology, legislation, litigation and environmental issues), and make considered
suggestions to bring about amelioration of policies and practices in the provision and delivery of quality physical education
programmes. The suggestions and concluding comments refer to ‘messages’ that need to be heeded and focus on strategies
to assist in the process of conversion of ‘promises’ into ‘reality’ and so contribute to fostering lifespan engagement in
physical education-related activity.

Key words: Trends in school physical education; societal change,; messages and challenges for the physical education
profession; quality physical education; framework of standards.

Introduction

Around the turn of the millennium, international surveys (see Hardman & Marshall, 2000; and Hardman, 2002)
exposed inadequacies in school physical education provision and delivery and revealed geographically widespread
concerns about common trends and issues, which were acknowledged by international organisations such as UNESCO
and the Council of Europe:

e “Twenty one years after the proclamation of the International Charter, physical education and sport at school...did
not yet seem to be national priorities and were often the target of budget cuts” (Kaisa Savaloinen, UNESCO,1999)

e ... the crux of the issue is that there is too much of a gap between the promise and the reality” (De Boer-Bugiccio,
2002).

Since the Berlin Physical Education World Summit (November 1999), MINEPS III Punta del Este Declaration
(December 1999) and Council of Europe Informal Meeting of Sports Ministers (Warsaw, September 2002), the
developments in school physical education policies and practices across the world have been diverse: there has been an
array of individual and institutional endeavours to improve the quality of physical education provision and so enhance
the experiences of children in schools; and equally there is evidence to generate continuing disquiet about the situation.
Essentially, the situation is typified by little change in some regions and by ‘mixed messages’ in others as illustrated by
the following exemplars.

In several central and eastern European countries, democracy has made politicians prone to ideology and ‘wish-
listing’; however, the realities of implementing ‘idealistic’ curricula have not been properly thought through, as their
realisation requires financial investment, new pedagogical and didactical interventions and relevant infrastructure.
In Poland, the stipulated five hours of compulsory physical education for all schools (Physical Culture Act 1996) are
unrealisable because of economic rationalism, whereby financial realities have intervened to produce an average of just
less than three hours of physical education per week as standard practice. Economic realities have led to reduced budget
allocations in Canada. In provinces such as British Columbia, where ‘generalist’ practitioners with little or no training
in physical education teach most elementary school physical education classes, cuts in numbers of advisory consultants
and curriculum co-ordinators has impacted adversely. Consequently, innovative active lifestyle curricula, which need the
assistance of relevant professionals to implement them, are left to gather dust on shelves (Turkington, 2002). However,
a recent announcement to invest $15.5 million in more physical education curriculum time by the British Columbia
government may signify a turning point in developments. At the present time in the United States, there is an educational
environment that stresses accountability and achievement in core, so-called, ‘academic subjects’. President Bush’s No
Child Left Behind Elementary and Secondary Education (NCLB) Act (2002), neglected in omitting some subjects such
as physical education and health, to address the debilitating condition of the nation’s youth and did not acknowledge any
link between health, physical activity and academic performance. The Act has created unintended negative consequences
by contributing to increased marginalisation of physical education in many states (Keyes, 2004) with mandated time not
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being met (e.g. Illinois, Maryland, New Jersey, Washington and Wisconsin) and waiver programmes allowing exemption
from mandates.

The Physical Education Curriculum and its Delivery: Quality Issues

A major issue is that of the relevance and quality of physical education curricula around the globe. In some parts of the
world physical education curricula are undergoing change with signs that its purpose and function are being redefined to
accommodate broader life-long educational outcomes. Nevertheless, there remains an orientation towards sports-dominated
programmes, in which competitive performance-related activity has a significant role. Such sustained orientation raises
issues surrounding meaning and relevance as well as quality of programmes provided and delivered. Numerous examples
testify to perceived negative impacts; suffice it here to provide illustrations from the English-speaking world.

A small private school primary physical education teacher in Toronto notes: “...Last year many of our gym periods
were marred by intense and destructive competitions”. Whilst in the Bahamas, the “current popular persuasion is to
provide added emphasis on elite athletes for interscholastic programmes rather than on general PE for the entire student
body” (Government Official, cited in Hardman and Marshall, 2000). Persistent media headlines in the United States
variously draw attention to questionable quality in physical education practice:

e Sojust how bad is your child’s gym class? P.E. programs often poorly run, provide few health benefits (The Associated
Press, Jan. 17, 2005)

e Experts Dissatisfied With PE Classes (The Associated Press, Jan. 17, 2005)

e Obesity Up, Phys Ed Down (Turner, 2005).

A Californian student’s comment that “...I don’t think we should have to take that (PE) class. It doesn’t help me in
any way with preparation for my future life. It’s really a waste of time. I don’t learn anything there. I don’t even get a
chance to do much” (p.21) caused Griffey (1987) to assert that teachers “have failed to provide an experience that they
(the students) perceive as meaningful” (p.21). The failure to provide a meaningful experience was perhaps behind the
Manitoba Minister of Education’s remark that “the attitudes of society (have) not been positively affected by their physical
education experience within the school” (cited in Janzen, 1995, p.8). It is a remark that is underlined by many individual
experiences in schools: a Lansing State Journal reporter records that his

“school gym class experience was one long, drawn-out horror show”...with teachers showing no interest in him as

he did not belong to the athletically gifted; they were “too busy lavishing all of their positive energy on the gifted

jocks”. The only form of attention received was “never-ending shouts of emasculating and degrading insults at my

every effort” (and) gym class was responsible for many agonizing and demoralizing moments of my life” (Ford, 2003);

a ‘seasoned’ teacher remembers his
“PE teacher shouting, when it was my turn to run the hundred yard dash, ‘Oh, Reynolds is up, someone get me a
calendar to time him!’ I learned to hate PE. Through High School and College, I ‘let myself go’ physically, hating to
participate in sports, and that turned into hatred of exercise” (Reynolds, 2001);

and a Scottish individual’s recounts his experience of spending his
“teenage years dreading games, shivering on rugby fields and subject to all manner of rebuke for my ineptitude at
the game from staff and schoolmates. In my final week at school I finally confronted my physical education teacher
and challenged him as to why I’d been made to endure this torture. “Well son”, he replied, “at least you know now
that you can’t play rugby, and that’s what we call an education” (Anon, cited in Kay, 2005).

Under these circumstances credence can be given to a Michigan State elementary school physical education teacher’s
lament that there
“is a VERY negative subject matter bias towards physical education based on decades of poor physical education
programs. These people do not TRUST us! They see no value in what we do and can only make decisions based on
their personal experience” (Vickroy, 2003).

Quality of provision embraces not only curriculum content but also delivery. Examples from around the world suggest
lack of commitment to teaching and pedagogical and didactical inadequacies in some countries:

e “...PE is often taught by unqualified teachers...” designated as “remote control teachers, who provide a ball, sit by
a tree or stay in the staff room. (At) the end of the lesson, the teacher blows the whistle and the pupils return to the
classroom” (PE Teacher, Malaysia, cited in Hardman and Marshall, 2000)

e “... Very often teachers take children outdoors and leave them to do their ‘own thing’. Some teachers will take the
children and play a game with some children and leave others unsupervised. Most sessions are done haphazardly”
(St Vincent Government Official, cited in Hardman and Marshall, 2000)

e  “We still have coaches/teachers who only worry about summer vacation, and they roll out the ball for nine months
waiting until they can go golfing again. This is a huge reason PE has such a bad name” (United States High School
PE Teacher, cited in Hardman and Marshall, 2000).

In the domain of pedagogy and didactics, research (Egger, 2001) found teachers and students differentially perceive
the quality of a lesson and they differentially attach value to, and evaluation of, the same experience of physical
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education. Students’ personal interpretations of what physical education is about, what it does for them or what it means
are important factors mediating the effect and efficacy of a curriculum. Central to children’s interpretations of physical
education is an understanding of its relevance to them. Giving voice to children and their perspectives is receiving more
research attention. Groves (2001) argues that if real voice is given to students, then the teacher enhances possibilities for
providing a meaningful and relevant experience in physical education. The essence of Egger’s (2001) study was about
students being able to take more responsibility for their own learning. Brettschneider (2001) reinforces the resonance of
being an independent learner through his observations on young people’s lifestyles; they are increasingly shaping their
own biographies, in a personal context of gaining independence within a societal environment of decline of established
institutions. What various research studies are demonstrating is a shift towards student-centre learning, in which, apart
from greater interaction and negotiation in the teaching/learning process, there is increased emphasis on the learner being
responsible on what and how learning occurs.

Societal Changes

Changes in society and concomitantly in values and norms over the last 40 years have impacted and continue to
impact on life-style behaviours and patterns in numerous and varied ways. The development of sedentary lifestyles
has coincided with widespread reduced opportunities at school for daily physical activity especially in economically
developed countries. As children’s amounts of vigorous exercise and energy expenditure have decreased, so their
engagement in television viewing and electronic games has risen steeply. Paradoxically, computer simulation software
offers opportunities to ‘participate’ in a range of physical and sporting activities without leaving the comfort of the
armchair. Sedentary lifestyles and concomitant ‘activity (more accurately ‘inactivity’) crisis’ over the last decade in many
economically developed countries, have been linked in regular reports with an obesity epidemic and related rising health
costs. The US National Center for Disease Control (CDC) in its Report on physical activity noted:

“... Our nation’s young people are, in large measure, inactive, unfit, and increasingly overweight... Ultimately this
could have a devastating impact on our national health care budget. In the short run, physical inactivity has contributed
to an unprecedented epidemic of childhood obesity that is currently plaguing the United States” (CDC, 2000, p.1).

In Michigan, USA, the economic cost of physical inactivity cost the State nearly 9 billion dollars in 2002 (Vickroy,
2003). UK obesity-related health care and wider economy costs are estimated at over £7 billion per year (Meikle,
2004).

Some attempts to tackle rising levels of obesity demonstrably show some governments’ piecemeal efforts and sending
out contradictory messages. In England a government ban on advertising on vending machines in schools was later followed
by a Department of Culture, Media and Sport Minister’s scheme, the Cadbury’s Get Active campaign, in which schools
could claim sports products in exchange for vouchers on chocolate wrappers. Similar contradictory messages are seen in
the Scottish Executive-backed YoungScot discount card, which was automatically distributed to every secondary school
pupil in Scotland and offered youngsters special deals at McDonald’s, KFC and local chip shops. The contradictions
are also seen in contraction of playing fields and parks numbers by one sixth in the last 20 years and in Public-Private
Partnerships that have blocked the path to exercise with organisations promoting physical activity unable to afford new
rents charged by companies, which manage the school grounds. As if the fall-out from the No Child Left Behind enactment
was not enough in the United States, in the same newspaper article in which the Health and Human Services Secretary
announced that “... We are eating just too darn much and we’re going to do something about it”, the Bush administration
announced that funding for the VERB campaign, a CDC project to promote physical activity among 9-13 year olds, would
be cut from 36 million dollars to 5 million dollars (Herzog, 2004). Given the positive propensities of physical education,
a more appropriate enactment than No Child Left Behind would be No Child Left on Their Behind!

A second area of societal change, which has important consequences for the physical education profession, is that of
trends in sport, outside and beyond schools. Since the formal articulation of Council of Europe policy principles in the
1970s, which were adopted and further developed by UNESCO in its Charter on Physical Education and Sport in 1978,
sport has increasingly been more broadly defined to encompass various forms of physical activity from spontancous,
unorganised physical exercise, through recreational physical activity to high level competition, in all levels of which
the broadest possible sections of the population could engage in sport regularly, in accordance with each individual’s
aptitudes and interests. The ideological model of ‘Sport’ (‘for All’) has an orientation to personal motivation and to
participation. This orientation is consistent with present-day self-realisation and active life-styles concepts for which
school physical education curricula are considered to be significant contributory determinants. In the sociologically termed
‘post-modern society’, self-realisation is a key ingredient in the process of individualisation. In this context, physical
activity is internally differentiated and boundaries from achievement maximisation and competition to fulfil a range of
new functions (pleasure, fun, adventure and excitement, body sensation, recreation and health) are extended. Changes
in leisure patterns, spectacular/individualised, are evident as new technologies compete for the attention of potential
participants. Additionally, socio-psychological developments also impact on leisure pattern behaviours: peer pressures are
replacing the importance of adults as socialisation agents and formal, organised sport is becoming secondary to informal,
unorganised sporting activity as young people become more discerning in what they are looking for.
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There are several other trends, which pose challenges for the physical education profession. Here, I draw attention
only to technology, legislation, litigation and environmental issues. Within the teaching/learning process, Information
Communication Technology (ICT), ranging from television, digital camcorders, video players, music sound systems,
overhead projectors to digital computer technology, has come to have a significant role in schools. Its impacts have grown
considerably and physical educators should not ignore the advances made. Indeed in England, the National Curriculum
for Physical Education strongly advocates the application and development of students’ ICT capability through the use
of ICT tools, for which physical education teachers should be prepared to a level of competence. With the use of ICT in
teaching there comes a shift in the role of the teacher, who becomes more a facilitator of learning rather than the only
information resource.

Inclusion and equity have become globally important issues over the past 20 years and many countries now have
legislation, more often than not embedded in anti-discrimination laws related to disability, gender and race amongst
others, in place. Here, I shall restrict my observations to gender issues. In some countries or some areas within countries,
it is admitted that females are excluded or have limited opportunities in physical education because of reasons embedded
in cultural interpretations of religion. This is particularly applicable amongst Muslim communities. Cultural factors or
beliefs concerning the effects of exercise on females such as rendering the female body un-feminine are also referred to
in different parts of Europe as causal factors in gender disparity in physical education provision. Limited opportunities
in terms of number and type of activities available for girls in physical education programmes (girls have fewer activities
on offer) are cited in some countries and cultures as being non-too discrete forms of gender inequity. Apart from cultural
constraints, other reasons for these inequities are seen to lie with inappropriately or inadequately prepared teachers as
one cause of gender inequities in some countries (Hardman and Marshall, 2000).

Within the setting of education, there is increasing evidence that physical educators are being subjected to litigation
procedures in cases, for example, where students have suffered injury, when engaged with curricular or extra-curricular
activity. Parents and students have become much more aware of the law and their legal rights, especially when issues
such as negligence, risk and duty of care arise. Increasingly, we read of teachers being sued for negligence in teaching
situations (imprecise or unclear instructions, inadequate safety precautions, failure to correct faulty technique etc.).
Litigation procedures are much in evidence for injuries etc. sustained during participation especially in activities such
as contact sports, gymnastics and outdoor adventure/risk pursuits. Clearly, possibilities of litigation procedures have
considerable implications for physical education teachers both directly where individual and groups of students are
concerned and indirectly where ‘third party’ considerations have to be taken into account. Risk assessments are almost
becoming a day-to-day essential.

Another area of heightened awareness is that of environmental considerations and particularly in situations where
activity may be occurring in ecologically sensitive areas, usually in natural surroundings. The issues revolve around
access for physical activity and preservation of the natural habitat and participation in outdoor adventure type pursuits,
which need to achieve a balance between activity and protection of the habitat.

Messages and Challenges for the Physical Education Profession

The summary overview of issues and trends contain a number of messages that need to be heeded and, which give
rise to a number of challenges for the physical education profession. Despite my comparativist’s reservations about
prescriptions to bring about amelioration of policies and practices, some adaptable “universalities’ or a set of global
standards, can be considered for ‘local’ application.

Definition
There are dangers in interchangeable and often prescriptive use of the terms ‘physical activity’ (the health agenda

and obesity issue) and ‘sport’ (the medals winning syndrome) synonymously with ‘physical education’. Indeed, a British
Columbian Curriculum Co-ordinator posits whether it is the

“erosion of physical education; if physical activity is the direction our profession is moving towards, then why do we
need PE teachers and why teach PE? School boards could save tens of thousands of dollars by not hiring PE teachers
and just hiring PA directors. Are we a dying breed?” (Young, 2005).

Underpinning strategic development of quality physical education is the notion of the cultivation of physically educated
persons, which gives rise to a definitional issue. Arguably, ‘physically educated persons’ might be described as being
physically literate, having acquired culturally normative skills enabling engagement in a variety of physical activities,
which can help to maintain healthy well-being throughout the full life-span; they participate regularly in physical activity
because it is enjoyable; and they understand and value physical activity and its contribution to a healthy lifestyle. Thus,
socialisation into, and through physical activity, has to be a core component of the physical education teacher’s sphere
of pre-occupation. Notably, the link with lifespan activity engagement implies that physical education, therefore, does
not begin and end in schools.
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For socialisation into life-span physical activity engagement, the school physical education curriculum and its delivery
need to be conceptually and contextually re-appraised. The widespread practice in physical education curricula to provide
experiences, which merely serve to reinforce achievement-orientated competition performance sport is a narrow and
unjustifiable conception of the role of physical education. In this context, it is unsurprising that pupil interest in physical
education declines throughout the school years and youngsters become less active in later school years. As I have argued
previously (Hardman, 2003), for many children (boys and girls), such programmes do not provide personally meaningful
and socially relevant experiences and they limit participatory options rather than expand horizons and thus, are contrary
to trends and tendencies in out-of-school settings amongst young people. Collectively, such “joyless experiences” (McNab,
1999) acquired from unwilling engagement in competitive sport-related physical education are a ‘turn-off” and only
serve to increase the ‘drop-out’ rate of participants from school-based and post-school sports-related activity. If physical
education is to play a useful role in the promotion of active lifestyles, it must move beyond interpretations of activity based
upon performance criteria. The current frame of reference should be widened. The preservation of physical education
in its old state is not the way to proceed. Its content has little relevance to young people’s life-style context and there are
considerable discrepancies between what occurs in physical education lessons and what is going on outside and beyond
the school. It is time to move into the 21% century!

Quality physical education programmes are the foundation of the participation pathway and as Malina (1996) indicated
positive activity experiences and habits formed during childhood are more likely to lead to an increased tendency to
participate in those activities in wider community settings. The corollary is that negative experiences while young are
likely to reduce those experiences later in life. A school’s role then extends to encouraging young people to continue
participation in physical activity, through the provision of links and co-ordinated opportunities for all young people at all
levels and by developing partnerships with the wider community to extend and improve the opportunities available for
them to remain physically active. Hence, the need for wider community-based partnerships, but physical education should
be seen as the cornerstone of systematic physical activity promotion in schools and recognised as the foundation base
of the inclusive participation pyramid. However, with only up to two hours per week time allocation (in many countries
it is frequently less), physical education cannot itself satisfy physical activity needs of young people or address activity
shortfalls let alone achieve other significant outcomes. Mutually respecting and integrity protecting partnerships at all
levels with shared values and agreement on roles and responsibilities are necessary to facilitate full lifespan inclusion
and engagement. Bridges do need to be built, especially to stimulate young people to participate in physical activity
during their leisure time. Many children are not made aware of, and how to negotiate, the multifarious pathways to out-
of-school and beyond school opportunities. PETE programmes should address these facilitation and intermediary roles
of the physical education teacher. Of course it would be naive to assume that the physical education professional could
take on and fulfil all of these responsibilities. Support is fundamental to the realisation of such ideals. It can be achieved
through the collaborative, co-operative partnership approach involving other professionals and committed, dedicated
and properly mentored volunteer individual and group enthusiasts. Personnel functioning in partner institutions should
have appropriate skills and competences, which might be acquired through some special training. There needs to be a
clear recognition of the respective contributions of the partners and of the different qualifications of those who deliver it
- teachers, coaches etc. There are risks to physical education as some governments seek increased provision outside of
the school. Indeed, The French government in 2004 reduced numbers of trainee teachers in recognition that sports club
‘animateurs’ can fulfil the éducation physique et sport” teacher role and in recent years a number of other countries (for
example Sweden, Portugal and some of the Lander in Germany), have entertained notions of locating physical education,
in whole or in part, outside the main school curriculum, delivered essentially in local sports centres at lower cost thus,
compromising the educational integrity and identity of physical education in schools. In the current socio-political
climate this is perhaps inevitable but partnerships with community agencies do carry a number of opportunities. The
physical education — sport relationship is not necessarily a problem per se, but the nature of the relationship certainly
can be. The tensions generated by the Janus face characteristics of ‘Sport’ (elite performance outcomes v. grass roots
recreational outcomes) need to be resolved. Are physical education teachers employed to produce elite sports performers
or highly specialized physical recreationists? No, of course not, because primarily they are educators and facilitators.
However, in pursuit of the optimum development of young people, they do have responsibilities for creating awareness
of opportunities for activity engagement outside school settings. Thus, at the very least, their professional preparation
should embrace familiarisation with pathways for participation in wider community multi-sector provision and the
achievement of personal excellence.

If children are to be moved from ‘play stations’ to play-grounds’ (Balkenende, 2005), any re-conceptualisation
and reconstruction of physical education, which contribute to the creation of the ‘physically educated’ or ‘physically
literate’ person, do need to be accompanied by improvements to raise the quality of teaching and learning processes.
The pedagogical and didactical shifts alluded to earlier in this paper have important consequences for physical education
teacher education (PETE) both at initial and in-service training levels. Physical education delivery will benefit from
re-orientation towards placing more responsibility on students for their learning with the managerial responsibility of
the teacher progressively transferred to pupils. The enhanced pupil involvement generated by this process will assist
in facilitation of opportunities for individual meaningful and socially relevant experiences Hardman, 2003). Reflective
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practitioners will translate into reflective students! Initial and in-service training/further professional development
should properly address these pedagogical developments. This is particularly important in primary/elementary schools,
preparation for which is often generalist rather than specialist. Here the employment of ‘Curriculum Co-ordinators’ with
specialist knowledge and expertise to act as mentors, provide advice and guidance to non-specialist colleagues particularly
on curriculum development and delivery, will help to enhance the physical education experience of children.

School physical education should be a core part of a balanced curriculum with adequate resources and time allocation.
“Quality Physical Education” (QPE) has become a much used term in many countries but rarely has its nature and scope
been defined. One ‘universality’, which might help define QPE, arguably comprises the following characteristics:

e serves diverse needs of all children/students in schools; this implies a balanced and coherent curriculum, sufficient
in width and depth to be challenging to all, delivered so as to ensure differentiated learning tasks and teaching styles
or interventions appropriate both to the students and to the tasks

e is formatively/developmentally based and progressively sequenced with clearly defined aims and learning
outcomes

e provides opportunities and experiences for enhancement of knowledge, understanding and movement skills in a
variety of physical activities

e fosters creativity

e promotes safe behaviours and management of risk-taking and other challenges

e promotes positive self-concepts and social interaction, a range of psycho-social qualities, and morally sound values
and behaviours

e provides for enjoyable engagement

In turn, these characteristics lead to what might regarded as positive outcomes of QPE programmes:

e student commitment to physical and sporting activity

e understanding what and how to achieve through informed use of principles

¢ understanding of essential role of physical education in contributing personal well-being and to a balanced healthy,
active lifestyle

e confidence to engage in physical/sporting activity in a variety of capacities and settings as well as take initiative

e acquisition and application of a range of skills and techniques with good body control and movement

o willing participation in different types of physical/sporting activities

o reflective thinking, appropriate decision-making and taking, and adaptive behaviours

e determination and commitment to achievement and improvement

e development of stamina, suppleness, strength and flexibility

e demonstration of enthusiasm for, interest in, and enjoyment of participation.

Whilst QPE is related to quality of teachers and teaching, relationship with students, activities and facilities, an
important issue for its delivery is the amount of curriculum time allocation. There is considerable scientific evidence
to suggest that at least 30 minutes daily moderate to vigorous physical activity is necessary to sustain a healthy active
lifestyle. In Europe, the European Physical Education Association (EUPEA) recommends daily physical education in
the early years of schooling (elementary grades, up to 11 or 12 years of age and 3 hours (180 minutes) per week in post-
elementary (secondary/high schools) grades. In the United States, the National Association for Sport and Physical
Education (NASPE) recommends a minimum of 150 minutes per week for physical education in elementary schools and
225 minutes per week for middle and high school students. Recommendations by the Council of Europe Committee of
Ministers on 30 April 2003 included a significant reference to physical education time allocation: an agreement to “move
towards a compulsory legal minimum of 180 minutes weekly, in three periods, with schools endeavouring to go beyond
this minimum where this is possible” (Council of Europe, Committee of Ministers, 2003) and a call for one hour of daily
physical activity in or out of school settings.

A framework of standards for teachers needs to be established with a base of at least minimal expectations of all
teachers with responsibility for delivery of physical education programmes. Various models for standards can be framed.
The framework currently implemented in England and, particularly its inherent principles, especially as it also serves to
identify areas for further professional development could be adapted for application in other countries to suit different
national contexts. Essentially the framework comprises a matrix of hierarchical order of qualifications, experience and
positions held (newly qualified teachers to head-teachers) and areas of standards expected (variously at micro, meso and
macro levels) under a series of headings:

e knowledge and understanding (of the subject physical education)

e planning and setting expectations (e.g. effectiveness of planning, identification of objectives, content, lesson structures
relevant to students being taught; clear learning targets; and building on prior attainment)

e teaching and managing student learning (e.g. technical competence in teaching; good standards of control and
discipline; and use of appropriate teaching methods/interventions)
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e assessment and evaluation (of learning outcomes; monitor formative progress; and provide constructive feedback)

e student achievement (acquisition of knowledge, skills and understanding; and secure progress towards targets)

e relations with parents and wider community (preparation and presentation of reports to parents; understand need to
liaise with other welfare responsible agencies)

e managing own performance and development (responsibility for own professional development and responsibilities,
reflective practice, keep up to date with subject developments)

e managing and developing staff and other adults (establish effective working relationships with colleagues etc.)

e managing resources (selection and use of learning resources), and strategic leadership (with experience demonstrate
competence in policy formulation etc.).

The importance of the compelling case for school physical education (improved healthy well-being and physical fitness,
weight control, movement knowledge/motor skills development, enhanced self-concepts, stress management, psycho-
social development, disease prevention, speedier illness/injury rehabilitation, enhanced cognitive function/academic
performance and protection against the ageing process etc., etc.) has not been well understood or articulated beyond
the community of physical educators. Communication of the accumulated evidence to support compulsorily required
physical education in schools needs to be presented clearly, concisely and simply to relevant authorities and agencies.
The value of communication to ALL components of society, teachers, parents, and government officials cannot be over-
estimated. Therefore, communication strategies should be considered. Media communication initiatives should involve
the use of local levels of public relations’ exercises and so reach the realms of the underprivileged, which television and
elite magazine advertising campaigns as luxury means of communication cannot, and do not, reach.

A counter to the trends in increases in, or rather should I say increased awareness of, health and social behavioural
problems and the rise in physical inactivity, is research. The messages from research and good practice need to be
widely disseminated through appropriate media channels. Mediatisation of the messages of ‘getting the rear into gear’ are
important to reach the full range of social institutions, communities and individuals and their respective implementation
settings. The physical education teacher needs to be trained as a reflective practitioner who is able to engage in action
research, interpret and apply findings. Properly resourced INSET/CPD courses and programmes also have an important
role here and, (I do not hesitate to argue this), should be made compulsory on a regular basis in the name of personal,
professional and career development).

In many countries, and especially in economically developing nations, there are broad-scale disparities in involvement
in physical and sporting activity, many of which relate to deprived socio-economic conditions. Increased opportunities
for participation in physical activity/sport should occur through long-term strategies designed to create programmes and
services integrated with life-span skills. Helping less privileged others to help themselves is important here. In summary
strategies could encompass the following:

e pooling of resources for physical education and sport with other community partners in private and voluntary
enterprises and especially in impoverished areas

e promoting innovative physical education programme initiatives that integrate life skills with opportunities for physical
activity

e maximising human resources by utilising senior and older students and suitably qualified individuals as activity
facilitators in elementary schools

e developing community out-reach programmes

e promotional efforts should be concentrated at grass-roots community levels rather than on elite sport competitions,
which more often than not leave the man-in-the street on the street and outside of the arena.

ICT can offer considerable advantages for use in teaching (including materials) and learning as well as in the
management and administration of physical education-related matters in schools. For the latter, computers allow continuous
modification and updating of curriculum programme schemes and lesson plans, records and assessment data bases, student
achievement profiles etc. E-mail communication enables direct and rapid communication with colleagues and with other
schools. Internet access provides up to date information, which means that teachers can keep abreast of developments
and can establish their own school web site. Heart-rate monitors and other equipment to assess health and fitness not
only provide accurate results but also help to maintain student motivation, as do CD ROMs for the latter. Real value can
lie in enhancement of teaching/learning by use say of a digital camcorder for recording performance for individual or
class analysis thus, contributing to development of student observational and evaluation skills, enhancement of tactical
and strategic contributions to team play etc.; it also facilitates possible links with media studies subjects for recording/
editing techniques.

With anti-discriminatory legislation (any legislation aiming to foster inclusion and equity is to be welcomed),
increasing litigation procedures and heightened awareness of environmental considerations, it seems logical that
teacher education courses in general and physical education courses in particular at initial and in-service stages should
include units on fundamentals of law as applied to physical activity situations and settings as well as those units, which
help to develop and raise awareness of how participation in physical activity in sensitive habitats need not conflict with
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protection, preservation and conservation of those environments; integration with other subjects is central to good
practice here.

The lllusory and Actual Physical Education Teacher

So as a newly qualified, enthusiastic, committed young professional PE teacher do I turn up at school on my first
day, dressed in my all-weather track-suit, worn over my swimming trunks, games kit, driving my go-kart with a trailer
containing clothing and equipment for American rules football, badminton, basketball, boules, cricket, handball, hockey,
netball, rugby, squash, soccer, tennis, volleyball and multifarious other games, for dance, gymnastics and track and field
activities, martial arts, combat sports as well my mountain bike, inline skates, cross-country and downhill skis, snow
and sail boards, sand yacht, kayak, sailing dinghy, snorkel and deep-sea diving equipment, parachute, micro-light craft
and ICT facilitation, carrying my manuals on old and new teaching and learning methods, legislation and litigation
with guidance on risk assessments, empowerment of children, communication and interpersonal communication skills,
especially on negotiation with students about what they are to do that day etc., texts on research and its application and
armed with information to raise awareness of out-of-school and beyond school opportunities and providers? No! Of
course this is both unrealistic and impossible. What I need to be armed with is a range of competencies and strategies to
optimise the personal and social development of all students and enable them to make informed decisions on the need
for, and relevance of, continuing physical activity engagement and choices as to when and where this can be continued
in the wider community of which they are destined to be part.

Concluding Comments

The physical education profession needs to heed the perceived continuing concerns about the subject’s situation in
schools and the consequences for life-long physical activity engagement, the societal changes, which have consequences for
the nature and scope of the overt and discrete physical education curriculum in and beyond schools as well the pedagogical
and didactical developments in teaching and learning enhancement. Essentially, practitioners have to be reflective and
proactive and to be prepared for flexible career patterns to accord with the various changes and developments, which
relate to the now widely accepted longitudinal applicability of physical education as a life-span process. Implicit is that
Physical Education Teacher Education should contain career management courses and that initial and INSET/CPD should
contribute to the flexible role of the teacher in the school as community in a partnership context of out-of-school and
beyond school communities.

The principle of partnerships embracing multi-sectoral policies is an essential feature of the policy framework of the
World Health Organisation’s (2004) Global strategy on diet, physical activity and health as well as UNESCO and Council
of Europe policy principles. In many countries, physical education in schools, school-based extra-curricular sport and
physical/sports-related activity outside and beyond schools have been considered as separate entities and yet they are one
and the same part of the whole: they share common goals! Physical educators are strategically well placed to reach the
widest range of young people with positive experiences in, and messages about, participation in physical activity and they
have key roles to play as facilitators and intermediaries between the school and wider local communities. They should
identify and develop pathways for young people to continue participating in physical activity outside school and ensure
that information is available to them within school on the opportunities available in the local community.

The Berlin Physical Education Summit Agenda for Action for Government Ministers (1999), the MINEPS III Punta
del Este Declaration (1999), the Council of Europe’s Warsaw Meeting Conclusions (2002), UNESCO’s ‘Round Table’
Communiqué (2003) and the MINEPS IV Athens Declaration (2004) together with the WHO Global Strategy and various
national governments’ initiatives amongst others demonstrate that there is now an international consensus that issues
surrounding physical education in schools deserve serious consideration in order to solve existing and future problems.
Countries, via the relevant agency authorities, should identify existing areas of inadequacies and should strive to develop
a basic needs model in which physical education activity has an essential presence and is integrated with educational
policies supported by governmental and non-governmental agencies working co-operatively in partnership(s). Satisfaction
of these basic needs requires high quality physical education programmes, provision of equipment and basic facilities,
safe environments and appropriately qualified/experienced personnel, who have the necessary relevant knowledge, skills
and general and specific competences according to the level and stage of involvement together with opportunities for
enrichment through continuing professional development. It is necessary that monitoring of developments in physical
education across the world be maintained. The Council of Europe’s ministerial Conclusions and the UNESCO ‘Round
Table’ Communiqué as well as the WHO Global Strategy have called for monitoring systems to be put into place to
regularly review the situation of physical education in each country. Indeed, the Council of Europe referred to the
introduction of provision for a pan-European survey on physical education policies and practices every five years as a
priority! (Bureau of the Committee for the Development of Sport, 2002a; 2002b). “Promises” need to be converted into
“reality” if threats are to be surmounted and a safe future for physical education in schools is to be secured. Otherwise
with the Council of Europe Deputy Secretary General’s intimation of a gap between “promise” and “reality”, there is
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a real danger that the Informal Ministers’ meeting’s agreed Conclusions will remain just that — more “promise” than
“reality” in too many countries across the world and compliance with Council of Europe and UNESCO Charters will
continue to remain compromised.

References

1.

10.
11.

12.
13.

14.
15.

16.

17.

18.
19.
20.

21.

22.
23.
24.
25.
26.

27.
28.
29.
30.
31.
32.

Anon, (2004) Dundee Courier, December; cited in Kay, W., (2005), Physical Education — Quality: A quality experience for all
pupils. Paper presented at the National Summit on Physical Education, CCPR, London. Monday 24 January.

Balkenende, J.P. (2005). Opening Address: “Values, Norms and Society’ ISCA General Assembly, 13-15 April, Papendal, The
Netherlands.

Brettschneider, W-D. (2001). Psychological outcomes and social benefits of sport involvement and physical activity implications
for physical education. In Doll-Tepper, G. and Scoretz, D. Proceedings of The World Summit on Physical Education, Berlin,
ICSSPE, pp.77-82.

Bureau of the Committee for the Development of Sport (2002a). Draft conclusions on improving physical education and sport
for children and young people in all European countries. MSL-IM16 (2002) 5 Rev.3. 16" Informal Meeting of European Sports
Ministers, Warsaw, Poland, 12-13 September. Strasbourg, Council of Europe.

Bureau of the Committee for the Development of Sport (2002b). Draft conclusions on improving physical education and sport for
children and young people in all European countries. Revised by the Drafting Group. MSL-IM16 (2002) 5 Rev.4. 16" Informal
Meeting of European Sports Ministers, Warsaw, Poland, 12-13 September. Strasbourg, Council of Europe.

CDC (2000). Promoting Better Health for Young People through Physical Activity and Sports. Washington, DC, CDC.
Council of Europe (2001). European “Sport for All”” Charter. Strasbourg, Council of Europe.

Council of Europe, Committee of Ministers (2003). Recommendation Rec(2003)6 of the Committee of Ministers to member
states on improving physical education and sport for children and young people in all European countries. Strasbourg, Council
of Europe, 30 April.

De Boer-Bugicchio, M., (2002). Opening Address. 16th Informal Meeting of the European Ministers responsible for Sport.
Warsaw, 12 September.

Egger, K. (2001). Qualitdt des Sportunterricht. Mobile, 20-04, pp.1-7.

European Sports Charter (1975). European “Sport for All” Charter. European Sports Ministers’ Conference, Brussels,
Belgium.

Ford, J. (2003). Transform gym teachers from taunters to teachers. Lansing State Journal, 12 September.

Griffey, D.C. (1987). Trouble for sure — a crisis perhaps. Secondary school physical education today. JOPERD, 58 (2), February.
pp.20-21.

Groves, S., (2001). How children experience national curriculum physical education. Ph.D. thesis, University of Southampton.

Hardman, K. (2002). Council of Europe: Committee for the Development of Sport (CDDS) European Physical Education/Sport
Survey. MSL-IM 16 (2002) 9. Strasbourg, Council of Europe.

Hardman, K., (2003). School physical education in Europe - rhetoric and reality: current and future pespectives. Kinesiology.
International Journal of Fundamental and Applied Kinesiology, 35 (1). pp.97-107

Hardman, K., and Marshall, J. (2000). Worldwide survey of the state and status of school physical education. Final Report. UK:
University of Manchester.

Herzog, J. (2004). Concerns. PE Digest, Thursday, 11 March.
Janzen, H. (1995). The status of physical education in Canadian public schools. CAPHERD Journal, 61(3), Autumn. pp.5-9.

Keyes, P. (2004). Physical Education and Health Education Professionals from across the Country meet to address ‘No Child
Left Behind! NASPE. 21 February.

Malina, R.M. (1996). Tracking of physical activity and physical fitness across the lifespan. Research Quarterly for Exercise and
Sport, 67 (3) Supplement. pp.48-57.

McNab, T. (1999). The joy of exercise. The Guardian, Tuesday May 4.

Meikle, J. (2004). The report ‘Children will die before their parents’. The Guardian. Thursday May 27. p.7.
NASPE, (2001). Shape of the Nation Report. Executive Summary. Reston, NASPE.

Reynolds, M., (2001). PE Digest. 28 May.

Savolainen, K. (1999). Third International Conference of Ministers and Senior Officials Responsible for Physical Education and
Sport (MINEPS I1I). Final Report. ED-99/CONF.209/CLD.11. Paris, UNESCO.

Turkington H.D. (2002). Physical Education in Canada. FIEP Bulletin, 71 (2). pp.42-46.

Turner, D., 2005. CBS The early show, January 27.

UNESCO (1978), Charter for Physical Education and Sport. Paris, UNESCO.

Vickroy, P. (2001). Regarding Obesity. PE-Talk Digest. 4 May.

World Health Organisation, (2004) Global Strategy on Diet, Physical Activity and Health. Geneva, WHO.
Young, G., (2005) Physical activity vs physical education. PE Digest. Monday, 07 Feb.

17



4 International Scientific Conference on Kinesiology, 2005, Opatija, Croatia

GLOBAL TRENDS IN THE DEVELOPMENT OF SPORTS TOURISM
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Introduction

Sports tourism includes holiday travel to play sport, travel to destinations to watch sport, and travel to sport attractions
(Hudson, 2003). Tourism and sport have not only become two very popular global social activities which have developed
remarkably from the 20" century onwards, but both activities have become a part of our global culture. Although tourism
and sport have their roots in the ancient times, and the links between them exist since then, tourism theory has only
recently started to consider sports tourism as an interesting field of academic research. There is an increasing number of
books and articles that tackle this topic (De Knop, 1992; De Knop & Van Hoecke, 2003; Dreyer, 1994; Bartoluci, 1995;
1999; 2002; 2004; Gammon & Robinson, 1997; Bartoluci & Cavlek, 1998; 2000; Green & Chalip, 1998; Gibson, 1998;
Cockerell, 1999; Cavlek, 1999; 2002; Standeven & De Knop, 1999; WTO & I0C 2001; Hinch & Higham, 2001, 2004;
Ritchie & Adair, 2002; Weed & Bull, 2004). With the recent research that has indicated positive impacts of tourism and
sport on economic development the interest among academics and practitioners for these inter-related activities is steadily
on the rise. The WTO and IOC study (2001) indicates that the contribution of sport to the GDP of industrialised countries
is between 1 and 2%, and the contribution of tourism is between 4 — 6%. The absence of reliable statistics hinders better
understanding of tourism and sport relations.

Although every development has its evolution, what has been happening with tourism development in the last 50
years can be more described as a revolutionary process. The extraordinary growth of international tourism arrivals from
25 million in 1950 to 760 million in 2004 (according to WTO estimates) leads to the conclusion that tourism development
moved from being an evolutionary into a being revolutionary process. In the same period international tourism expenditure
grew from 2 billion US$ to 523 billion. No other economic activity in the world has recorded an average annual growth
rate of more than 7% in the observed period. According to WTO estimates tourism nowadays accounts for some 8% of
the world exports through international tourism expenditure on goods and services which is even ahead of automobile
industry, fuels, IT technology, food and chemicals. As tourism development has very much changed during the years,
which has quite a lot to do with changes in people’s life styles, interests and habits, the role of sport and recreation in
contemporary tourism development has also changed. Sport has become an important activity within tourism, and at the
same time tourism is fundamentally associated with many types of sport (Hinch & Higham, 2004:18). While the volume
of international travel has been steadily rising at quite remarkable rates of growth, “the geographical extent and volume
of sport-related travel has been growing exponentially” (Faulkner, Tideswell, Weston, 1998:3) and has become one of the
fastest growing types of tourism recording estimated growth rates at about 10% per year (Hudson, 2003). According to
a study of North American convention tourism bureaus it has been indicated that sport accounts for 25% of all tourism
receipts (Research Unit, 1994). Another study (Research Unit, 1997) calculated that the direct contribution of sport
tourism activities to overall tourism represents 32%.

Over the past few decades tourism and sport have proved that both are complementary parts of the leisure industry
and that their products therefore have complementary features (Gibson, 1998). Hudson (2003) stresses that considering
all kind of sport tourism activities that can take place in urban and non-urban settings, indoors and outdoors, and in all
types of climatic conditions and seasons, the opportunity for growth appears unlimited. The fact that tourism and sport
are inter-dependant and that there are many areas of common interests (De Villiers, 2001) justifies the reason why global
trends in tourism development can be generalised and linked to global trends in sports tourism development.

Global Trends in Tourism in Reflection to Sports Tourism Development

The history teaches us that we can predict future developments by analysing the past events. Trends can therefore be
considered as frameworks based on past developments which help us to extrapolate forecasts for the future development.
Since tourism is a multifunctional phenomenon which is influenced by many social and economic factors, and which
at the same time influences changes in different social and economic domains, it is necessary to observe the changes in
many areas of human activity such as economy, technology, policy, etc.

Global Economic Trends

The economy and exchange rates are usually the main factors that influence global tourism movements. If WTO’s
data on international tourist arrivals are analysed, the following theory may be formulated: “despite many crises in the
past tourism really declines when the main tourism generating countries are confronted with serious economic crises
combined with other factors, and not when tourism receiving countries are hit by different types of crises” (Cavlek, 2003:
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36). Since the economic performance of the main generating countries in the world considerably improved in 2004, and
the economies of some of the emerging markets have been much stronger, WTO predicts the highest rates of tourism
growth since 1977 (WTO 2005). Therefore terrorist attacks in some holiday destinations and tsunami left no perceptible
impact on tourism in 2004.

WTO’s research (2002) indicates that when the world economic growth exceeds 4%, the rates of tourism growth are
even higher, but when the economic growth in the world drops below 2%, tourism performs even worse. Since WTO
projected world tourism arrivals to grow at 4.3% per year and to reach 1.6 billion by 2020, and international tourist
spending is expected to grow at 6.7% per year, these statistics lead to the conclusion that economists did not see the reason
to predict the serious slow-down of the world economy in the near future.

As the results of the well-known market survey Reiseanalyse RA 2005 of the holiday travel behaviour of Germans
(their travel-related attitudes, motivations and interests) confirm that holiday trips remain one of the most important
parts of Germans’ way of life. But, not just of Germans. Holidays have become a part of our culture — I travel — therefore
I exist! As RA 2005 results indicate, in developed countries holidays have become consumer priorities, right after food
and health. As travelling on a holiday has become a style of living, for majority of people in the developed countries it
means that they will not refrain from travelling even in times of crises in different parts of the world. Global economic
trends indicate that people still spend money on holiday travel, but just avoid destinations affected by certain types of
crises. The redistribution of tourist flows also happens under the influence of exchange rates. Therefore, at the moment,
destinations in the euro zone experience a strong competition from less expensive destinations elsewhere in the world.
This is the reason why one should not overlook the dynamics of change that can be observed in long-term comparisons.
An already clearly visible trend is that “traditional” holiday destinations like Italy, Austria and to some extent Spain are
slowly loosing market shares, while at the same time “new” destinations like Turkey, Croatia, countries in Eastern Europe
and long-haul destinations are gaining the market shares. In this respect the “upswing” of the world economy and the
influence of exchange rates can have a very positive impact on sports tourism which targets the segment of the market
with a higher income, as well as on the popularity of some destinations and some sports activities in these destinations.
This can nevertheless have a strong impact on many companies’ policies if other trends are combined with these economic
trends like dynamic packaging relevant for tour operating companies, low-cost airlines, shorter holiday stays but more
holiday breaks, late bookings and a high price sensitivity, etc.

Global Demographic Trends

One of the most tremendous global trends applies to population growth. In the last 100 years the world population
has grown from 1.6 billion to over 6 billion. At the same time the developed countries are facing the rapid trend of “aging
population”. As the population ages, the amount of leisure time available increases. In 2001 18.5% of the population in
Florida was aged 65 or over. Italy reached this stage in 2003, Japan is predicted to reach it in 2005, Germany by 20006,
UK and France by 2016, Canada by 2021, and the entire US by 2023 (Smith, 2001:14). It has been estimated that by 2040
over half of population in the developed world will be over fifty.

Population 60+ is actually becoming the driving force of tourist movements in the main tourism generating markets
of the world. Although there are some negative relationships between sport participation and age, research made in this
field indicates an upward trend towards increased physical activity participation among senior citizens (Hudson, 2003).
However, one has to bear in mind that elderly population often has some disability problems, and therefore this has to be
of major concern for all of the companies which are and will increasingly be targeting this mature market segment.

This demographic trend will have significant implications on management and marketing strategies of travel and
tourism companies since these clients’ profile is significantly different from the younger clients’ profile. As rightly
pointed out by Smith (2001) “junior” matures (age 55-64) will also become a large market segment in the next decades.
This market segment is an especially important segment since this population travels more often, chooses destinations
further from home, tends to stay longer on holidays, combines two or more destinations in one trip, wants to participate
in more activities, among which sport activities are high on their priority list, and spends more per trip. The future sport
tourism travellers are expected to be more experienced and they will be increasingly looking at holiday travel as a means
for enhancing the quality of their own lives.

The research for the WTO and IOC conference on sport tourism in 2001 also indicated that the three main tourism
source markets in Europe showed a significant increase in sport-oriented holidays. German tourists account for some
55% of sport-oriented trips a year compared to total outbound travel. On the Dutch market the share is just slightly lower
(52%). French tourists seam to be less motivated by sport activities while on holiday and therefore the share amounts only
23%. According to the British data 20% of all tourists from Great Britain are directly involved in sport activities during
their holidays, while 50% of holidaymakers participate in some incidental sport activities (Ritchie & Adair, 2002:3).

Population growth goes together with the urbanisation trend and with the hindrance to social and economic growth, as
well as with diminished environmental quality (Gartner, 2004). All this cannot stay without a significant impact on tourism
development and within it on shifting the trend towards more activity-based holidays in a healthy environment.
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Global Technology Trends

Considering the growing number of sport holiday offers, the role of information when planning a holiday motivated
by sport activities is becoming increasingly important. On the other hand, there is no need to prove that technology
increases profitability, can increase the level of services for consumers and reduce employment costs which is all ideal
for creation of tourism and sport products. At the same time the increasing use of the Internet is reducing the boundaries
of space and time for work and leisure. The future holiday travellers are expected to have a higher disposable income and
increased comfort levels in using the Internet, computers, and new technologies with many taking advantage of online
continuing education programmes (Smith, 2001).

With more information those clients will be able to obtain through the Internet and other new technologies the costs
of market entry will drop. Still, the new forms of media do not replace the “old” means of information — they rather
supplement them, as the results of RA 2005 indicate. However, suppliers will be forced to use new market strategies when
trying to reach the traveller with a higher level of knowledge, searching for new experiences and individualized holiday
services. The significance of the Internet for tourism is increasing quite dramatically. According to RA 2005 results,
in January 2001 only 15% of the German population used the internet to plan their holiday. In 2005, this has more than
doubled. This will all reflect itself on objectives of travel and will increase the need of education of professionals able
to render high quality services in sports tourism activities too. “This entails understanding and welcoming the changes
occurring within the travel and tourism industry and delivering the enhanced education and training needed to make
environmentally, socioculturally, and economically viable.” (Smith, 2001:15).

Tourism study programs are facing an urgent need to adapt their courses to incorporate fields of tourism and sport
multidisciplinary study which are of highest priority for newly structured niche market segments. A step forward can be
achieved only with very close co-operation of educational institutions, tourism and sport industry.

Global Trends in Sport-Related Holidays

Sport tourism has definitely become “a trendy” form of holiday. The broad interest in a variety of different types of
sport activities is another indicator that the demand for future sport tourism will at least remain stable.

Tourism sociologists have already identified shifts in tourism trends from the traditional ones such as rest, relaxation,
and therapy to more “extravagant” forms which include active and adventure type of holidays. “The Adventure Travel
Society reports that adventure tourism is growing at an annual rate of 10 to 15%. Most adventure travellers are North
Americans, Japanese, Thai and Western Europeans.” (Hudson, 2003:14). Although the definitions of adventure holidays
vary, it is understood that adventure holidays incorporate a high level of sport activities in practical engagement of the
tourist. Adventure holidays are usually divided in two groups: soft adventure and hard adventure. Since hard adventure
encompasses an element of risk, a study has indicated that adventure travellers are more likely to be men than soft
adventure travellers (60% of hard adventurers vs. 51% of soft adventurers). Hard adventurers also spend more than soft
adventurers.

Skiing is still one of the most popular soft adventure types of sport tourism activity. The contemporary ski market is
estimated to include some 70 million skiers worldwide (Hudson, 2003). However, skiing has lately decreased in popularity,
but the trend of snowboarding is at the same time gaining in popularity. Therefore, most ski resorts have adapted to this
type of demand.

The size of marine tourism which comprises marine sports such as boating, sailing, fishing, diving, surfing,
windsurfing, parasailing, waterskiing, jet skiing, canoeing, kayaking, and jet boat riding is difficult to assess. However,
this type of tourism can also be assessed through tourism statistics in general, since this type of tourism is a part of
overall tourism. There is no doubt that marine tourism contributes to a particular country economy. A survey indicates
that the economic contribution of marine tourism in Australia accounts for approximately 2% of GDP (Hudson, 2003,
as cited in Driml, 1996).

Golf tourism cannot be described as “elite” sport anymore, since the growing number of golfers worldwide proves
that this sport is moving to the development stage of mass participation of golfers. It has been estimated that some 60
million people play golf (Hudson, 2003). United States have a share of 44% in the world market, Japan 25%, and Europe
12%. “The value of golf tourism grew by 8% in 1998-1999 alone and is currently worth an estimated $ 10 billion annually
(Not including earnings in the Far East). Golf therefore represents the largest sport-related tourism market.” (Hudson,
2003:165).

At the end it has to be pointed out that the popularity of different sports is changing from year to year and that
the global trend mentioned here will have a significant impact on transformation of some sports from professional to
recreational and vice versa. However, the popularity of sport activities during holidays will definitely shift the clients’
decision making process more “from places to stay to places to play”.
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Conclusion

Sport and tourism have developed into two mutually interdependent social and economic phenomena of the modern
society. They both have become socio-economic forces that require constant renewal and adaptation to contemporary
tourist needs. Tourism has promoted some sporting activities as well as various sport activities have promoted tourism
travel and sporting leisure activities. Therefore it could be stated that tourism and sport render services to each other.

There are many positive impacts of tourism and sport on our society. However, economists try to prove the positive
impacts of both of these activities on the world economic development. There is still misunderstanding and underestimation
of economic impacts of sports tourism on the economic development in general. One of the reasons lies in the lack of
reliable statistics that could reflect the economic effects of sport and tourism related service. Economic theory still
lacks methodology and applications for assessing the contribution of both of these activities to economic growth and
employment. Therefore academics in both of these fields have to combine their knowledge and foster research in these
emerging fields of social and economic development.
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PHYSICAL INACTIVITY: THE MAJOR PUBLIC HEALTH
PROBLEM OF THE 215" CENTURY

Steven N. Blair
Cooper Institute, Dallas, Texas, USA

Sedentary habits are highly prevalent in most countries of the world. In the U.S. approximately 25-35% of adults
are inactive, meaning that they have sedentary jobs, no regular physical activity program, and are generally sedentary
around the house and yard. This amounts to 40 to 50 million individuals exposed to the hazard of inactivity. Given that
sedentary and unfit individuals are at approximately two-fold higher risk for many health conditions than those who
are moderately active and fit, the population attributable risk (PAR) of inactivity is high. In fact the PAR of inactivity
is arguably one of the highest of all the conventional risk factors. In the Aerobics Center Longitudinal Study (ACLS)
moderately fit men live six years longer than unfit men, and high fit men live three years longer than the moderately fit
men. Thus, there is a nine-year difference in average longevity between low and high fit men, which further underscores
the magnitude of the public health problem of inactivity. An example from the ACLS is that in 3,293 obese men (BMI
>30.0), 27% of the deaths might have been avoided if none of the men had prevalent cardiovascular disease at baseline
whereas 44% of the deaths might have been avoided if none of the men had been unfit. The independent relative risks
for death are comparable for prevalent cardiovascular disease (RR=2.4) and for low fitness (RR=2.3), but approximately
half of the obese men were unfit and only about one-sixth had cardiovascular disease. Over the past few decades we
have largely engineered the need for physical activity at home, on the job, and during leisure-time out of the daily lives
of most people in industrialized societies. To address the major public health problem of physical inactivity we will need
to consider and evaluate societal, environmental, and individual approaches to making physical activity more common
for more people more of the time.
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GENETIC AND NEURAL FACTORS IN ADAPTATION
OF MUSCULOSKELETAL SYSTEM
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Abstract

The aim of the study is to demonstrate that the delayed onset of muscle soreness (DOMS) due to the eccentric exercises
is not necessary result in long lasting strength reduction. Instead, there is a rapid neural adaptation which is followed
by a relatively fast regeneration of the damaged muscle tissue due to gene regulation. The knee extensor muscle of ten
trained and untrained male subject was subjected to muscle stretch during seven days. We found that the average torque
production during training sessions increased gradually despite of the elevated creatine kinase and lactate dehydrogenase
activity and lower testosterone concentration in the blood. Because the electrical activity increased during the seven day
stretching treatment, we concluded that the increased neural drive compensates the negative effect of the muscle damage
due to the eccentric training which seems necessary to the initiate the upregulation of the myogenic genes.

Key words: eccentric exercise, DOMS, electrical activity, hormones, genes

Introduction

Numerous studies demonstrated that muscle stretch results in specific symptoms called delayed onset of muscle
soreness which is associated with the signs of muscle damage and alteration of muscle metabolism. The eccentric
training is followed by reduced strength exertion capability of the muscle for several days which can be attributed the
degenerative process in the muscle. However, the mammalian skeletal muscle has the ability to complete a rapid and
extensive regeneration in response to severe damage.

Muscle regeneration is characterized by two phases: a degenerative phase and a regenerative phase. The initial event
of muscle degeneration is necrosis of the muscle fibers. This event is generally triggered by disruption of the myofiber
sarcolemma resulting in increased myofiber permeability. Disruption of the myofiber integrity is reflected by increased
serum levels of muscle proteins, such as creatine kinase, which are usually restricted to the myofiber cytosol (Frieden and
Lieber, 2001; Schwane et al., 1983; Clarkson and Sayers, 1999). In human and animal models, increased serum creatine
kinase is observed after mechanical stress (e.g., extensive physical exercises). Several mechanical factors such as initial
and/or final fiber length (Hunter and Faulkner, 1997; Talbot and Morgan, 1998), strain (Brooks et al., 1995), force (Brooks
et al., 1995; Warren et al., 1993), speed or velocity (Warren et al., 1993), number of actions (Hesselink et al. 1996), and
total work (Hunter and Faulkner, 1997) during eccentric actions have been proposed as factors to determine the level
of eccentric exercise-induced muscle damage. However, a most recent study stressed that DOMS induced by eccentric
exercise is rather myofibril remodeling than myofibril damage.

There are several models to study the effect of muscle stretch on the degeneration and regeneration process. It is
demonstrated that static chronic stretch of the muscle results in upregulation of myogenic genes and proliferation of
satellite cells, and finally sarcomerogenesis (Caiozzo et al. 2002). Dix and Eisenberg (1990) observed that static chronic
stretch resulted in rapid longitudinal growth of muscle fibers by increasing the number of sarcomeres in series. This
finding might suggest the presence of a length sensor that has a set point of a constant resting length of the muscle.

It is well documented in the literature that strength can be increased within a short time period by neural adaptation
(Sale 1988; Kamen et al., 1998). Muscle stretch on an active muscle may stimulate the fast motor units predominantly
which results in a more frequent recruitment of these motor units during force development. If there is an early neural
adaptation of the muscle then the EMG activity during isomeric and eccentric voluntary contraction should be elevated
and it can be assumed that force remains unchanged or can even increase despite the muscle cell degradation due to
the intensive eccentric exercise. Also it can be assume that one eccentric exercise session is not enough to facilitate the
nervous system.

Therefore we aimed to study the effect of everyday eccentric training lasting several days on delayed onset of muscle
soreness and its influence on muscle contractile characteristics, and neural adaptation. We hypothesized that one week
eccentric training with medium angular displacement may result in the DOMS phenomenon, but muscle strength reduction
will not be considerable because the early neural adaptation which helps to maintain the high intensity training despite
the muscle soreness.
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Methods

Subjects. Ten trained subjects (age: 24. 6+ 5.4 years; bodyweight: 77.8+ 8.8 kg; body height: 1.82.5+4.3 m) volunteered
to study. They signed a written consent prior the experiment in which they were informed about the experiment. None
of the subjects suffered knee injury or abnormities previously. Prior testing and training the subjects were familiarized
by the procedure.

Instrumentation. A custom-built computer-controlled dynamometer (Multicont II, Mediagnost, Budapest and
Mechatronic Kft, Szeged, Hungary) was used to collect torque-time, joint position-time, and angular velocity-time data
during knee extension. An electric servo-motor (Mavilors AC Servo-motor, M10, Spain) controlled the dynamometer’s
stainless steel lever arm (600 x 50 x 10 mm). The load cell is a custom designed unit designed and manufactured specifically
for this application. It is similar to two disks connected to each other by eight radially positioned thin ribs. It is made of
high tensile strength steel and due to its unique shape it is sensitive only to torque loads. There are four strain gauges
glued to the flexible ribs of the load cell (Sensitivity: 0.5 Nm, maximum torque: 500 Nm).

The joint position was measured with a built in potentiometer of the driver with a resolution of 0.01 rad. Velocity was
computed by differentiating the position-time data. The pre-programmed electrical servomotor controlled velocity. During
concentric contraction the velocity varied less than 0.05 rad « s™. The torque, angular displacement and velocity were
recorded by a personal computer following analogue to digital conversion at 0.5 kHz and were stored for later analysis.

Procedure. The subjects were seated on the dynamometer with their back against the dynamometer’s seat back
reclined so that the hip joint was 1.9 rad. Crossover shoulder straps, a lap belt, and a wide strap across the thigh stabilized
the torso and prevented hip extension. The dominant leg was attached through an ankle cuff to the dynamometer’s lever
arm. The apparent knee joint centre of rotation was aligned with the lever arm’s centre of rotation. The knee extensors
of the subjects were stretched under voluntary contraction during seven consecutive days, 6 times 15 contractions with
one minute rest between, in each day. The subjects were instructed to perform isometric torque as fast as possible at a
knee joint angle of 20 degrees, and when the torque reached 50 Nm the driver started to flex the knee automatically. The
subjects were asked and motivated to resist against the lever arm with the highest effort. We applied constant speed during
muscle stretch which was 60 degrees/s. The range of motion was 80 degrees. Torque, angular displacement and angular
velocity was recorded and in the function of time, stored and analysed later. Maximum isometric torque, torque and
velocity variables from concentric contraction and stretch shorten cycle was determined during tests which was carried
out prior and after the first training session, and prior of each training session. The last testing was carried out three days
after the last training. Electrical activity of the vastus lateralis and medialis was recorded using a telemetric Noraxon
EMG apparatus during test exercises and analysed having finished the experiment. EMG,,,, values were determined at
isometric, concentric and eccentric contractions.

A 100 ml venous blood sample was collected from the ante-cubital fossa, pre- and post exercise on the first day,
and post-exercise on days 2, 3, 4, 8 and 11. Serum samples were stored at £20 °C prior to measurement (in duplicate) of
creatine kinase (CK) and lactate dehydrogenase (LDH) activity, total testosterone and cortisol level.

Statistical analysis. Mean and standard deviation (SD) were computed for the measured and calculated values. The
curve parameters obtained under the four experimental conditions were compared with a repeated measures analysis of
variance followed by Tukey’s post-hoc contrast. The probability level for statistical significance was set at p<0.05.

Results

The subjects had no severe muscle soreness during the first two-three days. Mean maximal soreness was 5.2 +3.0
24 h after the exercise. However, the pain increased when the muscle was stretched during the first two or three set of
each training session. The CK level increased 3.8 folds after 24 hours and remained elevated till the end of the training
session. After three day rest the CK level retained to the baseline. The serum LDH concentration increased significantly
in the first day in pre- and post-exercise comparison. After 24 hours LDH activity was significantly lower than that of
post-exercise value of the first training, but still significantly higher than the baseline value (Table 1).

Table 1. Means and (SD) for creatine kinase (CK) and lactatedehydrogenase (LDH) concentration in the
serum. Asterics indicate significant difference between pre-and post-exercise comparison the baseline

values.
pre post 24h 48h 72h Day 7 Day 10
CK (U/L) 202,5 259,7* 779,9* 716,2* 762,6* 594,4* 337,1*
(140,0) (161,1) (332,2) (359,4) (328,2) (321,6) (257,3)
LDH (U/L) 287,0 399,3* 339,9* 339,1* 352,2¢ 361,8* 363,9%
(47,2) (85,3) (74,7) (68,0) (62,8) (68,5) (116,6)
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The daily average torque production during stretch (M,,) increased gradually from the first (207.6£34.3 N) to the
last treatment (262.76+6.7 N). In the third day M, (229.6+£53.3 N) was significantly greater compared to that of the first
training day. Concerning the test exercises, the maximum isometric torque (M,,) was significantly depressed at the end
of the first and second training with 26% and 15%, respectively. Thereafter M,_ increased gradually and after the third
training leveled the baseline. At the last test the subjects produced significantly higher M;, (12 % improvement) than prior
training. The electrical activity during isometric contraction increased gradually and the EMG,,,, values were significantly
greater compared to the baseline value. Similar elevation of EMG,,, was observed during stretch-shorten cycle. The joint
stiffness decreased significantly during the first two days then increased gradually. The joint stiffness was significantly
greater after the experiment than at pre-training test.

A significant reduction was found in testosterone concentration during the first threes days. Thereafter the testosterone
level increase gradually but still after three days rest the concentration was well below the baseline. The cortisol was
slightly, but not significantly elevated during the seven day treatment. The T/C ratio decreased gradually and reached the
lowest level after the second training session (41.6 % decrease) then started to increase gradually, but it does not retain
pre-training level.

Discussion

To fulfill the aim of the our study seven days eccentric training was apply which was supposed to produce the DOMS
phenomenon, but not significant reduction of muscle force because of the neural adaptation. We found mild average
muscle soreness which was expected since the angular displacement during eccentric exercise was only half that of the
maximum range of motion of the knee joint. This result is in a good agreement with the findings of Nosaka and Sakamoto
(2001) demonstrating that relatively short muscle stretch induces smaller muscle soreness than the large one. It can be
assumed that medium angular displacement during eccentric contraction does not result in large length change of the
knee extensors and as a consequence the length change of the sarcomeres is small. If the length change during static
stretch does not exceed 15 % of the sarcomere length the increase of number of sarcomeres is restricted because the length
sensors are not stimulated (Caiozzo et al. 2002). In this case the initiation of the sarcomerogenesis can be attributed to
the increased muscle tension rather than the muscle lengthening. The increasing force production of the muscle during
eccentric contraction can be attributed to the recruitment of new (most probably fast) motor units and the increasing firing
rate of the working motor units. If the force generation of the sarcomeres increases the length of the sarcomeres remain
unchanged and most probably the Z discs are stretched, or rather overstretched which results in the structural change of
the muscle and creatine kinase leakage from the muscle cells to the blood flow. Yu et al. (2004) consider this process as
myofibril remodeling which involves several gene expression alterations.

In the present study creatine kinase concentration increased and reached the maximum after 24 hours and remained
elevated during the training period of seven days. If the creatine kinase is a marker enzyme of the myofibril remodeling
rather than the marker of muscle damage then we can assume that the regular, every day stretching does not disturb the
muscle regeneration. On the other hand our result suggests that elevated creatin kinase is not related to the muscle pain
and soreness.

In most of the researchers studying the effect of strength training, especially the eccentric exercise, reported reduced
isometric strength 24-72 hour after the treatment and in many cases the strength remained depressed several days having
finished the training. We calculated the average torque production at each repetition and then calculated the average force
production of one training session (90 contractions). We found that the average torque during eccentric contraction did not
decrease despite of the muscle soreness and elevated creatine kinase and LDH level. Instead, the torque was ten percent
greater in the third day (48 hours) and it increased gradually. The strength of the knee extensors was 26 percent greater
in the seventh day compared to the first training. Since the subjects were trained athletes and familiar with the muscle
stretch, the improvement in torque production cannot be attributed to learning effect. Also, the increased eccentric torque
cannot be attributed to the muscle regeneration and the early sarcomerogenesis.

The isometric torque after the first and second training was significantly depressed, but in the third training the
isometric torque was identical with the baseline value and after the seventh training the isometric torque was ten percent
greater than the torque before the experiment. The elevated torque production is most probably is due to the increased
electrical activity of the vastus lateralis, medialis and rectus femoris muscles. The EMG activity increased gradually
during both isometric contraction and stretch —shorten cycle. It seems that the muscle soreness and the increased creatin
kinase and LDH level does not influence negatively the neural drive. It is very probable that the prolonged eccentric
exercise decrease the threshold level of the greatest motor units which becomes sensitive to be recruited.

One could expect that intensive eccentric training might result in the elevation of total testosterone hormone level in
the blood and depression of the catabolic hormone, i.c., cortisol. Instead, we found that the testosterone decreased in the
blood and a slight, but not significant increase of cortisol was observed. The T/C ratio decreased indicating a catabolic
process, which conflict with the most probable alteration in gene expression which may initiate the proliferation of
sarcomeric proteins, which result in the muscle fiber hypertrophy.
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Introduction

Biomechanics in sport is distinguished as a research field by two central investigational goals: first, the avoidance of
injuries and, second, the improvement of the level of performance. This contribution will predominantly concern itself
with possibilities of utilizing sport biomechanics in the direct training process of top class sports. The areas in which
biomechanics can be applied in the training and teaching process are very diverse. First to be ascertained via biomechanical
methods are those characteristics which essentially influence performance. The second area lies in determining individual,
current performance levels and in examining performance progress and in the third area feedback systems should be
provided during the training session in order to minimize intervention times. The quality of the training process can also
be improved by the use of specific training devices and exercises. And, last but not least, biomechanical investigations
should also assist the athlete’s efforts of optimising the equipment.

Biomechanical Performance Diagnostics

Biomechanical technique analysis and performance diagnostics are essential measures to enhance the quality of
training and the performance of the athletes. Scientifically secured knowledge concerning performance-determining
characteristics is hardly present in complex outdoor sports like ski racing, cross country skiing or ski jumping. Descriptive
biomechanical analyses attempt to quantitatively characterize athletes’ movement techniques using kinematic, kinetic
and electromyographic methods. The results of such investigations lead to a better understanding of movements used
and provide coaches and athletes valuable support in directing training goals.

Example 1: Ski Jumping: Performance Limiting Factors

The main purposes of biomechanical investigations in ski-jumping are to assess enhancing and limiting factors.
Biomechanical studies deal with aspects concerning technique in hill jumps (e.g. in-run position, take-off motion, flight
position, landing technique) and simulated take-offs in dry-land training, respectively, the optimisation of hill profiles and
improvements of the material (skis, boots, jumping-suits etc.). The most important methods used for these investigations
are kinematics, kinetics, electromyography and computer simulation. This paper presents some studies on biomechanical
methods used to enhance performance in ski-jumping.

The take-off is attributed the highest significance in ski-jumping as optimal initial conditions for the subsequent flight
can be created only in this phase. Positive correlations with jump length were observed for vertical release velocity and
for ballistic parameters, as ‘production of a great angular momentum’ and "high leg-extension velocity’. The combination
between rapid leg extension and adequate eccentric force application cause high performance in ski-jumping. These results
were found by using both, univariate and multivariate approaches. Studies using kinetic methods (force plates integrated
into the take-off table and insoles equipped with sensors) indicate that high force production in a short amount of time
is advantegous for long jumps. Data show, however, subject specific force and force distribution profiles. Consequently,
force application during take-off has to be optimised individually.

Performance diagnostics in simulated take-offs: Simulated take-offs are widely used for performance diagnostics
in ski-jumping. Data show very high consistency for elite ski-jumpers regarding kinematic and kinetic variables along
with subject specific characteristics. Consequently, accurate measuring systems have to be provided for performance
diagnostics in ski-jumping simulated take-offs. Furthermore, the different boundary conditions between hill jumps and
simulated take-offs (e.g. friction, aerodynamic forces, pre-stretch) have to be considered.

Considerations for performance enhancement in simulated take-offs: Data from simulated take-offs have to be
interpreted with respect to the boundary conditions differing from hill jumps. The most distinct differences are high
friction, no aerodynamic forces, no additional pre-stretch and longer take-off duration in simulated take-offs compared
with hill jumps. The shorter take-off duration in hill jumps can be explained primarily by the uncompleted leg extension
at release (60—80 ms), supporting lift (30—60 ms), footware (20-30 ms) and the (usually) unnecessary preparation to
take-off (50-90 ms).

To assess the performance limiting factors in simulated take-offs the vertical take-off velocity in simulated take-
offs was correlated with the explosive force (maximal force rate) during take-off and the peak force and peak explosive
force during isometric leg extension with a knee angle of 90°, 110° and 130°. The correlation was found to be higher
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concerning explosive power in isometric leg extension and increased with decreasing knee angle. The explosive force at
the beginning of the take-off phase seems to be one of the main performance limiting factors in ski-jumping.

Explosive force in ski-jumping: Studies show that the explosive force in hill jumps and simulated take-offs depend
on the initial take-off position (in-run position), a counter movement prior to take-off, the aerodynamic lift, the ratio of
FT fibers and specific power training. Based on the high correlation of explosive force with vertical take-off velocity
(which itself highly correlates with jump length) the named aspects have to be considered to enhance performance in ski-
jumping. Detailed analyses of ski-jumping related data show that subject specific and optimizing aspects and solutions
have to be aimed to maximize ski-jumping performance.

Validation of Sport Specific Tests

The efficiency of the training also depends on the quality of performance tests available. If possible, valid and
standardised tests should be built into the training process for all performance-relevant features of the sport in
question.

Example 2: Reliability and validity of a specific upper body testing device and concept for the
cross-country skiing Sprint

The introduction of Sprint, Team Sprint, mass start competitions, the improvement of equipment and technique
allowing athletes to ski at higher speeds, led to new and altered demands in the training and testing of cross-country (XC)
skiers. Especially in Sprint competitions using the classical style the major used techniques are double poling (DP) and
DP-Kick, while six under the best eight, including rank 1 to 3 of the WC in Drammen 2005 used DP in all the runs up to
the final. Several investigations have shown that upper body performance and strength capacities have a close connection
to XC ski race performance (e.g. Mahood, 2001). Especially for the Sprint disciplines, specific maximal strength and
strength endurance are generally defined as important sources of performance, while positive effects of specific upper
body maximal strength training on endurance performance was already been shown (Hoff, 2002). Such stress the great
importance of specific training and diagnostics of strength capacities for the XC skiing Sprint. Specific standardized
test concepts for traditional XC skiing have already been developed, while test concepts especially for the XC skiing
Sprint are rarely, difficult to simulate in a controlled laboratory situation and mostly are not investigated on reliability
and validity. The aim of the study was the development and analysis on reliability and validity of a test concept serving
for diagnostics of specific upper body strength capacities for the XC skiing Sprint.

Methods: 31 elite XC skiers of the Austrian, Slovakian and Suisse National and Student-National Team volunteered as
subjects in the study. 19 subjects performed two times the so called “Two-phase Test” (2PT) for determination of specific
upper body strength capacities including a “4 repetition maximal test” (4RT) and a “40 repetition test” (40RT), using a
DP imitation (DPI) on a rollerboard (Lindinger, 2004) to check for reliability. 31 subjects performed both the 2PT and a
50-m DP sprint speed test (DP5,) on a tartan indoor track to check for validity of the 2PT for determination of maximal
DP sprint speed. 20 subjects performed the 2PT and a 1000-m DP test (DP,,,) on the treadmill, to check for validity of
the 2PT as predictor of DP Sprint performance over race distance. The 4RT includes four DPIs with maximal velocity for
determination of maximal values in all measured parameters. After a break of 2 min, the subject had to perform the 40RT
with maximal speed at each of the 40 reps (all-out). Velocity and force variables were measured. In the 40RT, the mean
of the 40 reps and a strength endurance index (SI=Difference mean 40reps to max 4RT in %) was calculated. The DP;,
was performed on an indoor tartan track. 50-m time was measured by fix installed light sensors. In the DP,,,, subjects
had to perform the 1000-m with maximal velocity from the start (all out). By help of a speed control device (Wiege-Data,
Leipzig, Germany) treadmill speed could be regulated by the athlete. Time for the 1000-m (t,,,,) and SI (Difference mean
velocity over the 1000-m to maximal velocity at start) were measured.

Results: Measured parameters of the 4RT showed high to excellent reliability (» = 0.83 to 0.99, P<0.001). All mean
values of the 40RT showed excellent reliability (» >0.97, P<0.001) except for SI showing just moderate to high reliability
(r=0.71 to 0.87, P<0.001) with the highest value for peak velocity (v,.,). All parameters of the 4RT correlated highly
to 50-m time (» = -0.75 to -0.92, P<0.001), while highest correlation was found for v .,,. Velocity and Force variables of
the 4RT correlated moderately to t,, (-0.6 to -0.73, P < 0.01). Mean values of the 40RT correlated moderate to highly to
ti00 (-0.76 to -0.81, P<0.001) again showing the highest value for v . SI of the 40RT correlated moderately to SI of the
DP,, (0.62-0.79, P<0.01).

Discussion/Conclusion: High to excellent reliability, except for test-retest correlations of SI, was found for the 2PT.
This might be explained by the fact that in the calculation of SI, two variables measured in separate test modes were used
for calculation. Thus, small variability in those variables might cause a higher variability in the calculation of SI. The high
relationship of maximal velocity and force variables measured in the 4RT to 50-m and 1000-m DP sprint performance
showed on the one hand the high specificity of the DPI, already shown by Lindinger (2004), and on the other hand that
the 4RT alone serves as a simple, reliable and valid test concept for diagnostics of upper body and continuative DP
performance in XC skiing. v, measured in the 2PT showed the highest correlation of all variables to 50-m and 1000-m
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Sprint performance. Hence, v, seems to be the most stable and highest Sprint predicting variable measured in the 2PT.
Just moderate correlation was found for SI of the 2PT to SI of the DP,,. This might result on the one hand out of the just
moderate to high reliability of SI in the 2PT and assumed but not measured in DP,,, and on the other hand in the fact that
performance in DPI is restricted to upper body performance while the function of the lower body as in DP was excluded.
In the future, testing data should be used to determine standards and norms in order to reveal deficits, enervations and
athlete development and in this way serve as an instrument for guiding or control the training.

Equipment Improvement

Example 3: Binding Plates in Alpine Skiing

Since the introduction of modern carving skis a binding plate was also developed which is fixed between the ski and
the binding system. This binding plate has, among others, the following functions:

¢ Binding plates have a many layered influence on the turn behavior of the ski. Single element plates have in the mid-
region of the ski an additional stiffening effect. Relative to the location of the screws and material selection this effect
is specific. This stiffening in the mid-region results in a change in the skis* eigen-frequency and of the associated eigen-
forms. With two element plates which do not hinder the torque moment degree of the ski and allow for longitudinal
compensation, the intended characteristics are only slightly impinged upon by the ski manufacturer.

e When dampening materials are utilized, vibrations in the high frequency range which are transmitted from ski to
skier are markedly reduced. Certainly here one must take care that the use of too strongly dampening materials can
be at the cost of transfer rigidity. This is to say that steering motions by the skier are not completely transferred to
the ski because a part of these forces are absorbed by the dampening layer of the binding plate, similar to the effect
of a shock absorber of an automobile. In this case the skier perceives the system as slow and ,without life*.

e Ski boot-snow contact: Above all in racing very great edging angles are necessary due to the high velocities and
tighter turning radii. On steep slopes in this there is a very great danger that contact between boot and snow occurs
and the skier falls in consequence. Raising the standing plane by means of the binding plate allows the skier greater
edge angles and thereby reduces the danger of falling.

Ski racers are convinced to be able to race
faster using so called risers. So in a further

1600 [ project we had to prove this hypothesis

and to try to find the mechanism which

1500 [ || might increase the racer’s performance.

L In a field test three different riser heights

1400 | | (0 cm, 1 cm, and 2 cm) were used. The

FN] . course was standardized by gates. 12 runs,

1300 [ = using the different ski systems alternatively

were performed by a world cup racer. The

1200 l I—F — following parameters were measured:

o [ running time, ground reaction forces normal

1100 1— - B — to the ski, anterior/posterior moments or
lateral moments respectively.

1000 MV-0 ‘ MV-1 ‘ M2 There was a significant decrease of

the running time in dependence on the
Fig. 1: Ground reaction forces depending on standing height (MV-0: no plate; riser height. No significant differences for
MV-1: plate 1 cm; MV-2: plate 2 cm; white: F complete steering phase; grey: forces and moments could be found between
F steering phase without last 200 ms; dark grey: F last 200 ms of steering . . . .
phase) the different riser heights analysing the

whole turn. But if the turn is divided into a

steering phase and a very short edge changing
phase, the values of the steering phase remain nearly constant, whereas the values of the edge changing phase decrease
significantly using higher risers. Therefore risers help to reduce running time as the edge changing can be managed in
a shorter time period.
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HOW IMPORTANT ARE GENETIC FACTORS FOR TRAINING?
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Introduction

It is well known that brothers and sisters with the same parents inherit different traits from different ancestors on both
sides of the family. For example, there may be differences in eye color, height, cholesterol level, fitness level, or the ease
with which one loses or gains weight. Only identical twins have the same genetic background because they are duplicates
of the same person. Non-identical or fraternal twins are as different genetically as any other two siblings.

Genes are part of DNA molecules in every cell of the body. The genotype is the total combination of the thousands of
genes within the body, that is, the genetic potential of a person. However, not all of the genes in the genotype are necessarily
used or expressed to their full potential. The anatomical, biochemical, physiological, and behavioral characteristics of a
person at any given time represent the extent to which the various genes are expressed; these characteristics are known
as phenotypes. Examples of phenotypes include brown hair, green eyes, a resting heart rate of 60 beats/min, a maximal
oxygen intake (VO,max) of 50 mL «kg'+ min, and a body weight of 75 kilograms.

Genes affect how a phenotype is expressed now, as well as how it will respond to a change in environment. While
one’s eye color is set for life, one might reduce blood pressure with medication, increase VO,max with training, and lose
weight by dieting. The speed of any change and the extent to which changes in phenotypes occur are affected by one’s
genetic background. For a particular phenotype, there are people who are superior responders, average responders, poor
responders, and non-responders to a change in the environment. Thus, there are people who gain or lose weight or who
improve their fitness faster and to a greater extent than others.

It is this variation in phenotypes and how they respond to changes in the environment that allows scientists to study
the role of the genes. For instance, if all participants improve their VO,max by 14-16% after 12 weeks of standardized
exercise training, then it is clear that genes play a minor role and the change in environment (training) is more important.
On the other hand, if there is a large variation in adaptations to the same training program, genes may be important.

The variation within a given phenotype in a population is influenced by the variation due to genes, the variation
due to environment, and the interaction between these two sources of variation. One way to study variation is to study
families with biological and adopted children to see the influence of genes on various phenotypes when the environment
is similar. If there is little difference among these children before or after an intervention, then environment is more
important. On the other hand, if the responses of biological children are similar to those of the parents but the responses
of adopted children are not, then genes are more important. Another way to compare variations is to study twins living in
the same home. With identical twins, the genetic background is the same and the environment is similar, whereas fraternal
twins have a similar (but not identical) genetic background and a similar environment. If there is less difference between
identical twins than there is between fraternal twins, this suggests that genes play a big role. On the other hand, if the
differences between identical twins are similar to differences between fraternal twins, then genes are less important. One
can also look at identical twins separated early in life and living in different environments. Regardless of the environment,
research shows that identical twins tend to be more similar before and after an intervention than are fraternal twins or
other siblings, showing that genes have an important influence (Bouchard, Malina & Pérusse, 1997).

To better understand the roles of genes and the environment, consider their effects on three factors: physical activity,
fitness, and health. The genotype can influence the extent to which one is physically active, physically fit, and healthy.
Environment (physical and social environment, as well as one’s lifestyle) also can affect activity, fitness, and health. In
addition, there is an interaction among these factors because 1) activity can affect fitness, 2) fitness can affect activity,
3) activity can affect health, 4) health can affect activity, 5) fitness can affect health, and 6) health can affect fitness. The
genotype also can influence these interactions, e.g., how much and how fast physical activity affects fitness or health.

Examples of Genetic Effects

There are many traits (phenotypes) for which the effects of the genes have been determined (Bouchard, Malina &
Pérusse, 1997; Bouchard et al., 1992). Genes have a large effect on height, length of trunk, and length of arms and legs.
It is known, for example, that tall parents tend to have tall children. Of course, within a family of tall parents, one child
may be shorter because its height was inherited from the maternal grandmother’s side of the family. In contrast, there
is only a small-to-moderate effect of genes on circumferences, girths, and breadths of various body parts because the
environment can play a larger role in determining these measures. For example, waist circumference can be changed by
diet or exercise, and weight training or inactivity can change muscle size.
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Genes have a large influence on muscle size and composition (percentage of fast-twitch and slow-twitch fibers).
Because muscle strength is closely related to fiber composition, genes also have a large effect on strength. On the other
hand, the activities of enzymes important in energy metabolism and the number of mitochondria within a given amount
of muscle tend to be less influenced by genes because they can be modified by different types and amounts of physical
activity. To summarize, the effect of the genes in muscles is great relative to structure (e.g., contractile proteins and size)
but not necessarily to function. In the case of the phenotype “muscular endurance,” which is affected by both structural
and functional factors, the genetic effect is only moderate.

Similarly, size of the lungs (a structural measure) is affected greatly by the genes, but such functional measures as
rates of airflow are not. In the cardiovascular system, there are large genetic effects on the size of the heart, as well as the
size and structure of the coronary arteries. Blood pressure tends to be less affected by genes because it can be modified
by body weight, diet, stress, and other factors.

Relative to exercise, genes have a large effect on VO,max, maximal heart rate, and maximal lung ventilation. Evidence
suggests that cardiovascular endurance (e.g., the total amount of work that one can perform in 90 min) is even more
strongly affected by genes than is VO, max; this is probably because many physiological and biochemical variables are
involved in endurance exercise, and genes can affect each of them (Bouchard et al., 1992).

There are people who genetically have a high or low level of fitness (as indicated by VO,max), but they may or may
not be physically active. In other words, fitness and activity are not necessarily the same. There are people who train
regularly but are not very fit, whereas others do little regular activity but are reasonably fit. It is true that people must be
very active to have high levels of fitness and that people with very low levels of fitness tend to be very inactive. However,
for most people in the middle of these two extremes, fitness cannot be judged by an individual’s level of physical activity
and vice versa. Nevertheless, persons who are regularly active are capable of doing more exercise than inactive persons,
even though both may have the same VO, max or the same level of strength, because training by itself produces changes
in the various systems of the body.

Genetics and Training

Depending on the sport or activity, many systems in the body are involved. For example, distance running involves
the cardiovascular, respiratory, neuromuscular, metabolic, hormonal and thermoregulatory systems. Each of these systems
can be affected by a number of genes. Also, there are many interactions among the genes and between these genes and
the environment. Because of this complexity, it is unlikely that scientists can make champions by altering only one or
two genes.

Identical twins with similar levels of activity tend to have similar levels of fitness. When identical twins undergo the
same aerobic, anaerobic, or strength training program, they exhibit similar adaptations to the training (Bouchard et al.,
1986). On the other hand, fraternal twins or siblings with similar levels of activity vary more in their fitness and have a
greater variation in their adaptations to the different types of training.

To examine VO,max adaptations to different types of training, we carried out a standardized, 12-week endurance
training study with 29 male university students (Dionne et al., 1991). Subjects trained three times a week for 30-45
minutes on a cycle ergometer at a constant intensity of 75% VO,max. After training, the rise in VO,max ranged from
40 mL ¢ min™ to almost 1,000 mL ¢ min™'. This study was done in the fall semester, after which students went home for
4 weeks. We asked the nine students who had the greatest improvement in VO,max (~ 9 mL *kg'* min™) to return for
another 12 weeks of training. For the second program, subjects did interval training three times per week at an average
intensity of 75% VO,max (3 min at 60% VO,max and 3 min at 90% VO,max) for 30-45 minutes. During the 4 weeks of
inactivity, the VO,max of the four superior responders who agreed to return had decreased and were similar to the levels
when they began the first training program. After the interval-training program, these students again showed a superior
training response. Of the nine students in the first study who had the smallest improvement in VO,max (~ 3 mL kg
min), only one agreed to return for more training. His VO,max also had decreased over the vacation, and he again had
a very poor response to the additional interval-training program. Thus, there are phenotypes that respond differently to
continuous or interval training.

The HERITAGE Family Study (Bouchard et al., 1995) was a very large investigation of how genes influence adaptations
to exercise training and involved 484 Whites from 99 families and 260 Blacks from 105 families at four centers. All
subjects were healthy and sedentary. After taking many tests associated with fitness and risk factors for cardiovascular
disease and diabetes, subjects trained and were retested. The standardized training program consisted of exercise on
a cycle ergometer three times a week for 20 weeks. Subjects began training for 30 minutes at the heart rate associated
with 55% VO,max. Each two weeks thereafter, either duration or intensity increased so that they trained during the last
8 weeks for 50 minutes at the heart rate associated with 75% VO,max (Skinner et al., 2000).

The first question asked was whether the families had similar levels of VO,max and other phenotypes before training

began. Relative to VO,max, there were families in which all members had lower, average or higher values. In this case,
heredity explained about 40% of the variation (Bouchard et al., 1998).
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Because there was a large variation in the response to training, the second question asked was whether families
responded similarly to training. Although the average increase in VO,max was 19% and was similar at all four centers,
about 5% of the subjects had little or no change, and about 5% had an increase of 40-50%. This large variation occurred
at all ages and at all levels of initial VO,max and was similar for Blacks and Whites and for women and men (Skinner
et al., 2001). In other words, there were superior, average and poor responders to training at all ages (17 to 65 years), in
both races, in both sexes, and at all levels of initial VO,max. In this case, 47% of the variation in the response of VO,max
to training was explained by heredity (Bouchard et al., 1999).

The third question asked was whether the changes in VO,max were related to the initial values. There was essentially
no relation between initial fitness and its response to training, as the correlation coefficient between VO,max before
training and the change in VO,max after training was only 0.08. It appears that one set of genes affects the initial level
of VO,max and another set of genes affects the response of VO,max to training.

We also examined whether there were any non-genetic variables measured before training that would differentiate
between superior responders and poor responders. We found no variable or combination of variables that would distinguish
between these two groups (Skinner et al., unpublished). Because we have DNA samples from all subjects, we are now
screening for genetic markers that may be associated with responses to training.

Based on the information available now, it is not possible to predict how a given individual will respond to training.
Breeders of racehorses have tried for many years to predict which horses will be successful. What they say is that “we
take the best, mate them with the best, and hope for the best.” In other words, out of 10 offspring of two excellent horses,
a few will be excellent, a few will be above average, and a few will be below average. Horse breeders cannot predict which
horses will be in which category. Of course, we do not breed humans for competition, so the possibility of accurately
predicting which humans will be champion athletes is even lower.

Many athletes reach a point at which they must train more and harder to obtain fewer and fewer benefits in terms of
performance. When athletes reach this point, it is possible that they are approaching their genetic limits. As mentioned,
there is no way to predict where this limit is.

Whether a given person will be a champion appears to be associated with 1) the actual state of a number of complex
phenotypes before training, 2) proper training, rest, and nutrition, and 3) the ability of these phenotypes to adapt to the
training, rest, and nutrition. Thus, a person can begin with low, average or high values of VO,max and other phenotypes
and have poor, moderate or superior responses to training, rest, and nutrition. It is probable that elite athletes are those
who begin with high levels of the characteristics (phenotypes) needed for success in their particular sports and also have
superior adaptations in those characteristics after training. Only a small percentage of the population has genetically
high levels of the phenotypes needed for success, not all of these will train, and only a small percentage of those who
do train will be superior responders.

Practical applications

e Genes do influence the initial level of one’s characteristics (phenotypes), as well as how fast and how much these
phenotypes can change in response to training, nutrition, and other environmental factors. Athletes who have
immediate success in a new sport probably have relatively high qualities of at least some of the genetically determined
phenotypes required to be a champion in that sport.

e Superior responders to sports participation probably have early success and positive feedback from competition.

e Potential athletes should try various sports to see which ones they enjoy and in which ones they have success. These
factors are probably a better guide for selection than any laboratory analysis of one’s genetic background.

e It isnot possible to predict who will be a champion. Nevertheless, coaches can and do select candidates based on the
characteristics required for success in that sport. The genes influence many of these characteristics.

e  Other aspects of some sports (e.g., tactics and technique) are not affected by the genes. Champions at the elite level
must be experts at tactics and technique in addition to possessing the necessary genetically determined attributes for
success in their sports. Nevertheless, less genetically gifted athletes who are talented in tactics and technique may
be successful at non-elite levels of competition.

Summary

As a general rule, genetic influences are stronger on the structural components of the body than on the functional
components, which can be influenced more by training and other environmental factors. Although genetic background—
heredity—can influence one’s success in a particular activity or sport, this background is probably too complex to be fully
known or understood. The effect of a magical altering of one or two genes by genetic engineering probably will be low
because many genes are involved, there are interactions among different genes, and there are interactions among genes
and the environment. Thus, it is unlikely that genetic engineering can reliably produce champion athletes.
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CREATING A PERFORMANCE PROFILE USING
PERTURBATIONS IN SOCCER

Mike Hughes and David Reed
Centre for Performance Analysis, UWIC, Cardiff, UK

Abstract

It is proposed that soccer teams exhibit rhythms, until the usual stability is disturbed by extreme elements of high
or low skill. Should the resulting instability or ‘perturbation’ lead to a shot on goal, then the outcome is termed a critical
incident. Recent research (Hughes et al., 1997) confirming the existence of perturbations in soccer suggested that teams
have characteristic ways of creating scoring opportunities although insufficient data prevented comprehensive analysis of
individual teams. The aims of this study were twofold; firstly, to confirm that previously researched perturbations could
be reliably identified and classified in association football. Secondly to create a normative profile for an individual team
whereby the means stabilise, allowing the portrayal of characteristic ways of creating scoring opportunities.

Fifteen games involving Arsenal Football Club were analysed from the British League seasons 2002/2003 and
2003/2004, post-event from video. It was found that the 12 perturbations previously identified Hughes et al. (1997) were
consistently identified and classified. Arsenals characteristic patterns of play were identified, highlighting important
coaching information in attack and defence. From the eleven matches used to compile a normative profile, a total of 212
shots were analysed with goals scored, on average from every 5 Arsenal shots. Lost control was the most efficient attacking
perturbation (42.9% shots resulted in goals) and foul the least (10%). In defence Arsenal conceded, on average from every
7.5 shots but appeared to show vulnerability to attacking runs, with 75% of those perturbations resulting in goals.

Although total shot frequency stabilised satisfactorily after 8 matches, the significant (p<0.05) change in tactics
between the game states caused the data to show high variability. Further attempts to integrate these tactical variations
into profiling produced limited but more consistent success than the method previously introduced by Hughes et al. (1997).
Conclusions in support of Hook and Hughes (2001), suggested that elite soccer teams exhibit qualities preventing the
accurate prediction of future match outcomes.

Key words: Performance profile, perturbations, critical incidents, soccer.

Introduction

The physics of open (complex) systems seeks to explain how regularity emerges from within a system that consists
of many degrees of freedom in constant flux. There are common ideas in the related theories for complex systems (e.g.
Thom, 1975; Soodak and Iberall, 1978; Haken, 1983; Iberall and Soodak, 1987; Glass and Mackey, 1988) is the inherent
property of self-(re)organization in response to changes in the elements that comprise the system, or to changes in the
constraints that surround the system. In essence, small changes fo the system can prompt large (nonlinear) changes in
the system as it reorganizes. Kelso, Turvey and colleagues have been instrumental in applying these types of theories to
the experimental analysis of perception and action (see Kelso, 1999).

Match play sports exhibit rhythms when competitors perform at equal levels. A perturbation exists where the usual
stable rhythm of play is disturbed by extreme elements of high or low skill. In soccer, should the resulting instabilities
in playing patterns lead to a shot on goal, then the outcome is termed a critical incident.

“If we study a system only in the linear range of its operation where change is smooth, it’s difficult if not impossible
to determine which variables are essential and which are not.”

“ Most scientists know about nonlinearity and usually try to avoid it.”

“Here we exploit qualitative change, a nonlinear instability, to identify collective variables, the implication being
that because these variables change abruptly, it is likely that they are also the key variables when the system operates
in the linear range.”

(Kelso0,1999)
Research confirming the existence of perturbations by McGarry and Franks (1995) in squash identified particularly
weak or strong shots that place one player at a recognised disadvantage to another.

Squash however is regimented in structure, requiring alternate shots and definitive passages of play ending in points;
conversely team sports contain unlimited periods of possessions with irregular scoring patterns. Hughes et al. (2001b,
p-23) had suggested that concentrating upon the critical aspects of soccer play “could make the ensuing analyses not
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only easier but more relevant”. A perturbation in soccer is hence defined as an incident that changes the rhythmic flow of
attacking and defending; for instance a penetrating pass, change of pace or any moment of skill that creates a disruption
in the defence.

Hughes et al. (1997) attempted to confirm and define the existence of perturbations in association football; twelve
common attacking and defending variable were identified from English football that led to scoring opportunities. These
twelve causes were shown to occur consistently, covering all possible eventualities and had high reliability. After further
analyses of the 1996 European Championship matches (N=31), Hughes et al. (1997) attempted to create a profile for
nations that had played more than five matches. Although the work supported English League traits for successful and
unsuccessful teams, there was insufficient data for the development of a comprehensive normative profile. Consequently,
although failing to accurately predict future performance, Hughes et al. (1997) had introduced the method of using
perturbations to construct a prediction model, and had identified 6 attacking skills and 6 defensive skills that contributed
most to the creation of perturbations..

In match play, teams may alter tactics and style according to the game state/nature; for instance a team falling behind
may revert to a certain style of play to create more goal-scoring chances and therefore skew any data away from an overall
profile. Consequently, although Hughes et al. (1997) had classified perturbations, the method had failed to distinguish
between the game states, which prevented the generation of stable and accurate performance profiles.

In some instances, a disruption in the rhythm of play may not result in a shot, owing to high defensive or a lack of
attacking skill. Developing earlier work on British league football, Hughes et al. (2001b) analysed how international
teams stabilised or ‘smoothed out’ the perturbation. Hughes et al. (2001b) identified 3 categories of perturbation that did
not lead to shots on goal; actions by the player in possession, actions by the receiver and interceptions. Although Hughes
et al. (2001b, p.32) highlighted the requirement for improved technical skill, by combining the data of many teams the
conclusions provided little benefit for coaches of specific teams and highlighted the need for analysis of individual “team

5 9

‘signatures’ ”.

Previous research has confirmed the existence and definition of perturbations in soccer, and has identified the
opportunity for the profiling of individual teams (Hughes et al., 1997, 2001b). Identifying the strengths and weaknesses
of specific teams may provide coaches with information to improve their own team’s strategies, whilst also providing a
tactical advantage gained from predicting opposition patterns of play.

Aim of the study
The objectives of this particular study were twofold:

1. To confirm that the perturbations, previously researched in soccer could be reliably identified and classified for the
analysis of association football.

2. The perturbation data for Arsenal Football Club will be used to create a normative profile, whereby the means
stabilise, allowing the portrayal of characteristic ways of creating goal-scoring opportunities.

Limitations and delimitations

Gathering as many matches as possible of one particular team demanded using cup and league matches where
opposition quality and style of play may fluctuate. Ideally each consecutive match, regardless of television coverage would
be analysed; but because such coverage was unavailable, the matches were recorded over the course of two seasons.

This study assumed that team selection did not impact on the creation of a normative profile; adjusting the profile
to account for individual player appearances would multiply the variables beyond the capacity of this study. The league
structure of the Premiership dictates fixtures between teams of differing strength; Arsenal, one of the leading teams
in Europe is bound to play teams of poorer quality. This study assumed that the variations in opposition strength were
accounted for in the profile by notating a considerable number of matches. Other extraneous factors such as the weather
and referee are assumed to have no measurable effect on performance profiling.

Definition of terms

A perturbation is defined as an incident that changes the rhythmic flow of attacking and defending play in a soccer
match. A perturbation occurs when the usual stable rhythm of play is disturbed by extreme elements of high or low
skill.

In soccer, should the resulting instabilities in playing patterns lead to a shot on goal, then the outcome is defined as
a critical incident.

The ‘nature’ of a game is defined as the state of the match; winning, losing or drawing.
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Methodology

Purpose of the study

The purpose of the study was to develop a hand notation system that would satisfy the research question; the data
from the notation system needed to show all perturbations leading to shots in attack and defence for Arsenal football
club. The study also attempted to determine the number of matches required to produce a stabilised normative profile
using perturbations in defence and attack for Arsenal Football club.

Equipment

E-180 VHS videocassettes

Samsung SV-651LVideo Player Cassette recorder
Panasonic Television

The printed hand notation sheets

Personal Computer

System design

The method used post event analysis, as the speed of the game seldom allows the analyst sufficient time to record the
degree of information required in a live situation. The system design was similar to that of previous researchers (Hughes
et al., 1997; Hughes et al., 2001b) but modified to provide more comprehensive information on the perturbation location,
players involved and time. It was considered that this information provided greater scope for the profiling of individual
team strategy.

Results were collected using especially printed analysis sheets (appendix A), an extract of which is shown in figure 1.

Time Player # Perturbation Location Shooter # Shot Location Result

Fig. 1. Extract of notation sheet

Data were entered into all the columns for every shot attempted during the match. The time column records the
match time of the event, the ‘Player #’and ‘Shooter # columns represent the player who committed the perturbation and
shooter, respectively; the player’s shirt number and the role (i.e. midfielder) he played within the team were notated. The
perturbation name is noted in the corresponding column; it was decided to use the 12 perturbations that Hughes et al.
(1997) had identified which are defined in table 1.

Shot and perturbation location were noted in the corresponding location columns; it was decided to notate the
location where the ball was struck for the perturbation or shot, rather than body position. The pitch was divided into
twelve sections (figure 2), in order to increase the accuracy of this variable, frame-by-frame motion analysis, with freeze
frame and jog shuttle was used and the pitch divisions based upon existing pitch markings as far as possible.

1 2 3 4
5 6 7 8
9 10 11 12

Fig. 2. Example of 12 cell division of football pitch
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Table 1. Operational definitions of perturbations

Attacking perturbations

Player with or without possession of the ball, runs with no obvious change of pace and without

Run attempting to dribble past an opponent.

Dribble Player in possession of the ball attempts to dribble past an opposing player using skill.

Pass Player in possession of the ball makes a deliberate attempt to transfer ball to another player using any
part of the body.

Skill Player in possession of the ball uses extreme skill to control the ball.

Tackle Player without possession, attempts, and succeeds in tackling opposition player, gathering possession.

Change of pace

Player with or without possession of the ball, runs with an obvious change of pace but without
attempting to dribble past an opponent.

Defensive perturbations

Lost control

Player loses control of the football; contributing to a loss of possession.

Player without possession, is unsuccessful when attempting to tackle an opposition player, and does

Miss tackle !
not gather possession.
Player in possession of the ball makes a deliberate attempt to transfer ball to another player using any
Bad pass L . . e )
part of the body. The pass is inaccurate or poorly directed; contributing to a loss of possession.
o A defensive player, not in possession, poorly positions himself with respect to the attacking players;
Positioning . . . ) )
allowing the attack excessive space leading to a scoring opportunity.
Deflection A defending player unintentionally deflects the path of the ball
Foul Player with or without possession of the ball fouls an opposing player conceding a free-kick/penalty.

The end result of the shot on goal was recorded using the following key:
H - High but not wide of the goal frame

W - Wide but not high of the goal frame

HW - High and wide of the goal frame

S - Saved by the goalkeeper

Reliability & validity

Because of the nature of the data the operator needed to spend considerable time training on the system to ensure
consistency in evaluating the appropriate actions. Once an appropriate level of skill with the system was deemed to have
been attained, the system was validated and tested for reliability using the test-retest method for intra-observer reliability;
inter-observer tests of reliability had previously been presented (Hughes et al., 1997). Three randomly chosen matches
were notated three times each, with a period of one week between the sessions of data collection to negate memory effects.
The results were analysed using percentage error calculations.

Percentage difference calculations were used to evaluate the system reliability for intra-operator observations, an
explanation of which is shown below (Hughes et al., 2001a).

% difference = (No. of differing observations / Total no. of observations) x 100
= (E (mOd (VI_VZ))/VTOTmcan) x 100
Where ‘mod’ is the modulus, X the sum of and Vg, the mean of the total variables measured.

Limits of agreement

Percentage error was calculated for total shots, location and each perturbation; it was necessary to pre-determine the
levels of confidence required for the system to be deemed reliable. It was agreed that a 10% error (90% level of confidence)
would be sufficient for total perturbation frequency, and 20% (80% level of confidence) would be sufficient for individual
perturbation frequencies; allowing accurate results whilst accounting for small errors in method and notation. It should
be noted that the low confidence level for individual perturbations reflects the quantity of data collected; variables with
very low frequencies are prone to greater variation than larger data sets.

Subjects

All games were collected from Sky Sports (Sky Satellite Broadcasting) and the BBC, recorded onto E-180 VHS
videocassettes. Fifteen games involving Arsenal Football Club were notated from the British League seasons 2002/2003
and 2003/2004 (table 2).

Procedure

At the point from which a shot took place, the tape was rewound to the beginning of the team’s possession. From
observing the passage of play again the skill causing the perturbation could be identified; when a number of perturbations
are observed to cause the critical incident, the first (initial) perturbation was notated. Blocked shots were not notated
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Table 2. Subject population

Match No. Teams Date Competition
1 Arsenal vs. Chelsea 08/03/03 FA Cup 2002/2003
2 Arsenal vs. Everton 23/03/03 Premiership
3 Chelsea vs. Arsenal 25/03/03 FA Cup 2002/2003
4 Arsenal vs. Sheffield Utd. 13/04/03 FA Cup 2002/2003
5 Arsenal vs. Manchester Utd 16/04/03 Premiership
6 Bolton vs. Arsenal 26/04/03 Premiership
7 Arsenal vs. Leeds 04/05/03 Premiership
8 Arsenal vs. Southampton 17/05/03 FA Cup 2002/2003
9 Arsenal vs. Manchester Utd. 10/08/03 FA Charity Shield
10 Middlesbrough vs. Arsenal 24/08/03 Premiership
1 Manchester City vs. Arsenal 31/08/03 Premiership
12 Arsenal vs. Newcastle 26/09/03 Premiership
13 Southampton vs. Arsenal 29/12/03 Premiership
14 Leeds vs. Arsenal 04/01/04 FA Cup 2003/2004
15 Arsenal vs. Chelsea 15/02/04 FA Cup 2003/2004

since previous research (Hughes et al., 2001b)
had described the blocking of shots as a means
of ‘smoothing’ out the perturbation. The time
and perturbation name was recorded with other
information on the data sheets.

Games 1-11 were used for data processing
with the final four retained to test the accuracy
of the normative profile when predicting future
performance.

Data processing

The technique for processing data was
slow, precise and methodical to ensure the
figures collected were reliable whilst reducing

the chance for human error. The raw data were processed and analysed using spreadsheets, display the data whilst
highlighting important areas such as overall and variable specific mean stabilisation and convergence.

The collected data were analysed using chi-square tests to determine whether there were significant differences

between the attacking play of Arsenal between each game state and to detect if the predicted distribution of perturbations
were significantly different than the actual values.

Results and discussion
Reliability data

previously stated as an acceptable level of error.

Table 3. Perturbation frequency by trial

Table 4. Location frequency by trial

Perturbation T1 T2 T3 Location T1 T2 T3
Run 5 7 7 1 5 6 5
Change of Pace 1 0 0 2 4 3 4
Pass 14 15 15 3 3 3 3
Dribble 7 5 6 4 1 2 2
Skill 2 2 1 5 12 12 12
Tackle 1 1 1 6 19 18 18
Foul 8 8 8 7 8 7 7
Deflection 4 4 4 8 12 12 12
Out of Position 13 10 10 9 1 2 2
Lost Control 1 1 1 10 1 1 1
Miss Tackle 7 9 9 1" 1 2 2
Bad Pass 5 6 6 12 1 0 0
Total 68 68 68 Total 68 68 68

The three matches used for reliability tests were grouped together to produce sufficient frequencies for analysis (Table
3). It should be noted that several variables have very low frequencies (change of pace, skill, tackle and lost control)
therefore the accuracy of these variables may appear disproportionately poor.

Table 4 shows the differences between perturbations for each trial, including overall percentage error. Although
the errors started at a high level (17.6%), by the final comparison they dropped to a figure (2.9%) well below the 10%

This study was specifically interested in individual
perturbations and therefore required reliability to be tested
at a finer level. Of the 12 perturbations, change-of-pace
and skill possessed very poor reliability; however both
variables had very low frequencies. Future investigations
would require a larger data set in order to make definitive
conclusions regarding the reliability of individual

perturbations.

Perturbations in attack =

Table 5. Goals and the frequency of perturbation
skills in attack

Perturbation Frequency  No. of goals Ratio
Run 20 4 5:1
Dribble 15 2 8:1
Pass 20 6 3.31
Skill 4 0 -
Tackle 6 1 6:1
CoP 1 0 -
Miss Tackle 7 1 71
Foul 10 1 10:1
Deflection 7 1 71
Positioning 12 3 4:1
Lost Control 7 3 2.31
Bad Pass 6 0 -
Total 115 22 5:1

CoP — Change of Pace
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Table 6. The means and limits of error by game in chronological order.

Game Shots Cum. Mean Mean (11) -10% +10% -5% +5%
1 19 19.0 10.5 9.4 11.5 9.9 11.0
2 12 15.5
3 1.7
4 11.0
5 7 10.2
6 5 9.3
7 22 111
8 11 111
9 5 10.4
10 12 10.6
1 9 10.5
Sum 115
Mean 10.5
St. Dev. 5.7

SD/Ave % 54.8

From the eleven matches used to compile a normative profile, a total of 115 shots on goal were observed, of which 22
resulted in goals (table 5). Goals were scored, on average from every 5 shots. Such a low shot to goal ratio contrasts with
previous studies by Reep and Benjamin (1968) and Hughes et al. (1997) who recorded much higher approximate shot to
goal ratios (10:1 and 12:1 respectively), however Hughes et al. (1997) recorded blocked shots, some of which failed to
even reach the goal. Whilst Reep and Benjamin’s (1968) analysis used many teams of varying standards which may have
skewed the data to a higher overall ratio than the single successful elite club used in this paper.

The perturbations that produced the highest frequency of goal attempts were the pass and run skills, which produced
20 shots (17.4% of total) each. It should be noted that the pass and run skills are interlinked; if an attacker makes a good
run, the player still needs to be picked out with an accurate pass if the move is to be successful. These data compare
favourably to previous research by Hughes et al. (1997) who recorded 40% of all shots and 48% of all goals resulted
from the pass and run perturbations.
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Fig. 3. Cumulative mean frequency of shots by game in chronological order

Although the greatest frequency of goals were scored from the pass skill, the perturbation that provided the most
efficient form of attack was lost control wth a goal resulting from every 2.3 (42.9%) perturbations, compared to an overall
average of 5:1 (20%). These data support previous work (Hughes et al., 1997) which found lost control the most efficient
goal-scoring perturbation. The high efficiency of the lost control variable may result from the perturbation occurring
closer to goal, for instance a goalkeeper losing control of a shot creates an excellent goal scoring opportunity.

Table 6 displays the total number of shots from eleven games played by Arsenal. From these data, cumulative means
were calculated for the total number of critical incidents in each game. The cumulative mean stabilised to within +/- 10%
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of the overall, eleven match mean after 8 matches. Although reverse chronological analysis produced greater variation,
random distribution showed stability after 6 matches (fig. 4). In general however, these data compare favourably with
research by Hughes et al. (1988) who suggested 8 matches are sufficient for the creation of a normative profile for shots
in soccer.
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Fig. 4. Cumulative mean frequency of shots in reverse chronological and random order

Table 7. Perturbation cumulative means by game and limits of error.

Perturbation Cumulative means by game N::;" +10% -10%
1 2 3 4 5 6 7 8 9 10 1
Run 3.0 1.5 1.7 1.5 1.4 1.5 1.7 1.8 1.8 2.0 1.8 1.8 2 1.6
Dribble 1.0 2.0 1.7 1.3 1.0 1.3 1.6 1.6 1.4 1.4 1.4 1.4 1.5 1.2
Pass 3.0 2.0 1.7 2.0 1.8 1.5 1.9 1.9 1.7 1.9 1.8 1.8 2 1.6
Skill 1.0 1.0 0.7 0.5 0.4 0.3 0.6 0.5 0.4 0.4 0.4 0.4 0.4 0.3
Tackle 1.0 1.0 0.7 0.5 0.6 0.5 0.6 0.5 0.4 0.4 0.5 0.5 0.6 0.5
Change of Pace 1.0 0.5 0.3 0.3 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Miss Tackle 1.0 1.0 0.7 0.5 0.6 0.5 0.6 0.6 0.7 0.6 0.6 0.6 0.7 0.6
Foul 3.0 2.0 1.3 1.3 1.2 1.0 1.3 11 11 1.0 0.9 0.9 1 0.8
Deflection 1.0 1.0 0.7 1.0 0.8 0.7 0.6 0.6 0.6 0.5 0.6 0.6 0.7 0.6
Positioning 1.0 1.0 0.7 0.8 0.8 0.7 1.0 1.0 1.0 1.0 11 1.1 1.2 1.0
Lost Control 1.0 1.0 0.7 0.5 0.4 0.3 0.6 0.8 0.7 0.7 0.6 0.6 0.7 0.6
Bad Pass 2.0 1.5 1.0 1.0 1.0 0.8 0.7 0.6 0.6 0.6 0.5 0.5 0.6 0.5

|:| Indicates number of games for stable mean

Whilst the data appear to stabilise, the accuracy of the profile should be questioned because of the great variation
between individual matches (total shots range from 22 to 4) and the high standard deviation, which equated to 54.8% of
the overall mean. Such inconsistency could be the result of the varying tactical strategies applied when winning, drawing
or losing; a problem already identified by Hughes et al. (1997).

Although figures 3 and 4 demonstrated the convergence and stabilisation of the total shot frequency, it was necessary
to demonstrate the convergence of individual perturbations to confirm the validity and accuracy of the performance
profile (Hughes et al., 2001a). Table 7 demonstrates the variation between perturbations; the foul and lost control variables
show prolonged variation, only stabilising by the final two games, whereas the pass and dribble perturbations stabilised
to within 10% after only 7 matches. Due to the relatively small frequency of some variables, calculations of cumulative
mean inevitably showed prolonged variation; for instance change of pace needed to stabilise to within +/-0.01 of the
overall mean to be considered stable.
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The highest frequency of goals occurred between minutes 31-45 and 61-75, although when the data was contextualised
using shot:goal ratio’s, the most efficient period was the middle third of the second half (minutes 61-75) when, on average
every 2.2 shots resulted in a goal (Fig. 5.) although 20 shots occurred during the first 15 minutes of the match, only 2 of
those resulted in a goal, perhaps as Luxbacher (1993) suggested, the high ratio could be the result of high concentration
of the defending goalkeeper at the start of the game, or that the attacking players require time to settle into the match as
Hughes (1980) proposed. A reversal of these factors may also explain the favourable attacking ratios later in the game; as
attackers become relaxed and gain confidence, so the defence lose concentration, allowing greater opportunity to score.
A graphic representation of these data is displayed in figure 5.
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Figure 5. Shot and goal distribution by time

A total of 58.3% of all shots occurred in the first half of the matches analysed, suggesting Arsenal endeavour to
create a lead in the first half of games upon which they will consolidate in the second period, a strategy explained by
Gray and Drewett (1999).

These data serve to highlight Arsenal strengths and weaknesses rather than suggest future strategies; (for example)
just because a team concede from every 4 shots during a period of the game does not mean that Arsenal should attempt
to shoot (and expect to score) from unrealistic positions during that time. Instead these data could provide information
to help coaching staff develop the fitness/concentration of players during specific periods of the match.

Table 8. Distribution of shots by nature.

Game Nature Time Shots | Goals Ave:)alg'e]:tuns Ave;g(:’::ms Shc:;:ti%oal
Winning 420 4 6 10.2 70 71
Drawing 402 44 10 9.1 40.2 4:1
Behind 168 29 6 5.8 28 5:1
Overall 990 115 22 8.7 45 5:1

Figures 6 and 7 describe the distribution of perturbations by nature; when winning 71% of all shots are created by just
3 perturbations; running (24.4%), dribbling (24.4%) and passing (22.0%). When losing, the tackle, foul and positioning
perturbations supplied 17.4% of shots each, compared to the minimal contribution (<5%) they make when the team is
winning.

A chi-square test of the data revealed significant differences between the patterns of play; when winning, losing
and drawing. It is apparent that Arsenal are reluctant to dribble with the ball when trailing (perhaps for fear of losing
possession), and pressurise the opposition to dispossess them of the ball, induce fouls and exploit bad positioning. These
data support the assertions of a number coaching texts (Gray and Drewett, 1999; Hughes, 1980) who suggested winning
teams will have great pressure exerted on their defence, and are therefore expected to concede a greater number of scoring
opportunities than when pressure is reduced. In contrast, when winning matches Arsenal almost exclusively used passing,
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Fig. 6. Distribution of Arsenal perturbations by nature.
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Fig. 7. Proportion of attacking perturbations by nature

running and dribbling to create shots on goal; this could be the result of increased confidence and composure, or simply
indicative of a high standard of play where attempts are more frequently created than resulting from defensive errors.
These data support assertions by Hughes et al. (1997) that successful teams display a wide range of tactical awareness;
when one style of play is not producing goals the team is able to change tactics to produce goal scoring opportunities.

Analysis of location data revealed a strong central preference for attack; 71.9% of all perturbations occur in areas 5
and 6 (fig. 8). There is a small variation between the 1* and 2" halves, with 6.3% of second half perturbations originating
in Arsenal’s own half, compared to 1.5% in the 1% half. These data support the earlier suggestion made in this paper, that
Arsenal spend the second half of games defending a lead and therefore play more football in their own half.

Contrary to Hughes’ (1980) suggestion that teams attack primarily using width, fig. 8 shows that just 17.4% of all
perturbations occurred on the wings. Whilst these data appear to conflict with coaching literature, Arsenal are a team
built around creative passing football rather than delivering telling crosses into the box from wide positions. It should
be noted that the method recorded the original perturbation only; although shots may have been created from width, the
perturbation may have occurred in the centre (for instance a good pass from central midfield to the wing).
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Table 9. Chi-square results for
comparison of game states.

Comparison X2

Winning and drawing 48.38
Winning and Losing 188.42
Drawing and Losing 66.75

Note. The change of pace per-
turbation was excluded from the
calculation because of insufficient
frequency. (For df = 10, chi-square
must exceed 18.31 to reach the 95%
level of confidence).

Table 10. Goals and the frequency of perturbation

Perturbations in defence

From the eleven matches used to compile a normative profile in defence, a
total of 97 shots on goal were observed, of which 13 resulted in goals (Table 10).
Goals were scored, on average from every 7.5 shots. Although this is a higher ratio
than that observed for Arsenal in attack, the ratio compares favourably with that
presented by Reep and Benjamin (1968) who recorded approximate shot to goal
ratios of 10:1. The multitude of teams which formed the analysis of opposition play
explained the higher ratio compared to Arsenal’s shots; the opposition teams had
a poorer standard of player compared to that of Arsenal.

The perturbation that produced the highest frequency of goal attempts
was the pass skill, which produced 27 shots (27.8%) (Table 10). The lost control
perturbation again had a low shot to goal ratio (2:1); perhaps because these losses
of possession occur nearer the goal, presenting a better chance of scoring than may occur through other perturbations.
Yet the skill with the greatest scoring efficiency is run, suggesting that Arsenal fail to mark players running with/without
the ball into Arsenal territory. Because the pass and run perturbations are interlinked (as discussed previously in section
3.2) the high ratio for passing (27:1) and low for running (1.3:1) must be treated with caution. However these data and
conclusions highlight Arsenal’s strengths and weaknesses which may aid coaches in improving defensive and attacking
strategies for future performances.

skills in defence.

Perturbation Frequency No.ofgoals Ratio
Run 4 3 1.3:1
Dribble 4 1 4:1
Pass 27 1 271
Skill 4 0 -
Tackle 5 0 -
Change of Pace 0 0 -
Miss Tackle 1 0 -
Foul 9 1 9:1
Deflection 4 1 4:1
Positioning 16 5 3.21
Lost Control 2 1 2:1
Bad Pass 11 0 -
Total 97 13 7.5:11

Table 11 displays the total number of shots from all of Arsenal’s
opponents; the cumulative mean of defensive shots stabilised to
within +/- 10% of the overall, eleven match mean after 7 matches,
and remained within 5% of the overall mean thereafter. Figure 9
shows a graphic representation of these data. Further examination
of the data revealed a standard deviation of 3.0, which equated
to 33.6% of the overall mean, compared to the higher variability
witnessed for attacking shots.
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Table 11. The means and limits of error for frequency of shots by Arsenal by game.

Game Shots Cum. Mean  Mean (11) -10% +10% -5% +5%
1 9 9.0 8.8 7.9 9.7 8.4 9.3
2 6 7.5
3 14 9.7
4 5 8.5
5 5 7.8
6 13 8.7
7 9 8.7
8 11 9.0
9 8 8.9
10 8 8.8
11 9 8.8
Sum 97
Mean 8.8
St. Dev. 3.0
SD/Ave % 33.6
10.0

9.5

9.0

8.5

8.0

Cummulative Mean

7.5
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Fig. 9. Cumulative mean number of shots by Arsenal by game in chronological order
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Fig. 10. Cumulative mean frequency of opposition shots in reverse chronological and random order
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Similar graphs showing reverse and random distributions display differing analyses; reverse chronological ordering
showed excellent stability, but poor for random (figure 10). Although little research supported the quicker stabilisation
of opposition shots over that of individual teams, previous studies (Hughes et al., 2001a) failed to differentiate between
the opposition and attacking variables. However, Hook and Hughes (2001) confirmed that less successful teams exhibit
a more stable, predictable approach to attack; consequently these data are perhaps best explained by the opposition
demonstrating a poorer standard of play than that of Arsenal. Alternatively the stable nature of the data could indicate
Arsenal’s skill and strength in defence, preventing the opposition creating shots on goal using a wide range of attacking
methods, although a combination of these factors seems the most probable.

Table 12. Perturbation cumulative means by game.

Perturbation Cumulative means by game Mean (11) +10% -10%
1 2 3 4 5 6 7 8 9 10 1
Run 0.0 0.5 0.3 0.3 0.4 0.3 0.4 0.4 0.3 0.3 0.4 0.4 0.44 0.36
Dribble 0.0 0.0 1.0 0.8 0.6 0.5 0.6 0.5 0.4 0.4 0.4 0.4 0.44 0.36
Pass 1.0 2.0 2.0 2.0 2.0 2.3 23 2.5 24 2.4 2.5 2.5 2.75 2.25
Skill 0.0 0.0 0.3 0.3 0.2 0.3 0.3 0.4 0.3 0.3 0.4 0.4 0.44 0.36
Tackle 1.0 0.5 0.3 0.5 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.5 0.55 0.45
CoP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00
Miss Tackle 2.0 1.0 0.7 1.0 0.8 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.10 0.90
Foul 2.0 1.5 2.0 1.5 1.2 1.2 1.3 11 1.0 0.9 0.8 0.8 0.88 0.72
Deflection 1.0 0.5 0.7 0.5 0.4 0.5 0.4 0.4 0.3 0.3 0.4 0.4 0.44 0.36
Positioning 1.0 1.0 1.3 1.0 1.0 1.0 1.0 0.9 1.2 1.5 1.5 1.5 1.65 1.35
Lost Control 0.0 0.0 0.3 0.3 0.2 0.2 0.1 0.1 0.1 01 0.2 0.2 0.22 0.18
Bad Pass 1.0 0.5 0.7 0.5 0.6 1.2 1.0 1.4 1.2 11 1.0 1.0 1.10 0.90

CoP — Change of Pace

Table 12 shows the variation between perturbations; although all skills stabilised within 10% of the overall mean by
games 10 and 11, the dribble and bad pass variables showed prolonged variation, stabilising by the final two games. These
data compare to the pass and miss tackle perturbations which stabilised to within 10% after 7 matches. Figures 11 and
12 represent the miss tackle and dribble perturbation skills graphically. Due to the relatively small frequency of some
variables, calculations of cumulative mean showed large differences; for instance the lost control variable needed to stabilise
to within +/-0.02 of the overall mean to be considered stable whereas other perturbations had greater tolerances.

Figure 11 demonstrates the analysis of shots and goals over each period of play; from a total of 97 shots on goal,
41% occurred during the first half of matches. The highest frequency of goals occurred between minutes 0-15 and 75-
90, although when the data was contextualised, the most efficient goal scoring period was first 15 minutes of the game
when, on average every 3.5 shots resulted in a goal (table 4.13). In an interesting contrast to attacking shots, where the
highest ratio was observed, Arsenal appear to show vulnerability at the start of the match; perhaps resulting from a lack
of confidence/ concentration or, as Gray and Drewett (1999) suggested, the high motivation of the opposition players in
the first 15 minutes.

Although 20 shots occurred during the first 15 minutes of the second half, only 2 of those resulted in a goal, perhaps
these data could be the result of higher concentration from the Arsenal goalkeeper and defenders at the start of the second
half. A total of 58.8% of all opposition shots occurred in the second half of the matches analysed, these data suggest that
Arsenal placed less urgency on attack during these periods, perhaps having established a lead whilst the opposition are
forced to chase the game.

These data serve to highlight Arsenal strengths and weaknesses rather than suggest future strategies; (for example)
just because a team concede from every 4 shots during a period of the game does not mean the opposition should attempt
to shoot (and expect to score) from unrealistic positions during that time. Instead these data should be used to compliment
other analysis before presentation is made to the coaching staff.

Table 13 describes the distribution of all shots by nature; the highest frequency of shots occurred when Arsenal’s
opposition were losing. Further analysis to contextualise the data revealed the average time between shots varied by nature,
with shot frequency when losing 2.5 times that when winning. An average of 91 minutes per goal (with a shot:goal ratio
of 7:1) when losing, contrasts with an average of 44.7 minutes per goal when drawing (shot:goal ratio of 4:1), therefore
suggesting Arsenal dominate possession when losing, preventing the opposition opportunity to extend their lead.
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Fig. 11. Shot and goal distribution over time

Table 13. Distribution of shots of the opposition by nature.

Game Nature Time Shots Goals | Average mins p/shot | Average mins p/goal | Shot: goal ratio
Winning 168 9 0 18.7 - -
Drawing 402 33 9 12.2 447 411
Behind 364 49 4 7.4 91 13:1
Overall 990 97 13 10.2 71.9 7:1
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Fig. 12. Distribution of opposition perturbations by nature
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Figure 12 details the distribution of perturbations by nature; when winning 38.5% of all shots are created by the pass
perturbation compared 15% of shots when drawing. The attacking strategy of Arsenal’s opposition show less variation by
nature (figure 11) than Arsenal had exhibited (figures 5 and 6), suggesting the tactical awareness described by Hughes et
al. (1997) is lacked by the opposition teams. Because this study analysed a multitude of teams, differentiation between
the contrasting styles of opposition is impossible, the data represent a general trend of the opposition play. A chi-square
test (Table 14) revealed significant differences between the patterns of play for all game states, with the greatest statistical
variation occurring between drawing and losing.

When trailing, the opposition used dribbling (14%) perturbations more frequently, and relied less upon skill and
tackle. Whilst these data provide little team-specific accuracy, it is interesting to contrast Arsenals reluctance to dribble
with the opposition enthusiasm to when losing.

Table 14. Chi-square results for Performance profiling with perturbations

X tates.
comparison of game states From the eleven matches notated performance profiles were generated for

Comparison X Arsenals perturbations. An additional five matches allowed opportunities to
Winning and Drawing 75.60 test the power and accuracy of the data and each profile. Two different ways of
Winning and Losing 56.66 profiling using the 11 sets of data were explored.

Drawing and Losing 83.02

: The General Prediction Theory (GPT) used the stabilised attacking means
g)gi'dzzeff:;nt%z‘lfaﬁsjgggts";f;ﬂsg?f for all matches previously presented in section 3.2. The mean values for each
insufficient frequency. (For df = 10, chi- perturbation skill were compared to the actual values for four additional games
E‘V‘;Tﬁ’;’é‘;]}lgéﬁiz‘; 18.31 10 reach the 95% in a method similar to that of Hughes et al. (1997). It was considered necessary

to round the figures for perturbations to the nearest whole number, because it

is impossible to have a fraction of a shot or perturbation. Four matches were
compared to the predicted values, with the previous match always added to the database; consequently for the final match,
14 matches formed the GPT database.

The Nature Specific Theory (NST) used the average minutes per shot (table 8) and normative distribution of shots
by nature to predict the proportion of shots in each game. When the actual time is divided by the predicted shot ratio for
each nature, a perturbation profile is developed. An example of the formula for calculation is shown below.

Run Perturbations when winning = (Average percentage of run perturbations when winning / 90) x actual minutes
winning = A

(Actual minutes when winning / average minutes per shot when winning) = B

(A /100) x B = NST predicted run perturbations when winning

Run perturbations over whole game = predicted shots when winning + drawing + losing

As for the GPT, it was considered necessary to round the figures for perturbations to the nearest whole number. Four
matches were compared to the predicted values, with the previous match always added to the database before the next
prediction.

Profile one: the General Prediction Theory (GPT)

Table 15. Predicted and actual frequencies using the GPT model.

Newcastle Southampton Leeds Chelsea
Predicted Actual Predicted Actual Predicted Actual Predicted Actual

Run 2 0 2 2 2 1 2 0
Dribble 1 2 1 3 2 1 2 2
Pass 2 0 2 1 2 2 2 3
Skill 0 1 0 0 0 0 0 0
Tackle 1 0 1 1 1 0 1 1

CofP 0 0 0 1 0 0 0 0
Miss Tackle 1 2 1 1 1 0 1 1

Foul 1 2 1 1 1 1 1 0
Deflection 1 0 1 0 1 1 1 1

Positioning 1 1 1 3 1 3 1 2
Lost Control 1 0 1 1 1 0 1 0
Bad Pass 1 2 1 1 1 1 1 0
Total 10 10 1" 14 10 9 10 10
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CofP — Change of Pace

Table 15 shows all predicted and actual frequencies for the four matches. Although the total shot frequency appears
to be reasonably accurate, individual perturbations show little accuracy for many of the games. The GPT model predicted
7 of the 12 individual perturbations correctly (58.33%) for the Southampton match and six of the 12 for the Leeds fixture,
however the levels of accuracy were poorer for the Newcastle (16.66%) and Chelsea matches (41.66%).

The disappointing levels of accuracy for the Chelsea and Newcastle games highlight the erratic nature of Arsenals play.
Against Newcastle, 7 of Arsenal’s 10 shots arose from defensive mistakes; un-characteristic for Arsenal, but indicative
their opponents frailty in defence. In contrast, against Chelsea a moment of individual brilliance from one Arsenal player
changed the game, as Arsenal scored twice in 4 minutes.

Figure 13 shows the combined frequencies for the attacking perturbations; data for four games were merged.
Although preventing analysis on a game-by-game basis, this approach allowed statistical tests to be conducted and the
study of individual perturbations across a number of games. Of the attacking perturbations, dribble, pass and tackle show
encouraging accuracy compared to the others, which were limited in frequency and therefore prone to higher variation.
The accuracy of the pass skill could be explained by its generic nature; it provides the highest proportion of shots during
each nature, with the exception of losing and could therefore expected to show accuracy when no differentiation is made
between natures.

Chi-Square tests revealed significant differences (%*>=17.57) between the predicted and actual distribution of attacking
perturbations, with change-of-pace excluded because of insufficient frequency (chi-square must exceed 9.49 to reach
the 95% confidence level (p<0.05)).

Of the defensive perturbations shown in figure 14, all bar positioning and lost control show encouraging accuracy, it
should be noted that several variables (including lost control) are limited in frequency and therefore prone to have high

9 200.0
-+ 180.0
-+ 160.0
-+ 140.0
-+ 120.0
-+ 100.0
-+ 80.0
-+ 60.0

B EEE o

Run Dribble Pass Skill Tackle Change of
Pace

Frequency of shots
Percentage error (%)

Perturbation

‘l Predicted @m Actual % Error

Fig. 13. Combined frequency data for attacking perturbations and percentage error, using the GPT
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error when comparisons are made with predictions. A Chi-Square test revealed no significant differences (y*=10.06)
between the predicted and actual distribution of defensive perturbations (chi-square must exceed 11.07 to reach the 95%
confidence level (p<0.05)).
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Fig. 15. A graphic comparison of GPT predicted and actual frequencies of shots for each
perturbation for the Southampton match.

Figure 15 shows the comparison between predicted and actual values for the Southampton match. As already discussed,
this match provided the greatest correlation between predicted and actual perturbation frequencies. The relative accuracy
of the profile is perhaps explained by the fact Arsenal spent the majority of the game winning (55mins); the score line
and performance could be described as a typical game involving one of the Premierships top teams (i.e. a comfortable
win). The large frequency of positioning perturbations is indicative of Southampton’s poor defensive skill, and as Gray
and Drewett (1999) suggest the team chasing the game leave themselves exposed in defence.

The level of accuracy shown by the GPT was considered disappointing; it was apparent that the GPT had failed to
account and adapt for the differences in score-line-dependant tactics, which had been identified. Consequently a new
method of profiling which accounted for the variations in style and nature of the game was developed. It was felt that this
approach would produce a higher level of accuracy when predicting individual variable frequency than that observed
for the GPT.

Profile two: the Nature Specific Theory (NST)

As for the GPT, it was considered necessary to round the figures for perturbations to the nearest whole number. Four
matches were compared to the predicted values, with the previous match always added to the database before the next
prediction.

Table 16 shows all predicted and actual frequencies for the four matches. Although the total shot frequency appears to
be slightly less accurate than the GPT model (table 15), comparison between individual perturbations showed an increased
consistency in accuracy. The NST model predicted 6 of the 12 individual perturbations correctly for the Southampton
and Leeds matches, 5 of the 12 for the Chelsea fixture (41.66%) although just 3 of the 12 perturbations matched the actual
values for the Newcastle match.

The failure of the model to show great accuracy should be viewed as indicative of the erratic nature of Premiership
football, as previously discussed. Figure 16 shows the combined frequencies for the attacking perturbations when data
for all four games were merged. Of the attacking perturbations, dribble and pass showed excellent accuracy compared
to the others, which are limited in frequency and therefore prone to higher errors.

Chi-Square tests revealed significant differences (¥>=27.58) between the predicted and actual distributions of the
attacking perturbations which fulfilled the criteria for chi-square (chi-square must exceed 7.81 to reach the 95% confidence
level (p<0.05)).
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Table 16. Predicted and actual frequencies using the NST model.

Newcastle Southampton Leeds Chelsea
Predicted Actual Predicted Actual Predicted Actual Predicted Actual
Run 2 0 2 2 2 1 2 0
Dribble 1 2 2 3 2 1 1 2
Pass 2 0 2 1 2 2 1 3
Skill 0 1 0 0 0 0 0 0
Tackle 0 0 0 1 0 0 1 1
CofP 0 0 0 1 0 0 0 0
Miss Tackle 1 2 1 1 1 0 1 1
Foul 1 2 1 1 1 1 1 0
Deflection 1 0 0 0 0 1 1 1
Positioning 1 1 1 3 1 3 1 2
Lost Control 1 0 0 1 1 0 1 0
Bad Pass 1 2 1 1 1 1 1 0
Total 10 10 9 14 10 9 10 10
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Of the defensive perturbations shown in figure 17, all bar positioning and lost control show perfect accuracy. Further
analysis revealed that greater numbers of predictions matched the actual values for attacking perturbations (41.66%) than
defensive variables (33.33%); therefore suggesting that by combining the four games, errors have been hidden.

Chi-Square tests revealed significant differences (y*=26.09) between the predicted and actual distributions of defensive

perturbations (chi-square must exceed 11.07 to reach the 95% confidence level (p<0.05)).
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Fig. 18. A graphic comparison of NST predicted and actual frequencies of shots for each
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Although the NST failed to show dramatic improvements upon the GPT, the ability to account for the state of the
game when predicting future performance more accurately replicates the demands of matches and may go someway

towards improving the accuracy of performance profiles.
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Performance profiling — an evaluation

The state or nature of the game may affect the frequency of shots and perturbations; however attempts at profiling
and therefore predicting perturbations in any given match have produced mixed results. Table 17 shows that the two
models proposed by this paper displayed almost identical levels of success; both performed poorly for the Newcastle
match, although the NST appears to allow a more consistent prediction than the GPT.

Table 17. Percentage of exact matches between predicted and actual perturbation

frequencies.
Newcastle Southampton Leeds Chelsea Average
GPT 16.7 58.3 50.0 4.7 41.7
NST 25.0 50.0 50.0 41.7 .7

Work in this paper and that by previous researchers (Hughes et al., 1997; Murray and Hughes, 2001) suggest that
predictions using perturbations may only ever to be able to achieve a consistent success level of around 60% for individual
perturbation frequencies. Such is the nature of football (and particularly the English Premiership) that teams do not
perform in a consistent manner; many of the top teams possess ‘flair’ players who can randomly produce moments of
extreme skill which turn the course of matches. These conclusions support earlier work by Hook and Hughes (2001) which
demonstrated the wide ranging, inconsistent methods of attack demonstrated by successful teams.

In contrast to individual sports (Sanderson, 1983), this study demonstrated that Arsenal use significantly different
tactics when winning, losing or drawing. Utilising this knowledge, the NST appeared to be a more consistent method of
profiling than that previously introduced by Hughes et al. (1997).

Additional obstructions to the modelling process have already been discussed in section 1.2, but the rarity of television
coverage is crucial; analysis of every consecutive match could go someway to improving the success of perturbation
profiling. When large numbers of matches are collated for profiling, it is reasonable, as Potter and Hughes (1996) suggested
that an optimum database size exists. If grading systems such as that proposed by Mosteller (1979) are to be employed in
profiling, then it is necessary to know the precise amount of data which creates an accurate profile; data presented in this
paper suggested that a minimum of eight games are required for the construction of a representative database. However
this study used matches across a long period of time; it is recommended therefore, that eight matches are required for
profiling an elite football team when matches are collected intermittently over an extended period of time.

Systems that exhibit dynamical tendencies are held to do so regardless of the level and time-scale at which the system
is analysed (Kelso, 1995). This research has attempted in a practical way, to focus on the kinematic relations between
players of a particular team (level of analysis) within a sports contest (timescale — a series of matches in one season). Thus,
the fortunes of a player or team over a series of contests might itself be considered as a dynamical system on a different
level of analysis and time-scale from that considered hitherto, as suggested by McGarry et al. (2002). Further, from a
developmental perspective, changes within the players that comprise a series of sports contests would be considered agents
for change within a dynamical system. In the course of a season, there were variations in, for example, the injury status,
fitness and skill of players and, the availability and selection of players. Thus, the attractor landscape that underpins
the intrinsic dynamics of any given sports contest will itself inevitably change over the course of a season, as a result of
change in these and other variables. The impact of developmental variables on the intrinsic dynamics of a sports contest
is an important issue that future research should address.

Conclusions

It was concluded that the identification and analysis of perturbations and their location was consistent and reliable.
Arsenal’s characteristic patterns of play were identified enabling the prediction of future match outcomes and highlighting
important coaching information such as strengths and weaknesses in attack and defence. A goal was scored, on average
from every 5 Arsenal shots with lost control the most efficient attacking perturbation (42.9% shots resulted in goals) and
foul the least (10%). In defence Arsenal conceded, on average from every 7.5 shots but appeared to show vulnerability
to attacking runs, with 75% of those perturbations resulting in goals.

It was concluded that total shot frequency stabilised after 8 matches, however the varying tactical strategies employed
within games caused the data to show high variability. Further attempts to integrate these tactical variations into profiling
provided more consistent results than the method introduced by Hughes et al. (1997).

Because clite teams aim for unpredictability and the multitude of factors influencing match situations, prediction
of individual perturbations may be very difficult to achieve with higher degrees of success than witnessed in this study.
Nevertheless this dissertation demonstrated the potential benefits of nature-specific modelling in soccer which could
form the basis for future research using perturbations in soccer.
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Recommendations for future research

Because elite soccer may provide limited levels of success, future work should concentrate on the analysis of

consecutive, non-elite matches. Further attempts at profiling should discriminate between the game states, defining the
changes in strategy and examining the implications for coaching.

To reduce the confusion surrounding the optimum database size for specific teams, future work could analyse the

effects of graded models upon performance profiling.
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THE NEW SPORT AND HEALTH PARADIGM -
A SOCIO-ECONOMIC ANALYSIS

Otmar Weiss

Department of Sports Science, University of Vienna, Austria

Abstract

Health economists, sports physicians and sociologists have worked together on an interdisciplinary basis to develop
a welfare-economic cost-benefit model of mass and leisure sports in Austria. With the aid of this model the cost to the
economy of a country caused by sports injuries and accidents on the one hand, and on the other the benefits of sport to
health economy were calculated for Austria and the year 1998. The aim was to objectivize the question as to the positive
and negative effects of sport on health.

It is clearly to be seen that more economic costs are incurred not from doing sports but from not doing sports.
As immaterial values in sport such as mental, physical and social well-being cannot be quantified, these remain as an
additional benefit.

The results of the study can be summed up as follows: Promotion of sport and exercise as a significant facet of lifestyle
in a modern health and social system not only helps to improve general well-being but it also contributes towards saving
economic costs.

Key words: Multi-, trans- and interdisziplinarity, cost-benefit survey of active sport

Introduction

In the first part of this paper it will be shown that the investigation of human behaviour in sport can be carried out
only in its entirety. Instead of monocausal explanations multicausal explanations are needed. To achieve this goal multi-
, trans- and interdisciplinary paradigms of sport science are a precondition and also a programme — a programme of
cooperation between sport scientists of different disciplines in order to combine and develop knowledge and methods
from these various sources.

In Vienna we conducted an inter- and indeed also transdisciplinary study concerning the cost / benefit balance of
sport participation in Austria. A study of this sort entails cooperation between health economists, sport sociologists and
sport physiologists, which seems to be a good example of such a paradigm. This project is an economic analysis of the
costs of sportaccidents on the one hand and the benefits of sport participation on the other.

The second part is an abridged version of the report on this study by Weiss, O. et al (2001) which was commissioned by
the Federal Ministry for Social Security and the Generations (Bundesministerium fiir soziale Sicherheit und Generationen)
and undertaken by the Austrian Federal Sports Organization (Osterreichische Bundes-Sportorganisation) in collaboration
with the Institute of Sport Science, University of Vienna (Institut fiir Sportwissenschaft der Universitdt Wien) and the
Institute Safe Living (Institut Sicher Leben).

Paradigms of Sports Science

If we look into the history of sport science the starting point was more or less physical education and the analysis
of sport at school. With the development of sport outside schools (leisure sport, top level sport etc.), sport medicine,
kinesiology, psychology of sport, sociology of sport and other disciplines of sport science were established and have
investigated sport from many different perspectives.

However, if we look into the future development of sport science we have to take into consideration that sport has
become a social phenomenon of great magnitude and complexity. This can be seen and demonstrated most clearly by
looking at the example of the economic significance of sport, which is increasing world-wide. A shorter working week,
an increase in the value we place on leisure, and the growth of the television industry have helped sport to become a
commodity to be produced, marketed, and sold to the public.

As a result sport has become a huge industry. In order to explore this relationship (symbiosis) between sport and
economy not only the scientific discipline “economics of sport* is necessary, but disciplines such as psychology of sport,
sociology of sport and many others are also needed.

In the same way analysis in sport and health require sociological, psychological, anthropological etc. knowledge and
methods. The field of health and sport is very heterogeneous and complex; its investigation does not by any means take
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one particular research paradigm as the law but rather prefers pluralism in theory and methodology. As an integrative
discipline sport science needs integrative concepts and research designs.

The development of sport science in the past century was characterised by the genesis of and differentiation
of various disciplines which developed independent of one another into kinesiology, sociology of sport, economics of
sport and so on. Cooperation and integration of these disciplines could be the programme of sport science for this young
century.

r

ParadiQm oI Sport . Science (Future)

Sport Scie_‘_nc_e

Figure 1. Paradigm of Sport Science (Past) Figure 2. Paradigm of Sport Science (Future)

This shows that multi-, trans- and interdisciplinarity could be the most important paradigms of sport science in the
future.

Multidisciplinary research means the cooperation between different and appropriate disciplines.
Transdisciplinary research means the introduction of foreign elements into an established science.

Interdisciplinary research means the development of comprehensive theoretical concepts through integration of
knowledge and methods from different disciplines.

Sports and Health — A Socio-economic Analysis

The Cost of Sports Injuries and Accidents

During 1998 98,626 sports accidents were registered in Austria. The direct costs (for medical treatment and
rehabilitation) and the follow-up costs (for sick leave, invalidity pay or death) amounted to € 302 million. Table 1 shows
the division of these costs.

Table 1. Cost of Sports Accidents according to Type of Expense (in Austria in 1998)

Type of Expense No. of Injured and Dead Cost % Share Average Cost per Case
Occupational Production Loss 18.832 141 mio. € 47 % 74.900 €
Sick Leave 98.504 94 mio. € 31% 940 €
Medical Treatment and Rehabilitation 98.626 67 mio. € 22 % 650 €
Total 98.626 302 mio. € 100 % 3.050 €

e In 1998 the average total cost per sports accident was approximately € 3.050.
e  Of this sum, per case approximately € 650 were spent on medical treatment.

Three quarters of the medical costs were for in-patient treatment in hospital, one fifth for out-patient treatment, and
only a small fraction was for treatment at doctors’ surgeries (Table 2).
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Table 2. Cost of Medical Treatment and Rehabilitation (in Austria in 1998)

Type of Treatment g:;:; Cost % Share AV:;:%Z::“
In-patient 18.710 48 mio. € 72 % 2.543 €
Rehabilitation 198 3 mio. € 4% 13.244 €
Out-patient 74.943 14 mio. € 21 % 189 €
Treatment in Doctors’ Practices 23.561 2 mio. € 3% 87 €
Total 98.504 67 mio. € 100 % 673 €

30% of the cost of occupational production loss due to sports accidents are incurred by deaths, and 70% by invalidity

(Table 3).

Table 3. Cost of Occupational Production Loss due to Sports Accidents of Economically
Active Persons (in Austria in 1998)

(L):::pational Production g:;:; Cost o, Share Av:;?gcea::st
Death 71 43 mio. € 30 % 0,60 mio. €
Invalidity 244 98 mio. € 70 % 0,40 mio. €
Total 315 141 mio. € 100 % 0,44 mio. €

If the total cost of sports accidents is broken down according to the seriousness of injuries the result is as can be

seen in Table 4:

Table 4. Cost of Sports Accidents according to Seriousness (in Austria in 1998)

Cause of Cost No. of Cases Total Cost % Share Average Cost per Case
Death 122 43 mio. € 14 % 348.320 €
Serious Injury 18.710 180 mio. € 60 % 9.670 €
Minor Injury 79.794 79 mio. € 26 % 1.020 €
Total 98.626 302 mio. € 100 % 3.050 €

A serious injury requires in-patient treatment. A minor injury requires treatment either as an out-patient or in a

doctor’s practice.

Table 5. Cost of Treatment for Non-fatal Sports Accidents according to Type of Sport

(in Austria in 1998)

Type of Sport No. of Injured Coisr: cr:lfiﬁli'sztsnéent % Share
Alpine Skiing 21,155 22,45 mio. € 34
Football (Soccer) 22,477 9,93 mio. € 15
Cycling (as a sport) 10,611 8,41 mio. € 13
Other Sports (detailed) 8,198 4,83 mio. € 7
Hiking, Mountaineering 3,934 4,69 mio. € 7
:
Inline Skating 5,289 2,30 mio. € 3
Handball, Volleyball, Basketball 7,636 2,25 mio. € 3
Cycling (in normal traffic) 1,785 1,74 mio. € 3
ESI’EST';?]‘:S“ Badminton, 2,611 1,50 mio. € 2
Ice Skating, Ice Hockey 2,578 0,97 mio. € 1
Swimming, Diving, Scuba Diving 231 0,80 mio. € 1
Paragliding, Parachuting 231 0,75 mio. € 1
Gymnastics 1,851 0,59 mio. € 1
Running, Jogging 1,554 0,55 mio. € 1
Climbing 397 0,48 mio. € 1
Skateboarding, Roller Skating 1,058 0,44 mio. € 1
Windsurfing, Rafting, Water Skiing 66 0,03 mio. € 0
Other Sports (not detailed) 66 0,13 mio. € 0
Total 98,504 66,51 mio. € 100

Thus it can be seen that 60% of
total costs are incurred as the
result of serious injuries (cost
per case € 9.670), 26% stem
from minor injuries (cost per
case € 1.020), and 14% from
fatal injuries (cost per case €
348.320).

Three sports — in order of accident
frequency: alpine skiing, football
(soccer) and cycling — answer for
over 60% of the costs of medical
treatment (Table 5). But to
deduce that these are therefore
the most dangerous sports would
not be correct; the large number
of people injured is due to the
large number of people doing
these sports. Cycling is the most
popular Austrian sport, skiing
takes third place, and football
(soccer) seventh (Weiss 2000).
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Table 6 shows the total cost of sports accidents, i.e. the cost of medical treatment and rehabilitation, and occupational
production loss, in the case of the economically active through sick leave, invalidity or fatal accident.

Table 6. Cost to the Economy of Sports Accidents in terms of Type of Cost and of Sports with the Most Accidents (in Austria in
1998)

No. of Medical Treatment Invalidit Fatalit Total
Type of Sport Injured+ + Rehab. Sick Leave (mio €)y (mio €); (mio. €)
Dead (mio. €) (mio. €) : ) '
. " 22,46 mio. € 35,76 mio. € 34,66 mio. € 8,94 mio. € 101,82 mio. €
Alpine Skiing 21.183 34% 38 % 359 219 34 %
. 8,43 mio. € 15,48 mio. € 11,92 mio. € 8,36 mio. € 44,19 mio. €
Cycling (as a sport) 12.426 139 16 % 12% 20 % 15%
. . ) 4,72 mio. € 8,07 mio. € 17,37 mio. € 30,16 mio. €
Hiking, Mountaineering 3.977 79% 9% - M % 10 %
9,96 mio. € 12,06 mio. € 5,45 mio. € 27,47 mio. €
Football (soccer) 22 477 15 9% 139 6% - 9%
Swimming, Diving, 237 0,80 mio. € 0,44 mio. € 20,78 mio. € 1,82 mio. € 23,84 mio. €
Scuba Diving 1% 21 % 4% 8 %
- . 0,73 mio. € 0,87 mio. € 9,45 mio. € 4,8 mio. € 15,85 mio. €
Paragliding, Parachuting 242 1% 1% 10 % 1% 59
19,41 mio. € 21,50 mio. € 15,84 mio. € 1,36 mio. € 58,11 mio. €
Other Sports 38.083 29 % 239 16 % 39 19 %
Total 08.626 66,51 mio. € 94,18 mio. € 98,10 mio. € 42,65 mio. € 301,55 mio. €
’ 100 % 100 % 100 % 100 % 100 %

s The most serious, and therefore most expensive accidents occur in swimming (predominantly in diving and scuba
diving) and in paragliding and similar extreme sports.

m  Some 80% of the costs following sports accidents are incurred from injuries to men.

m  The cost of treatment is most expensive in women aged 10 to 14, and in men in the age group 20 to 24.

The Benefit of Sport to Health Economy

The methodological basis used to calculate the benefit of active sport is a welfare economic approach which takes
into account not only the given but also the potential level of sports activity. The social expenditure (health system, social
security etc.) which could be avoided by an increase in sports activity is also calculated.

There are two stages in the approach to this benefit.
1. Determining the economic cost of diseases which can be considered to be caused by a lack of physical activity:

m Loss of part of life income due to death whilst still of earning age (“death before the time has come™). This also
includes the costs accruing from payments to dependents (widows and orphans) in accordance with insurance
principles.

m In-patient hospital costs
m Cost of out-patient treatment
m Loss of contribution towards production and of income due to sick leave, inability to work or a reduction in earning
capacity.
2. Calculating how much (given or potential) physical activity can contribute towards minimizing the costs which these
so-called “lack of activity* diseases incur.

Risk Group Model (PAR Model)

The risk group or PAR model (Population Adjusted Relative Risk Calculation) links the given spread of behaviour
with latent risk (smoking, overeating or just physical inactivity) within a population with a scale of the relative risk for
exposed (inactive), little (moderately active) or practically not at all exposed (active — extremely active) groups.

The Relative Risk scale (RR distribution) indicates the higher risk factor (multiple of 1) more exposed control groups
have of contracting or dying of a particular disease.

Figure 1 shows the relative risk range of all the groups of diseases taken into consideration for inactive, moderately
active and highly active groups of the population. Using the relative risk factor the difference in risk (depending on the
relevant level of activity) of falling ill or dying has been identified for the following diseases: coronary heart diseases
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(morbidity and mortality) (Ball 1997, Blair 1994, Blair 1994, Colditz 1999, Ekelund 1988, Kushi 1997, Leon 1987, Morris
1953, Morris 1980, Morris 1990, Pfaffenbarger 1986, Pfaffenbarger 1994, Powell 1987, Sandvik 1993, Slattery 1988,
Slattery 1989), stroke (Ball 1997, Kiely 1994), discopathies and dorsopathies (morbidity) (Weineck 1997), diabetes 11
and vascular diseases due to diabetes (morbidity) (Ball 1997, Colditz 1999), diabetes II (mortality) (Colditz 1999), gall
bladder disorders (mortality) (Colditz 1999), cancer of the intestine (morbidity + mortality (Brownson 1989, Colditz 1999,
Lee 1994, Lee 1995, Powell 1987, Severson 1990, Thune 1996, Vena 1987), breast cancer (morbidity) (Colditz 1999),
depression syndromes (Pfaffenbarger 1994), osteoporosis (morbidity) (Ball 1997) and brittle-bone fractures (morbidity)

(Colditz 1999).

Figure I. Risk Groups resulting from the Practice of
Sports in Austria (1998) (Footnotes)

Figure 2. Relative Risk Distribution taking Coronary
Heart Diseases (Morbidity) as an Example

Translation

“inaktiv® means
inactive
(1-2 times per month)

“moderat aktiv’ means
moderately active
(1-2 times per week)

“aktiv hochaktiv” means
active / extremely active
(3 times per week or more)

Anteil Risikogruppen means
Proportion per Risk Group

Figure 1 should be interpreted as follows: the risk of falling ill
or dying of any of the diseases and disorders under scrutiny was
least for the (extremely) active (RR factor between 1 and 1,15),
followed by the moderately active (with RR factor between 1 and
1,45). The group of inactive or marginally active were most at risk
with RR factor ranging from 1,27 to 1,85.

Translation

“inaktiv® means
inactive
(1-2 times per month)

“moderat aktiv’ means
moderately active
(1-2 times per week)

“aktiv hochaktiv’ means
active / extremely active
(3 times per week or more)

Anteil Risikogruppen means
Proportion per Risk Group

Figure 2 shows that the risk of coronary heart diseases is less
in the (extremely) active than in the moderately active (RR factor
of 1,1 in the active as opposed to an RR of 1,3 in the moderately
active). The highest risk of contracting a coronary heart disease is
to be seen in the inactive and marginally active group (RR 1,85).

Figure 2 shows an example of the relative risk value with
reference to coronary heart diseases.

Using a special formula (Colditz 1999), a population adjusted
risk factor (PAR factor) for each group is calculated from the size
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of the relevant risk group and its average “relative risk” factors (morbidity and mortality). The reduction of risk achieved

by doing sports can be given as a percentage, using these PAR factors. With the aid of the PAR factor saving in costs to
the economy can be determined.

Avoidance of diseases and lower mortality rates are the benefits and saving effects of active sport. On the basis of the

present levels of physical activity the saving in public expenditure is calculated in terms of the type of disease (Figure 3)
and the type of cost item (Figure 4).

total sum: 567 mio. €

Depression Syndromes 7 mio. € (1,299
All Cause Mortality J 197 mio. € (17,2%)
Osteoporosis 2 mio. € (0,4%)
Hip Fractures (osteoporotic) 7 mio. € (1,2%)
Vascular Diseases (diabetic) 9 mio. € (1,6%)
Intestinal Cancer 12 mio. € (2,1%)
Breast Cancer 12 mio. €(2,1%)
Cerebrovascular Diseases 22 mio. € (3,9%)
Gall Bladder Disorders 22 mio € (3,9%)
Diabetes II 23 mio| € (4%)
Discopathies, Dorsopathies ‘ 143 mlo‘. € (25.2%) J)
Coronary Heart Diseases ZITmio. € (37,2%) |
0 50 100 150 200

million €

Figure 3. Benefits of Active Sport Saving in Cost according to Type of Disease (in Austria in 1998)

total sum: 567 mio. €

Pensions due to
Incapacity to Work

Sick Leave

Out-patient Treatment 165 mio. € (29%)

141 mio. € (25%)'

169 mio. € (30%)

In-patient Treatment

Mortality

80 100 120 140 160 180

million €

Figure 4. Benefits of Active Sport Saving in Expenditure according to Type of Cost (in
Austria in 1998)
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Cost-Benefit Survey of Active Sport in Austria with regard to Health Economy
A comparison of the economic costs and benefits of active sport gives the following picture for 1998:

Table 7. Cost-Benefit of Active Sport (in Austria in 1998)

Cost in Consequence Benefit from Avoidance

of Accidents in % of Costs in consequence in %

(in million €) of lliness (in million €)
Occupational Production Loss due to
Death 43 14 169 30
Invalidity 98 33 42 7
Sick Leave 94 31 50 9
Cost of Medical Treatment
In-patient 51 17 141 25
Out-patient 16 5 165 29
Total 302 100 567 100

m  The cost incurred by sports accidents (n = 98,626) come to a total of approx. € 302 million per year, mainly for
“Occupational Loss of Production in the case of the Economically Active through Invalidity” and “Sick Leave”.

m  The benefit (= saving) due to the present level of physical activity in Austria is some € 567 million per year, which
means there is a credit balance of approx. € 265 million.

m  This benefit is mainly for savings in costs for “Loss of Production due to Death” and for “Medical Treatment”.

Benefit of Active Sport € 567 million
(avoidance of costs in consequence of illness)

Cost of Active Sport € 302 million
(Consequences of sports accidents)

Balance € 65 illlbon m

This credit balance can be explained first and foremost by the fact that sports injuries on the whole require less lengthy
and cheaper treatment than do diseases caused by lack of exercise. The types of complaint on the credit side take a far
more severe course (including fatalities), whereas there are very few cases of invalidity for life, these being the result of
typical diseases caused by a lack of exercise (i.e. without injuries or the aftermath of injuries).

The expenditure caused by the relative inactivity of the population group which does little or no sport amounts to
some € 840 million. In other words: if half the “inactive” risk group were transferred to the “moderately active” group
and the other half to the “active — extremely active” group this would result in an additional benefit or saving effect of
€ 840 million.

In order to obtain a net potential effect as target variable this potential sum (€ 840 million) must be set against the
relevant cost of sports injuries and accidents at each particular level of activity. However, this balance could be improved
by introducing effective measures for avoiding injury.
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APA AND SPORT FOR PERSONS WITH A DISABILITY
— CURRENT ISSUES AND CHALLENGES

Gudrun Doll-Tepper

Freie Universitdit Berlin, Germany

Abstract

Within physical education, sport and sport science, a new specialisation area has merged during the past few decades:
adapted physical activity and sport for persons with a disability. Past and current developments are presented and reviewed,
pointing out specific issues of improved participation, professional training and research. The importance of international/
European networking and cooperation is highlighted.

Key words: disability, inclusion, international cooperation, professional training

Introduction

During the past four decades, societal changes have occurred which emphasise equity and equality issues related
to the role of persons with a disability. These changes have also clearly impacted the area of physical activity and sport
in various settings. These impacts include rehabilitation/therapy, education, recreation and high-performance sport.
New approaches in physical education and sport have been developed and during the 1970°s a new term was introduced
“Adapted Physical Activity” (see Doll-Tepper/Dahms/Doll/Von Selzam 1990; DePauw/Sherrill 1997). Currently efforts
are being made to offer access to physical education and sport to all, in particular to those with a disability, in segregated
environments and increasingly in integrated settings. In this context, it is important to highlight initiatives within the
Sport-for-All movement and current developments in the area of high-performance sport, such as in Paralympic sport.
Important changes with regard to professional training in adapted physical activity and sport have occurred recently, very
often based on the creation of thematic networks amongst experts from different European countries.

European and international cooperation and alliances have significantly contributed to better recognition of adapted
physical activity and sport for persons with a disability, increased opportunities for participation and improved teaching
and research.

Terminology and definition

As early as in 1952, the term “adapted physical education” was used to describe a specialisation area with a strong
focus on children and youth with a disability participating in physical education in special schools. Since the 1970’s many
professionals in physical education and sport science have preferred the term “Adapted Physical Activity” due to the fact
that it covers a much broader spectrum of physical activity and sport for persons with a disability.

In 1996, Sherrill presented the following definition: “Adapted Physical Activity is a cross-disciplinary theory and
practice related to lifespan activity of individuals, whose function, structure or appearance requires expertise in (a)
assessing and adapting ecosystems and (b) facilitating societal changes for:

- equal access

- integration/inclusion

- lifespan wellness

- movement success

- empowerment/self-actualization”

(Sherrill 1996, 389).
The area of “Adapted Physical Activity” has gained growing recognition as a sub-discipline of sport science and

is currently understood as an integral part of research and teaching in the field of sport and physical education (see
Massengale/Swanson 1997; ICSSPE 2003).

Current developments in physical education and sport

Although children and youth with a disability in some countries are still educated in segregated settings, such as
special schools, more inclusive education is increasingly practised. This is reflected in new educational approaches based
on revised legal requirements in many countries around the world. World-wide efforts are currently underway to raise the
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status and state of physical education with a particular focus on introducing inclusive physical education in which children
and youth with a disability are taught alongside their non-disabled counterparts (see Doll-Tepper/Scoretz 2001).

Equally important in this context are efforts towards improved professional training for teaching staff and addressing
research issues in this specific area of expertise.

The Sport-for-All movement has recently addressed issues of inclusion as well, focusing on participation in physical
activities and sport for all.

Sport as an adventure and as a high-risk activity has become highly attractive to persons with a disability, offering
them opportunities to face new challenges in their lives. Parallel to these developments physical activity and sport are
still practised — as in the earlier years — as part of therapy and rehabilitation (see Guttmann 1976).

There is a growing interest of persons with a disability in high-performance sport participation up to and including the
pursuit of a career as a Paralympic athlete (see Doll-Tepper/Kroner/Sonnenschein 2001). Until the late 1980’s, competitions
for athletes with physical, intellectual and sensory disability took place without being noticed by the broader public and
the media. This has clearly changed since the 1988 Paralympic Games in Seoul, South Korea, and since the creation of
the International Paralympic Committee (IPC) in 1989.

An ever growing number of nations is participating in international sport competitions, such as the Paralympic
Summer and Winter Games.

The Paralympic Movement

Over the past years, Paralympic sport and competition has received increasing recognition in the world of sport.
This can be shown by the growing level of sporting excellence and an ever increasing number of nations and athletes
participating in sporting events, such as the Summer and Winter Paralympics:

Table 1. Summer Paralympic Games Issues related to Paralympic sport that are currently
addressed by professionals around the world include:
Year Venue NPC’s Participants e .
Classification
1960 Rome, Italy 23 400
1964 | Tokyo, Japan 22 390 Integration
1968 Tel Aviv, Israel 29 1100 Applicability of existing principles underlying performance
1972 Heidelberg, Germany 44 1400 (exercise physiology, biomechanics, etc.)
1976 Toronto, Canada 42 2700 .
Enhancing sport performance
1980 Arnhem, the Netherlands 42 2550 ) o ]
New York, USA 45 2500 Barriers to sport participation
1984
Aylesbury, GB 4 1430 Attitudes
1988 Seoul, South Korea 65 4300
1992 Barcelona, Spain 94 4000 Empowerment
1996 Atlanta, USA 103 3200 Retirement from sport
2000 | Sydney, Australia 123 3824 Inclusion — integration (intellectually disabled, deaf, able
2004 | Ath .
ens, Greece 130 4000 bodied, IOC)
NPC = National Paralympic Committee .
Spectatorship
Media

Table 2. Winter Paral ic G . ..
e pter Araympie fames Equity issues — gender, ethnicity, etc.

Year Venue NPC’s Participants Measurement of performance

1976 | Ornskoldsvik, Sweden 15 250 Process of educating and disseminating information

1980 Geilo, Norway 18 350 . . .

1984 Innsbruck, Austria 22 500 Sport injury — aetiology, prevention, treatment

1988 Innsbruck, Austria 22 700 Youth sport (developmental issues),

1992 Tignes-Albertville, France 24 600 Performance enhancement

1994 Lillehammer, Norway 31 950 . L. L. . ) .

1998 Nagano, Japan 2 7000 Initial and continuing participation — motivation, adherence
2002 Salt Lake City, USA 40 1100 (see Doll-Tepper et al. 1994; 1995).

NPC = National Paralympic Committee International conferences have offered a forum for an

exchange of experiences and research findings, in particular
the so-called VISTA Conferences in 1993, 1999 and 2003.

Close cooperation between the IPC and the IOC is based on formal contracts. Bidding for Olympic Games today
includes the bidding for Paralympic Games, a clear indication of the stronger connections between the Olympic and the
Paralympic movements.
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Special Olympics

Special Olympics has hosted summer and winter sport events for persons with an intellectual disability since 1968.
In addition, regular opportunities for participation in recreational activities are offered to these individuals, increasingly
in integrated settings.

Table 3. Special Olympics Summer Games

Year Venue Country Participants Pi':iﬂ?rai::g
1968 | Chicago/Soldiers Field USA 1000 2 (Zti:tatse; f)mm
1970 Chicago/lllinois USA 2000 3 w&?ﬁg;{"’m
1972 Los Angeles/California USA 2500 no data provided
1974 Mt. Pleasant/Michigan USA 3200 10

1979 New York USA 3500 more than 20
1983 Baton Rouge/Louisiana USA 4000 more than 250
1987 South Bend/Indiana USA 4700 70

1991 Minneapolis/Minnesota USA 6000 more than 100
1995 New Haven/Connecticut USA 7000 143

1999 Raleigh, Durham/North Carolina USA 7000 150

2003 Dublin Ireland 6500 150

Table 4. Special Olympics Winter Games

Year Venue Country Participants Pi‘::f;f:ggg
1977 Steamboat Springs/Colorado USA 500 2

1981 Smugglers’ Notch/Vermont USA 600 5

1985 Park City/Utah USA no data provided 14

1989 Reno/Nevada USA 1000 18

1993 Salzburg Austria 1600 50

1997 Toronto/Ontario Canada 2000 73

2001 Anchorage, Alaska USA 1900 80

2005 Nagano Japan 2000 80

Since 1999, important initiatives have been underway in which Special Olympics partners with universities in
Eastern Europe and Central Asia to focus on children with special needs and the professional preparation of students
and teachers.

New developments in professional training

The “European Master’s Degree in Adapted Physical Activity”, a European graduate degree programme has been
available to students since 1991. This programme is co-ordinated by the KU Leuven, Belgium (see Van Coppenolle et
al. 1993; Van Coppenolle et al. 2004). This one-year programme addresses various aspects of adapted physical activity,
providing an insight into physical activity and sport related issues, as well as disability related topics. Theoretical approaches
are linked to practical applications covering the whole spectrum of adapted physical activity, including rehabilitation,
therapy, education, recreation and high performance sport. Starting in 2005, this European initiative will be extended to
an ERASMUS MUNDUS programme and will allow students from non-European countries to participate.

In 1997, another programme was initiated, the “European University Diploma in Adapted Physical Activity”, co-
ordinated by the University of Paris, France. A 7-weeks-intensive course offers students the opportunity to become
acquainted with the most recent developments in adapted physical activity taught by teachers from different European
countries.

Moreover, the University of Rome, Italy, has been co-ordinating the “European Master’s Degree in Preventive and
Adapted Physical Activity” since 2002. This programme brings together teachers and students with different academic
backgrounds with a strong focus on medical aspects of adapted physical activity. These developments in professional
training in Europe are accompanied by the creation of new networks, such as the “Thematic Network Educational and
Social Integration of Persons with a Disability through Adapted Physical Activity” (see Van Coppenolle et al. 2004; De

64



Science and Profession - Challenge for the Future

Potter et al. 2004). Information and educational material are being made available and contribute to the introduction
of joint programmes at the national level, e.g. courses and classes in “Adapted Physical Activity” in universities and
institutions of higher education. An example of a national initiative is the “Information Centre for Sport for Persons with
a Disability” in Berlin, Germany. This institution collects and disseminates information about physical activity and sport
opportunities for persons with disabilities and health-related problems. In addition, the Information Centre organises
conferences which bring together different institutions and organisations in the area of disability and sport. Currently a new
European Thematic Network has been initiated that is focusing on Adapted Physical Activity, disability and ageing.

This is an important field of “Adapted Physical Activity” as the ageing population has not yet been the focus of
research and initiatives.

Physical activity and physical education are part of lifelong education and more efforts are needed to bring together
scientific expertise, initiate new programmes and share information about the benefits of physical activity across the
lifespan.

International cooperation and networking

During the 1970’s an umbrella organisation for adapted physical activity was established, the International Federation
of Adapted Physical Activity (IFAPA). Biannual international symposia offered an opportunity for researchers and
practitioners with different professional backgrounds to meet and exchange their most recent research findings and practical
experiences. During the past three decades regional branches have developed, such as the “European Association for
Research into Adapted Physical Activity (EARAPA)”, the “Asian Society for Adapted Physical Education and Exercise
(ASAPE)” and the “North American Federation of Adapted Physical Activity (NAFAPA)”. Since 1984, a scientific journal,
the “Adapted Physical Activity Quarterly (APAQ)” has served as a forum for the dissemination of research findings and
for the exchange of information concerning different approaches and developments world-wide. In addition, the journal
“Palaestra” also published in the US, offers a broad spectrum of information related to disability and sport.

Sport for persons with a disability — from an organisational perspective — has received increased attention and new
structures have been introduced. As early as 1924, the “Comité International des Sports des Sourds (CISS)” was established
in Paris, France, bringing together athletes, coaches and administrators of deaf sport. Ever since that time CISS has been
organising world events both in the summer and winter, now called “Deaflympics”.

After World War II, several international sport organisations for persons with a disability came into being, such as
the “International Stoke Mandeville Wheelchair Sports Federation (ISMWSF)”, the “International Sports Organisation
for the Disabled (ISOD)”, the “International Blind Sports Association (IBSA)”, “Cerebral Palsy-International Sport
and Recreation Association (CP-ISRA)” and the “International Association for Sport for Persons with an Intellectual
Disability (INAS-FID)”. In order to join forces in developing international sport events, such as the Paralympic Games, an
“International Coordinating Committee (ICC)” was established in 1982, which later led to the creation of the “International
Paralympic Committee (IPC)” in 1989.

Since the early 1990’s the IPC has taken the responsibility of organising international sport events, in particular,
the Winter and Summer Paralympic Games, which follow the Olympic Winter and Summer Games. Currently, the IPC
represents a global network of disability sport, bringing together the above mentioned international sport organisations
and over 160 National Paralympic Committees. In 2004, ISMWSF and ISOD merged into a new organisation, called
“International Wheelchair and Amputee Sports Federation (IWAS)”.

Close relations have been established with a number of international organisations of sport and sport science, in
particular with the “International Olympic Committee (I0C)”, the “International Council of Sport Science and Physical
Education (ICSSPE)” the “International Federation of Adapted Physical Activity (IFAPA)”, the “International Paralympic
Committee (IPC)” and “Special Olympics International”. It is important to intensify these alliances and networks in order
to provide full inclusion of persons with a disability into physical education and sport.

Challenges

A review of the developments of adapted physical activity and sport for persons with a disability clearly indicates two
important trends: a new specialisation area with many facets has evolved, both with regard to research and to teaching.
These developments are clearly reflected in the practice of physical activity and sport, where people with a disability
benefit increasingly from participation and take up leadership positions. In addition, an inclusive approach is preferred
by many experts and professionals around the world, which means, that adapted physical activity is not only seen as a
separate area of expertise but also as an integral part of lifelong education, of sport participation with a variety of choices
for the individual and as part of a complex research agenda.

On an organisational level, synergies are emerging, bringing together organisations of physical education and sport
with those who just a few years ago where only focusing on people with disabilities. These trends will continue, supported
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by new laws and legal requirements at the national levels and by innovative efforts on the international level, led by the
World Health Organization (WHO), United Nations Educational and Scientific Organization (UNESCO), the International
Olympic Committee (IOC) and International Council of Sport Science and Physical Education (ICSSPE).

This process does not proceed with the same speed in all parts of the world. Cultural differences, as well as economic
and social challenges and less positive attitudes towards individuals with a disability on a personal level, present obstacles
and barriers towards their full inclusion and acceptance (see DePauw/Doll-Tepper 2000). The “European Year of Persons
with a Disability” in 2003 drew attention to the need for change, highlighting equality, active participation and self-
determination of individuals with a disability. 2004, the “European Year of Education Through Sport” has emphasised
the important role of sport as part of lifelong learning and in educational processes.

The year 2005 has been proclaimed by the United Nations as the International Year of Sport and Physical Education.
The resolution 58/5 entitled “sport as a means to promote Education, Health, Development and Peace” refers to the
potential and power of sport and physical education in all facets of society.

“Giving young people with disabilities the opportunity to participate in physical education programmes at school
and through community clubs is crucial given the additional benefits, among others, for social inclusion and self-esteem
they receive from sport and physical activity” (UN Concept IYSPE 2005; 2004, 4).

It is crucial to use this momentum in all areas of society to offer equal opportunities and to secure equality for all.
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Abstract

Real-time ultrasonography enabled in vivo MTC scanning and promised a realistic determination of the interactions
between muscle and tendon during human movements. The tendinous tissues were quite compliant, and the elastic property
was different among muscles. Internal shortening of fascicle was caused by the tendon elasticity. During human movements
such as jumping, walking and ankle extension-flexion exercise the muscle fiber contracted with nearly constant length,
while the tendon performed stretch-shortening cycle. It is suggested that human MTC are designed to match muscle force
generation and tendon elasticity for efficient movement performance.

Key words: ultrasonography, fascicle, tendinous tissue, elasticity

Introduction

Human movement is performed by contractions of muscle fibers that are connected to tendons to comprise muscle-
tendon complex (MTC). Muscle fibers not only transmit force to tendons, but also interact with them due to tendon
compliance. Therefore, to know functional characteristics of muscle fiber and tendon during human movements, we
need to measure in vivo directly and successively the geometric arrangements of muscle and tendon. This paper aims
to review our recent approaches to estimate the interaction of the behavior between muscle fiber and tendinous tissues
during human movements using ultrasonography.

Estimation of elastic property in tendinous tissues

Visualizing of muscle and tendon on real-time ultrasonic images made it possible to estimate the elastic properties
of tendon in vivo in human (5,9,12). On the longitudinal ultrasonic image we could define the cross point (P) of the echo
from one fascicle and aponeurosis. The point P moved proximally during muscle action at the fixed joint (i.e. “isometric”
action). The distance traveled by the P was considered as the length change of tendinous tissues (i.e. elongation of tendinous
tissues). Strain of tendinous tissues was estimated from the tendon elongation and the initial length of the distal tendon,
which was estimated over the skin. The strain increased curvilinear in form with increasing joint torque, and the maximal
strain was observed at maximal joint torque. The maximal strain was higher in VL and MG than in TA.

When the TA activates isometrically at fixed ankle joint, the curvilinear relation in form was observed between
lengthening of tendinous tissues and tendon force. The linear region, with an approximately constant modulus of elasticity
following the toe region, was used for the determination of stiffness. To calculate tendon stress cross-sectional image of
the distal tendon of TA was taken by using ultrasonography (5). The force-length relation for tendinous tissues converted
to stress-strain relation, and Young’s modulus was calculated. The Young’s modulus increased with increasing the tendon
force.

The maximal strain was the highest in VL followed by MG, and TA demonstrated the lowest strain, suggesting that
the functional properties of MTC differ significantly among muscles. The elasticity of tendon is advantageous when the
tendon acts as a spring. In daily human movement such as locomotion, VL and MG activate as main agonist muscles to
propel the body, and the quite compliant tendinous tissues in VL and MG (i.e. lower Young’s modulus and higher strain)
can efficiently store and reuse the elastic energy. TA, on the contrary, does not exert propulsive force but controls ankle
positions during locomotion. Considering that large compliance of the tendinous tissues could impede the control of fine
movement (14), lower strain and higher Young’s modulus for TA seem theoretically reasonable.

Estimation of internal shortening of fascicle

When the joint torque increased at fixed joint (i.e. isometric action), the shortening of fascicles (i.e. internal shortening)
was observed in each muscle. The fascicle internal-shortening decreased and tendon strain increased with increasing
%MVC in each muscle. Smaller internal-shortening and higher tendon strain was observed in TA compared to MG and
VL. It is considered that the magnitude of internal shortening of fascicle is caused by such architectural factors as the
tendon-length to fiber- length ratio and the elastic property of tendinous tissues. More internal fiber shortening has been
observed in isolated muscles with higher tendon length to fiber length ratio (16). However, significant lower internal
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shortening was found in TA than in VL although tendon-length to fiber-length ratios were almost identical. The smaller
internal shortening of TA, therefore, may be caused by significantly higher Young’s modulus of TA tendon, compared to
other muscles. On the contrary, the internal shortening of MG was larger, which would have been caused by significantly
higher tendon-length to fascicle-length ratio and lower Young’s modulus of MG tendon.

Behavior of muscle fiber and tendon during pedaling, walking and jumping

Changes in the length of fascicle and tendinous tissues were estimated during ankle-bending exercise, jumping,
walking and bicycle pedaling.

Vertical jumping

To estimate behavior of fascicle and tendinous tissues during squat jump the sequence ultrasonic images were taken
from MG. In the first half of push-off phase the shortening of fascicle (26%) and lengthening of tendinous tissues (6%)
was observed while MTC length was constant. On the contrary, before take-off the fascicle contracted near isometrically,
accompanying with abrupt shortening of both tendinous tissues and MTC (5%). It is indicated that in the early push-off
phase the mechanical energy generated by the muscle contraction was stored predominantly in the tendinous tissues as
elastic energy (5 J) and 88% of the stored energy (4.4 J) was reused before take-off (10).

Walking

We investigated length changes in the fascicles and tendinous tissues of MG during walking. In the stance phase
the MG muscle was active and the fascicles maintained constant length (nearly 50 mm), while the tendinous tissues was
stretched by 7 mm. In push-off phase both MTC and tendinous tissues shortened rapidly. These results show that MG
fascicle is activated near isometrically during walking, while the tendinous tissues execute a stretch-recoil cycle (2).

Bicycle pedaling

Ultrasonic images obtained from VL were taken during bicycle pedaling at 98 Watt with 40 revolutions per min of
pedaling rate. The fascicle length of VL shortened from 127 to 91 mm during knee extension phase, while the tendinous
tissues were elongated by 10 mm. The average shortening velocity of fascicle increased by 50% in early knee-extension
phase and decreased by 29% in latter half of that phase, compared with that of MTC. The maximal shortening velocity
of fascicle was less than that of MTC by 22%. It was suggested that the elasticity of tendinous tissues enabled the VL
fascicles to develop force with lower contraction velocity than MTC (11).

Length-force characteristics of muscle fiber during human movements

It is well known that the length of sarcomeres in muscle influences the force generated by muscle fiber. The sarcomere
length can be estimated by dividing the fascicle length by the average number of sarcomers in series in fascicles (1).
The average sarcomere length during human movements was estimated and superimposed on a sarcomere length-force
relationship for human muscle derived from the data of Waker and Schrodt (15). The results indicate that the working
ranges of sarcomere length are over the plateau and the upper part of both descending and ascending limbs, where a
relatively larger force can be generated.

In conclusion, in such stretch-shortening cycle (SSC) exercises as ankle bending, jumping and walking the muscle
fiber can contract with near constant fiber length, which is around plateau region of sarcomere force-length curve. This
quasi-isometric contraction of muscle fiber was caused by lengthening-shortening behavior of tendinous tissues (catapult
action) (4). While in no SSC exercise such as bicycle pedaling the muscle fiber can contract relatively lower velocity than
the shortening velocity of MTC, which is also advantageous for the force production in muscle fiber because muscle can
produce higher force at lower velocity region due to force-velocity characteristics of muscle.
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THE NECESSITY OF QUALITY, QUALITY ASSESMENT AND
QUALITY CONTROL IN PHYSICAL EDUCATION

Kristof Huts, Paul De Knop, Marc Theeboom and Kristine De Martelaer

Vrije Universiteit Brussel, Brussel, Belgium

Abstract

This paper presents the results of a social and consumers quality evaluation within the school physical education
subject. The presented data are based on questionnaires with representatives from different social sectors (n=122) and
secondary school pupils (n=1730). It was concluded that the current course specific objectives of school physical education,
as determined by the Flemish Educational Government, contain the expectations of the research population. On the
other hand, many respondents stated that the school physical education objectives are still too seldom being attained.
As a consequence, this paper ends with a plea for a course specific quality care system to further improve the effective
and efficient realisation of today’s school physical education objectives. It also refers to the creation of a course specific
quality evaluation instrument for school physical education.

Key words: school physical education, quality evaluation, quality care, Flanders

Introduction

During the last decade the concept of quality has become very popular in different sectors of society both profit as well
as non-profit (De Knop, 1998; De Knop & De Martelaer, 2000). Consequently, the call for more qualitative criteria became
more pronounced within the field of education (Trompedeller, 2000). Also in Flanders, the northern Dutch-speaking part
of Belgium, quality care has captured a central position within the recent educational policy of its government (Verhaeghe
et al., 1998; Michielssens, 2002). De Knop (1999) states that the development of structured, course specific, quality care
and control systems and the stimulation of quality awareness are of utmost importance to ensure the future of physical
education in the school curriculum. Before an analysis of the current situation of the quality of school physical education
in Flanders can be done, specific standards are to be postulated as the term “quality education” can be defined in many
different ways (Louwet, 2002). The theoretical quality model presented by van Bottenburg and Schuyt (1996) and van
Bottenburg, Van ‘t Hof, and Oldenboom (1997) offers a framework within which quality features for school physical
education can be organised. Four types of quality are distinguished: (i) social quality, (ii) consumers quality, (iii) product
quality, and (iv) process quality. In accordance with this theoretical model one can state that school physical education is
of “total” quality when it fulfils (i) the (justifiable) expectations of society, (ii) the potential wishes and expectations of
the pupils and their parents, (iii) the criteria laid down by experts, and (iv) when school physical education is organised
effectively and efficiently.

A first step to evaluate the quality of school physical education is to find out if pupils and contemporary society do
agree with the current operationalisation of quality school physical education in Flanders, or in other words, the course
specific objectives (Gombeir, 1993). Bearing this in mind, this paper will focus on four main research questions: (i) What
expectations do the consumers and the contemporary society have towards quality school physical education? (ii) Do the
expectations of the consumers and the contemporary society match the current course specific final attainment levels of
school physical education? (iii) How well do the expectations and experiences of the consumers and the contemporary
society correspond to the main objectives of school physical education? (iv) What are the minimal and/or ideal conditions
to be able to fulfil the current course specific objectives of school physical education?

Methods

The evaluation of the social quality of school physical education was to a large extent qualitative in nature. Data were
collected through the use of a questionnaire which consisted of open (n =5) as well as closed (n = 4) questions. The questions
addressed to the participants (i) expectations, (ii) present experiences and (iii) former experiences towards school physical
education. One hundred seventeen organisations from the social midfield and five aldermen with a combined office of
sport and education agreed to participate. The social midfield can be defined as a unity of organisations, institutions and
movements that fulfil an intermediary function between the individuals on the one hand and the society on the other hand
(Siongers, 2000). As a consequence, a varied group of organisations, representing different social sectors, was selected.
An overview of the different participating sectors, the total number of questionnaires send, the number of returns and
the degree of response are reported in table 1.
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Table 1. Overview of the total number of questionnaires send, the number of
questionnaires returned and the degree of responses (%) for each participating
social sector.

Sector Total number Return Degree of Response (%)
1. Education 24 21 87.5%
2. Sport 32 26 81.2%
3. Youth 28 16 571%
4. Media 21 12 571%
5. Health 17 1 64.7%
6. Social services 11 7 63.6%
7. Economics 15 8 53.3%
8. Culture 10 7 70.0%
9. Other 11 6 54.5%
10. Politics 10 5 50.0%
11. Association of parents 3 3 100%
Total 182 122 67.0%

The degree of response exceeded the 50.0% barrier within all the social sectors. 57.3% of the respondents were male
and 42.7% female. The age differed from 18 to 63, with an average of 37.6. 28.2% of the respondents have got a secondary
school teacher’s or master’s degree in physical education and 48.3% is a parent.

For the evaluation of the consumers quality of school physical education a representative sample from the Flemish
secondary school population was selected ad random and stratified by school-system (e.g., catholic or community school),
grade level and type of education (e.g., technical, vocational or general education). The selection resulted in a total research
population of 1,730 pupils, originating from ninety different schools. At the time of the study, the participants ranged in
age from 13 to 22 years (M,,=16.5 years) and were in the last year of the first (N=477, 27.6% of total sample), second
(N=692, 40.0% of total sample) or third (N=561, 32.4% of total sample) school grade. 886 were boys (51.2%) and 844
were girls (48.8%). Each of the participants completed a written questionnaire which was grouped into three sections.
The first section was used to collect demographic information. In the second section two Likert-type scales were used
to respectively assess pupils’ perceptions and experiences regarding physical education objectives. In the third and final
section of the questionnaire, all participants were asked to identify the most pronounced reasons they had encountered
for not achieving certain physical education objectives.

Results

A first major purpose of this study was to examine the extent to which the physical education objectives, as formulated
in the Flemish physical education curriculum, were accepted by contemporary society and secondary school pupils.
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Figure 1. Importance of domains of physical education objectives according to the
pupils and the respondents from different social, educational, and workforce agencies
and organisations (FL: physically fit and healthy lifestyle, SF: self-image and social
functioning, MC: motor competencies)
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As reported in Figure 1, the most prominent domain of physical education objectives occurred to be the development
of a physically fit and healthy lifestyle, with 69.2% of the pupils and 96.8% of the respondents from the social midfield
mentioning its importance in class. In this area, recurring objectives that were considered as important by the research
population were among others: (i) stimulating a positive attitude and promoting the life-time practice of sports, (ii)
improving the general physical fitness of youngsters and (iii) guarantee the complete physical development of pupils in
light of “a sound mind in a sound body”. According to the respondents, the school physical education subject should also
pay attention to the development of the self-image and social skills of pupils by learning them to (i) operate in group
activities, (b) accept and assess personal possibilities and restraints and (iii) show effort, persistence and perseverance
during physical activity. The development of this domain of objectives was identified as important by respectively, 66.2%
of the pupils and 52.4% of the respondents from the social midfield, making it the second most important domain of
objectives. The importance of developing motor competencies during school physical education classes was underlined
by 60.6% of the pupils and 44.4% of the respondents from the social midfield. The development of motor competencies
should, according to most of the respondents, best focus on widening and deepening the basic motor competencies of
pupils by teaching them some basic sport technical and movement skills. Finally, 73.5% of the pupils and 21.7% of the
respondents from the social midfield stated that school physical education should offer variation and relaxation for the
compulsory daily routine of sitting still behind a school desk. In other words, the school physical education subject should,
according to these respondents, provide physical relaxation to compensate for the daily strenuous mental activities during
the other more theoretical oriented school subjects.

More than half of all respondents from the social midfield were convinced that the school physical education objectives
are too seldom being met (55.6% sometimes and 1.6% never to sometimes). Nearly half of the pupils in this study endorsed
the former opinion with regard to the development of a physically fit and healthy lifestyle (48.1%), the development of self-
image and social functioning (45.1%) and the development of motor competencies (43.1%). Both the pupils (62.5%) and
the respondents from the social midfield (49.3%) agreed on the most pronounced reason for not reaching the expectations,
namely the lack of curricular time allocation. Other reasons that the respondents in this study had encountered for not
achieving their expectations and/or current physical education objectives are presented in Table 2.

Table 2. Overview of the reasons for not achieving the expectations/school physical
education objectives according to the respondents of the social midfield and the pupils (%).

Reason Pupils Society
- a onesided and unappealing activity offer 42.2% 39.4%
- the lack of a qualified and/or motivated physical education teacher 28.3% 38.0%

- the undervaluation and underestimation of physical education by

0, 0,
school management, other subject teachers, government and parents 24.9% 32.4%

- the inadequate and/or insufficient sport infrastructure at school 33.6% 25.3%

- the restricted motivation of pupils with regard to physical activity 40.4% 29.6%

- the large differences between pupils within the same class

0, 0,
(lack of differentiation and individual attention) 51.7% 12.6%

- physical education is often taught in too large classes 26.5% /

Discussion

Based on this study, it was concluded that the social and consumers quality of school physical education in Flanders
is at present only partly successful. Although the current final attainment levels of school physical education are a
surplus value as they incorporate well the expectations of the social midfield and the pupils, their effective and efficient
implementation and realisation seems to be susceptible to many different factors. Many of the respondents in this study
underlined that the pronounced expectations (and as a consequence also the course specific final attainment levels) are
still too seldom being met. As a result, questions do arise about the feasibility of the current final attainment levels of
school physical education. Maybe too many objectives are being purchased in too little time and/or maybe the pronounced
objectives are not being met as a consequence of organisational hindering. In this matter the implementation of a course
specific quality care system may contribute to a more effective and more efficient realisation of today’s school physical
education objectives. To support the secondary schools with their internal quality assurance task, researchers at the Vrije
Universiteit Brussel are currently developing an instrument to analyse the process quality of school physical education.
The instrument will originate from an extensive literature study and depth-interviews with members of the Schools
Inspectorate (2), the Pedagogical Counselling Office (13), physical education teachers (19), school principals (4) and
school physical education experts (8). The instrument considers objective preconditions that prove to be minimal and/or
essential to achieve the current school physical education objectives. Finally, the instrument not only attributes a school
physical education quality score, but it also provides the school with specific information on which topics should be
improved, to further enhance the school physical education quality. In the next phase of the project the latter instrument
will be further tested on a larger population of different schools.
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Abstract

The authors discuss some of issues related to the role of kinesiology in function of quality school. Modern era requires
schools which can be quickly and easily transformed to all life circumstances and which teach our youngsters to adapt
to these ever changing circumstances. Education should support and foster growth and development, so we should be
always aware of the actual fitness level and anthropometry status of children. Initial, transitional and final assessment is
prerequisite not just for defining teaching goals but also for the diagnosis, prognosis and programming of teaching. It is
also important for students self-evaluation and understanding of his own ability and skills level.

Transformation of existing school, from kinesiology point of view, should relies on three main criteria - differences
between the children, on monitoring and proper evaluation along with direction toward quality and third - on skilled
professionals which are willing and ready to accept a new system of values.

Key words: teaching, children, evaluation

Introduction

The expansion of scientific and technology discoveries and innovations, communication and information technology
and accelerated globalization demand for a continously changing education. For this reason, reorganizations of education
and fundamental changes of the position of education in society are becoming one of the priority tasks worldwide.

Dynamical and complex reality requires schools which can be quickly and easily transformed to all life circumstances
and which teach our youngsters to adapt to these ever changing circumstances. In another words, modern society imposes
high standards on schools. To be more precise, schools must be places where the students will come willingly and happily,
where they can develop their characteristics and abilities, acquire knowledge and skills, and improve their motor skills. In
addition, the schools must help them to become aware of the value of creativity, altruism, ethics and work responsibilities.
The schools must help to teach them human values and send them forth with positive experiences.

Hence, in answering the question: “What are the characteristics of a quality school?” from kinesiological point of
view — we could probably agree that it should be (1) a school where each child can achieve success in accordance with
his or her individual abilities, (2) a school where each child could make progress, and (3) a school where each child can
develop a positive self-image. If these conditions are met, then it is very likely that no child in such a school would suffer
from the fear of school that affects so many children today.

That leaves one question left to be answered: How do we achieve the above characteristics and ensure that each
child’s needs are met?

Kinesiology Paradigm Of Quality School

If we want to each student, including the disabled, to attend the school and make progress in order to succeed in
accordance with his or her capabilities, some prerequisites must be met.

The most important task is to make the initial fitness and anthropometry assessment. This is not prerequisite just for
defining teaching goals but also for the diagnosis, prognosis and programming of teaching. At the same time this is most
certain way to confront so called “teaching to the average student” and to meet real students, to see them how they really
are, with all of their virtues and vices, with better or poorer abilities and skills, with better or lower motor achievements
levels and with more or less appropriate moral properties.

In accordance with the above, it is not enough just to be a knowledgeable professional but it is also necessary to be well-
informed on the subjects of physical development and actual fitness and anthropometry characteristics. Education should
support and foster growth and development, so we should be always aware of the actual fitness level and anthropometry
status of children.

Therefore, an understanding of the population with which we work should enable us to provide to each teacher
program contents which can have positive influence on the development of skills and abilities and on improvements of
motor achievements and social behavior with respect to developmental characteristics and students’ authentic needs. From
a kinesiology point of view, regarding authentic needs, every PE teacher should recognize in which area each student
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is best and then provide him the opportunities for development of this ability for the whole period of education. At the
same time they should provide each child an opportunity to develop other abilities, as much as possible. In this way we
are enabling to each student to progress and to be especially successful in that in which he is most talented. Enabling
children to succeed is certainly one of the basic conditions of a quality school. In addition to insight into the initial fitness
and anthropometry status of students, which should be provided at the beginning of the school year, for successful work
and for quality school functioning we must also consider feedback of teaching. We must consider the results of our work
and the progress of each and every student during the school year and during the students’ whole education. Without
controlling and monitoring the transitional states of physical fitness and anthropometry we cannot get either feedback
information about current physical fitness and performance measures nor can we evaluate the effects of the program and
make corrections and changes in the program as needed. At the same time, we should educate the student in self-analysis
and self-evaluation. This is very important because self-evaluation provides not only insight into one’s own ability and
skills level, but also the understanding of one’s actual ability state. On the basis of self-evaluation and understanding
every child can ask him/herself: 1. How am I doing in PE? 2. How do I know that? 3. What can I do to be even better?

Having a good self-evaluation technique gives each child the opportunity to avoid an idealistic self-image, but rather
to have realistic information on which to proceed. This way each child can learn by his own experience that only through
personal effort and making an investment in himself can he accomplish success both now in this specific subject and in
the future in real life, which is a very important ethic quality.

Except transitional monitoring and evaluation we should conduct a final assessment and evaluation. We need final
assessment not only for the evaluation of students’ progress from initial states onward, but also for estimation of overall
exercise and training effects. More then that, on the basis of this evaluation we can direct students in various form of
individual work through school year and school holidays’. All of this allows students and teachers to work in conditions
that are adequate to real students’ needs and concrete teaching conditions. That also creates sound student-teacher
relationships which are very important for attaining mutual success. Authors deem that if the above conditions are
met, it will contribute to individualization of work through individual teaching, so that teachers will no longer speak to
the so called “average” student rather than to the real ones. Also, that will allow each student to optimally develop his
characteristics and abilities, to be successful and pleased with himself and, finally, it should help children to prepare
themselves for life beginning in early childhood.

At the end of every school year and cumulatively at the end of every educational period, for example, at the end of
primary or high school, every child and his or her parents could be given a progress report with regard to the child’s
established level of knowledge, skills, and abilities. The report could recommend a future course of education or training
that would be beneficial to the child based upon the in-depth knowledge we would have of the child. Without a doubt,
this is not only one of the fundamental tasks of the school, but also insures that students receive from school what they
expect, a good education that will allow them to succeed in life. Happy and successful students are the basic criteria for
the evaluation of a quality school.

Conclusion

Presented kinesiology point of view on quality school, mainly from aspect of potential and needful contribution
of kinesiology science and profession in creating and functioning of quality school is one of the attempts to accelerate
process of transformation of existing school. Further transformation of school (which is imminent), relies on three main
criteria. First, it should take into consideration differences between the children, such as gifted children, children with
underdeveloped abilities, disabled children, etc. Second, it should provide monitoring, evaluation, and direction toward
quality. Third, it should provide skilled professionals that are ready to accept a new system of values. All that is even
more necessary if we can agree that modern school is not only in function of teaching, or more precisely the school is not
only in function of solving problems, the school should teach how to solve the problems. Accordingly, there is no place
in new school for dilemma — of whether to learn for school or to learn for life, because the school is life, quality school
should be life, respectively!
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Abstract

Physical education is a process of learning, the context being mainly physical. The purpose of this process is to
develop specific skills, knowledge and understanding and to promote physical competence. During compulsory physical
education pupils need a broad and balanced curriculum to meet their needs. In September 2003 the Ministry of Science,
Education and Sports of the Republic of Croatia defined the Project named The National Education Standards for primary
schools in Croatia. One part of this Project is the National Curriculum for Physical Education. This article describes the
strategy of physical education in Croatia and the main aims, criteria and results of the Project of the National Curriculum
for Physical education for primary school.
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Introduction

Regular participation in physical activity is recognized as essential to the development of children and the promotion
of physical activity in both, children and adults, and has become a national health goal. (Ishee, 2004). School physical
education is the only system to which all children, whatever their background and circumstances, have a statutory right.
The period of childhood and youth is a decisive time for the formation of an adult personality, and a part of this personality
can be created only with the elements of physical activity.

Students’ experience in physical education classes can influence their attitude towards physical activity, so that is
the reason why it is very important for physical education classes to be attractive, fun and most appropriate for their
abilities and interests.

The public health community is becoming increasingly interested in the role of schools in health promotion.
Allensworth, Lawson, Nicholson & Wyche, 1997 identified school physical education and related physical activity
programmes as having a major role in supporting public health objectives. Additionally, there is growing evidence to
suggest that physical activity behaviour may be established early in life (Malina, 1996). The author found out that children
spent nearly 7 hours a day, 36 weeks a year in schools for 12 years. Quality programmes in school environment could
provide the early start they need to become lifelong movers.

Council of Europe and EU surveys suggest that in a large majority of countries physical education seems to have
attained the same or a similar legal status as other subjects. (Hardman, 2002) In Croatian education system physical
education contains numerous elements for future directions that can be interesting for the European Union. The quality
of physical education and sports for pupils depend on various conditions; quality of national education standard for
physical education, curriculum status and implementation, resources for physical education (such as finance, facilities
and equipment, qualified teaching personnel) and future directions to improve the status of physical education and sport
for pupils and students.

The situation in Croatia is everything but satisfactory for some parts of physical education. Pre-school children have
compulsory physical education, but the analysis confirms that mainly children do not have physical education regularly.
This inappropriate situation depends on the motivation of nursery-school teachers and facilities, because about 30%
of kindergartens in Croatia do not have sports gyms or some adequate places for exercise. In addition, we do not have
inspection authorities.

The majority of children in the first to the third grade have three physical education lessons a week. More than 20%
of primary schools do not have their own sports facilities, whereas secondary schools do not have about 30% of the
necessary sports facilities. We would not be satisfied with the implementation of curricula for physical education the first
to the fourth grade. The same situation exists in kindergartens. The every day physical activity is of the main importance
for the harmonious development of children. Professors of physical education and sports experts should provide a part
of everyday physical education curriculum.
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Primary school pupils in the fourth to eight grade have two physical education lessons per week. In some well-
organized primary schools with quality conditions, pupils have optional sports activities depending on their interest,
teacher’s qualification, equipment and some other very important conditions. The Republic of Croatia has the organized
system of school sports competitions. Every primary school has school sports clubs with different sports activities. We
have very well-organized sports competition system for 12 different sports activities on high level.

Kosinac, Kuci¢ (2003, unpublished) found out that in some Croatian regions, pupils avoid physical education. The
most frequent reasons are teacher sensitivity to the students’ needs and abilities for designing the most appropriate
learning environment.

The Croatian’s government decided to change, design and improve the most useful and appropriate national curriculum
for pupils in primary schools.

Methods

In September 2003 the Ministry of Science, Education and Sports of the Republic of Croatia defined the Project
named The National Education Standards. The first step in this Project is to define the National Curriculum for primary
schools in Croatia. One part of the Project is the National Curriculum for Physical Education. The Faculty of Kinesiology
of the University of Zagreb, Teacher Education Academy of the University of Zagreb and the Institute for Education of
the Republic of Croatia were the main partners of this Project.

The Republic of Croatia has had detailed curricula for physical education since the first school system. The main
part of teaching is motor skills which are modified by didactic means to serve the scholastic purpose and thus they
become teaching units. It is very important to stress that since the beginning the curricula of physical education have
been prepared according to sex and age. Neljak (2002) conducted the first research in the Republic of Croatia in order
to determine hierarchical values of the content of physical education for pupils since the first grade of primary schools
until the fourth grade of secondary schools regarding transformation in features, abilities and utilities. The results have
shown that the participation in Physical Education has different individual influence according to the change of features,
abilities and utilities.

The obtained results have significantly contributed in making the National Curriculum for Physical Education in the
process of programming of teaching for primary schools. The author found out the different influence of each teaching
unit on potential changes of anthropological status of children and youth during their education. At the same time, the
author stressed the importance of the obtained results from the point of view of estimating higher precision in the choice
of teaching content responsible for the purpose of the educational process.

The main aim of the National curriculum for physical education is to establish the basic knowledge and abilities for
pupils in order to facilitate the existing curriculum as well as to encourage students to pass on the acquired knowledge.
Fundamental requirements for developing a successful physical education programme are to interest and motivate
students to learn the intended objectives. The motivation is defined as ,,the collection of causes that engage someone in
an activity*. (Wakefield 1966.)

The working group of the Ministry defined the main criteria for making the National Curriculum for Physical
Education:

1. To ensure the development of pupils general health abilities

2. To ensure usefulness (everyday living, urgent situations, basic quality for improvement in different sports
activities)
To ensure objective feasibility in current material conditions of the Republic of Croatia
To ensure the development of anthropological features of pupils (areas of sensibility)

To satisfy interests or needs of pupils

3

4

5

6. To ensure attractiveness of the new curriculum

7. To avoid the old-fashioned, dangerous and out of date elements
8. To suggest new sports activities which students want to introduce
9. To design lessons that students will find meaningful

10. To allow students to assess their own progress

11. To design activities with specific goals

12. To allow students to make choice

13. To design activities that will challenge all students

In addition to these criteria, the working group of the Ministry tried to answer a very important question: should
physical education classes return to teaching males and females separately?
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If our goals are for students to achieve the highest possible level of skill and fitness, then it may be appropriate
to organize classes according to gender. The sexes are motivated differently, and succeed with different approaches.
Croatian National Curriculum for physical education for pupils in the fifth to eight grade of primary school is separate and
depends on school’ s conditions, such as the number of pupils, the balance in terms of gender, the number of professors of
physical education, the schedule and dimension and the equipment of sports gyms. Female students experience physical
education differently than male students; they require more complex strategies from simply making physical education
co-educational. (Gabbei, 2004).

According to Chambers (1988), single-gender grouping is important for the following reasons: participation in
instructional units considered “contact activities”, ensuring that female students have wide opportunity to develop skills
during instructional units and ensuring that evaluation standards do not have an adverse impact on male and female
students.

The new National Curriculum for Physical Education consists of many different plays, sports team games such as:
mini-handball, handball, football, mini-basketball, basketball, volleyball, martial arts, gymnastics, dance, track and field
athletics and some other activities which depend on interests of pupils and of course conditions of facilities, equipment
and teaching personnel and environment. The working group decided that each teaching unit would be mentioned only
once in the National Curriculum and that it can be repeated in all grades of primary school.

In process which the Ministry would like to improve and define curricula for physical education for the whole
educational system we would like to identify and teach children with disabilities in general physical education. 2005 is
proclaimed as International year of physical education and sports. Therefore, the Ministry of Science, Education and
Sports paid the special attention to the integration of pupils with disabilities into general physical education. Physical
educators must learn to identify and work with children with disabilities and to teach them the same values and skills
that other children learn.

Grosshans and Kiger, 2004 pointed out that if learning disabilities go undetected, these children may never reach the
physical or social skill levels other children attain. Children with learning disabilities are frequently not accepted on the
playing field because of their lack of affective (social and emotional) skills which are essential for teamwork. The working
group of the Ministry made the National Curriculum for Physical Education which contain programme for pupils with
disabilities. The Curriculum for Physical Education for Pupils with Disabilities is made in relation to pupil’s individual
abilities and with consultation of specialist of medical science if the pupils are involved in rehabilitation programme.
Giving young people with disabilities the opportunity to participate in physical education programmes at school is crucial
given the additional benefits, among others, for social inclusion and self-esteem they receive from physical activity.

Conclusion
The Ministry of Science, Education and Sports and the Faculty of Kinesiology of the University of Zagreb in Croatia
made the new National Curriculum for Physical Education for primary schools.

They wonted to solve some problems we mentioned in the article. They also know that the physical education teachers
have a very important role to develop a new curriculum. If pupils do not enjoy what they are doing, they will simply avoid
the activity. Understanding, developing and applying teaching units will help pupils to build the foundation necessary to
be successful in many lifetime activities.
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Abstract

The experiment was conducted on a sample of 327 children aged 7-10 (1% to 4" grade primary school) in order to
establish the differences in efficiency of teaching forward roll.

Synthetical (integral) and analytical methods were applied. Children who learned integratively were more successful in
acquiring new motor skill. It seems that synthetical method of learning is more appropriate for younger children. Properly
applied teaching procedures turned away possible difficulties which could arise during skill acquisition.

Key words: methods of learning, motor skills

Introduction

According to most recent concepts in kinesiology (Findak i Mrakovi¢ 2003) selection of teaching methods is a
very important factor for successful teaching. Teaching methods could be divided into synthetical (integral) method,
analytical (sequential) and combined. Synthetical method seems to be the most appropriate since the movement sequence
is taught in its entirety. This research should establish the magnitude and characteristics of influence of specific teaching
method on successfulness of teaching motor skills to children of younger school age, divided into 4 sub samples defined
according to age. Field of kinesiology is not concerned only with transfer of knowledge - which can be comprised in term
- “information transfer” component, as “energy transfer” and methods connected with that method (Findak and Mrakovi¢
2003) have a very important contribution. Those two components are negatively interrelated (Mrakovié¢, 1997; Prskalo,
2001). PE teachers should be able to provide and transfer the skills acquiring knowledge and technique issues as well as
to manage and supervise exercise and training.

Methods in domain of knowledge and skills acquisition (“information transfer”) are divided into methods whose
prevalent aim is education and methods which deal with personal and social behaviour issues. Both of them have their
own existence (Findak and Mrakovi¢, 2003).

Learning methods present educational component of teaching methods whereby the methods are most often divided
into synthetical, analytical and combined methods of learning (Findak, 1999).

Synthetical method is considered most natural because movement is taught integrally - in its entirety. The advantage
of this method is to allow expression and development of student individuality.

Some previous studies have established that synthetic method is especially appropriate for teaching in elementary
grades (Prskalo, Findak 2003; Prskalo et al., 2003) .

This is primarily due to the fact that children of this age comprehend all the phenomena integrally and don’t have
analytical thinking skills fully developed.

Apart from that, programme contents for students up to 4" grade are very simply structured which allows for
integrated learning with repetitions and with gradual error correction. This is the benefit and relief for nervous system
and it accelerates automation process (Findak, 1999).

Analytical method of teaching implicates learning of movement sequence by parts or step-by-step. Moves are divided
and taught part by part until they are learned when again linking of the moves follows. For the purpose of the efficacy of
teaching, one should be careful and take care that each move unit makes logical assembly; that child’s individuality must
not be overlooked and that sequential learning shouldn’t be too long in order to avoid the automation and impossibility to
combine the moves later in ensemble, respectively. Analytical learning is justified in case of heavy and complex activity
with large quantity of elements, structural units, respectively, when performance in entirety provokes fear and when
inertial forces, which are uncontrollable for novice, emerge (Milanovié, et al., 2003).

Combination of synthetic method and intervention with analytical learning is the basis of combined method of
learning.
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Methods

The aim of the study is to assess and evaluate the differences in learning efficacy of “Forward Roll” between the use
of analytical and synthetical learning method. The authors hypothesized that there is no substantial difference between sub
samples in which analytical and synthetical method has been used - before and after application of experimental factor.

The sample consisted of 327 boys and girls attending first to fourth grade primary school in Petrinja, experiment
was conducted from March to June in 2003. Children were divided into two groups, the first group was submitted to the
experimental factor - learning forward roll by synthetical method and second group to learning by analytical method of
learning.

The forward roll lesson was new for both groups. Motor tasks in analytical method were the following: 1) Raising
the hips through push-off of the feet with the hands on the ground in front of the body (3 times). 2) Three push-offs in
previous position followed by forward roll up to sitting position. 3) After one push-off with the hands still on the ground
forward roll to squat position. 4) After one push-off with the hands on the ground forward roll to upright position. 5)
Forward roll.

In early stage of the learning synthetical method of learning included downhill forward roll. After three hours of
practise children were assessed with the following test (Findak, 1992): The performer stands straight with the legs and
hands shoulder width apart. From the previous position performer moves to squat position and places her/his hands on
the ground in front of the body, pointing forwards. Push-off and start to roll through the neck and the top part of the
shoulders, further through the sitting and squat position to upright position. During roll the performer must not lean on
his/her head and has to stand up without pushing his/her hands against the floor.

Grading: excellent - if the performer does not lean on his/her head on the ground and if he/she stands up without
pushing his/her hands against the floor; very good - if the performer does not lean on his/her head on the ground but
stands up with pushing his/her hands against the floor; good - if the performer does not lean on his/her head on the
ground but finishes in seating position and stands up with pushing his/her hands against the floor; fair- if the performer
leans on his/her head on the ground, finishes in seating position and stands up with pushing his/her hands against the
floor; poor unacceptable/insufficient - if the performer can not do a forward roll. Data were analysed using a Statistica
6.0. Descriptive statistics is used to describe the central tendency and variability of data. Normality of distribution was
estimated using Kolmogorov-Smirnov procedure whereas significance of differences between sub samples was evaluated
using Mann Whitney “U”test.

Results and discussion

Results of pre-and-post experimental evaluation of forward roll were submitted to Kolmogorov-Smirnov test for
physical fitness. The distribution of both samples was found to be not normal. For this reason non-parametric statistical
significance Mann-Whitney “U” test was employed. Results, listed in Table 1 and 2 show that there were no significance
of differences in performance of forward roll before the learning took place.

Table 1. Descriptive data of forward roll grades before and after aplying experimental factor

Analytical method Valid N Mean Std.Dev. Skewness Kurtosis K-S Sig
0ocC1 152 2,38 1,02 0,63 0,06 p<,01 0,71
0ocC2 152 3,16 0,99 0,53 -0,72 p<,01 0,00
Difference 152 0,79 1,04 1,47 1,81 p<,01 0,00
Synthetical method Valid N Mean Std.Dev. Skewness Kurtosis K-S Sig
ocC1 175 2,40 1,30 0,43 -1,08 p<,01 0,71
0ocC2 175 3,83 1,04 -0,53 -0,62 p<,01 0,00
Difference 175 1,43 1,24 0,60 -0,73 p<,01 0,00

Apart from statistically established differences, distribution of grades also appears to be another index of advantage
of synthetical method of learning. In general, distribution of grades, after the influence of experimental factor, shows
positive asymmetry in the sample where the analytical method was applied (Table 1) indicating grouping of results on
the left side of the grade scale, hence in the area of low grades. On the other side, distribution of grades in sample where
the synthetical method was applied shows negative asymmetry, i.e. grouping of the grades in the area of higher grades
(Viski¢-Stalec, 1997).

The results seem to confirm the first part of null hypothesis - there were no substantial differences between subsample
in which the analytical method was applied and the one in which the synthetical method was applied - before the influence
of experimental factor. At the same time, the obtained results failed to confirm the second part of the null hypothesis -
that there are no differences between sub samples after experimental factor was applied.
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Figure 1. Improvement in acquiring forward roll by analytical and synthetical method, respectively

Findings of the research indicate that synthetical method is more appropriate for teaching in lower grades. The
reasons can be found in a well-known fact that children observe and comprehend phenomena integrally and at the same
time analytical reasoning is not developed enough. PE syllabus in lower grades is composed of basic motor skills and
simple movement forms, therefore, integral learning, repetition and error corrections, is a relief for nervous system and
enhancement in skill automation. Properly applied teaching procedures turned away possible difficulties which could
arise during acquiring of skill/skill acquisition
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Abstract

The aim of the present study was to investigate the relationship between physical self-concept and physical activity
of boys. The sample consisted of 251 boys, aged 5.9 to 8.2 years (mean age = 7.2 years £+ 0.9 SD). Physical self-concept
was assessed using Stein’s Children’s Physical Self-Concept scale. Physical activity was measured by the Harro’s
questionnaire. Children were classified to low and high physical activity groups based on their mean scores. One-way
ANOVA was used to analyse the data. There were significant difference (p <.05) between the low and the high activity
group concerning Global Physical Self-Concept Scale and subscale of Physical Performance, where boys from the high
activity group scored higher. There were no significant differences in the subscales of Physical Appearance and Weight
Control. The most important conclusion of this research suggests the theoretical assumptions that the physical activity
and physical self-concept of children are related.

Key words: physical performance, physical appearance, weight control, self-concept

Introduction

Regular physical activity is associated with various benefits even in the psychological field (e.g., PiSot & Zavr$nik,
2002; Planinsec, 2003; Sallis, et al., 2000). There has been a substantial increase in research into the psychological
correlates of physical activity, including physical self-concept (e.g., Alfermann, et al., 2003; Crocker, et al., 2000;
Planinsec, et al., 2004). Not much research has been done concerning the relations between physical self-concept and
physical activity in children.

Physical self-concept is one of the dimensions of global self-concept (e.g., Bracken, et al., 2000; Marsh, 1996).
Researchers have developed a multidimensional construct of physical self-concept, which comprises of different fields. Fox
in Corbin (1989) have developed a Physical Self-Perception model, which includes four specific areas: body attractiveness,
sport competence, strength competence and physical condition. Marsh (1996) has analysed the physical self-concept
of adolescents according to the following components: appearance, strength, condition/endurance, flexibility, health,
coordination, activity, body fat, sport, global physical self-concept and esteem. Children’s physical self-concept consists
of the following subdomains: physical appearance, physical performance and weight control (Stein, 1996). The perception
of a physical self-concept is, especially in children, an important influence on the development of a global self-concept
and determines its level (Bracken, 1992; Fox, 1997; Planinsec, 2002).

Physical self-perceptions are related to physical activity in children and adolescents (Morgan, et al., 2003; Crocker et
al., 2000). Sonstroem (1997) report a positive relationship between participation in physical activities and self-concept.
Children who were more physically active had considerably higher levels of self-esteem (Tremblay, et al., 2000). High-
level physical activity is an important component in the development of self-esteem in children (Strauss, et al., 2001).
Physical self-perceptions are significant correlates of physical activity in children and adolescents (Raudsepp, et al.,
2002). Hagger et al. (1998) have discovered that groups of low and high physical activity children differ in some areas
of physical self-perception. The connection between physical activity and some subdomains of physical-self concept
(physical conditioning and sport skills) was discovered by Crocker et al. (2000).

Most of the above conclusions relate to older children and adolescents, but very little has been established about the
relation between physical self-concept and physical activity in young children. This sparsity of our knowledge is probably
the result of problems that occur when we try to measure physical self-concept (Stein et al., 1998) and physical activity
(Planinsec, 2003) for this age group.

The main aim of the present study was to establish the relation between level of physical activity and physical self-
concept in young boys. Discovering relationships between physical activity and physical self-concept is important for
everyone (parents, teachers and trainers) who is in any way responsible for the physical activity of children.
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Method

Participants. The sample consisted of 251 boys, aged 5.9 to 8.2 years (mean age = 7.1 years £ 0.9 SD). Participants
were recruited from eleven primary schools in north-eastern Slovenia. During the assessment, the children were healthy
and there were no other special conditions that might have impeded their usual physical activity. The parents of all
participating children signed an informed-consent form.

Assessment of physical activity. A questionnaire for the assessment of physical activity in children (Harro, 1997) was
used. The questionnaire is divided into two parts; one is intended for parents, the other one for teachers. The duration
of activity was monitored and assessed for a whole week. On the basis of data from the questionnaire, an average of
daily moderate to vigorous physical activity was calculated. A mean split was used to divide children into two groups
by activity level - low physical activity group and high physical activity group. The validity of the questionnaire was
satisfactory (Harro, 1997).

Physical self-concept. The children’s Physical Self-Concept Scale (CPSS; Stein et al., 1998) was used to assess global
physical self-concept and the subdomains of physical performance, physical appearance and weight control behavior in
children. The test consists of 27 items, 9 for each subscale. Four statements are given for each item, and the child chooses
the one he/she finds most accurate. Each statement is worth from 1 to 4 points, and by adding the points we get a total for
every subscale and a global score. Pilot testing with 6-7 year-old children has shown that, when provided with appropriate
instructions and guidance through the scale, the children encountered no problems.

Procedures. Measurement was carried out in autumn. Parents and teachers were well acquainted with the filling in of
the questionnaire and with the criteria for defining moderate to vigorous physical activity. One teacher was monitoring a
maximum of seven children. The students received all necessary information from two experts who were present during
the filling out of the CPSS questionnaires.

Statistical analyses. SPSS was used for data processing. Analysis of variance (ANOVA) was used to examine
differences in physical self-concept. Statistical significance was set at an o level of 0.05.

Results

Results show (Table 1) that there is a significant difference (p <.05) between the low activity group and the high
activity group concerning Global Scale and Physical Performance, where boys from the high activity group achieve better
results. There are no significant differences in the subscales of Physical Appearance and Weight Control.

Table 1. Physical Activity of Non-overweight, Overweight and Obese Boys

Non-overweight Overweight Obese
Variables (n=142) (n=24) (n=13) p
Mean + SD Mean + SD Mean + SD
MVPA — weekdays (min/day) 80.7 £36.9 79.7 £ 38.1 78.1+35.6 NS
MVPA — weekend (min/day) 107.4+42.8 104.9+43.3 83.9+39.5 <.05
MVPA — total (min/day) 88.3+38.6 86.9 + 39.6 79.7 £ 36.7 <.05

NS (not significant)

The average daily physical activity (Table 1) in the low physical activity group is 73.21 minutes per day (+ 37.56 SD),
and in the high physical activity group 111.78 minutes per day (£ 43.86 SD); the difference between these two groups is
significant (p <.05).

Discussion

The results of this research confirm conclusions about the relations between physical self-concept and level of physical
activity (e.g., Crocker et al., 2000). High activity group children scored higher results on the Global Physical Self-Concept
and subscale of Physical Performance. Such results could be expected, since the characteristics which fundamentally
influence Global Physical Self-Concept and Physical Performance are related with physical activity. Motor skills and
abilities (catching a ball, balance, high jump, fast climb, fast run, throwing a ball), which represent items in the subscale
Physical Performance, will be more developed in children that are more physically active. The physical self-perception
subdomain, especially condition, strength and sport, differentiate low- and high-active children very well (Hagger, et al.,
1998). There were no differences between the low and high activity groups in Physical Appearance and Weight Control.
Hagger et al. (1998) also state that the low and high activity groups differ least in perceptions of bodily attractiveness.
This was expected, since Physical Appearance and Weight Control are far less dependent on the level of physical activity
than characteristics in the Physical Performance subdomain.
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The most important conclusion of this research confirms the theoretical assumptions that the level of physical activity
and perceived physical self-concept are related. The question remains, though, whether a higher physical self-concept is
the result of a higher level of physical activity, or whether children with a higher physical self-concept are simply more
physically active. The causal link between physical activity and physical self-concept should certainly be investigated
with a sample group of children.

Conclusions about the connection between physical activity and physical self-concept can be used by anyone who
deals with the physical activity of children, especially physical educators and trainers in order to (a) create a positive
motivation climate, (b) design effective intervention programs and (c) choose a learning strategy which will encourage
children to take part in physical activity and their physical self-concept. Since physical self-concept is an important part
of global self-concept we have to consider it very carefully. We also should encourage children to increase their levels of
physical activity, which has a number of benefits in the psychological field as well.
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Abstract

Motivational climate is an important variable in the educational setting since it determines a situational goal structure.
The aim was to study how pupils’ gender and age influence their perception of PE classes’ climate. 171 pupils (39% boys,
61% girls) from two age groups (7" grade of primary and 2™ grade of secondary schools) took part in the study. Learning
and performance orientations in physical education classes questionnaire (LAPOPECQ); Papaioannou, 1994) was used to
study the motivational climate. Results of present study show that gender and age separately influence how adolescents
perceive the motivational climate in PE classes. Teachers’ directions and leadership behavior toward the effective learning
process therefore may not be universal but as much as possible adapted to the developmental characteristics of pupils.

Key words: motivational climate, physical education, gender, age

Introduction

Motivational climate determines a situational goal structure that can be comprehended as a joint goal orientation of
individuals in a certain learning environment or situation (Barié, 2004). Motivational climate is a contextual variable
(Duda, 1992), determined by characteristics of a concrete environment. According to Duda (1992) there are two basic
patterns of motivational climate: mastery climate and competitive climate.

Mastery climate represents an environment where teachers highly emphasize pupils’ learning progress, effort and
skill improvement (Duda, 1992). Such motivational climate is prevailed by cooperation and pupils are oriented toward
personal progress. Success or failure is dependent upon the subjective assessment whether one achieved mastery, earned
or improved on a task. Perceptions of ability are self-referenced and dependent upon learning and improvement (Roberts,
2001). Teachers that co-create such climate are usually democratic, instructive and interested in pupils as individuals.
Second type of motivational climate is performance climate (Duda, 1992) and is characteristic for environments where
teachers emphasize failure, punish mistakes and give less positive feedback and social support to pupils (Roberts, 2001).
Pupils are motivated by using the normative criteria (comparison to the others) of performance evaluation, and by believing
that success is a result of the superior abilities. They perceive that teacher and classmates are constantly evaluating them and
their performance, while great emphasize is given on the superior accomplishments of sport skills and goal achievements.
Teachers who influence such pattern of climate are usually autocratic and dictatorial (Bari¢, 2004).

Since several age and gender differences were reported in previous studies (see Duda, 1992; Smoll & Schutz, 1980),
the study was aimed at investigating these characteristics of motivational climate in PE classes in Slovenian primary
and secondary schools.

Method

Participants

A total of 171 pupils (1., = 66; n,,, = 105) from different primary and secondary schools from all Slovenian regions
participated in the study. Participants attended 7" grade of primary school (n = 76; M,,. = 13.08 yrs; SD,,, = 0.42 yrs)

and 2™ grade of secondary school (n = 95; M,,. = 16.02 yrs; SD,,. = 0.36 yrs).

age age

age age

Assessment and procedure

Motivational climate in physical education classes was assessed by Learning and Performance Orientations in
Physical Education Classes Questionnaire (LAPOPECQ; Papaioannou, 1994). The questionnaire was translated and
adapted to the characteristics of Slovenian sample by authors of this contribution. The 27 items Slovenian version of
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LAPOPECQ was employed to assess the motivational climate in PE classes on a 5-point Lykert-type scale (I1=strongly
disagree; S=strongly agree).

The factor analysis showed that LAPOPECQ consists of five orthogonal factors (Ceci¢ Erpi¢, Boben, Skof, Zabukovec,
& Bari¢, 2004; Papaioannou, 1994). The first two scales refer to a learning-oriented climate namely created by teachers’
behavior (a=0.77) and pupils’ satisfaction with learning (a=0.78). The third scale (a=0.71) imply competition prevailing
climate, where a success is defined by clear normative-based criteria (e.g., being better than others). Items of the fourth
scale describe a learning climate where a success is defined through criteria, related to pupils’ abilities (e.g., achieving
success without effort). The last scale (0=0.78) describes a climate defined by pupils’ fear and worries about mistakes.

After the written consent from their parents was obtained, participants were tested in groups in classroom settings.
Instruction was given that the items refer to PE classes on general and not to the specific class. A 2x2 MANOVA was
conducted to evaluate the influence of gender and age on the characteristics of perceived motivational climate in PE
classes.

Results

The means and SD for the LAPOPECQ scales are presented in Table 1. 2x2 MANOVA was conducted to determine
whether there were gender and age differences in the perception of motivational climate. There were no interacting effect
between age and gender.

Table 1: Descriptive statistics LAPOPECQ scales regarding gender and age

boys girls primary school secondary school
n M SD n M SD n M SD n M SD
L1 61 25.02 5.14 98 26.74 4.59 67 26.30 5.06 93 25.86 4.75
L2 60 15.80 4.06 100 16.56 4.71 66 1715 4.40 95 15.70 4.45
L3 62 16.31 3.48 98 12.81 3.96 68 15.81 4.27 93 12.92 3.59
L4 60 1212 3.81 101 11.07 2.78 68 12.16 3.66 94 10.95 2.76
L5 59 14.42 3.44 98 14.38 2.98 64 15.25 2.92 94 13.79 317

Legend. L1 = teachers’ behavior; L2 = pupils’ satisfaction with learning; L3 = success, defined by normative-based criteria; L4 = success,
defined by ability-based criteria; L5 = pupils’ worries about mistakes

Discussion

Results of 2x2 MANOVA showed that gender and age significantly influence some components of motivational climate
in PE classes. While there were no interacting effects between gender and age, results show that girls evaluate components
related to teachers’ behavior more positively than boys meaning that girls perceive teachers as more satisfied with their
progress in the learning process (F =4.86, p <.05). There are significant gender differences in perception of how success
in PE classes is defined. Boys perceive success as more defined by clear-normative based criteria (F = 32.46, p <.00) than
girls do. As competitiveness is characteristic for such motivational climate, this means that boys perceive PE classes as
more competitive than girls do which was shown in other studies as well (e.g., Smoll & Schutz, 1980; Zabukovec, Cecic¢
Erpi¢, Boben, & Skof, 2002). On the other hand, boys also perceive to a greater extent that success in PE is defined by
ability-based criteria (F = 4.04, p <.05).

The perception of motivational climate is significantly influenced also by pupils’ age. The results show that age doesn’t
influence only one of measured motivational climate components, i.e. teachers’ behavior. According to their assessments,
other four components are more characteristic for motivational climate of younger pupils. 7" grade pupils evaluate the
climate in PE classes as more competitive (i.c., success defined by clear-normative based criteria, F =21.53, p <.00) and
at the same time as more oriented towards the development of abilities (i.e., success defined by clear-ability based cri-
teria, F =5.79, p <.05) than older pupils. Interestingly, results show that younger pupils are more satisfied with a learning
process (F =4.15, p <.05), while at the same time motivated by worrying about the mistakes (F = 8.64, p <.05). Younger
pupils therefore perceive motivational climate in PE classes on general as oriented toward learning of new skills, where
also information and knowledge on health related issues are being thought. Results are not surprising as they represent
the developmental characteristics of early and middle adolescence (Smoll & Schutz, 1980).

Results of present study show that gender and age separately influence how adolescents perceive the motivational
climate in PE classes. Teachers’ directions and leadership behavior toward the effective learning process therefore may
not be universal but as much as possible adapted to the developmental characteristics of pupils. Since teachers’ behavior
is one of significant components of motivational climate, these results imply some information about development of an
effective motivational climate.
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Abstract

The system of 20 variables were applied on the sample of 102 5"-form elementary school pupils, 1 of which 20 m-
running speed (as criterion variable), 9 morphological characteristics and 10 motor abilities (as specific system of predictor
variables). The purpose was to determine the effect of the predictor system of morphological variables and the predictor
system of motor variables on the criterion variable of 20 m-running speed in order to establish the most rational procedures
on planning and programming the training contents, as well as an efficient development of the motor abilities relevant to
the development of sprint speed with boys aged 11-12. Data were processed by application of the regression analysis.

The results indicated that the applied system of predictor variables of morphological characteristics had statistically
significant effect on the criterion variable of 20 m-running speed at the level of .00 (p=.00), that the coefficient of multiple
correlation was .71 (Ro=.71), whereas the common variability (square of the multiple correlation) was about 51% (Ro*=.51).
This particularly means that morphological characteristics may account for 47% of positive effect on the sprint running.
Statistically significant effects on the criterion running variable at 20 m were those of individual variables of body mass
and skin folds of upper arms.

The applied system of predictor motor variables on the 20 m-running speed variable had statistically significant
effect at the level of .00 (p=.00), coefficient of multiple correlation was .75 (Ro*=.75), whereas the common variability
(square multiple correlation) was about 57% (Ro?=.57). This means in particular that motor abilities account for 57% of
positive effect on sprint running. Individual statistically significant effect on the 20 m-running criterion variable was
that of the repetitive strength of the trunk and shoulders (lean backward in lying position and pull-ups on horisontal bar),
explosive strenth of arms and shoulders (medecine ball throw from lying position), and coordination (passing throught
and jumping).

The results based on the claculated matrices of effects of the predictor systems of morphological and motor variables
on the 20 m running variable point to the fact that boys of 11-12 years achieve sprint results mostly owing to integral
biological growth and development (body mass) and motor abilities, especially repetitive strength of the trunk and
shoulders, explosive strenth of arms and shoulders, as well as legs coordination.

Key words: effects, morphological characteristics, motor abilities, sprint speed, boys aged 11-12.

Introduction

Research of various effects of processes of the body exercising and/or training on the development of particular
anthropological characteristics of children represents one of the most important orientations in physical education and
sport. It includes defining the goals and tasks of the exercising process; condition of exercisers and limiting factors, within
which it also implies diagnosis, planning, programming and control of the exercising process and/or training (Findak,
1999, Pejcic, 2002).

In order to make the development of relevant skills and characteristics possible, it is necessary to apply different
exercises (means, contents, instructors), stressing the fact that they must result from well conceived activities, selection
and application, i.e. that they meet the goals and tasks of the exercising process.

As the effects of exercising also depend on the application of the loading method, for each exercising structure it is
necessary to know in advance which means (exercise, contents) should be used for a particular purpose, as well as how
to apply it. Obviously, the means, methods and workloads cannot be treated, analyzed and applied separately, but they
should be regarded as mutually dependent and conditioned elements while conceiving, composing, programming, putting
in operation and controlling of the exercising process in order to envisage and analyze the desired effects.

Depending on the orientation of particular sports, one can differentiate between the means aimed at adopting

specific motion forms (usually applied when training technical elements) and means aimed at development of the
relevant anthropological characteristics of children. As is already known, the above orientations imply mutual relations
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and effects, as for the development of the relevant anthropological ability or characteristic, it is necessary to adopt the
relevant motion (technical) structure in a rational, economical and optimum manner, by means of which effects must be
produced on goal-oriented development of the desired anthropological abilities and characteristics (Kureli¢, Momirovic,
Stojanovi¢, Sturm, Radojevi¢ & Viskié-Stalec, N. 1975).

The exercising means and/or training aimed at learning and improving the desired and goal-oriented motion structures
(sports-technical elements, motor information) must be conducted in an extremely selective manner, based on a previous
choice or a new plan of specific (situational) motion structures (preliminary exercises, intermediate exercises, actual
exercises) which are the closest to the situational motion structure according to their form, character and structure. In
doing so, the final goal should be to achieve the fastest and highest exercise effects while performing them and adopting
the relevant motion structures, by means of which optimum development of the relevant anthropological abilities
and characteristics being in function of the desired goals could be achieved with the least possible structural motion
elements.

The development of the particular relevant anthropological abilities and characteristics, whose success primarily
depends on the selection of proper means, their application and workload, should not be oriented to the aimless exercising,
which means that it is useless to develop particular skills and characteristics of children without the particular requirement.
Thus, the training means aimed at the development of the relevant anthropological abilities and characteristics must be
conceived and/or selected with an aim that their modification is performed under the effect of the previously adopted
(skilled, automated) motion structures (exercises and contents). In doing this, there is a well-known rule that regardless of
what the selection of the program contents (means) is based on, priority will be given to the contents of higher complexity,
i.e. to those which enable the achievement of higher number of goals.

Having in mind the fact that the goal of physical education and training in elementary school is optimum anthropological
integrity of children, it is desirable to conduct occasional research in order to control the influence of complexity of the
achieved effects on individual relevant anthropological abilities and characteristics (Malacko & Popovié, 2001).

This was the essential reason to check through this research the influence of particular relevant anthropological
abilities and characteristics, and, indirectly, of the applied contents of the exercising or training process on the sprint
speed in children.

In accordance with the above approach, the purpose of this research was to determine the effects of morphological
characteristics and motor abilities on the sprint speed of boys at this age, in order to get an insight of the effects of
application of the teaching and training program contents and to take adequate measures for further application of goal-
oriented exercises, methods and workloads.

Methods

The sample of 102 elementary school pupils of the 5" form were subjected to testing 20 variables, of which 1 was
variable of 20 m dash speed (criterion variable), 9 were variables of morphological characteristics, and 10 were variables
of motor abilities (specific system of predictor variables).

Within the field of morphological characteristics, the following system of predictor variables was applied: (1.) body
height, (2.) shoulder width, (3.) biiliocristal width, (4.) body weight, (5.) upper arm circumference, (6.) thigh circumference,
(7)) triceps skinfold, (8.) subscapular skinfold, and (9.) abdominal skinfold.

Within the motor abilities, the following system of predictor variables was applied: (1.) dragging and jumping over,
(2.) agility in the air, (3.) obstacle course backwards, (4.) plate tapping, (5.) one foot tapping, (6.) two feet tapping, (7.)
standing broad jump, (8.) medicine ball put - lying, (9.) sit-ups, and (10.) reverse sit-ups.

For evaluation of the sprint speed (criterion variable), the variable of 20 m dash from high start was applied.

The effects of the systems of morphological and motor variables (system of predictor variables) on the variable of 20
m dash were calculated by means of regression analysis.

For calculation and analysis of the obtained results, the following univariant statistical parameters were applied:
standardized regression coefficient (B) was applied for individual effects of each predictor variable on the criterion variable,
t-test (t) was applied for testing the significance of effects of each predictor variable on the criterion variable, statistical
significance of effects of standardized regression coefficients of each predictor variable on the criterion variable at the
level of .5 up to .00 (p<.05).

Multivariant values were calculated by means of the following statistical parameters: square of multiple correlation
or total variance of the system of predictor variables on the criterion variable (R,?), square of multiple correlation or the
total variance of the system against predictor variables and the criterion variable (R,), coefficient of the average square for
regression of residual (F), and statistical significance of effects of the whole system of predictor variables on the criterion
variable at the level from .05 up to .00 (p<.05).
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Results
Analysis of Table 1 points clearly to the fact that the applied system of predictor morphological variables on the
criterion variable of sprint speed (20 m dash from high start) has multivariant and statistically significant effect at the

level of .00 (p=.00), as well as that the coefficient of multiple correlation amounts to .71 (R,=.71), which explains the
mutual variability of about 51% (R,*>=.51).

lTable ; Effeztls of frzdictor system of Zvlorzjfm— By means of the univariant analysis of the applied system of

ogical variables of the criterion variable of 20 : : : e

m dash from high start p}red}ctor variables, a conclgspn can bg drawn that the statlstlcglly
significant effects on the criterion variable of 20 m dash from high

Varijables B t p start are produced by: body weight (4), thigh circumference (5) and
1 -09 -67 50 skin fold of the upper arm (7).
2 ;: 1;2 :Ss The analysis of the Table 2 points clearly to the fact that the applied
2 2 216 o system of predictor motor variables on the criterion variable of sprint
5 76 96 05" speed (20 m dash from high start) produce multivariant and statistically
P 39 160 EY significant effects at the level of .00 (p=.00), as well as that the coefficient
7 58 271 00 of multiple correlation amounts to .75 (R,=.75), which explains the mutual
8 18 88 37 variability of about 57 % (R*=.57).
9 -19 -78 43 By means of the univariant analysis of the applied system of predictor
Ro?=5! Ro=71 F=1084 p=00* variables, it may be concluded that the statistically significant effect on

the criterion variable of 20 m dash from high start is produced by the
following variables: dragging and jumping over (1), medicine ball put -

Table 2: Effects of the predictor system of motor lying (8), and reverse sit-ups (10).

variables on the criterion variable of 20 m dash

from high start
Variablos 5 : ) Discussion

1 28 229 02 The results of regression analysis in 11-12 years old boys point to the
2 10 135 17 fact that the whole system of applied morphological variables and the
3 10 84 39 whole system of motor variables have statistically significant effects on
4 12 1.37 A7 the sprint speed at the level of .00 (p=.00). It was found out that the boys
5 -15 -1.47 14 with increased body weight, upper arm circumference and adipose tissue
6 -.09 -.93 35 of upper arm, as well as with increased coordination of the whole body,
7 -.02 -18 -85 explosive strength of arms and shouler girth, and repetitive strength of
8 A7 2.07 04 back muscles achieve better results in sprint running.

190 Z _3_’2; :z:* The obtained and analysed results indicate that the boys at this age

may achieve better results in sprint running usually at the cost of the
Ro*=57 Ro=75 F=1235 p=00" increased total body weight, upper arm circumference, explosive strength

of arms and shoukler girth and repetitive strength of the back. This
means that they achieve better results in dash at the cost of the upper extremities, muscles of the back, and coordination
of the whole body, and not that of the explosive strength of the lower extremities and speed of alternative movememnts,
as was expected.

This indicates further that in the teaching process and/or training, there was insufficient application of the program
contents aimed at the development of explosive strength of legs and sprint running, which is highly important for the
children at this age, as the sprint speed is involved in most of the relevant sports activities.

The results achieved in boys at the age of 11-12, indicated that motor abilities and morphological characteristics,
formed at the integral base, account for the manifestation of sprint speed, provided that the body weight, explosive strength
of arms and shoulder girth, repetitive strength of back muscles and coordination of the body represent the predominant
characteristics, abilities or traits in manifesting speed of sprint running at this age.

Based on the obtained results, a conclusion can be drawn that the boys at this age have not developed sufficiently
the explosive strength and speed of alternative movements of lower extremities. This means that, in the future work with
boys, more attention should be paid to the application of exercises aimed at the development of relevant motor abilities
for achieving better results in sprint running. This means in particular that the program contents must be conceived
and/or selected in such a manner that their application is performed under the influence of already adopted (instructed,
automated) motion structures (exercises, contents).
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Abstract

The goal was to determine relations of anthropological variables and performance in certain school athletic disciplines
in 56 girls (10-11 yrs of age) which participated in various programmes of extracurricular activities (school athletics, team
sport games, other sporting activities) two times a week besides the regular physical education classes. The anthropological
status was assessed by three anthropometric, six motor and one functional variable. Performance variables consisted of
results accomplished in 300m running, long jump, high jump and throwing the ball. The findings confirmed that early
engagement of girls in athletic programmes, focused on natural forms of movement, is not only recommendable, but also
indispensable for their optimal physical development.

Key words: anthropometry, team sport games, school sport, school year

Introduction

Insufficient physical activity is a main feature of modern way of living of all age groups. Two physical education (PE)
classes per week, or 90 minutes of organized physical activity is a too small stimulus for children’s normal development.
Therefore, it is of a vital importance to include as many children in other forms of organized sport and exercise for
children and the young. Various forms of school sport, extracurricular and extramural sporting activities, most of which
are verified by the Croatian Ministry of Science, Education and Sport, may help to incite the children to exercise regularly.
Unfortunately, no programme of athletics has been offered so far. It is somewhat surprising, because athletics is a basic sport
and requires no extra facilities or equipment, in other words, it may be accessible to everyone. It is even more important
if we know that natural forms of movement are hardly surviving nowadays, especially in urban population. Therefore,
children should first learn to walk, run, jump and throw properly. And athletic programmes offer all of these.

The aim was to determine if there were any differences among three groups of girls involved in various extracurricular
activities on the basis of anthropological variables and variables of performance in school athletics at the beginning and
at the end of the school year

Methods

Sample of subjects. The study was performed on the convenience sample of 56 girls, fourt- and fifth-graders, that is
10-11 years of age, from elementary schools of Cakovec. Besides participating regularly in PE education classes twice a
week (2 x 45 min), each one of them was engaged in one of extracurricular programmes. In the athletic group there were
22 girls, in team sport games 17, and 17 girls were in the group named “other sports”.

Extracurricular programmes. Extracurricular programmes were performed two times a week (2 x 45 minutes). The
athletic programme was composed of the following teaching units: running (all kinds of), walking, jumping, throwing
and elementary games. The main determinants of the team sport games’ programme were learning of technical and
tactical fundamentals of a particular sport and development of other necessary motor skills and abilities. In the group of
“other sports” programmes accentuated learning of sport specific technical fundamentals and only the elements of the
gymnastics programme were similar to those in the athletics programme.

Sample of variables. The sample of ten anthropological variables (3 anthropometric, 1 functional, 6 motor) is identical
to the test regularly used for the initial and final anthropometric, motor and functional measurement in Croatian elementry
schools, as described in the handbook “Norme — primijenjena kineziologija”, by Findak and associates (1996).

Anthropometric variables: body height (height; cm), body mass (mass; dag) and forearm circumference (forearm
circ.; mm). Motor variables: hand tapping (tapping; reps.), standing broad jump (broad jump; cm), straddle sit-and-reach
(sit-and-reach; cm), polygon backwards (polygon; s), pull-up hang (pull-up; s), sit-ups in 60 s (sit-up; reps.), 3-minute
running (4th formers; F-3; points) or 6-minute running (5th formers; F-6; points).

Athletic performance variables: 300-metre running (300 m; s), long jump (cm), high jump (cm) and throwing the
200 g ball (ball, m).
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The selected variables are highly reliable and have good metric characteristics. The anthropological variables are
regularly used in the Croatian elementary schools for the initial and final assessment of motor and functional status of
pupils. The school athletic disciplines used are components of the physical education curriculum for the 4™ and 5" form
of the elementary school.

Data processing methods. The datra were processed using the software STATISTICA 5.0 at the Faculty of Kinesiology
University of Zagreb. Descriptive statistics of all the groups of variables were calculated for each subsample separately.
Discriminant analysis was used to determine statistical significance of differences among the groups obtained in the initial
and the final measurement and canonical correlation analysis was used to determine relations among the anthropological
and athletic performance variables.

Results and discussion

The results of discriminat analysis indicate that the significant changes have occurred in the period between the initial
and final measurement. Namely, in the initial measurement significant statistical differences between the three groups
of girls were obtained on both disciriminant functions (Table 1).

Table 1. Chi — Square Test (initial)

Roots Chi - Square Test with Successive Roots Removed

removed Eigenvaule CanonicalR Wilks’ Lambda Chi-Sqr. df p-level
0 1.513 0.776 0.241 66.128 28 0.000
1 0.650 0.628 0.606 23.279 13

Table 2. Factor structure matrix (correlation of
variables — canonical roots; initial)

Table 3. Means of canonical variables (initial)

Group Means of canonical variables

Variables Factor structure matrix Root 1 Root 2

Root 1 Root 2 ATHLETICS 1.449 -0.220
height 0.197 -0.544 TEAM SPORTS -1.284 -0.838
mass -0.012 -0.698 OTHER SPORTS -0.592 1123
forearm circ. -0.063 -0.541
tapping 0.115 -0.095 . . . .
broad jump 0.355 0.062 It is obvious (Table 4) that groups differ significantly among
sit-and-reach 0156 0196 themselves (p=0.001) on the first discriminant function, whereas on
polygon 20.369 -0.059 the second function there were no differences among them.
sit-up 0.258 0.051 Values of the orthogonal projections (correlations) of the variables
pull-up 0.324 0.045 with discriminant functions (Table 5) reveal that the groups differ from
F3, F6 0.427 0.119 each other in the variables long jump, high jump, 300 m running, F3
300m -0.486 0.043 & F6 and standing broad jump. The position of the centroids of the
high jump 0.812 0.166 groups in relation to the discriminant function make it obvious (Table
long jump 0.511 -0137 6) that the athletic group is on the negative pole, whereas the other two
ball- 200 g 0.204 -0.382 . Lo . .

are on the positive pole of the discriminant function. The mentioned

differences in the values of orthogonal projections of the variables on
the discriminant function speak in favour of the better results of the
athletic group.

Table 4. Chi-Square Test (final)

Roots Chi-Square Test with Successive Roots Removed
removed Eigenvalue Canonical R | Wilks’ Lambda Chi-Sqr df p-level
0 2.245 0.832 0.205 73.771 28 0.000
0.506 0.580 0.664 19.034 13 0.122
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Table 5. Factor structure matrix (correlations of
variables - canonical roots; final)

Factor Structure Matrix
Variables

Root 1 Root 2
height-2 -0.184 0.612
mass-2 0.025 0.825
forearm circ.-2 0.084 0.822
tapping-2 -0.233 0.123
broad jump-2 -0.414 0.209
sit-and-reach-2 -0.114 0.298
polygon-2 0.380 -0.085
sit-up-2 -0.263 -0.043
pull-up-2 -0.242 -0.148
F3, F6-2 -0.548 -0.160
300m-2 0.559 0.054
high jump-2 -0.739 0.201
long jump-2 -0.589 0.428
ball-2 -0.288 0.387

Table 6. Means of canonical variables

Means of Canonical Variables
Group
Root 1 Root 2
ATHLETICS -1.758 0.209
TEAM SPORTS 1.592 0.726
OTHER SPORTS 0.682 -0.997

Correlations among morphological variables displayed
significant correlations between body height and body mass
(0.707), and between body mass and forearm circumference
(0.907). The significant negative correlation is obvious
between body mass and polygon backwards (- 0.751)*.
Because results are turned upside down.The variable hand
tapping established a single correlation with the variable
standing broad jump (0.517). The variable standing broad
Jjump is highly correlated with all the motor variables, most
with the polygon backwards (-0.751).

The variable F3, F6 established the positive correlation with the standing broad jump (0.516) and the negative
correlation with the polygon backwards (-0.523). Mutual correlations among morphological variables are as expected,
whereas their correlation with the variables of the motor and functional space is somewhat lower.

Table 7. Correlation among anthropological variables (the final measurement)

height mass forearm circ. tapping broad jump | sit-and-reach polygon sit-up pull-up F3,F6
height 1.000 0.707 0.563 0.277 0.341 0.401 -0.149 0.179 -0.106 -0.009
mass 1.000 0.907 0.061 0.036 0.338 0.112 -0.048 -0.437 -0.119
forearm circ. 1.000 -0.023 0.001 0.288 0.033 -0.033 -0.414 -0.175
tapping 1.000 0.517 0.284 -0.460 0.467 0.302 0.362
broad jump 1.000 0.489 -0.751* 0.549 0.493 0.516
sit-and-reach 1.000 -0.405 0.259 0.102 0.096
polygon 1.000 -0.668 -0.614 -0.523
sit-up 1.000 0.440 0.482
pull-up 1.000 0.416
F3,F6 1.000

Results of the applied canonical correlation analysis displayed relatively low correlations among anthropological and
performance variables (Table 8). The variable long jump established the most positive correlations with anthropological
variables. The variable long jump established the negative correlation with the variable polygon backwards (-0.700) and
300 metre running (-0.738), whereas it established the highest positive correlation with the variable standing broad jump
(0.824). The variable high jump established the most significant correlation with the variable standing broad jump (0.751)
and positive correlation with the morphological variable body height (0.504). The variable throwing the 200g ball is
positively correlated with the standing broad jump (0.611). The variable 300 metre running is positively correlated with

Tablica 8. Canonical correlations among anthropological and performance

variables (final measurement)

the polygon backwards (0.695), whereas it
established the highest negative correlation
with the variable of functional abilities F3,

- — - F6 (-0.688).

Variables 300 m high jump long jump ball

height 70.09 0.504 0.425 0.499 The obtained results demonstrate
mass 0225 0131 0122 0.342 statistically significant differences among
forearm circ. 0.262 -0.022 0.093 0.305 groups of girls in anthropological and
tapping .0.571 0.568 0.480 0.410 athletic performance variables both
broad jump -0.685 0.751 0.824 0.611 in the initial and final measurements.
sit-and-reach -0.114 0.320 0.358 0.383 The differences obtained in the final
polygon 0.695 -0.551 -0.700 -0.469 measurement may be attributed to the
sit-up -0.617 0.465 0.526 0.494 influence of the applied extracurricular
pull-up -0.560 0.404 0.529 0171 programmes. Statistically the best scores
F3,F6 -0.688 0.550 0.557 0.236 were registered for the group engaged in the
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programme of athletic disciplines. Canonical correlation analysis showed that the motor abilities have greater influence
on performance in athletic disciplines than the anthropometric characteristics. The findings may be useful in improving
the physical education curriculum and syllabus, as well as in extracurricular sporting and exercise activities’ planning
and programming in elementary school.

References

1.

Babi¢, V., & Vucetié, V. (2004). Pradenje, vrednovanje i ocjenjivanje tehnike niskog starta u tjelesnoj i zdravstvenoj kulturi. In
V. Findak (Ed.), Proceedings of 13" Summer School of Kinesiologists of the Republic of Croatia (pp. 270-274). Zagreb: Hrvatski
kinezioloski savez.

Breslauer, N., Delija, K. & Jeleni¢, A. (2004). Utjecaj Sestomjesecnog kinezioloskog tretmana na neke motoricke dimenzije
uéenika I'V.1V. razreda osnovne $kole. In V. Findak (Ed.), Proceedings of 13" Summer School of Kinesiologists of the Republic
of Croatia (pp. 83-87). Zagreb: Hrvatski kinezioloski savez.

Dodig, M. (2002). Pliometrijski misiéni trening. Rijeka: Sveuciliste u Rijeci.

Dodig, M. (2002). Modeli i modeliranje tjelovjezbenih procesa. Rijeka: Sveuciliste u Rijeci.

Findak, V., Metikos, D., Mrakovié, M., & Neljak, B. (1996). Primijenjena kineziologija u $kolstvu — NORME. Zagreb: Fakultet
za fizi¢ku kulturu.

Findak, V., Mirinivi¢, R., Schmidt, I., & Snajder, V. (1990). Tjelesna i zdravstvena kultura u osnovnoj koli. Zagreb: Skolska
knjiga.

Findak, V., & Prskalo, I. (2004). Kinezioloski leksikon za ucitelje. Petrinja: Visoka uciteljska $kola.

Males, B., Hofman, E., & Antekolovi¢, Lj. (2004). Kanonicke relacije izmedu znanja i dostignuéa kojima se vrednuje nastava

atletike. In V. Findak (Ed.), Proceedings of 13" Summer School of Kinesiologists of the Republic of Croatia (pp. 121-124). Zagreb:
Hrvatski kinezioloski savez.

Snajder, V. (1997). Na mjesta, pozor...: hodanje i tréanje u tjelesnoj i zdravstvenoj kulturi. Zagreb: Fakultet za fizicku kulturu.

97



4 International Scientific Conference on Kinesiology, 2005, Opatija, Croatia

ANALYSIS OF THREE DIFFERENT WAYS OF ASSESSING MOTOR ABILITIES
WITH THE TESTING ASSIGNMENT OF LONG JUMP WITH APPROACH

Matej Majeri¢, Marjeta Kova¢, Brane Dezman and Janko Strel

Faculty of Sport, Ljubljana, Slovenia

Abstract

In the paper we study the measurement characteristics of the test assignment ‘long jump with approach’ (step and a half
technique) and analysed differences between the evaluations of three independent evaluators who made assessments using
holistic, ponderation (weight) and analytical methods. The study was carried out on a sample of 193 13-year-old students
who in September 2003 had finished six years of school. The acquired data was elaborated with the basic procedures of
descriptive statistics, correlational analysis and variance analysis. We identified adequate measurement characteristics
of an assessment. There are differences in the three methods of making assessments but they are not significant. The
analysis shows that the best way of making an assessment in schools is the holistic assessment method.

Key words: assessment, motor abilities/skills, long jump with approach, measurement characteristics

Introduction

The new physical education curriculum defines the standards of knowledge expected at the end of each trimester.
Physical education teachers usually introduce the task of ‘long jump with approach’ to assess the standards acquired in
the second and third trimesters of primary school. This assessment usually involves measuring the length of the jump
(Kovac, Jurak and Strel, 2003). For the external assessment and testing of knowledge at the end of primary school the
so-called analytical method of assessment is used to test the task long jump with approach by implementing accurate
measures and descriptives since the assessment is expected to be as objective as possible. In this study we also tried out
some other methods of assessing and compared them with the different marks obtained using the holistic, ponderation
(weight) and analytical methods.

Differences between holistic, ponderation (weight) and analytical assessment methods

According to Jurman (1989) when applying the analytical method a teacher initially examines the existing knowledge
and later the absence of knowledge, and only then decides on the respective mark considering the standards and evaluation
scales; whereas with the holistic method the entire demonstration of a student’s knowledge is first assessed »intuitively«
on the basis of personal standards for marks. When speaking about defining the criteria and descriptives for the analytical
and holistic methods, Rutar Ilc (2003) says that each area of assessment needs its own criteria also according to different
levels; and when applying the holistic method of assessment we use for each particular assessment level or marks several
criteria at the same time. The ponderation (weight) method of assessment is a combined way which includes both the
characteristics of the holistic method and the analytical method of assessment. We have so far not encountered in physical
education any similar study that compares different assessment methods. However, the differences between the holistic,
ponderation (weight) and the analytical methods of assessment have already been evaluated in other school subjects. In
general, they have discovered certain advantages and weaknesses specific to the evaluated materials with the result that
some authors (Marenti¢ Pozarnik, 2000; Tacol, 2000; Zrimsek, 2000) state it is necessary to use different assessment
methods.

Measurement characteristics of test assignments for assessing motor skills

The theory of assessment first of all emphasises the validity, reliability, objectiveness, sensitivity and economic aspects
of assessment (Jurman, 1989; Sagadin 1993; Bucik, 2000). An evaluation is valid when it is in line with the contents and
objectives of the subject (Bucik, 2000; Marenti¢ Pozarnik, 2000). Here we also implement the adaptation of different
taxonomic goals. In physical education what is mostly implemented is the determination of basic and general (declarative)
knowledge and specific (procedural) knowledge (Kovac, 2000; Rutar Ilc, 2003). An assessment is reliable when the same
teachers give after a new assessment the same mark for the same displayed knowledge (Zorman, 1974; Bucik 2000; Marenti¢
Pozarnik, 2000). The reliability of assessment can be increased through good assessment measures (Marenti¢ Pozarnik,
2000). An assessment is objective when different evaluators give the same mark for the same displayed knowledge. The
objectivity of the assessment is mostly enabled by standard knowledge tests (Zorman, 1974; Sagadin, 1993).

Authors (Dezman and Kovac, 2002; Kovac et al., 2002; Lorenci et al., 2002; Preml¢, 2002; Zadraznik, 2002; Majeric,
2004) who have recently studied the measurement characteristics of testing assignments used in assessing motor skills
have found they are appropriate for use in the evaluation of physical education.
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Methods

Sample of tested and assessed individuals

The sample of tested individuals covered 193 male school children who had finished six years of school and who were
13 years old by 1 October 2003. The sample of tested individuals is representative for Slovenia. The data was collected
in the research of Strel et al. (2003). School children performed a test exercise under the same conditions. The school
children’s performances were videotaped. They were assessed by three independent evaluators who are official evaluators
from the National Examination Centre. Knowledge was assessed with a unique protocol.

Exercise testing and measures for assessing three different evaluation methods

Demonstration 1: Description of the movement technique

1) Approach

2) Take off

3) Flight

4) Landing

The student is posi-
tioned on the runway for
long jump on the spot of
the measured line. The
length of the approach
is ten to fourteen run-
ning steps. Running
starts so that the
rhythm is accelerated
gradually, equally and
the maximum speed is
attained. Preparations
for take off are achieved
without any big change
in the rhythm, the pe-
nultimate step before
landing for the take off
is quite longer and the
last one is a little shorter
and faster.

The student starts his take
off with an active position
of the feet for take off on
the most flexible (highest)
part of the board; a short
phase of amortisation
follows and a quick and
energetic take off with
total extension in the
jumping joint, knee and
hip joint of the take off
leg. The view is directed
to the front and the trunk
is erect during take off. An
effective forward swing of
the swinging leg follows
with a slight move up
and an effective swing of
the arms. The entire take
off is directed forward
and up.

The student is in the air and keeps the position
he had at the moment of take off (stable balanced
position). After take off the legs are kept wide apart,
the trunk is erect, the view is directed forwards. The
arm which is opposite the swinging leg remains in a
forward position, and the second arm makes a round
movement in an upwards and forwards direction. The
preparation of landing starts while pulling the take
off leg towards the swinging leg so that both legs
are extended forwards; the swing of the arms is
directed backwards and down, the trunk is slightly
bent forward.

When landing the student pushes his
legs to the most forward position as
possible so that the contact of the feet
with the mattress moves closest to the
parabolic of the flight. When touching
the mattress the feet have to be in a
parallel position.

Description of movement technique according to Lorenci (2003); Kinogramme: Cuk (2003); Drawing from Hausmann (1983).

Table 1. Instruction for assessment — the holistic method

Assessment Instructions — The Holistic Method

Assessment
method:

The evaluator assesses both performances in points from 0 to 5 according to the measures used for assessment (Table 1). After each performance

he scores the motion according to deviation from the correct performance using scales from 0 to 5. A correct performance earns the highest number
of points, and zero is awarded when the student does not do the exercise at all or the exercise is well out of line with the instructions. Performances
deviating from the correct one are assessed by the evaluator using scales from 4 to 1 depending on expert knowledge and experiences. The number of
points is then transferred to the mark as shown in Table 2.

Points Descriptive
5 Correct performance.
Measures for 4 Performance deviating from the correct one.
assessment 3 Performance deviating from the correct one.
(Table 1): 2 Performance deviating from the correct one.
1 Incorrect performance.
0 No performance or not in line with the instructions.
MARK NUMBER OF POINTS
1 insufficient) 0and 1
Assessment scales 2 (sufficient) 2
(Table 2): 3 (good) 3
4 (very good) 4
5 (excellent) 5

Notes for Evaluation | The evaluator assesses the motion with points (for the first and second performance) and puts the number of points in the table. Then he circles the

List: best points and transforms them into the final mark in the indicated table window.

Name and Performance | Comment on mark No. of Final mark
Evaluation Surname points
list: 1

2
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Table 2. Assessment instructions — ponderation (weight) method

Assessment instructions

The evaluator assesses both performances using a score from 0 to 10. During each performance the motion is separated into individual phases of
Assessment A o . ; - .
movement. According to its importance each phase has a certain number of maximum possible points a student can get. The evaluator assesses
method H K . . b )
the separate phases of the movement according to his expert knowledge in line with the given measures (Table 1), where 0 means an incorrect
performance, and the highest value (weight) in a certain phase of the movement means a correct performance. The total number of points for
each phase of movement is transformed into a mark according to Table 2.
Measures for Measure of Assessment profile
assessing different weight Incorrect performance [ Correct performance
weights: 1 0 | 1
2 0 [ 1 [ 2
3 0 [ 1 [ 2 [ 3
Assessment scales MARK SUM OF WEIGHTS (acquired number of points)
(according to 1 (insufficient) <3
;gg;a_l'" etal. 2 (sufficient) 3-4
): 3 (good) 5-6
4 (very good) 7-8
5 (excellent) 9-10
FINAL MARK
Notes for The evaluator circles points for each phase of the movement and puts down the total sum and the final number of points for the movement of the
Evaluation List: first and second repetitions in the evaluations list. The best marks are taken into consideration and used for the final mark.

Evaluation list: | Name and Surname:

The highest number
Phase of movement of points for the final Performance 1 Performance 2
mark (weight)
Incorrect performance Correct performance Incorrect performance Correct performance
1) Approach was correctly measured, 2 0 1 2 0 1 5
fast and determined
2) The last three strides are performed
with an emphasised rhythm 2 0 1 2 0 1 2
3) Take off is performed with one leg | | | |
take off) 3 0 1 2 3 0 1 2 3
4) Flight — before landing legs are kept in
¥ 1 0 1 0 1
line and feet are extended
5) Landing —is carried out on both legs 2 0 | 1 | 2 0 | 1 | 2
TOTAL NUMBER OF POINTS
FINAL MARK 1 (msgfflcnent) | 2 (suffllment) | 3 (900(.1) | 4 (ver){ good) | 5 (excelllent)
<3 points | 3-4 points | 5-6 points | 7-8 points | 9-10 points

Evaluation scales are adapted after Mr. Tomazin et al. (2001).

Table 3. Assessment instructions — analytical method

Assessment instructions
A The evaluator assesses both performances using points from 0 to 5 according to the attached descriptives. Each performance is divided into separate phases
ssessment . . 5 N N "
of movement. Each phase has certain mistakes that are most common (see column »mistakes« in the performance of movement) which can appear during
method . "
that phase of the performance. The evaluator assesses each phase of the movement according to the given scales.
Points Mistakes Descriptives Mistakes during performance of the movement
N 1) Approach
m?stakes The student performs the approach and long B Excessive extending or shortening the last strides before the take off.
5 or asmall jump V\(ith full reliability, with no mistakes or S A too long or too short approach.
mistake only with one small mistake. s Incorrect rhythm of the approach (start is too fast, finish of the run is too slow,
without adequate rhythm).
S View is directed to the take off board.
Several The student performs approach and long
R N . 2) Take off
4 small jump, but the performance is not entirely B Tak his hoal
mistakes reliable. He makes several small mistake akes over nis neels.
B Take off is not successful (insufficient stretching in jumping, knee and hip joints).
The student has difficulties in the B | Double take off.
3 One big harmonisation of approach and take off; S At take off the trunk leans excessively forward or backward.
mistake performance is not entirely reliable. During S View is directed upwards.
the performance he makes one big mistake. S The swing with the swinging leg is not successful (stretched leg).
One The student has difficulties in harmonisation N Student does not take off, but runs across the take off line or runs past it.
5 of the approach and take off. He performs 3) Fligh
big and ! ) v - ) Flight
2 several the long jump without reliability. During the B Bond backwards bi ining backward
emall performance he makes one big and several end backwards is too big (spinning backwards).
small mistakes. B Bend forwards is too large.
The student has difficulties in harmonisation B Legs are too low.
Big and of the approach and take off. He performs B No preparation for landing (legs remain in lunge).
1 small the long jump without reliability. During -
mistakes the performance he makes big and small S Non-synchronised work of hands and legs.
mistakes. S Matching of the take off leg with the swinging leg is too quick.
Ds;zrmr The student does not perform the long jump. N Wrong technique.
0 ﬁot in line He runs past the take off board or runs 4) Landing
with the across the take off board; he takes off with B Single leg landing.
instructions two legs. B Forward or backward fall on landing.
S Insufficient lifting of legs.
S Double leg landing into lunge.
B — big mistake; S — small mistake; N — not performed or non-synchronised with
instructions.
. . The evaluator ads up the mistakes and puts them down in the window “total mistakes” for the first and second performances. Any better
Notes for Evaluation List ) . X )
performance is noted and the points of the better performance are transformed into the final mark.
Evaluation list:
Student’s Student’s Mistakes total (write down ) Final mark
number mistakes Performance 1 Performance 2
B
S
N

Measures for assessment are modified according to an assignment prepared by the National Examination Centre: Lorenci (2003).
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Methods of elaborating data

The data were elaborated with the basic procedures of descriptive statistics, co-relational analysis (Cronbach’s Alfa
Coefficients) and the analysis of variance. We ran the SPSS statistics programme for Windows.

Results

Reliability of the assessment

The reliability of the test assignment for assessing motor skills was checked using Cronbach’s alfa coefficient by
which we examine the internal robustness of marks after several repetitions (Dezman and Kova¢, 2002). To find out the
reliability of the assessment of motor skills each of the three evaluators assessed the first 10 tested individuals (out of
193) twice within 30 days.

Tabled4. Reliability of assessment

Basic Statistics - first assessment Basic Statistics — control assessment | Correlation between marks
N | min | max | AS SD N | min | max | AS SD 01 | KO1 02 | KO2 03 | KO3 OP | KOP
E1 10 | 3.00 | 5.00 | 410 [ 0.57 [ CO1 | 10 | 2.00 | 4.00 | 3.60 0.70 E1 1.000 E2 | 1.000 E3 | 1.000 OP | 1.000
:‘% § E2 | 10 [ 2.00 | 5.00 | 3.60 [ 0.97 [ CO2 [ 10 [ 2.00 | 5.00 | 3.20 092 | co1 | 0671 1.000 | co2 | 0.725 | 1.000 | KO3 | 0.771 | 1.000 | cOP | 0.925 | 1.000
§ E E3 | 10 [ 2.00 | 5.00 | 3.60 | 0.84 [ CO3 | 10 | 1.00 | 5.00 | 2.80 1.23
EP | 10 | 2.67 | 467 | 3.76 | 0.58 | COP | 10 | 2.00 | 4.67 | 3.20 0.81 | alpha | 0.793 alpha | 0.840 alpha | 0.837 alpha | 0.934
E1 10 | 2.00 | 5.00 | 3.70 | 067 | CO1 | 10 | 2.00 | 5.00 | 3.40 0.97 E1 1.000 E2 | 1.000 E3 1.000 AP | 1.000
%, § E2 | 10 | 1.00 | 4.00 [ 340 | 0.70 | CO2 | 10 [ 2.00 | 4.00 | 3.30 0.67 E1 | 0.374 | 1.000 | cOo2 | 0.894 | 1.000 [ cO3 | 0.484 | 1.000 | cOP | 0.783 | 1.000
g E E3 | 10 [ 1.00 | 5.00 | 3.80 | 0.92 [ CO3 | 10 | 3.00 | 5.00 | 4.40 0.70
EP | 10 | 233 | 467 | 3.63 | 0.65 | COP | 10 | 2.67 | 433 | 3.70 0.55 | alpha | 0.520 alpha | 0.944 alpha | 0.636 alpha | 0.871
E1 | 10 [ 1.00 | 400 | 2.30 [ 0.95 [ CO1 | 10 [ 1.00 | 4.00 [ 2.70 0.95 E1 [ 1.000 E2 | 1.000 E3 [ 1.000 AP | 1.000

E2 | 10 | 1.00 | 5.00 | 340 | 117 | CO2 | 10 | 2.00 | 5.00 | 340 | 0.84 | cO1 | 0485 | 1.000 | co2 | 0.830 | 1.000 | cO3 | 0.731 | 1.000 | COP | 0.868 | 1.000
E3 [ 10 | 1.00 | 400 | 310 [ 0.88 [ CO3 [ 10 | 1.00 | 5.00 | 3.10 1.20
EP [ 10 | 1.00 | 400 | 2.93 | 0.84 [ COP | 10 | 2.00 | 4.33 [ 3.06 0.78 | alpha | 0.650 alpha | 0.881 alpha | 0.821 alpha | 0.928

Legend: E 1 - first evaluator; E 2 — second evaluator; E 3 — third evaluator; A P — average of all three evaluators; CO 1 — first evaluator — control second evaluation ; CO 2 —
second evaluator - control (second ) evaluation; CO 3 — third evaluator - control (second) evaluation; CO A — average of all three evaluators - control (second) evaluation.

analytical
method

The analysis (table 4) shows that the holistic method of assessment is the most reliable since the Cronbach’s alfa
coefficient was biggest for the average mark of the three evaluators (0.934); the analytical method is less reliable (0.928)
while the least reliable way is the ponderation (weight) method (0.871).

Objectivity of assessment

The objectivity of the assessment was examined with Cronbach’s alfa coefficient which is used to measure
compatibility between the marks of single evaluators and the common object of assessment (the first main component
of all three evaluators) (Dezman and Kovag¢, 2002). The analysis shows that for the objectivity of the assessment of the
average mark of the three evaluators Cronbach’s alpha coefficients are relatively equal in the holistic (alpha: 0.809) and
ponderation (weight) methods (alpha: 0.811). The analytical method, where the alpha coefficient is the biggest (0.836),
is partly declining.

Table 5. Objectivity of assessment

Basic Statistics Correlation between evaluators and K1 Cumulative
min Max AS SN SD Mark 1 Mark 2 Mark 3 K1
. E1 1.00 5.00 2.93 1.24 8.89 E1 1.000 0.514 0.599 0.819 0.670
58 E2 1.00 5.00 2.36 1.20 8.64 E2 0.514 1.000 0.661 0.851 0.725
E E E3 1.00 5.00 2.46 1.27 9.15 E3 0.599 0.661 1.000 0.889 0.790
Total 1.00 5.00 2.58 1.26 5.23 K1 lambda cum % alpha
1 2.184 72.814 0.809
E1 1.00 5.00 4.17 0.91 6.52 E1 1.000 0.547 0.550 0.809 0.655
£3 E2 1.00 5.00 2.95 0.92 6.64 E2 0.547 1.000 0.678 0.874 0.764
%% E3 1.00 5.00 3.30 1.06 7.61 E3 0.55 0.678 1.000 0.875 0.766
S E Total 1.00 5.00 3.47 1.09 4.54 K1 lambda cum % alpha
1 2.397 79.899 0.811
_ E1 1.00 5.00 2.47 0.97 7.01 E1 1.000 0.603 0.635 0.853 0.728
§ 3 E2 1.00 5.00 3.13 0.85 6.11 E2 0.603 1.000 0.676 0.873 0.762
%g E3 1.00 5.00 3.43 1.07 7.69 E3 0.635 0.676 1.000 0.887 0.786
é £ Total 1.00 5.00 3.01 1.05 4.35 K1 lambda cum % alpha
1 2.276 75.877 0.836

Legend: E 1 —first evaluator; E 2 — second evaluator; E 3 — third evaluator; A P — average of all evaluators

Analysis of differences between holistic, ponderation (weight) and analytical assessment methods

Differences in the average marks of the three evaluators acquired while implementing the holistic,
ponderation (weight) and analytical methods of assessing were examined by an analysis of variance.
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Table 6. Analysis of variance between holistic, ponderation (weight) and analytical assessment methods

Method of Basic Statistics Test of variance homogeneity Analysis of variance
assessment N min max median SD F Sig. F Sig.
holistic/ holistic 193 1.00 5.00 3.75 0.79
analytical analytical 193 1.00 5.00 3.01 0.84
method total 386 1.00 5.00 3.38 0.89 0.215 0.643 79.325 0.000
holistic/ holistic 193 1.00 5.00 3.75 0.79
weight weight 193 1.00 5.00 3.47 0.82
method total 386 1.00 5.00 3.61 0.82 0.388 0.534 11.494 0.001
weight/ weight 193 1.00 5.00 3.47 0.82
analytical analytical 193 1.00 5.00 3.01 0.84
method total 386 1.00 5.00 3.24 0.86 0.017 0.896 29.701 0.000

We found (table 5) statistically significant differences among marks obtained in the holistic, ponderation (weight)
and analytical assessment methods. The arithmetic median of marks was highest with the holistic method of assessing
(3.75), lower for the ponderation (weight) method (3.47) and the lowest for the analytical method of assessing (3.01).
This reveals that the marks were highest with the holistic method of assessing (being the most commonly used in school
practice). We can therefore assume that the criteria for assessment were satisfied slightly more easily when a teacher was
not concentrated on mistakes. On the contrary, the criteria for the ponderation (weight) and holistic methods were more
strict and severe as they are based on identifying the mistakes.

Discussion and conclusion

We found that the testing assignment for the evaluation of a long jump with approach (step and a half technique)
from the point of view of measurement characteristics (validity, objectiveness, reliability, efficiency aspect) is adequate
for assessing motor skills with all three assessment methods. The analysis proves that due to its more adequate measures,
which are enough open and flexible yet still efficient enough and at the same time more reasonable from the efficiency
aspect, the holistic method seems more convenient. These findings are in line with those of other scientists (Kovac,
Jurak and Strel, 2003; Majeric¢, 2004). Despite this, the examined measurement characteristics are also adequate for the
ponderation (weight) and analytical methods of assessing. This shows that, in conformity with teachers’ autonomy, it is
mostly up to them to decide on the assessment method they will use — but it is important that they adjust it to the level
of the students” knowledge.

The analysis of the arithmetic median values shows that the criteria for assessment were more easily satisfied with the
holistic and ponderation (weight) assessment methods and were a lot more severe in the analytical method of assessment.
Hence we can assume that the holistic and ponderation (weight) methods of assessment are most appropriate for evaluating
knowledge in the phase of training and checking; and the analytical method is most appropriate for testing and evaluating
at the end of the entire athletics programme when students have already mastered the long jump and their knowledge
has already been tested.

References

1. Kovag, M., Jurak, G. and Strel, J. (2003). Proposal of model for forming marks in teachers assessment. (In Slovenian). In B. Skof
& M. Kovagé (Eds.), Proceedings 16" professional Conference of physical education teachers of Slovenia (pp. 89-100). Ljubljana:
ZDSPS.

2. Majeri¢, M. (2004). An analysis of models for assessing sports knowledge in physical education. (In Slovenian). Doctoral
dissertation. Ljubljana: Faculty of sport.

3. Strel, J. et al. (2003). An analysis of motoric and morphologic status change in school youth between 1970 - 1983 - 1993 — 2003.
(In Slovenian). Scientific report. Ljubljana: Faculty of sport.

4. Others references are available by the e-mail by the first author (matej.majeric@sp.uni-lj.si).

102



Science and Profession - Challenge for the Future

THE CHANGES IN SOME MOTOR ABILITIES IN 7-YEAR OLD BOYS
FOLLOWING JUDO TREATMENT
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Abstract

In here presented paper, author’s defined influence of the judo-treatment in the 7-year old boys. The sample of subjects
was divided in the experimental (E;N=41), and control group (C;N=57). Both groups participated in regular physical
education classes. E group performed additional nine-month-judo treatment. There were no significant differences between
E and C in the initial measurement. Discriminant analysis and analysis of the variance revealed significant differences in
improvement of the motor abilities between two examined groups. Since E group finally performed significantly better
in the agility, repetitive strength and flexibility, authors are of opinion that the judo can be considered as a valuable and
highly effective physical activity in 7-year-old boys.

Key words: children, sport, development

Introduction

In different science-disciplines a numerous experiments are performed, aimed on precise definition of the complex
problems of human organism functioning and development.

In field of kinesiology, a special interest is focused on the interrelations and influence of the different sport-activities
on some human abilities and characteristics. It is especially attributed on motor-abilities, because of their unalterable
value in motor-learning processes.

In the present paper we analyzed 7-year old boys, the sample which is exceptionally interesting because of the
unstable motor-development. If genetic factors are excluded, there are still several effective-elements (like nutrition,
socio-economic status and physical activity) that can be effectively used as potential growth and development factory
in 7-year old children. From the kinesiological point of view, the physical activity is most interesting, mainly because of
the a) there is no doubt that physical activity positively and effectively influence on growth and development, and b) the
intensity and type of the physical activity is relatively easy to modified (Malina R. M., C. Bouchard. 1991).

Different authors and experts define judo as sport, (and/or) self-defense, (and/or) physical-activity-type, even as - a
life-philosophy, but there is no doubt about it’s positive influence on different anthropological dimensions in the active
(professional) athletes (all according to Zara 1980). However, there is obvious lack of information concerning possible
influence of the judo treatment on the motor-status in the novice judo athletes. Therefore, the aim of the present study
was the evaluation of the 9-month judo-treatment on some motor abilities in 7-year-old boys.

Methods

The sample of the subjects was consisted of 98 first-grade-boys (mean age 7.2 £ 0.5 years), divided in the experimental
(E: N = 41, all novice judo-athletes), and control group (C: N = 57, all non-athletes). Both groups participated in the
physical education classes (3 x 45 min a week), but experimental group performed judo-school-training (3 x 45 min a
week) also. The only criteria used in the judo-school-selection were a) interest and b) clinical and motor health.

To establish basic motor dimensions, 12 standard motor-tests were used (Krstulovi¢, S. 2004.) measuring flexibility
(S&R —sit and reach; ShD — shoulder dislocation), coordination (SA — steps aside; POL — polygon backwards), frequency
of simple movements (HT —hand tapping; FT — foot taping), aerobic endurance (F3" - 3 minutes dash), explosive strength
(BJ — standing broad jump; BT — ball throwing), static strength (HANG — both arm hang), repetitive strength (SIT-UP
— situ-ups) and speed (M20 — 20 meters dash).

Judo-training-program was generally divided in two parts. The first part was consisted of simple judo-elements
(Postures, grips, movements, falls, throws and pinning techniques). The second part was consisted of official physical-
education themes for the first-graders, we considered most relevant for the sampled subjects.

Descriptive statistical parameters (means, standard deviation) were analyzed in both groups (E and C). Discriminative
canonical analysis was used for the purpose of establishing differences between E and C group, separately in the initial
as well as in the final measurement. Univariate analysis of the variance (ANOVA ;) Was calculated for the variables of
the initial-final differences, between the analyzed groups (C and E).

Statstoft’s Statistica (ver 5.0) was used in all statistical procedures.
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Results

Table 1. Descriptive statistics (M — mean; SD — standard deviation), ANOVA p;pr (Mpsr - differences between final and initial
measurement; F test)

EXPERIMENTAL CONTROL ANOVA, .
VARS INITIAL FINAL INITIAL FINAL Mo e Moe ot
M ) M SD M SD M SD C E

S&R (cm) 34.25 7.35 45.76 8.44 36.18 8.8 41.25 7.37 5.06 11.50 14.420
ShD(cm)* 54.68 8.15 49.93 9.38 54.27 8.03 49.34 6.42 -4.93 476 0.02
POL(s)* 1715 319 15.67 3.38 18.02 2.86 16.11 314 1.91 1.48 112
S-As)* 14.11 1.45 12.84 119 14.19 1.77 13.94 2.02 -0.25 128 | 31.97°
BJ(cm) 116.95 1316 | 133.58 1571 | 121.06 17.31 132.24 15.43 1118 16.63 2.56
BT(m) 9.39 2.46 11.49 315 10.35 3.36 12.68 3.56 2.33 210 0.15
HT() 18.12 2.48 20.46 2.28 18.8 2.08 211 1.72 2.30 2.33 0.00
FT(f) 26.28 3.06 29.81 2.61 25.64 1.46 28.58 1.67 2.94 3.53 1.38
SIT-UP(f) 23.59 6.1 30.73 6.31 22.63 7.69 27.07 6.02 4.44 745 6.96°
HANG(s) 13.62 11.94 23.38 13.78 12.51 7.86 17.87 11.31 5.37 976 2.94
M20(s)* 4.84 0.36 4.51 0.27 4.89 0.44 4.53 0.29 -0.36 -0.33 0.19
F3(m) 50315 30.94 | 523.49 5411 | 495.96 65.81 513.4 70.39 17.44 20.34 0.30

ap < 0.05, *p < 0.01, *reversely scaled variables

Table 2. Discriminant analysis results in the initial and final measurement (DF — structure of the discriminant
root; Can R — canonical correlation coefficient

INITIAL FINAL
VARS

(M i—CSD) M ’_rESD) DF M iCSD) M iESD) DF
S&R (cm) 36.18£8.80 34.25+7.35 0.25 41.25+7.37 45.7618 44 20.37
ShD(cm)* 54.27+8.03 54.68+8.15 -0.05 49.3416.42 49.9319.38 -0.05
POL(s)" 18.02£2.86 1745319 0.31 161123 14 15.67£3.38 0.09
S-A(s)* 1419177 14.1141.45 0.05 13.94£2.02 12.84%1.19 0.41
BJ(cm) 121.0617.31 116.95:13.16 0.28 132.24+15.43 133.56+15.71 | -0.05
BT(m) 10.35%3.36 9.39£2.46 0.34 12.68+3.56 11.49%3.15 0.22
HT(f) 18.80£2.08 18.12£2.48 0.32 2110+1.72 20.462.28 0.21
= 25.64+1.46 26.28+3.06 20.30 28.581.67 20.8122.61 -0.37
SIT-UP(f) 22.6317.69 23.59%6.10 -014 27.07£6.02 30.7316.31 20.38
HANG(s) 12.5127.86 13.6211.94 012 17.87£11.31 23381378 | -0.28
M20(s)* 4.89:0.44 4.8420.36 ~0.14 4.530.29 4.51£0.27 -0.10
F3(m) 495.96265.81 | 503.15:39.94 014 513.40£70.39 | 5234925411 0.06
Centroid 0.39 ~0.54 0.65 ~0.91
CanR 0.42 0.61°

bp < 0.01, *reversely scaled variables

In the table 1, in both groups, improvement in all measured variables is observable, bearing in mind that in some
variables improvement is obvious as numerical increase in results, and in reversely scaled - as numerical increase (see
legend).

Discriminant analysis (table 2) revealed no significant differences between the groups in the initial measurement.
However, in the final measurement, discriminant root reached satisfying level of the significance (CanR = 0.61; p < 0.01).
Centroid positioning defines E group as dominant in most of the analyzed variables, mostly in frequency of the simple
movements, static and repetitive strength, agility — coordination and speed. ANOVA i calculation defined significant
differences between C and E group in flexibility, agility and repetitive strength. From the Mz values we can conclude
that E group achieved more superior improvement in these variables than C group.

Discussion

From our point of view, there are several possible reasons for the superior motor-improvement in the E group, comparing
to the C group. The basis of the changes and improvements can be explained particularly for the motor-abilities:
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Flexibility (Sit and reach test) - it is proven that the flexibility is highly trainable ability (after Krstulovi¢ 2004).
Furthermore, one of the priorities of the judo treatment performed in the E group was - development of the
flexibility.

Agility / coordination (Steps aside test) — previous researches confirm the predictive value of the coordination in judo-
sport, especially in young-athletes. Even more, previous results verified the effectiveness of the judo-treatment in the
development of the coordination (all according to Serti¢ 1994). Therefore, we could expect the results we established
in here presented study.

Repetitive strength (Sit-ups) — Besides already clarified coordination-importance, repetitive strength is considered as
one of the most important judo-success-factors (Serti¢ and Vuleta 1997.). Different games of the combat — character,
adequate to age, performed in the ground and/or standing-position in every training-session. Furthermore, various
special — exercises (performed individually and/or in pairs), were directly aimed on the improvement in the strength
dimensions. Since the repetitive strength is highly trainable (after Krstulovi¢ 2004) the established improvement in
strength does not surprise us.

Generally, it can be concluded that nine-month judo training process contributed to improvement in motor-abilities in

7-year-old boys. It especially emphasizes in the agility (coordination), repetitive strength and flexibility. Here presented
results identify the judo-sport-participation as effective and highly-valuable physical activity for 7-year-old boys.
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Summary

In this project the figures got in a survey which was carried out on a selected sample were analyzed. The sample
was combined of 181 primary school pupils, from 5th until 8th grade. The main goal was to research the involvement of
pupils in extracurricular and out-of-school activities (Table 6), as well as the importance of parents’ influence on their
activation (Table 4). Using the Analysis of Variance (ANOVA) in Statistica programme, the obtained figures gave us
the insight in basic statistic parameters and the importance of difference among active and inactive pupils (Table 3).
Data processing showed us that in this sample the number of pupils involved in different sporting activities was almost
the same as the number of inactive students. The analysis also showed that the number of active male pupils is higher
compared to the number of female pupils. It has also been found (Table 7) that there is significantly smaller number of
schoolboys, compared to schoolgirls, who are temporarily excused from physical education. Analysis has also showed
the significance of parents' social status, especially mother’s education and her personal involment in sports as one of
the important factors for higher involvement of children in different sport sections.

Key words: pupils, sporting activities, extracurricular activities, out-of-school activities, parents.

Introduction

Modern ways of life, together with technique and technology developments, computer science, communication, have
significantly made man’s life and work easier, but at the same time they have restricted his basic biotic need connected to
personal activation and motion. Consequences are especially shown in the decline of psychophysical abilities, and they
are evident in the growth of chronicle illness which is indirectly and directly connected to hypokinesia. Such disorders
and decline in psychophysical abilities are even more dramatic if they occur during childhood, when the activity is
crucial for growth and development. Negative consequences are especially observable on functional and motoric abilities.
Cardio-vascular diseases are number one mortality agents of people in developed countries. Compared to other diseases
which cause death their share is over 50%. In our country this figures are almost the same, but with the difference that
in developed countries significant funds are invested and different actions are undertaken for health prevention through
adequate physical activity programmes. Our researches say that early health prevention through physical activities
should start as soon as possible (Mrakovi¢, Findak and Metikos, 1992), and that psycho physiological abilities of today’s
pupils are drastically declining in comparison to the results of ten years ago. Searching for the causes of this we should
emphasize the lack of physical activity in the first place. Causes for this can be found among many factors, and the
most observable one is modern technology, which makes children spend large part of their daily activities sitting at
computers and TV programmes, and writing homework. On the other hand, children living in towns have limited area
for movement in their housings, as well as in the neighborhood where they could play freely, because there is less free
area which is now mostly taken by cars. For most of the organized sporting activities, parents should have the time and
money, and their finances are on the average low and limited. During regular physical education in school, children’s
organism is not activated enough and the total number of periods does not satisfy objective needs. All of this and other
similar factors cause in children, in the earliest age, health problems, which interfere with natural child’s growth until
it reaches its optimal level. There are more obese children, children with posture problems, children who have flat feet,
and some psychosomatic diseases. (Kosinac, 1998) If we know that a pre-school child in average walks 7 kilometers a
week, and that movement radius is significantly declining as the child grows and the increase of his obligations, than it
is certain that the strategies for preserving psychosomatic abilities, and by that the child’s health itself, should develop in
the direction of increasing child’s daily physical activities. Sporting and recreational activities must enclose all children,
through sport clubs, associations or organizations, since the school programme can not satisfy optimal children’s needs
for physical activity. The activity programme needs to be adjusted to optimal needs of growing children and it should
include all methodological units appropriate for that age, which will encourage regular psycho physiological development
and create the habit among children for doing exercise. It can be achieved through mutual cooperation of parents, teachers,
and professionals in sport organizations. Child’s affirmation does not need to be accomplished through result only, but
also through participation, socialization, games and other forms which can get children interested and motivate them to

* Young researcher award

106



Science and Profession - Challenge for the Future

stay active. Numerous researches proved that regular sporting activities have the basic role in development and reaching
optimal level of the general anthropological child’s status, and creating better preconditions for maintaining higher level
of basic components of health status.

The aim of this survey was to determine the involvement of school children, from fifth until eighth grades of a primary
school in Karlovac, in extracurricular and out-of-school sporting activities. Analyzing the results of a questionnaire,
parent’s influence on children’s involvement in regular sport programmes outside teaching procedure, was researched (
Bosnar, 2003.).

Research methods

The research was conducted on a sample of 181 pupils from fifth until eighth grades in “Brac¢a Seljan” primary school
in Karlovac. Questionnaires which were filled in by pupils gave us the insight into the structure and number of students
according to sex, age and class. The sample was made of: 73 fifth grade pupils, 53 sixth grade pupils, 65 seventh grade
pupils and 71 eighth grade pupils. The total sample included 89 schoolgirls and 92 schoolboys.

Variable sample was divided in several groups, and besides the general parameters as age and sex, the results of
anthropometric parameters of body weight and height, as well as school success were obtained. A group of questions was
connected to pupils’ answers on taking part in sporting activities outside the curriculum and on the number of “temporary
excused” from physical education in school. I also looked into the connection between parents’ attitudes and habits on
sporting activities, as well as their education, and their children’s involvement in extracurricular sporting activities.

The information gathered through questionnaires was analyzed by ANOVA in Statistica programme. We also got
the basic statistic parameters which gave us the insight on frequency, maximal and minimal result, arithmetic average,
and the magnitude and importance of deviations.

Results and discussion

Analysis of obtained figures (Table 1) showed that of 181 pupils in total, of which 89 are schoolgirls and 92 schoolboys,
93 pupils (both male and female) take active part in extracurricular sporting activities, weather in sport clubs or in
school sport sections. At the same time 88 pupils in total are not taking part in any organized sport activity during
the time outside regular classes. In the total sample from fifth until eight grades in group of pupils who are active in
extracurricular activities there are 64.1% of schoolboys and 51.4
% active schoolgirls. Already we can notice significant inactivity
of schoolboys and it ranges 35.9%, and it is even more expressed

Table 1: Percentage of pupils according to criteria:
active - inactive

: M F Total among schoolgitls and it ranges 48.6%. It is interesting to follow
Active 89 641% |34 38.2% |93 S1.4% the trend of activation and giving up sport activities in comparison
l:atCtl'Ve 22 35.9% :2 61.8% :3:1 48.6% to age, and the class they are attending. (Table 2) The trend of

ota

relinquishing activation is significant between fifth and sixth
grades, meaning they

Table 2: Percentage of active and inactive pupils according to classes . . .
geof pup g give up sport in sixth

M, - Fs ” T°ta'5°/ M, ” Fo ” T°ta'50/ grade. We can observe
Acti 18 81.2 9 401 27 614 13 61.9 4 167 17 378
e ° > > > > > that the total number of
Inactive 4 188% | 13 591% | 17 386% |8 381% | 20 833% | 28 62.2% S .
Total 2 2 m Py 4 5 inactive students in the
ota .

fifth grade is 38.6% (of

M, F, Total, M, Fs Total, nich 18.8%  inacti
Active 12 66.7% | 8 500% | 20 714% | 16 51.6% | 13 481% | 29 50.0% whie 070 IMAchve
Inactive 6 333% |8 500% | 14 500% | 15 48.4% | 14 51.9% | 29 50.0% schoolboys and 59.1%
Total 1 1 28 31 27 58 of inactive schoolgirls),

while in the sixth grade
Table 3: Difference between active and inactive pupils (ANOVA)

Active children Inactive children

Variables n AS Min Max SD n AS Min Max SD F p

SUCESS 91 4.38 2 5 .68 86 4.44 2 5 .70 .31 .581
CLASS 93 6.55 5 8 1.21 88 6.63 5 8 1.14 19 .662
ROD_M_6 91 100.14 100 101 .35 78 100.01 100 101 1 9.78 .002
ROD_T_6 89 100.30 100 102 49 75 100.11 100 101 .31 9.13 .003
SP_M_8 92 3.48 2 5 1.02 87 3.26 1 5 .80 2.42 122
SP.T_8 86 3.80 2 5 1.00 84 3.44 2 5 91 606 .015
TV 1 93 100.03 100 101 18 87 100.09 100 101 .29 2.80 .096
SATI_12 76 3.06 1 6 1.31 68 2.84 1 8 1.46 91 342
TZK_13 92 100.00 100 100 0.00 88 100.05 100 104 43 1.05 .308
OC_TZK_1 93 4.69 1 5 72 88 4.60 1 5 a7 .60 438
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the total share of inactive pupils is 62%, out of which 38% are schoolboys and 83% are schoolgitls. In comparison there
is a greater share of active pupils in seventh grades, where the total of active pupils amounts to 71%, and inactive 39.6%.
In eighth grades a decline of active students reappears and there are 50% of total active and 50% of total inactive pupils.
The results show the trend of declining activation and almost two times more inactive schoolgirls compared to schoolboys.
In this sample it is especially shown among sixth graders where 83.3% of schoolgirls are not involved in any kind of sport
activity whatsoever outside the curriculum. Sudden decline in number among active schoolgirls is noticeable which can be
a consequence of the lack of interest for existing sporting activities but also puberty, which, among schoolgirls, starts at
this age, has the influence on abundance of different interests which appear at that age. Among schoolboys, a continuous
trend in declining sport activation is noticeable, which can mean that the activity programmes are not attractive enough
to keep continuous interest for doing these activities.

Table 4: Percentage of inactive and active pupils’ parents who are doing sport

Active children Inactive children
Variable Fua % g4a Fre Yone Faa % 4a Fre Yone
ROD_M_6 13 14.0 78 83.9 1 11.0 77 87.5
ROD_T_6 25 26.9 64 68.8 8 91 67 76.1
N=93 N=88

Pupils who have not responded: Act: Missing 2 (2.2%), 4 (4.3%)
Inact: Missing 10 (11.4%), 13 (14.8%)

Table 5: Average of parents’ education level (M-mum, D-dad) of active and inactive pupils

Active children Inactive children
Variable Fu You Fo %p Fu Youm Fo %p
A) 0 0.0 0 0.0 1 11 0 0.0
B) 13 14.0 5 5.4 8 91 8 9.1
C) 45 48.4 38 40.9 53 60.2 47 53.4
D) 11 11.8 12 12.9 17 19.3 13 14.8
E) 23 24.7 31 33.3 8 91 16 18.2
MISSING 1 1.1 7 75 1 1.1 4 4.5

Table 6: Percentage of pupils according to criteria: involvedin  Table 7: Percentage of pupils who are

a sporting activity in a sport club or a school sport club temporary excused from PE
M F Total F %
Sport club 52 88.1% 26 76.5% 78 83.9% Boys 3 3,3
School sport club 7 11.9% 8 23.5% 15 16.1% Girls 10 1.2
Total 59 34 93 Total 13 13.7
Conclusion

Regular physical activity is necessary factor for child’s regular growth. The required curriculum for physical
education in schools does not have enough influence for maintaining and improving the psychophysical abilities of pupils.
Compensation for child’s activation is possible in extracurricular and out-of-school programmes, which give qualitative
and quantitative satisfaction for child’s needs. That is why in this research pupils’ activation in their free time and possible
parents’ influence on their engagement was looked into. Results obtained through questionnaire, on a sample of 181 pupils,
indicated the inadequate children’s activation in sports, and this negative trend was increasing considering the age of the
respondents, meaning the activation itself, as well as the interest were declining as the children were growing older. The
questionnaire showed that a large number of schoolgirls are not involved in any extracurricular sporting activity which
can tell us about many problems and crises in society, such as economic, social, culture, educational and similar. There
is no excuse for such a state and society should be concerned about its future. Parent’s influence is extremely important
in children’s activation, but not everybody can afford any of the programmes of sport recreation, but the results say that
active parents have active children. It is certain that our society should find an optimal model which will enable everyone
to do sports and which will at first help children’s many-sided development and preserve their health.
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Abstract

The development of sport related symbolic knowledge acquisition was researched on the sample of 318 urban
elementary school pupils, boys and girls aged 10 to 15 years. The subjects were given 40-items paper-and-pencil knowledge
test concerning history, official rules, organisation, competitions and competitors, etc., of soccer, volleyball, handball and
basketball. The analysis of variance was done with gender and age as independent variables. The results show that both,
as well as interaction of gender and age, have significant effect on knowledge acquisition. The results are not simple, and
do not follow usual gender stereotypes. Female students are better informed in volleyball in all grades, exceed male result
in soccer in 8" grade, and are almost equal with boys in basketball in the 8" grade. It seams that with age, girls achieve
more sport related symbolic knowledge than boys, specially in most popular sports.

Key words: elementary school students, soccer, volleyball, handball, basketball

Introduction

Gender differences in the amount and content of specific knowledge are mainly the product of gender stereotyping
and different expectations that societies put before males and females (Vizek-Vidovi¢ at al., 2003). Sport was traditionally
male activity (Oglesby and Hill, 1993) and girls are often discouraged to participate in it (Plaisted, 1995). Gender
differences could be found not only in the level of motor activity and sport performance (Thomas Thomas et al., 2001)
but in attitudes and symbolic knowledge about sport (Busch et al., 2002). The directive hypothesis could be proposed
that elementary school boys have more symbolic knowledge about popular sports and that the difference is apparent
at various age levels. The aim of this work is to verify gender differences in sport-specific knowledge in four different
sports and in four age categories.

Methods

The sample of this study consist