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Dear participants,

Approaching the time of the 50" anniversary of the successful work in the mission of high education and research
of the Faculty of Kinesiology, University of Zagreb, we are exceptionally happy and satisfied that all the organisational
and programme tasks and goals of the 5th International Scientific Conference on Kinesiology have been accomplished.
Although our University is a large and among the oldest in the area, our Faculty is a relatively young, small institution
of academic education from a small country in transition, which is facing and struggling with typical problems of the
era and specific social processes. However, all previous efforts of our predecessors, even as far back as the 19" century,
but especially of dear doyennes an doyens of kinesiology, as well as the establishing and organisation of the Conference,
no matter how inexperienced it might have seemed in the beginning, back in the year 1997 in Dubrovnik, enables us
nowadays to be peer members of the circle of internationally recognized and well-known institutions and organizations of
sport/exercise science, or kinesiology. With no false modesty, it is a considerable achievement of our scholars, researchers,
associates, other employees and last, but by no means the least important, our partners - students. A great contribution
of our foreign colleagues should be recognized and accentuated here — nothing of the previously mentioned would have
been possible without their good will, open minds and enormous interest in our work and advances. We cannot exclude a
contribution of our famous athletes and their sport achievements. This is the right place to express our deepest appreciation
and gratitude to them all and our wishes for continuation and expansion of the cooperation in many fields.

The science field we are interested in is so diverse, broad, complex; it investigates the very essence of life — the
movement and everything needed for its realisation — its purpose, its origins, conditions, its means - from the molecular
level to the level of anatomy, synergy of hundreds processes within a being, even to social proportions and effects of
moving or not moving.

All the previous conferences were exceptional opportunities for broadening of scientific insights into this miraculous,
beautiful phenomenon of physical activity and its effects — its perfection when performed by sport artists, as seen at the
XXIX Olympic Games, its joyfulness when happy children enjoy being competent to be in motion, or when we see eager
people who enjoy life and nature because they have enough energy and they are healthy thanks to an active lifestyle.

Ever better positioning of our science worldwide is obvious — the last example is from Croatia — in any sense, from
the legislative to financial, in the Croatian structure of sciences, kinesiology has become equal to physics, economics,
medicine, biology, law, sociology and many others. Such a position facilitates inter- and crossdisciplinarity and mobility
of scientists and students within Croatia and abroad.

The rationale of the 5" meeting on kinesiology is “Kinesiology research trends and applications* ascends from the
very heart of kinesiology, which embraces numerous theoretical, developmental and applicative research issues. Namely,
the ultimate purposes of that research is to know and understand human beings and to apply the findings in everyday
practice of education, sports, health promotion, recreation, tourism, and kinesitherapy.

The Conference will work in usual plenary and parallel sessions addressing fourteen comprehensive kinesiological
topics: adapted physical activity and sport for the disabled; biology and medicine of sport and exercise; biomechanics and
motor control; history of sport and the Olympic movement; management of sport; tourism and sport; members of the armed
forces kinesiology; physical conditioning and fitness; physical education; psychology of sport; research methodology;
sociology of sport; philosophy of sport; Sport for all and health-related activities; and top-level sport. Certain areas will
be addressed at the Conference for the first time, like philosophy of sport, Olympic movement and kinesiology applied to
armed forces. In these Proceedings all the positively reviewed contributions are published: communications and poster
presentations.

We are very happy and proud because of the response of the invited 42 lecturers, worldwide famous experts in their
areas of scientific interests who will undoubtedly throw new light on only seemingly already investigated issues, on the
one hand, an on the other, bring the latest advances in research and theory, thus inspiring, especially young, researchers
to learn and go ever further. After all, who knows where the frontier is?

Proceedings Book contains 239 contributions, which were submitted by the submission deadline, written by 421
authors from 40 countries from all the continents. Besides the presenters, we also expect participants without contributions,
among them a lot of graduate, doctoral and postdoctoral students from Croatia and abroad for whom the Pre-Conference
School of Kinesiology for Postgraduate and Doctoral Students has been also organised prior to the Conference.
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Many thanks go to the members of the Organising and Programme Committees who did not spare their effort to
prepare and realize the Conference and the Proceedings. Deep gratitude also goes to the team of reviewers, fifty five of
them who carefully evaluated the contributions.

The Croatian Academy of Sciences and Arts is for the fourth time the patron of the Conference that is quite in line
with the respectable position kinesiology/sport science has earned in the very meticulous scientific community

The Faculty wishes to express gratitude to the cooperative institutions: the Faculty of Sport, University of Ljubljana,
Slovenia, the Faculty of PE and Sport, University of Sarajevo, Bosnia and Herzegovina, and the Faculty of PE and Sport,
University of Comenius, Bratislava, Slovakia.

Several government institutions supported the organisation of the Conference. We are grateful to: the Ministry of
Science, Education and Sport of the Republic of Croatia, the Croatian Olympic Committee and the Croatian University
Sport Association.

After Dubrovnik and Opatija, dear participants, you have the opportunity to get acquainted with the Croatian capital
— Zagreb, and our institution of higher education — with its facilities, its surroundings, other people working in it, our
students, our laboratories, lecture rooms, library, etc. This opportunity to really know us will probably increase exchange
rates among scholars and students.

We wish you feel welcome and come back many times!

Editors
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Abstract

The purpose of this study was to determe the differences between Europe and United States of America in the number
of departmants, faculties or universities that offers degree in human movement science according to their names. Eight
hundred and fifty eight (n=858) different university departments in the broad field of human movement study programmes
from United States of America and one hundred and twelve (n=112) departments from Europe was embraced. All of them
were found using internet as the main source of information. The list of higher education study programmes in USA
was obtained from the web page of the American Kinesiology Association (www.americankinesiology.org). There are
large differences in number of higher education study programmes in USA (n=858) compared to Europe (n=122). Most
frequently, the terms used for human movement study programes in USA are health (n=261), physical education (n=172)
and kinesiology (n=145). In Europe the most frequently used terms in names of the departments and faculties are sport
(n=54), physical education (n=29) and exercise (n=10). In Europe there is only one departmant whose names included the
term health. By using the Chi-test following statistically significant differences between USA and Europe in the number
of departments named physical education, kinesiology and exercise were determined. The differences between USA and
Europes regarding the number and names of sport studies are based on social, economic and historical differences between
USA and Europe. When comparing the term kinesiology to other names of human movement departmants, faculties or
universities it can be concluded that term kinesiology in rarely used in Europe but widely in USA. Nevertheless kinesiology
is unified name for the whole academic area of the study of human movement. Kinesiology as the fundamental scientific
field is applied in different areas such as sport, physical education, health, recreation, physical therapy (kinesitherapy),
sport management, etc. and it is superordinate to them. It embraces the principals that are fundamental to all applied
fields of kinesiology.

Key words: Kinesiology, Europe, United States of America, higher education institutions

Introduction

The term “kinesiology” was created more than 150 years ago. It is generally accepted that it was the Frenchman Nicolas
Dally who was the first to use this term in 1857 “to denote the science of movement in its relationship with education,
hygiene and therapy” (Dally, 1857; Prot, 1997; Renson, 2000). The word “kinesiology” originates from two Greek words:
kinesis meaning movement and logos meaning science and if translated literally, it means “the study of movement.”

Nowadays, the term kinesiology is used in the modern sense as a unified name for the whole academic and scientific
area of the study of human movement. In Croatia we understand kinesiology as the science that studies the patterns of
controlled processes of physical exercise/activity and their impacts on human organism (Mrakovi¢, 1992). Kinesiology as
a fundamental scientific field is applied in different areas such as sports, physical education, health, physical recreation,
sport management and kinesitherapy and it is superordinate to them. It encompasses the principles which are fundamental
to all applied fields of kinesiology.

Although the word kinesiology was created in Europe, its first appearance in Europe and official use occured in 1967
in Croatia with the establishment of the Institute for Kinesiology at the University of Zagreb, Faculty of Physical Culture
(since 2001, Faculty of Kinesiology). Currently, there is only one department in Belgium (Catholic University of Leuven,
Department for Kinesiology and Rehabilitation sciences) and two departments in Croatia (University of Zagreb, Faculty
of Kinesiology and University of Split, Faculty of Kinesiology) that fully accepted the term kinesiology.

The term kinesiology appeared in the United States of America in 1886 and became known when Baron Nils Posse
published “The Special Kinesiology of Education Gymnastics” in Boston in 1894 (Renson, 2002). The modern era of
kinesiology as an academic discipline began in North America around 50 years ago when the first high school departments
began using the word kinesiology in their names. The American Academy of Physical Education changed its name to
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the American Academy of Kinesiology and Physical Education (AAKPE) in 1993 (www.aakpe.org) acknowledging
the importance and fundamental values of kinesiology as a multidisciplinary and crossdisciplinary science of human
movement. Previously, the term kinesiology was often combined or even used interehangeabby with the term biomechanics.
During the 1990s, North America witnessed the bifurcation in the kinesiology paradigm (Renson, 2002). The American
Kinesiology Association was established in 2007 to promote and enhance kinesiology as a unified field of study within
a higher education system of America and advance its many applications (www.americankinesiology.org)

Kinesiology is not the only term currently in use for the academic field in Europe and America. Over the last
few decades, many names and combinations of names for academic disciplines, university departments and faculties,
professional organizations and societies or scientific journals in the field of human movement studies emerged. There is
no unified or mutually recognized name in use. A global academic convention on that matter does not exist.

Sport, Sport Science, Exercise Science, Human Performance, Movement Science, Human Kinetics, Kinesiology,
Kinanthropology, Anthropomotorics, Anthropokinetics, Anthropokinesiology, Health, Physical Education, Physical
Culture, Recreation, Leisure studies, Coaching and other terms or their combinations are currently in use. It is
understandable that one scientific field can and does exist even if it has more than one name in use. But the diversity in
terminology can sometimes cause confusion and lack of understanding in academic community.

What is the name of our profession and can we promote a, globally accepted name for our science? It is academically
correct and productive to open or provoke any terminological discussions in our profession because there are a lot of
terminological dilemmas in it.

As a contribution to terminological discussions in our academic field in this paper we will determine the differences
in usage frequencies of different terms in Europe and America in higher education institutions in the field of human
movement studies with the emphasis on the term kinesiology.

Methods

Subjects

The study encompassed eight hundred and fifty eight (n=858) different higher education study programmes in the
broad field of human movement studies from the United States of America and one hundred and twelve (n=112) higher
education study programmes from Europe. All of them were found using the internet as the main source of information.
The list of departments in America was taken from the web page of the American Kinesiology Association (www.ameri
cankinesiology.org). The higher education study programmes were grouped according to the most frequently used terms
in their names. If there was more than one term in the higher education study programmes name the first term was chosen
as dominant and the department was allocated accordingly. As for the USA, seven different groups of higher education
study programmes (sport, physical education, movement science(s), kinesiology, health, exercise and other) were formed
according to their names. In Europe, six different groups were formed (sport, physical education, movement science(s),
kinesiology, exercise and other). In comparison to America, the term “health” is only once used as the first name in higher
education study programmes name in Europe and we allocate that department in other.

Statistical analyses

The non-parametric statistic Chi—square test was used to analyse the differences within and between American and
European higher education study programmes. The differences were determined by the number and the most frequently
used term in the names of higher education study programmes in America and Europe.
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Results

Table 1. Human movement studies in America, grouped by most frequently used terms

Sport Science

Sport and Exercise Sciences 5
Sport 46
Sport Studies 5
Sport, Wellness, Fitness, Recreation Management 30
Physical Education 100
Physical Education and Exercise Science 18
Physical Education and Health 18
Physical Education and Recreation, Wellness 1
Physical Education and Sport Studies 6
::xziactia;n Physical Education and Human Performance 6 172
Physical Education and Sport Management 3
Physical Education, Athletic Training, Coaching, Health and Recreation 4
Physical Education and Health Education, Management, Promotion 4
Physical Education and Kinesiology 1
Physical Education and Sport 1
Movement science(s) 2
Movement Movement Arts, Health Promotion and Leisure Studies 2 8
science(s) Movement Science and Education/Kinesiology 1
Movement Science and Sport 3
Kinesiology 108
Kinesiology and Health, Health Education, Health Promotion... 18
Kinesiology and Physical Education 8

Kinesiology 145

Kinesiology and Recreation, Leisure 6
Kinesiology and Exercise Science/Studies 4
Kinesiology and Nutritional Science 1
Health and Physical Education, Kinesiology, Recreation, Management, Sport Science, Human 89
Performance
Health and Physical Education 48
Health and Human Performance, Science, Kinetics 40
Health Sciences/Studies 28
Health Health and Exercise/Sport Science 27 261
Health and Kinesiology 12
Health and Human Services, Development
Health and Wellness/Fitness, Management
Health, Nutrition and Exercise Sciences
Health and Applied Human Science
Exercise and Sport Science 39
Exercise Science 36
Exercise, Sport, Leisure, Health, Recreation, Movement Science 12
Exercise Science and Physical Education 8
Exercise Exercise Science and Sport Studies 7 112
Exercise Science and Health 3
Exercise and Nutritional Sciences 2
Exercise Science and Sports Medicine 2
Exercise Physiology/Biology 3
Human Performance and Sport/Exercise Science, Sport, Leisure, Dance, Athletic Training 18
Physical Therapy 17
Athletic Training and Management, Exercise Science, Sports Medicine "
other Sports Medicine and Nutrition 5 114
Wellness and Sport/Exercise Sciences, Recreation 5
Sports Administration 2
Human Studies 1
Other 55
Summary 858 858
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Table 2. Human movement studies in Europe, grouped by most frequently used terms

Sport Science(s) 31
Sport Studies

Sport, Exercise, Health, Leisure (science)
Sport 54

Sport
Sport pedagogic/Sport education

o N O g O,

Sport, Humanities, Society, Social science, Performing arts

Physical Education and Sport 12
Physical Education and Sport Science(s) 10
Physical education Physical Education 5 29

Physical Education and Leisure Studies 1

-

Physical Education and Physiotherapy

Movement science(s)

SN

Movement science(s) .
Sport and Movement Science

Kinesiol Kinesiology
inesiolo
9y Kinesiology and Rehabilitation Sciences

-

Exercise Exercise and Sport Science(s) 10

-
A4 A A aAa a4 a o|lolan

Science and Techniques of Physical and Sporting Activities
Human Kinetics

Physical Recreation and Sport

Coaches Faculty

Recreation and Sport Management

Sport Biomedicine

Other 21

Physical culture

Human Performance

Sport Medicine and Exercise Science
Kinesitherapy Faculty

Health and Education

A A A a

Teachers Faculty
Summary 122 122

Table 3. Differences between America and Europe in frequency of used terms

Name groups define by

frequently used terms in USA Europe Chi p-level
there name

Sport 46 54 2,62 0,15
Physical education 172 29 100,32 0,0001
Movement science(s) 8 5 0,33 0,58
Kinesiology 145 3 134,44 0,0001
Exercise 112 10 55.89 0,0001
Other 114 21 90,23 0,0001
Summary 597 122 184,48 0,0001

Looking at the results there are obvious differences between America and Europe in the number and names of
departments (Table 3). There are large differences in the number of departments in America (n=858) compared to Europe
(n=122). Most frequently, the term used in the names of depatments in America are health (n=261), physical education
(n=172) and kinesiology (n=145). In Europe the most frequently used terms are sport (n=54), physical education (n=29)
and exercise (n=10). In Europe there is only one higher education department that use term health (Table 2). By using
the Chi-square test following statistically significant differences between America and Europe in number of departments
named physical education, kinesiology and exercise were determined.
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Discussion and conclusion

Some of the generally accepted things about America and Europe higher education systems are: The USA higher
education system has many advantages — a flexible curriculum, a variety of courses, transfer choices, study abroad
opportunities and many other. European higher education system was developted individualy in almost every country. Just
20 years ago so called ‘Bologna process’ of harmonization of European higher education systems started. But nevertheless
‘Bologna process’ has made it clear that European nations, no matter how much they emphasize their individuality, are
in fact more similar to each other than they are to USA and allow some generalizations to be made.

New ways of studying made it possible for students to have large number of possibilities what courses are they going
to take and for university or department authorities how those courses are going to be named. Field of human movement
studies is very different in terms usage when comparing USA and Europe. In USA, to authors knowledge, there is lager
number of higher education institutions (n=858) that offer courses in the field of human movement studies. When looking
at a percentage Europe has only 14,21% of university departments when comparing to USA. We can conclude that the
human movement studies in USA are much more popular and than in Europe.

Opposite to USA in Europe most frequently used term is sport (sport science(s), sport studies...) followed by physical
education. In Europe there is only one higher education institution that use term health in there official name and there
are only three higher education institutions that use term kinesiology in their official name. At the same time in USA
there are 261 higher education institutions which in there names have term health and 145 that use term kinesiology
(Table 1). Generally we can say that physical education is the only term that is widely shared between Europe and USA.
But physical education is just one applied area of our science.

It is understandable that names of the departments or courses have to be attractive to be able to recruit larger number
of student. Domination of term sport (sport science(s), sport studies) in Europe is probably product of social, economical
and historical significance of term sport in Europe. Sport is word used in almost all European languages, it is widely
recognized and common in every day use. European culture and history has made it less flexible to accept different term.
For mentioned reasons term sport probably prevail in European higher education institutions names. But sport is just
another applied area of our science.

USA higher education contrary to European is widely open and connected to market and economy. This is one of
the reasons why health is the most frequently used term in USA. Health is one of the larges problems of modern society.
The economic costs of physical inactivity affect national economies, as shown by the following examples taken from
studies of particular policy interest. In one United States study, costs associated with inactivity were between US $24.3
billion (2.4% of total health care costs) and US $37.2 billion (3.7%) for direct health care (Colditz, 1999). When obesity
costs are included (Colditz, 1999) a minimum of 9.4% of all direct costs incurred in delivering health care in the U.S. are
attributable to insufficient energy expenditure which directly leads to medical conditions or alternatively the accumulation
of adiposity which then contributes to excess morbidity and mortality. Conversely, the potential reduction in the costs
of treating heart disease if sedentary adults walked regularly has been calculated in the United States (Jones, Eaton,
1994); US $5.6 billion would be saved annually if 10% of adults began a regular walking programme. Physical activity
is probably one of public healths “best buys” (Morris, 1994). Health, health care and prevention have big market in USA
and respecting market demands health entered at universities. But health which can be connected with recreation, leisure,
fitness, wellness, physical therapy or general exercise is just another applied area of our science.

The term kinesiology is much more used in higher education institutions names in USA than in Europe. When
comparing term kinesiology to other terms used we can conclude that term kinesiology together with health and physical
education is the most frequently used term in the USA. There are at least two organizations in USA that promote
kinesiology as academic field and scientific discipline. American Kinesiology Association (AKA) was established in
2007 to promote and enhance kinesiology as a unified field of study at higher education system of USA and advance its
many applications. American Kinesiology Association define kinesiology as the academic discipline which involves the
study of physical activity and its impact on health, society, and quality of life. American Kinesiology Association was
established to represent and advocate for kinesiology at academic, governmental, and professional events, both nationally
and internationally. (Wwww.americankinesiology.org) American Academy of Kinesiolgy and Physical Education (AAKPE)
encourage and promote the study and educational applications of the art and science of human movement and physical
activity. According to AAKPE kinesiology is a common name for college and university academic departments that
include many specialized areas of study in which the causes and consequences of physical activity are examined from
different perspectives. (www.aakpe.org)

First offical use of term kinesiology in Europe was in 1967 in Croatia when Institute for Kinesiology was established
at the University of Zagreb, Faculty of Physical Culture (since 2001 Faculty of Kinesiology) and since than Croatia
is a leading nation in Europe in promotion and popularization of term kinesiology. During this year kinesiology was
recognized by Ministry of science, education and sport of the Republic of Croatia as scientific disciplines and it is listed
in the official nomenclature of scientific disciplines in Croatia.

Although there are only three higher education institutions in Europe that use term kinesiology in their official names
term kinesiology is present in European scientific community and today kinesiology appears as a name of scientific
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journals, scientific associations, scientific institutions, organizational units of higher education institutions and curriculum
subjects in number of cases. (Table 4)

Table 4. Kinesiology in Europe

UNIVERSITY DEPARTMENTS AND FACULTIES Country
Faculty of Kinesiology (University of Zagreb) Croatia
Faculty of Kinesiology (University of Split) Croatia
Faculty of Kinesiology and Rehabilitation Sciences (Katholieke University Leuven) Belgium

SCIENTIFIC JOURNALS

Kinesiology — International Journal of Fundamental and Applied Kinesiology (since 1971) Croatia
Kinesiologia Slovenica Slovenia
Acta Kinesiologiae Universitatis Tartuensis Estonia
Acta Kinesiologica BIH
Chinesiologia Italy

SCIENTIFIC INSTITUTIONS OR ORGANIZATIONAL UNITS OF HIGHER EDUCATION INSTITUTIONS

Institute of Kinesiology (University of Ljubljana, Faculty of Sport) Slovenia
Department of Kinesiology (Institute of Sport, Warsaw) Poland
Institute of Kinesiology (University of Pécs, Faculty of Medicine) Hungary
Department of Kinesiology (University of Tartu, Faculty of Exercise and Sport Sciences) Estonia
Department of Sport Science and Kinesiology (University of Salzburg) Austria

Respecting the fact that at the moment we don’t have one globally accepted name for our science we tried to determin
differences in usage frequencies of different terms in Europe and United States of America in higher education institutions
name in the field of human movement studies. At the end we can conclude that today term kinesiology is definitely much
more recognized and accepted as adequate term for basic science that deals with broad area of human movement studies.
As it is shown in Table 1 ‘Departmen of Kinesiology’ is currently the most frequently used name for depatments in USA
At the same time term kinesiology is not yet so spreaded in Europe, although it is in use in various ways in at least 9
European countries.

If we can accept that kinesiology as fundamental science finds it’s applications in many different fields such as sport,
physical education, health, recreation, exercise, physical therapy, sport management, etc. and that kinesiology embrace
principals that are fundamental to all of them it is only a matter of academic and scientific convention to accept term
kinesiology as a global and universal term for our science and profession.
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SPORT SCIENCE IN EUROPE - HISTORY AND PERSPECTIVES
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Abstract

The history of sport science is based on different movements and initiatives and in the European context it refers
particularly to the spreading of the modern sport of the 19" century. However, the necessity of an extensive physical
exercise for the improvement of athletic performance as well as the promotion of health, were decisive impulses for the
study of human movement. These ideas arouse in the ancient world and were clearly defined in modern times. At the turn
of the century and in the first two decades of the 20™ century several scientific papers on hygiene, physical activities and
pedagogy were published and initial attempts of a theory of physical education were discernible. An explicit “theory of
physical education” was not formed until the end of World War Two.

Since the middle of the sixties sport science, based on the theory of physical education, has become an organisational
(structural) and systematic scientific consolidation. However, a theory of sport science as an interdisciplinary theoretical
basis of sport did not exist. The question of the status and the integration of single disciplines like the theory of movement
and training or sport medicine and sport pedagogy became the decisive scientific problems of the seventies.

Unstoppable changes in social conditions and the increasing social importance of organised sport led to the
implementation of chairs for sport science at the universities in German speaking countries and partly in other European
countries. These developments caused a continuous process of differentiation which led to the creation of a theoretical
field of topics as well as to sport science research with interdisciplinary character in the 1980ies (nineteen eighties). From
the European point of view sport science was a national science until the beginning of the nineties of the last century.
Transfer of knowledge all over Europe in scientific journals or on international conventions hardly ever happened. A
decisive change was caused by the foundation of international societies of biomechanics, sociology, psychology etc.
who increasingly dealt with questions concerning sport and movement. From the perspective of the whole sport science,
however, the foundation of the European College of Sport Science in 1995 was a decisive step in the process of making
sport science an international discipline. 14 internationally well known scientists from 11 different European countries,
the so called founding members, established this scientific society and held their first international convention in Nice,
France, in 1996. The most important task of this society is to organize an international and multidisciplinary congress
on sport science annually. Moreover, this organization publishes its own scientific journal, the “European Journal of
Sport Science” and supports concerns of sport science with “position statements” on central questions concerning sport
science. This society has been very successful since it was founded 13 years ago. This year the 13™ congress was held
and the number of participants has increased from 430 in Nice to more than 1500 in Cologne (2001) and 2100 in Lisbon
(2008). From the European point of view it is a great benefit that colleagues from over 65 nations meet and share their
knowledge within all disciplines of sport science. Within the last 10 years more than 1500 scientific papers on average
were handed in. The distribution of the single papers on the various fields of sport science differs but on the whole there
are far more natural scientific papers compared with papers dealing with humanities or sociology. Supposedly this trend is
going to be expected in the future and sport science will only be seen and accepted in an international context. Individual
disciplines will be successful only if they are internationally carried out.

Key words: sport science, history, perspectives
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MAXIMIZING ATHLETIC PERFORMANCE:
OBSERVATIONS ON PERIODIZATION AND VARIATION

Jay R. Hoffman
Department of Health and Exercise Science, The College of New Jersey, USA

Abstract

Although it is well accepted that periodization strategies are critical in maximizing athletic performance, there is still
debate as to which periodization model is most appropriate. This will likely be impacted by the training demands of the
athlete, experience level of the athlete, the duration of the training program and the training frequency that will be used.
Incorporation of Olympic and ballistic training appears to have significant impacts in strength and power performance
of experienced resistance trained strength/power athletes. The inclusion of these exercises during specific training cycles
may result in significantly greater training adaptations.

Key words: athletic performance, observations, periodization, variation

Introduction

In the past half-century a number of studies have examined how manipulation of training intensity and volume of
training can influence strength improvements. Early investigations suggested that an optimal training intensity (i.e. load)
should be used to maximize strength gains (Berger, 1962; O’Shea, 1966). Subsequent studies have indicated that when
training intensity and volume are altered within a training cycle, strength performance can be enhanced to a significantly
greater extent than when these training variables are maintained consistent during the training period (Harris et al.,
2000; Kraemer, 1997; Kraemer et al., 2003; Marx et al., 2001; Stone et al., 1982; 2000; Stowers et al., 1983; Willoughby
et al., 1993). The step-like alteration of training intensity and volume is commonly referred to as the traditional model
of periodization (Baker et al., 1994; Hoffman, 2002; Poliquin, 1988; Rhea et al., 2002). It is also referred to as linear
periodization in which each phase of the training program emphasizes a specific training goal (i.e., hypertrophy, strength
or power). Linear periodization is typically characterized by an inverse relationship between intensity and volume of
training. During the beginning of the training cycle training volume is high and training intensity is low. As the training
cycle progresses training intensity will increase, while training volume declines. This is typical for the training program
emphasizing increases in strength performance. However, for many athletes the goal may be to simultaneously emphasize
both power and hypertrophy development. As a result alterations in daily program emphasis would provide the ability for
athletes to train for both at the same time. This periodized training model is often referred to as nonlinear or an undulating
training model (Fleck, 1999; Kraemer, 1997).

Studies examining nonlinear periodized training programs have demonstrated that daily program manipulation is
more beneficial in eliciting strength gains than non-periodized training (Kraemer, 1997; Kraemer et al., 2003; Marx et al.,
2001; Rhea et al., 2002). However, comparisons between traditional linear and nonlinear periodization models are quite
limited. It has been reported that a nonlinear periodized resistance training program was more effective in stimulating
strength gains than linear periodization following 12 weeks of training (Rhea et al., 2002). In contrast, other investigators
were unable to see any significant differences in strength gains between these two periodization models following up to
9-weeks of training (Baker et al., 1994; Buford et al., 2007). However, the majority of research examining the efficacy of
periodized resistance training programs has not been conducted on competitive strength/power athletes. In the few studies
examining competitive athletes, significant benefits of a nonlinear training model compared to no periodization have
been reported in college tennis players (Kraemer et al., 2003) and American football players (Kraemer, 1997). Recently,
a study by Hoffman and colleagues (2008) compared periodized linear, periodized nonlinear, and non-periodized training
programs during a 15-week offseason resistance training program in experienced resistance trained American college
football players. Results were unable to demonstrate any clear evidence that one training program was more effective
than the other. However, the investigators suggested that the results of the study were impacted by the prolonged active
rest period (7 weeks) that had preceded the start of the study. In such a scenario (typical of many lower division American
College football programs), any of the training programs would have resulted in significant strength improvements. It is
likely that a longer period of training would be needed to delineate any differences between the training paradigms.

The development of yearly training programs includes specific emphasis on inseason training regimens. The inseason
program, also known as a maintenance program is designed to primarily maintain the gains made during the offseason
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training program. However, depending upon the training experience of the athlete or the design of the training program,
it does appear possible to not only maintain strength and power, but to improve these variables during a season of
competition. There have been several studies that have examined the efficacy of various off-season training programs
in strength/power athletes.

Inseason training programs

Both upper and lower body strength (one repetition maximum [IRM] bench press and Squat, respectively) have been
shown to be maintained during both competitive football (Hoffman and Kang, 2001) and basketball (Hoffman et al., 1991a)
seasons. Interestingly, not only can strength be maintained but it has been shown to be improved as well. Increases in
strength in football players have been seen in the 1RM squat (Hoffman and Kang, 2001), while improvements in upper
body strength have been reported in basketball players (Hoffman et al., 1991b). The differences between these studies
are likely related to the demands of each sport. Basketball players have a greater emphasis on lower body training during
practice and games that may limit lower body strength improvements during the season. The increase in lower body
strength compared to upper body strength in American football players is thought to be related to the player’s resistance
training experience. Most American college football players generally have been resistance training for at least two
years prior to entering college. However, we have found that many of these athletes had limited experience in the squat
exercise. It is probable that the greatest window of adaptation in the younger (freshmen) players is in lower body strength
attainment.

Improvements in strength during the season also appear to be related to the intensity of training used during the
inseason resistance training program. When training intensity exceeds 80% of the players 1RM the ability to stimulate
strength improvements is significantly greater than when training intensity is below 80% (Hoffman and Kang, 2001).
This appears to be more prevalent in first year players than in the older, more experienced resistance trained athletes.
It is likely that the accumulated fatigue occurring in players that have greater playing time limit the extent of muscle
adaptation occurring during the season.

A comparison of linear to nonlinear training has also been examined during the inseason training program. Hoffman
and colleagues (2003) examining American freshman college football players reported that both linear and nonlinear
models of training are able to maintain strength during the competitive football season in freshman college football players.
Further, subjects performing the linear training program model showed significant improvements in 1-RM squat strength,
while no significant strength changes were observed in subjects training with the nonlinear model of training.

The subjects in the nonlinear group were required to train at approximately 70% of their preseason 1RM during
the first training session of the week, and use a resistance approximating 90% during the second training session. The
subjects in the linear group were required to train at 80% of their IRM during both weekly training sessions. Subjects in
both groups were encouraged to aggressively increase the resistance used when they were able to complete the required
number of repetitions for two straight training sessions. Examination of training logs at the end of the study showed that
the average training intensity during the high intensity training day for subjects in the nonlinear group was less than
90% in both the squat and bench press exercises and greater than 75% on the light intensity training days. Although
the average intensity of training per week was similar between the nonlinear and linear groups (80.75% and 83.95% in
the squat exercise) and (81.3% and 83.3% in the bench press exercise), the subjects in linear training group were able to
train at an intensity averaging better than 80% for both training sessions. Thus, it is likely that the subjects in the linear
training group were provided a greater stimulus to elicit strength improvement compared to the subjects in the nonlinear
training group.

Training program variation during off-season conditioning programs

The traditional power lifting program may not provide the optimal training stimulus in football players. We have
demonstrated that by including Olympic lifting exercises in the training program of these athletes we can enhance leg
strength and running speed to a greater extent (Hoffman et al., 2004). Although improvements in both upper and lower
body strength measures were not significantly different between strength/power athletes using an Olympic exercise routine
and a traditional power lifting training program, there did appear to be a trend toward specific strength adaptations that
were related to the subjects’ specific training program. Subjects in the power lifting group experienced a two-fold greater
improvement in upper body strength (p>0.05), while the subjects in the Olympic lifting group experienced an 18% greater
improvement in lower body strength (p>0.05). These differences in strength improvement were likely the result of the
inclusion of specific assistance exercises that were part of the subjects’ training programs. The greater number of assistance
exercises of the upper body incorporated into the training program of the power lifting group likely impacted the strength
gains of the upper body, while the greater number of multi-joint structural exercises utilizing the lower body musculature
that comprised the training program of OL may have had a greater impact on lower body strength development.

The high number of pulling exercises (i.e. cleans, snatches and pulls) seen in the training program of the Olympic
lifting group likely impacted the significantly greater vertical jump improvement seen in this group compared to the
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power lifting group. These exercises are mechanically similar to the vertical jump and the motor unit firing patterns that
are improved during training of these exercises would likely enhance the firing pattern of these motor units during the
vertical jump as well.

Training programs that involve high velocity movements, such as that seen with Olympic training, are thought to be
superior for eliciting gains in power output and speed. This is based primarily on the high rates of force development and
improved contractile speed associated with high force, high velocity resistance training. Although differences in sprint and
agility performance was not statistically significant, there did appear to be a tendency for a greater improvement in sprint
times in the Olympic training group compared to power lifting group. The sprint and agility training program that was
incorporated into the training program of both groups likely had a significant impact on speed and agility improvement
in all subjects. Other studies have reported that combination training may be more effective than training programs that
focus primarily on either high force or high power only (Harris et al., 2000; Wilson et al., 1993). Training programs of
high force only appear to improve force at the high end of the force-velocity curve, while the inclusion of high power or
high velocity exercises appears to emphasize greater improvements of force at the high velocity end (Hakkinen, 1994,
Hoffman, 2002). A combination of high force and high power training would appear to result in adaptation occurring at
a greater part of the force-velocity curve and have a greater impact on athletic performance (Hakkinen et al., 1986).

Recent research has indicated that the inclusion of ballistic exercises (i.e. jump squats and bench press throws) may
further augment the training response in these players (Hoffman et al., 2005). In a study of experience, resistance trained
strength/power athletes these investigators incorporated jump squat exercises into the 5-week strength/power phase of
the offseason conditioning program. The jump squat exercise appeared to significantly enhance the strength performance
in the squat and power clean exercises in those athletes performing the ballistic movements compared to those athletes
that did not. However, no significant differences power performance was seen. It is likely that in a group of well-trained
athletes a greater duration of training with ballistic exercise is needed to impact speed and agility performance. This
would be consistent with other studies that have demonstrated significantly greater improvements in power performance
when ballistic exercises are incorporated into the training program (Newton et al., 1999: Wilson et al., 1993).
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SCHOOL PHYSICAL EDUCATION CURRICULUM
CHANGES IN SLOVAKIA IN INTERNATIONAL CONTEXT

Branislav Antala

Faculty of Physical Education and Sport, Comenius University, Bratislava, Slovakia

Abstract

Nowadays the school PE in Slovakia meets following problems — decreasing amount of compulsory PE, decreasing
quality of education, high amount of non — exercising pupils, exempted pupils from PE classes, stagnate physical fitness
and motor productivity of youth, insufficient solicitude of disabled pupils, lack of control of PE education, weak of social
and financial honour of PE teachers and low interest of graduates, especially of teaching specialization to work in their
own profession. To the change of this status should contribute a new project of education. It is established on the basis
of educational domains — human and nature, human and technique, an Individual, Society, Culture, Mathematical and
logical thinking, Language and Communication, Health and movement. Educational area “Health and movement” is
elaborated in subject “physical and sport education” into the 4 modules: health and its impairment, healthly life style,
physical fittnes and motor performance, sport activities of movement regime.

Key words: physical education, curriculum

Domain of school physical education is one of the fields that in world engage heightened attention in the last decades.
On one side it is on the level of ministries of sport and the highest governmental officials for physical education and sport
as well as on the level of international non-governmental organisations. In last 30 years were approved many international
documents that for given evolutionary period determined aim and position of physical education (P.E.) at schools. From
the most important counted first of all International Charter of Physical Education and Sport published by UNESCO in
1978, Declaration from Madrid published by EUPEA in 1991, European Sports Charter from the Conference of ministries
of sport in 1992, Charter of children sport laws published by PANAHLON in 1995, Declaration from Punta del Este from
Conference of ministries in 1999 and World manifest of physical education FIEP 2000 approved by FIEP in 2000. P.E.
at schools belonged to main topics also on two World summits of physical education in Berlin 1999 and in Magglingen
2005.

Like in world, also in Slovakia P.E. in last three decades went through by intensive development and many changes.
In spite of try of P.E. professionals, P.E. teachers, pupils and parents still struggle, sometimes more, sometimes less
successfully with lot of problems. We present at least some of them:

¢ decreasing amount of compulsory P.E. — officialy on secondary schools had decreased the amount of compulsory
P.E. from 3 to 2 lessons per week (table 1), non — officially also at the other levels and types of schools — in fact many
P.E. lessons are not realised at all; for last decade had significantly decreased the amount of schools, which have 3
P.E. lessons per week (table 2); P.E. canceling on many universities and faculties.

Table 1. Amounts of compulsory P.E.

Schools 1990 1997 2008

Amount of lessons per week

Amount of lessons per week

Amount of lessons per week

Primary schools 3 3 2 + School educ. program
Secondary schools 3 2 2 + School educ. program
High schools 2-3 2-3 2 + School educ. program

Table 2. Amount of schools (in %) with 1, 2 and 3 P.E. lessons in 1995 and 2005 (Melicher, 2006)

Amount of lessons per week

3 P.E. lessons

2 P.E. lessons

1 P.E. lesson

1995

78,5 %

22,2%

0%

2005

45,5 %

44,8 %

9,7 %
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Often decreasing quality of education — there is low level of teaching process on many schools, it has only recreational
character; big shortage mostly on primary schools, where P.E. is thought by class — teachers;

Too high amount of pupils on P.E. and work with them is getting worse — for the last 10 years had increased the
average of pupil’s amount on P.E. —approximately 30 % of schools present overrun of amount of 25 pupils determined
by the Ministry of education of Slovak republic to be divided (classes) into groups (Melicher, 2006); what is more,
on lessons teachers are solving more often educational problems, because children and youth are more and more
vivid;

Great number of not participating and released pupils from P.E. lessons — number of these pupils can reach in
many schools 5 — 16 %. Amounts of pupils permanently released from P.E. are significantly decreasing, mostly on
high schools. It is concerning mostly (16 %) to girls on high schools and on vocational schools (figure 1).

%
16+

14+
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10

| .

1-4 ch 1-4d 5-9 ch 5-9d G ch Gd soSch soSd

Figure 1. Year-round released pupils from P.E. (Melicher — Slezdk, 2007, group of 14 000 pupils).

Stagnating physical fitness and performance of youths — in the development of motor abilities is stagnation,
the level of endurance abilities decreases; there is a tendency of turn secular trend direction in indicators of motor
efficiency from constant to negative. That is certified by researches of Moravec — Kampmiller — Sedlacek (1996),
Lednicky — Dolezajova (2007), Moravec (2008) etc.;

Care of pupils with disability — average rate is 10 — 20 %, but only 3 % of pupils participate on adapted physical
educations lessons, generally are these pupils integrated in normal education, but there is lack of special care
(Labudova, 2003);

Bad state of P.E. arrangements, lack of P.E. facilities — almost 50 % of directors and representatives consider
conditions for P.E. on their schools as insufficient; now-a-days effort to attract great firms to complete school sport
objects, only little progress in programme “Give back sport to schools”

Increasing of P.E. teachers’ age average and low interest of young graduates to work in the field of P.E.; teachers
are getting older and older, the average age of P.E. teachers are increasing — in 2006 it was 43,1 year old (Lakoova,
2006); after graduation only 37,3 % work in the profession of P.E. teacher. Others are working in sport clubs, sport
organisations or private sector. 36,4 % are working out of school and sport sector (figure 2).

Oschools

E sport clubs
Oprivat sector
Ematernal

36,4% 37,3%

M out of school system

0
7,2% 8,8% 10,3%

Figure 2. Present employment of P.E. graduates in 2001 — 2005 (Tothova - Labudova, 2007,
group of 315 graduates).
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*  Weak social and financial award of P.E. teachers — Slovak teachers’ salaries are the lowest in EU; amount of
dissatisfied P.E. teachers is still increasing, they are unhappy with their financial and social assessment — in 1992 it
was 75 % teachers (Baginova - Antala — Sedlacek 1992), nowadays it is 94,1 % P.E. teachers Lakoova (2006);

¢ Often ease of work of P.E. teachers, that results from insufficient evaluation of their work

*  Low representation of P.E. teachers in schools’ management positions — only 18,2 % school managers are P.E.
teachers (figure 3), which are decreasing the chance to get ahead the requests of physical education in schools’
leadership.

(%) 90 » Absence of control of P.E. teaching — limited number of
80 — inspectors, less frequent control of school directors — 42 %
70 || school managers make inspections on P.E. lessons only 1 time
60 | per half year, 13 % only 1 time per whole school year and 17
5o % don’t make this process at all (figure 4).
40 —
30 — 1x per week
20 — don y 2% 1x per month
on’t realise 26%
10 1 || at all ’
0 17%
Yes | No
DQualify] 182 | 818

Figure 3. Percentage whack of managers with
P.E. qualification and without P.E. qualification
(Antala — Dancikova, 2008, group of 231 high

school managers). 1x per year 1x per half
13% year
42%

Figure 4. Inspection process of school managers on P.E. lessons (Antala
— Dancikova, 2008, group of 231 high school managers).

*  Weak organisation P.E. teachers — lack of real professional organisation, that could effectively promote P.E. teachers’
interests;

* Shortages in pre-graduate teachers’ preparation — in spite of change effort, universities often reside on traditional
methods, there is very slow new trends and knowledge implementation into the teacher’s preparation;

* Unfinished system of lifelong P.E. teachers’ education — a universities’ small interest of graduates after their
attendance; insufficient universities’ involvement into the further teachers’ education; weak motivation stimulus for
teachers’ involvement;

» Lack of financial source for science in the field of physical education and sport — insufficient co-ordinated
scientific research; insufficient knowledge transformation from scientific research into the practice (vocational
or teacher training); limited opportunities of scientific research publications; smaller interest of researchers and
pedagogical employees at the universities in the field of school physical education.

School physical education meets many similar problems all around the world. Hardman and Marschal (2005) on the
2" World summit in Maglingen have presented the results of audit of teaching process in P.E. in world. They observed,
that situation in teaching process of compulsory P.E. range in schools’ curriculum had worsened against 1999 (Hardman
—Marschall, 1999) cca in 6 %. Nowadays P.E. is as an obligatory part of curriculum on 81 % of primary schools and 82 %
of secondary schools in whole world. On primary schools (in world) P.E. lessons take in average 94 minutes per week (in
1999 it was around 116 minutes). On secondary schools is the average 101 minutes (in 1999 it was around 143 minutes).
Differences exist between continents and countries. Positive in it are some east European countries, where amount of
compulsory P.E. lessons had increased (for example Poland — form 2 lessons to 4 lessons per week, Ukraine a Slovenia
— from 2 lessons to 3 lessons per week). Totally during the period 1999 — 2005 amount of lessons didn’t change in 60 %
of countries, increased in 16 % of countries and decreased in 24 % of countries.

In 40 % of countries will be probably lessons of P.E. cancelled as well as lessons of other teaching subjects. Total
status of P.E. as a teaching subject is in 44 % of countries perceived as a lower compare past time. P.E. teacher status is
perceived in 70 % of countries as same, in 3 % of countries as higher and in 27 % of countries as lower.
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The quality of P.E. teaching process is limited by material and facility conditions that were assessed like excellent
only in 8 % of countries. The most were assessed as limited (cca 32%) and as appropriate (cca 31 %). In cca 18 % of
countries were assessed as inconvenient. Also in this areas are big differences between continents and also within
continents. For instance in Europe in economical prosper countries of west and north Europe were conditions assessed
mostly like appropriate and often also like excellent compare countries of central and eastern Europe, where condition
were assessed as inappropriate.

To solving problem in Slovakia should contribute educational transformation, also in physical education. Since 1*
of September 2008 in Slovakia came into force new law about education, that substitutes almost 30 years old school law.
That should reform an existing system of education and try to avoid from many above-mentioned problems concerning
not only physical education, but also many other teaching subjects.

Inspiration for new school reforme in Slovakia was developing trends of steering of educational policy in school
systems mostly in EU countries (England, Nederland, Finland, Austria, Sweden). Coming out of mentioned European
trends, basic ideas of new law about education are mostly:

*  Decentralization and bigger schools’ autonomy, its bigger share on decide about educational content;
» Establishment of educational domains and partial topics and integration of teaching subjects into it;
*  Bigger activity and teachers’ responsibility and their bigger competencies;

* An accent to educational work v pedagogical process aimed to pupils’ competencies development.

In this spirit, the compulsory part is divided on state educational program and school educational programs. State
educational program present approximately 70 % of total educational content and it is obligated for schools. School
educational programs are presenting approx. 30 % of educational content and creation of it is fully up to schools on the basis
of its conditions, aim, tradition, personal possibilities and pupils’ interest. In creation of this program, the main role will
play managements of different schools, school boards, but also teachers of different subjects including P.E. teachers.

Aims of teaching process will be filled in within new educational areas, where separate area is area “Health and
movement”. “Physical and sport education” as a teaching subject is part of this area (table 3).

Table 3. Educational areas and teaching subjects in ISCED 3

Educational area ISCED 3

Slovak language and literature

Language and Communication 1. Foreign language

2. Foreign language

Mathematics

Mathematics and work with information
Informatics

Physics and experiment

Human and Nature Chemistry and experiment

Biology and experiment

History

Human and Society Geography

Civics

Ethics / Religion

Human and priorities - —
Psychosocial training

Art and Culture Art and culture

Health and Movement Physical and sport education

Aims filling of different educational areas and teaching subjects will be realised in school environment through key
and subject competencies of pupils, which is simultaneously developing. Pupils should develop these competencies in
appropriate age category though content, educational methods and activities.

European Commission defined 8 areas of key competencies for basic educational phase that should be developed in
different teaching subjects, including physical and sport education:

1. Communication in mother language,

2. Communication in foreign language,

3. Mathematical literacy and competencies in area of natural sciences and technologies
4

Competencies in area of information and communication technology,
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Competence of learning to study
Social and citizen’s competencies

Business competencies, competencies of active approach

© N o

Culture competencies / view

On 4" European FIEP Congress held in Bratislava from 29" until 31% of August 2007, were participants from
25 countries from all around the world suggested to European commission to widen mentioned competencies of 9™
competence — movement competence. Movement competence should be improved first of all though school physical
education. Congress defined a movement competence as follows: “Movement competence is a combination of applicable
multifunctional knowledge, motor skills, motor abilities and attitudes of human, which are necessary for a movement
growth, physical, psychological and motor development, motor performance, personal fulfilment, overall health and
successful employment.” Indicators of movement competence - mobility of every day life, manual skills, life style and
its quality, attitude to life and community, prevention of civilization diseases, postural health, specific sport activities
and professional and personal skills.

Physical education did not evade innovation within new school law. The most important changes are following:

1. The name of teaching subject was corrected from physical education to “physical and sport education” on the level
of ISCED 2 and 3;

2. Inphysical and sport education focus is demonstrate more significant diversion from performance-oriented education
to development of pupil’s competence and to formation of attitudes and values. The aim of physical and sport education
as a teaching subject is allow to familiarise, acquire, improve and maintain correct motor habits and skills, increase
a motor literacy, develop physical fitness and coordination, improve general physical performance and efficiency,
increase health care activities, obtain knowledge about kinesiology, from physical education and sport by appropriate
way (sport in appreciation of any physical activity following European Sport Charter 1992). There is much more need
of creation and formation lasting lifelong relationship to physical activity, to physical education and sport related
to their interests and individual needs as part of their healthy life style and presumption of ability to lifelong health
care as well as their well — being.

3. In aims there are more significant connection to health care and generate healthy life style — physical and sport
education should put together knowledge, habits, attitudes, abilities and skills about movement, sport, health and
healthy life style. Those are created through realised forms of teaching a physical and sport education, adapted
physical education or by form of physical and sport education integration.

4. The educational content openness — content presents wide scale of knowledge and physical and sport activities offered
to pupils. The content is divided into the following 4 modules:

*  Health and its impairments
* Healthy life style
*  Physical fitness and motor performance

*  Sport activities of movement regime

Offered motor content of different modules:
m  Health and its impairments

Basic gymnastics, health — related activities, relaxation and breathing gymnastics, posture exercise, technique of
basic locomotion, starting positions, bench exercises, dancing steps and skips, specific exercises for different health
impairments, stretching, exercises with bar, etc.

n  Healthy life style

Exercises for general development, system of exercises Salutation to sun, 5 Tibetans, massage, total relaxation,
jogging, running and walking, seasonal activities, exercises in nature, motor games, didactical games, eye gymnastics,
psychomotorics, target shots, hurdlers’ tracks, etc.

m  Physical fitness and motor performance

Sport activities mobilizing energetic sources and optimal zing its impact. It is possible to measure it in space, time or
time and space in standard conditions. To use exercises and tools of athletics, skiing, skating, swimming, shooting,
minigolf, golf, etc. Physical activities that contribute to physical abilities development and to physical fitness increase.
Different physical and sport activities of ‘keep-fit’ gymnastics (power training in fitness club, power training with
own body weight, exercises with tools or on different gymnastic equipment), aerobics, body styling, rope skipping,
cycling etc.
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Sport activities of movement regime

7

¢ Sport activities where by rules come to clash between individuals. Where is requirement of movement’s technique
control related to opposite, envision ability and will to win. Activity selection from different contact sports mostly
impact, grip and wrestling systems: judo, wrestling, aikido, karate and other martial arts and individual sports
without direct contact with opposite, like tennis, table tennis and badminton.

o,

«+ Sport activities realised in team, following given rules. Typical sign is fighting between groups. Where is
requirement of team co-operation, impinge for anticipation development of individuals as well as groups and
will to win. Selection is realized from sport and non-traditional games: basketball, handball, volleyball, football,
rugby, water polo, netball, hockey, floor ball, frisbee ultimate, futsal, indiaca, korfball, beach volleyball, ringo,
softball, tee ball, street — basketball, baseball, boccia, bowling, petanque etc.

*+ Sport activities typical for creativity development and having skills for moving form on sport gear, with and
without equipment, where different esthetical expressions and rhythm perceptions are emphasized. Selection of
physical and sport activities comprise: dance, sport gymnastics, modern gymnastics, basic gymnastics, swimming,
synchronized swimming, yoga, pilates, figure skating, trampoline jumping, rope skipping, psychomotor exercises,
adapted physical activities, tai-chi, aqua fitness and aqua aerobics. Competitive activities like: gym-team, creating
a choreography, platform exhibition, etc.

« Outdoors sport activities, which are characteristic by moving in nature, by adapting for changes of this
environment. From natural environment are impinging to human being: air, water, earth, snow, rocks, mountains,
beaches, etc. In these are physical activities realised. In selection are sports like: cross-country skiing, alpine
skiing, snowboarding, canoeing, orienteering, paddling, swimming, hiking, roller skating, Nordic walking,
biathlon, jogging, climbing, camping, cycling, rappel, etc.

Possibility to adapt the teaching content to school conditions, to pupils’ interest and bigger teachers’ responsibility
for formation of teaching program for different groups of pupils — the task of each P.E. teacher is to come out from
main aims with taking account to pupils’ competencies development as well as their preconditions, interests and
school conditions, P.E. teacher should create the programs of P.E. process for different groups of pupils by him or her
selves. Commission for physical education authorizes these programs. Teacher tries to respect an order of following
modules:

Health and its impairments — knowledge are intermediate to pupils continuously during lessons. Teacher can use
for that in each grade also 1 or 2 theoretical lessons. Physical activities of this module constitute approx. 10 % from
total educational content.

Healthy life style — knowledge are intermediate to pupils continuously during lessons. Teacher can use for that
in each grade also 1 or 2 theoretical lessons. Physical activities of this module constitute approx. 10 % from total
educational content.

Physical fitness and motor performance — is realised continuously or concentrated, recommended range is up to
30 % from total hour subsidy in each grade. During 4-year study should improve gradually all physical abilities, but
for their development can be used different sport activities of 4" module.

Sport activities of movement regime — represent approximately 50 % from total hour subsidy. Teacher is choosing
in each grade at least 2, from offered areas from this module. Under the domains, he or she is choosing those sport
activities, which are accessible in schools, when pupils are interested in it or are traditional for given school, or teacher
is specialising in it. Domain: outdoors sport activities should be involved at least 2 times during 4 years (for instance
like ski course or snowboarding course, improving swimming course, etc.). In 4 years they have to go through all
4 domains. We recommend differencing content in 1* and 2" half year; mostly in 1% grade include wide scale of
physical activities.

Support and leadership of teachers to lifelong education — teacher can implement into the program only those sport
activities, which were as a part of his or her pre-graduate university preparation or which he or she had obtained
in trainer’s qualification by any forms teacher’s and trainer’s further education. The interest of each P.E. and sport
teacher should be participation on further education and gradual acquirement of needed qualification for planned
sport activities.

References

L.
2.

Antala, B. — Labudova, J: Skolska telesna vychova v (r)evolicii alebo v ohrozeni. Telesna vychova a port, 2006, n. 1. p. 2-4

Antala, B. — Danc¢ikova, V.: Nazory manazérov strednych $§kol na niektoré problémy $kolskej telesnej vychovy. 2008, Presov,
rukopis

Bratislava: Statny pedagogicky ustav, 2008, rukopis, 40 s.

42



Kinesiology Research Trends and Applications

10.
11.
12.

13.

14.

Baginova, V. — Antala, B. — Sedlacek, J.: Suc¢asné postavenie ucitelov a predmetu telesnd vychova na skolach. Telesna vychova
a§port, 1992, n. 4., p.3-4

Hardman, K. - Marshall, J.: Word - wide Survey of the State a Status of School Physical Education, University of Manchester,
1999

Hardman, K. - Marshall, J.: Update on the State a Status of Physical Education World - Wide, Magglingen, 2005, rukopis

Labudova, J.: Vyudovanie telesnej vychovy v §kolach pre ziakov so zdravotnym oslabenim. Telesna vychova a $port, 2003, n. 3,
p. 15-18

Lakoova, 1.: Profesia ucitela telesnej vychovy v sucasnej spolo¢nosti. Telesna vychova a $port, 2006, n. 2., p. 15-17.
Lednicky, A. — Dolezajova, S.: Rozvoj koordina¢nych schopnosti. IMC Agency, Bratislava, 2002, 131 p.
Melicher, A.: Monitoring telesnej vychovy na strednych $kolach Slovenskej republiky. Telesna vychova a $port. 2006, n. 1., p. 5.-8.

Melicher, A. — Slezék, J. : Zaujmova telesna vychova ziakov zakladnych a strednych $kdl v sucasnych podmienkach. 4. European
FIEP Congress, 2007, p. 130-138

Moravec, R.: Sekularny trend v ukazovateloch telesného rozvoja a pohybovém vykonnosti u $kolském populacie Slovenska.
Telesna vychova a $port, 2008, n. 1., p. 2-5

Moravec, R.- Kampmiller, T. - Sedlacek, J. et al.: Eurofit — telesny vyvoj a pohybova vykonnost’ §kolskej populacie. Topol'¢iansky,
End, 1996, 198 s.

Téthova, D. - Labudova, J.: Uplatnenie absolventov FTVS UK v praxi. Tel. Vych a Sport. Ro&. XVII, n. 3 — 4, 2007, p. 5-7

43

Physical Education



Research Methodology

5t International Scientific Conference on Kinesiology, 2008, Zagreb, Croatia

SOME MYTHS, AND MISUNDERSTANDINGS IN TEST RELIABILITY:
METHODOLOGICAL FOUNDATIONS

Petr Blahus
Faculty of Physical Education and Sports, Charles University, Prague, Czech Republic

Practical assessments of reliability, its reporting in articles, and even explanations in textbooks are confounded by
many false myths, and, even fundamental mistakes. Typically, it happens due to misunderstanding of the methodological,
logical, and mathematical background of the classical reliability theory, test theory, and latent variable models and also
their relationships to the precision of physical/technological measurement. Practical problems are illustrated by fifteen
examples (a - o) and followed by explanations. As a conclusion of theoretical analysis the author suggests a solution to
the problem whether reliability should be related to the test itself and/or to its score. For practical purpose it results in
recommendation to identify each test, questionnaire or any diagnostic procedure by two sets of specifications: (i) list of
content specifications, conditions, and instructions for its administration, (ii) by detailed description of the population /
sub-population for which the test was constructed and on which it was calibrated.

Key words: Classical test theory, true score, Cronbach’s alpha, McDonald's omega, test equivalence, reliability, precision,
uncertainty, measurement, calibration, laboratory accreditation

First: A representative sample of the confusions
There are many confusions whose probably incomplete but typical sample should contain following:

a) Test is reliable if it yields the same or similar scores when repeated under the same conditions - thus reliability is
related to repeatability, hence can be evaluated by fest-retest correlation.

b) If the test-retest correlation is statistically significant we may conclude that the test is “significantly reliable” (the
same for any other coefficient of reliability).

c¢) Cronbach’s Alpha is a measure of reliability.

d) If we have a heterogeneous battery of tests, say Eurofit, Unifit etc., then Cronbach’s Alpha represents reliability of
the whole battery.

e) Reliability is a concept which is basically different from precision in technological measurement and / or reliability
is somehow intuitively the same as the precision.

f) “Replication” of testing / measurement is a repetition in time while all conditions stay constant.
g) Test-retest correlation expresses “stability” of test scores in time.

h) Test-retest correlation serves for prediction of the later measured retest scores from the knowledge of preceding test
scores.

1)  Whether reliability is good or not may be sufficiently assessed by the value of reliability coefficient.

j)  Square of the test-retest reliability coefficient gives coefficient of determination, this multiplied by 100 gives you
“percents explained by reliability” of measurement / testing.

k) Reliability .80 may be accepted as an orientation value for approximate distinguishing between “good / bad” level.

1) The value .80 may be interpreted on the basis of coefficient of determination: .80% = .64 is above 50 % while .70%>= .49
is below 50 %, hence reliability .80 shows that our test scores are numbers which are more correct than incorrect.

m) Ifyou test the same subject repeatedly by the same test then a best value is the mean of his/her repeated scores.

n) Ifexperts say that two tests are “equivalent”, then reliability can be assessed by correlation of the equivalent tests.

0) We should not speak about “reliability of a test” but it is correct to speak only about “reliability of test scores”.
Etc.

Important distinction between specific vs. generic reliability - almost forgotten

The distinction could not be mentioned in the list above as it is usually forgotten, even in most textbooks, becoming
thus an unspoken and hidden misunderstanding, often due to a common ignorance of existence of the problem. Hence,
it is usually not clearly stated which kind of the two is under scope when reliability of a test battery or questionnaire is
being reported.
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Specific reliability deals with reliability of specific true score, it means ideally precise score of the given test without
any other possible test or further generalization - the test is taken as an insulated idiosyncratic element “on its own” (“an
sich” by Hegel). In the well-known monograph Lord, & Novick 1968 distinguish the two very early (p. 43), and having
accepted the so called expectation conception they define the specific true score as “the expected value ... taken over the
(hypothetical) set of parallel measurements” (p. 173), i.e. thought of the “same instrument”. On the other hand, “The generic
true score is defined in terms of a whole family of different test forms ...” (ibid., p. 174, italics added), say different items
measuring the same ability - they present an example of “spelling ability” (ibid. p. 174). As an example of specific true
score and its specific reliability in kinesiology /kinanthropology we can imagine an insulated test consisting of a complex
sensomotor task, whose score is expressed in time by seconds. Then we may be interested solely in a possible error of
its resulting score due to its specific unreliability (i.e. including influence of weather, psychological instability etc.). It
means that we want to now just information related solely to this test, say whether the standard error is + 2 [seconds], or
+ 15 [seconds] or so, but nothing more.

Generic reliability means that we intend to interpret the score in context with further tests measuring the same
theoretical concept - “construct” which is unobservable (at least observable not directly). Then, we are not interested in
the test alone, as above, but we conceptualize test as an observable indicator of the “construct”, say of a level of sensomotor
coordination ability. For this purpose we need a cluster of several further indicators. These have to be homogeneous with
respect to the same semantic content of “sensomotor coordination” - i.e. tests whose specific true scores are targeted on
a wider context of the same kind, of “the same genus”. Then we can try to construct their common composite score - a
generic score, which would somehow represent the level of unobservable “construct”. The composite score is usually
expressed by a computation formula, it is the so-called formula score, among whose different variants the unweighted
simple sum score of z-standardized partial specific scores is typical, but a very bad one (due to equal importance of
separate tests).

The semantic content validity of indicators (stated by experts) together with semantic content homogeneity of the
test cluster is then usually verified by a use of certain appropriate model with latent variables, either confirmatory Latent
Common Factor model (LCF), or the IRT Latent Ogive, or so. McDonald 1982, p. 214, stresses the importance of using
this latent modeling approach:

“A Spearman factor analysis can therefore be made the basis for generic reliability ... that is of generalizability in the
sense of Cronbach et al. (1972). (See McDonald, 1978a.)

If ...the factor loadings ... are equal, the tests are essentially tau-equivalent, ... and the common factor differs only
trivially from a specific true score. The factor analysis then supplies a basis for the assessment of reliability in the
classical sense of measurement error”

Then the mathematical unidimensionality of the cluster is accepted as a modeling confirmation of the semantic content
homogeneity hypothesized by the experts. If the cluster is not unidimensional the hypothesis about content homogeneity
should be rejected - perhaps the tests are indicating more than “one ability”, say the domain of “coordination” is found
multidimensional. Then, it would not have any sense to compute an agglomerated one-number composite score - there
is no “one genus” of the tests and the composite score would become a strange mixture but not representing anything
common, and “generic”. Nevertheless, if the unidimensionality is successfully fitted - say by the confirmatory LCF
model - then the best generic formula score to be used is the weighted sum according to Bartlett’s formula for maximum
likelihood estimator of latent factor score, f

If the cluster of the “tests measuring the same thing” is unidimensional, we still should be interested every time in
the generic reliability, i.e.

the error of measurement of the “construct” - say level of an “ability”.

For that purpose we have in our disposal the direct measure of generic reliability, ® - the McDonald’s Omega coefficient
(McDonald 1970, 1978, 1985, 1999, also Zinbarg et al. 2005, etc.). In a certain sense also the Cronbach’s Alpha, sometimes
called Guttman-Cronbach Alpha, may be helpful even though it is not a measure of reliability in general but usually it is
only its lower bound (Guttman 1945, Cronbach 1951).

Precision and uncertainty in physical / technological measurement standards

All standardization requirements in various kinds of measurements distinguish different types of measurement errors.
One of the most important distinction is between systematic error - bias, and the random errors, cf. Federer 1973, p. 23.
Random errors can be expressed in terms of their standard deviation around the mean of the instances of measurement -
this standard deviation represents precision. However, high precision itself need not mean accuracy yet, as the mean may
be systematically shifted below or above the unknown true value which is the desired target. Quite often the systematic
errors of a certain measurement instrument and procedure are either known, or it is possible to establish them and take
them into account. Moreover, sometimes we may not be interested in the absolute value, the level of an attribute, but
primarily we focus on discrimination between values. This may be the case of testing in behavioral research, say if we
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are interested in interindividual position of subjects in the sample, then precision becomes most important. This is often
the case in physical/technological measurement, too, for example the European official accreditation of a measurement
laboratory requires that uncertainty be established after “corrections and correction factors for systematic effects” have
been done (EAL 1997, p. 6; CSNI 1996, p. 2). Consequently, the imprecision due to random errors - just statistically
treated - is now called

“Type A standard uncertainty”.

A typical way of expressing precision is in the form of relative error, between 0 and 1, or in percents. This may be
established as ratio of absolute maximum error ¢,,,, to the given measured value (Sprusil, & Zieleniecova 1989, p. 15;
EAL 1997, p. 7) or to the range R of scale of the measurement instrument and/or to 2R, it means by ¢,/ /2R. In practical
realization, a rather large number of instances of measurement by the technical device are applied to a given

fixed value 1° of the target variable called measurand

(EAL 1997, p. 4, symbols modified). It is interesting to notice the similarity between this terminology and the terms of
test theory, it seems that

“measurand”of EAL and “criterion” / “predictand” of test theory are synonyms.

The instances of measurement procedure yield separate measured values x;,+, j = 1, 2, ..., n,. Then, under moderate
statistical postulates the mean of these values converges to the unknown given value 7°, and their variance s? .. may be
used as an estimate of the variance of errors s*,,.. These well known statistical postulates are explicitly expressed in
EAL 1997, p. 13:

“5.2. The assumption of a normal distribution ... derived from well-behaved probability distributions of independent
quantities, e.g. normal distributions or rectangular distributions, contribute to ... the conditions of the Central Limit
Theorem are met and it can be assumed to a high degree of approximation that the distribution of the output quantity
is normal.”

Thus, corresponding standard deviation s, can be recognized as standard error of measurement in an older terminology,
now called by EAL 1997

standard uncertainty of measurement, u.

(When this is applied to accreditation process of different laboratories according to their measurement capability to
calibration then EAL uses a concept based on uncertainty defined by s, / \/np , which is actually sampling error - standard
error of mean, in fact.) According to EAL 1997, p. 13, “It has been decided that laboratories accredited by members of
the EAL shall state” so called

expanded uncertainty U =k u , with k=2 |

with “coverage factor” k , which expands their so called “coverage probability” up to 95%, actually due to the above
indicated postulates leading to normal distribution. There are no reasons presented why (!) it was “not decided” to choose
k=3 with “coverage” 99% (to follow the well known approximate Gaussian rule + 3 SD). In any case, it is obvious that
the older concept of

imprecision expressed by relative standard error, and the relative standard uncertainty would become equivalent by the
following considerations.

The range R of the measurement scale is common for all possibly selected different fixed z* of the “measurand”/
“criterion” t as well as for their corresponding possible observable instances x, R = R,= R,. The separate instances x;,
of measuring the same 7" are assumed random and independent, therefore by standard statistical theorems their mean
converges to 7°, and their conditional standard deviations s, converges to the standard deviation of individual errors s,,,.
which is assumed constant over different fixed *hence may be written just as s,. Thus the well known “rule of + 3 SD”
may be used to estimate the maximum error ¢, by 3s,. If an analogy is applied to the range of measurement scale then
YR = 3s,.. Then the above introduced relative error ¢,,,/ %2R, actually the relative Imprecision (!) may be expressed by
3s,/ 3s, , i.e. by the definition as a ratio

Imprec (x)=s, /s, ,
or usually multiplied by 100%,
which is the same as the Type A relative standard uncertainty

of EAL, presented above. The fixed value 7*, however unknown absolutely precisely, is firmly given, not necessarily as a
numerical value of a “golden standard” but, possibly in a materialized way, say as distance from one wall of a room to the
other wall, and it is assumed to be constant. (However, it actually varies a little, e.g. there is a certain influence of oscillation
and vibration of the walls due to the street traffic, there is instability of foundations of the building etc.) Nevertheless, a
better example for our forthcoming purpose is the idea of stable temperaturet” in a perfectly insulated room.
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Replication as an abstract mathematical concept

In reality, the above presented “instances” of application of the same measurement procedure do not fulfill perfectly the
mathematical postulates under which the complex of inferences yielded by theory of measurement errors is derived. If the
instances were ideally accomplishing the mathematical requirements then they may be called replications. The conditional
just used is necessary to stress that a replication is an abstract mathematical concept, a purely formal model

whose perfect empirical counterpart is generally impossible to find in reality.

Replications are postulated as stochastically independent realizations of random variables with identical distribution
(e.g. Lord, & Novick 1968, p. 46). These postulates enable mathematicians / statisticians to apply some of the variants of
the central limit theorem about convergence of expectation (or mean, in discrete variables) of x;,. to the unknown value
7", It makes the unknown value statistically estimable, to obtain an unbiased, consistent, and efficient estimator yielding
desired point estimates in practical situations, and calculate corresponding standard error of the estimates, and their
confidence intervals. From a slightly different point of

view replications x;.are values of a random variable x; observed in elements of a random sample
with sample size n, drawn from infinite population with the unknown population mean t*.

As indicated in the former section these assumptions were used in the derivation of the concepts and definitions by
EAL 1997.

Under a variant of such postulates and assumptions, e.g. that the errors € are additively combined with the exact value
etc., it is possible to formulate a measurement model, here typically the Gaussian model of the theory of measurement
errors:

X =Tt
Note that an important postulate for the model is the postulate of
randomness of errors of replications.

In the real measurement situations it is treated by trying to keep all external as well as internal conditions constant.
In an idealistic case the constant conditions might approach identity, while in real-world situations the identity may be
only approximated by certain unification of the conditions - note that among the mathematical postulates there is no
mention about replication as a special case of “repetition”. An intuitive identification of the real world “repetitions”
with the abstract mathematical “replications” thus becomes problematic. The ideal of keeping all important conditions
constant need not be approached through the researcher’s effort to approximate “identity in time” but it is also possible
to approximate an “identity” by keeping constant space, and material conditions.

For example, one need not conceptualize the above presented “instances” of measurement as replications by repetitions
under conditions that are constant over time, i.e. as diachronic replications. In some situations it is possible, and still
better accomplished, to approximate the mathematical postulates for replications quite closely by treating the empirical
conditions of measurement in terms of
simultaneously but still materially approached constant conditions.

It would represent a kind of synchronic replications where the mathematical requirements are fulfilled by empirical
approximation through manipulating the space and material aspects of a measurement procedure. Thus, in an example
with measuring of temperature in a well insulated room we may imagine two different situations:

1. To establish imprecision of measurement of a certain kind and make of thermometer we may measure the hopefully
constant temperature 50 times repeatedly by the same piece of thermometer. Then we hope that diachronically applied
“instances” of measurement represent replications in the mathematical sense. However, in practice there are many
uncontrollable factors that would be breaking the assumption of constant conditions.

2. Contrary, we may use 50 thermometers of the same kind, of the same make, produced by the same factory in the
same series of production on the same day, etc. Then, if we expose them into the room close to each other we would
have the case of synchronic instances of measurements with our hope that the differences in quality of the produced
thermometers will not break the mathematical conditions for replications.

It means that
replications should not (!) be automatically considered “repetitions” only,

i.e. only as diachronic replications however the “re” in the name suggests it intuitively.

Classical test theory - CTT model with Platonic true score conception: Reliability vs.
precision

Currently, there is a different, more modern and more elegant derivation of the CTT model than the Platonic
conception by Spearman 1904, 1910, and Brown 1911, first time criticized already by Sutcliffe in 1965. Nevertheless, the
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new approach, mathematically crystallized in works by Zimmerman (1975, 1976), Lord (1980), and Steyer (1989, 2001)
is still based on a little different formulation of its built in randomness principle, which actually produces most of the
practically usable mathematical properties of the model. To reach its desired empirically testable consequences it is still
necessary to add some assumptions originally posed in the traditional Platonic conception (namely the A3, A4 below).
For a comparison of Gauss and CTT models it is necessary to see how the randomness principle is dealt with in each of
them. On one hand, the mathematical requirements for deriving the plausible properties of Gaussian measurement model
are encoded in the postulates desired for the

randomness of replications.

In the CTT model, on the other hand, the randomness is specified in a form of the so-called four axioms of CTT
model. Among those the especially mathematically important axiom, which fundamentally treats randomness in CTT
model and makes it comparable with the Gauss model, is the parallelness axiom (A4) on

randomness of errors of parallel tests (or test measurements, or test forms).

The principle of randomness is formulated in a special way in the CTT model due to the tradition of using linear
correlation and regression theory joined with its model
x=ttg;.

The Platonic conceptions means that true score 7 is explicitly assumed to be completely inaccessible to our knowledge,
in a certain way conceptualized as a transcendent entity, like the ideal objects of Plato’s philosophy are assumed to be
hidden in his cave. However this model looks formally similar to the Gaussian there are several important differences. Now
tis a variable (/), which takes on different values in a sample of N subjects, i =1, 2, ..., N. Further, instead of n, replications
we have n, different tests (or test measurements or forms) indexed by j, k = 1, 2, ..., n,, while in many applications the
number is rather typically just n, = 2. In each of the subjects the tests (measurements, forms) are testing the unknown
perfectly precise value 7, which is called true score of a subject in the test. This unknown true score remains the same
in each of the different tests (forms etc.) x,, x,, ..., x,, therefore no index j is attached to 7 .

While the Gaussian model asked for randomness and mutual independence of errors over replications here it is specified
in terms of randomness and correlational independence of errors by the four axioms (e.g. Gulliksen 1950, Novick 1966,
cf. also by Blahus 1981, 1988) using symbol E for expectation and / or mean:

(A1) errors are counter-balanced, there is no systematic error, E(g; ) = 0 for each of the », tests (forms),
(A2) errors are independent on the true scores, e = 0, Ver ™ 0 for any test,
(A3) errors of any pair of different tests are mutually independent e, ™ 0,
(A4) all parallel tests have the same variance of errors S = S ,1.e. the same standard error s, =S,
Using these basic concepts of CT Theory the Varlance of errors is used for its fundamental deﬁnltlons
reliability: Rel (x) =s,2/ s 2 and unreliability: Unrel (x) = 5,2/ s, 2
It is very important to be aware that the CTT fundamental theorem may work in practice only as far as the axioms
hold (/). Therefore
reliability may be only approximated,

it never can be “established”. The quality of the approximation depends on how well the four axioms about replications
are met by the real-world condition in the research practice of testing / measurement. In addition, I would recommend
strongly that we should not say that reliability is “estimated” as such a layman’s notion might be confused with the notion
of estimation in inferential statistics, regression estimate or so on.

If the axioms Al - A4 hold, it is possible to derive the classical and well known result of the CT

Theory, namely that observed computable covariance of two parallel tests, s> _ , equals to the sought unknown
variance of true scores, i.e.

= sX X’ and that 7%, =5,%/ s>

Hence the correlation r,, between observable x and unobservable 7, actually a validity, becomes Vr?,,

6‘6"

it means square root of the reliability
r.=VRel (x) .
Thus, based on a similar principle, namely principle of randomness in a general sense, there are two different however
analogical basic concepts:
replicated measurement in the Gaussian and / or parallel measurement in CTT models.
Another important similarity deals with the operationalization of parallelness:
the parallel measurements need not (/) be in a form of repetitions, only.

Again, such repetitions may be intuitively - and often falsely - understood as an approximation of the ideal of
replications., but in many situations the “test-retest” method for estimation of reliability may be a very bad one. In
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addition, at least in some situations those diachronic parallel measurements can be substituted by synchronic, as in the
case with measuring temperature simultaneously by several thermometers. An example would be skin fold measurements
for establishing body fat by several equally trained laboratory assistants, a case of (almost) simultaneous, i.e.
“synchronic replications” in a frame of inter-rater reliability.

In addition, from the point of view of generalizability theory (e.g. Cronbach et al. 1972),
categories of any facet in a generalizability study

are assumed to represent replications and be parallel, actually in any multifaceted design. Further, it has to be underscored
that the parallelness is not a matter of an expert opinion on mutual content similarity of different measurements of a test
or its modified forms. Again, as with replications,

parallelness is an abstract mathematical postulate of equality of error variances (A4).
It has nothing to do with possible semantic “equivalence” of the content of the different tests.

Further distinction, but a distinction prompting also a certain degree of similarity, is connected with the following
topic. Due to different conceptions - 7* as fixed through #, replications vs. 7 as variable over N subjects but constant in
each subject through n, measurements - the terms s,2, s, % (or s,, s, ) are also conceptualized in different ways in each of
the Gauss and or CTT models. Nevertheless, if we still compare the two basic notions side by side - viz. Unrel (x) = 1- s,2
/s.2vs. Imprec(x) =s, /s, - we can see their similarity and their relationship, see also Fig. 1:

Imprec (x) = y/ Unrel (x) =/ 1-Rel (x) .

Rel(x)
Reliability
coefficient

Imprec(x) x 100% = relative error,
the standard uncertainty of measurement

Fig. 1. Relationship between reliability and precision

A measurement model - its measurement and construction functions

The Gaussian model as well as CTT model are special cases of more general types of measurement models. A rather
very general one is used for the procedure of indirect measurement which is called associative measurement. Then the
observed x; are connected with 7 via more or less complicated relationships, either by an exact mathematical function
and/or by a physical or another substantive law (whose exact mathematical function may be unknown). Sometimes the
associating functions are just in a form of empirically confirmed material or behavioral regularities, say as extensibility
of mercury column is linearly related to temperature, or degree of behavioral response is related to intensity of stimulus
in a form of logarithmic function. Moreover, in some cases the associating function is intentionally chosen just on a rather
weak theoretical hypothesis with a hope that it will work reasonably in applications (associative measurement “by fiat”).
Models for specific true scores are very simple, their associating functions are almost trivial. Nevertheless, for our purpose
it is important that each measurement model has two versions of associating functions (Blahus 1999, 2000), namely
the mapping t — x is the measurement version / function, while
the mapping x — 7 is the construction version / function.

In Latent Common Factors model a construction function is sometimes called “construction formula” (Guttman
1955), or “construction rule” (Maraun 1996). In general, a formally optimal construnction function is a regression
function (McDonald, & Mulaik1979, Mulaik 2005) to be used for constructing appropriate estimates of latent factors
scores from observed scores of indicators. Such a construction function definitely is not trivial. However, in case of
Gauss model, the function for constructing a best estimate of 7 * from the known observed x is formally trivial, though
its wider mathematical conceptual background has certain special features and consequences that are important for its
comparison with CTT model.
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In Gaussian case the measurement function (t — x) is a mathematical linear function collapsed into simple sum, the
very Gauss model itself, x;..= 7"+ ¢, . However, from a statistical point of view it may be seen as a stochastic identity: the

measurements x;, . may bé‘conceptualized as identical with t* up to capability of our senses, up to measurement errors.
Tolerating the fact that " is not a variable (or considering that there are many different such fixed precise values over
the range R, each related to their replicated observations by the same function) we might say that this stochastic identity
takes on a special form of linear regression - identity regression. It means that if (/) we were in position of knowing z* our
regression estimate of x would be based on regression equation with zero intercept (no bias), and with slope coefficient 1.
On the other hand, the Gaussian construction function (x — ) should tell us how to “construct” an approximation of the
precise value when we know its several, n,, replicated measurements - it is done by their arithmetic mean. Mathematically,
it is a linear function, now in several (r,) measured values, which is used to construct the approximation 7° of t* by

linear combination which collapsed into a simple, unweighted mean (expectation E in discrete case):

constr

T conste = E(Xp0) = 1/n, X x;., while 77, = 7.
Simultaneously, from the statistical point of view this “method of construction” has very plausible properties, it is
the statistically best estimator T+ of ",

It is unbiased, consistent, and most efficient, it means it yields no systematic error, it converges to t” as the number
n, of replications increases, and its individual “constructions”, i.e. estimates, have the minimum variance of their errors.
(Rather surprisingly, these plausible properties are not mentioned in the EAL 1997 standards.)

Of course, all these things are commonly very well known - but now, finally, we are in position to present the main
topic, which is based on them:

What are the possible consequences of the “construction” if we have just one measurement x,.
at our disposal, what are possible properties of such a case of constructed approximation of t*?

Now all the statistically plausible properties are lost - since we have not even the statistically necessary minimum n, =
2 replications. Nevertheless, in practical situation we still “construct” the approximation according to the same construction
function, namely by the mean of just one number, as intuitively best construction function, a non-statistical but

approximate identity construction function: t°,,,y = X,

There is a moral in three points - however commonly well known it has to be presented here for its comparison with
the quite different situation in CTT model - namely that in the Gaussian model:

1. The statistically best construction or estimate of " is the mean of its replicated measurements x;.., especially because
it is unbiased.

2. In case of having just one x of the measurements at disposal the best constructed approximation of the precise 7" is
this measured value x itself

Comparison of the construction functions of Gauss and CTT models in case n=1

As already shown, the formula for computing mean of n, replicated measurements x; represents the construction
function of the very simple version of associative function in terms of Gauss model (which is a model of direct measurement,
therefore). Now, what happens to a use of this function if there is only 7,=1 measurement? What would be the constructed/
estimated value of 7 ? Then the “best constructed” approximation 7 ., of the unknown , i.e. its best would-like-to-be
point estimate - is x itself, of course (/). Hence the practical construction 7 ., of the sought 7 is 7, = x. Actually,
what makes the Gauss model appropriate for direct measurement is that its measurement version as well as construction
version of its association function collapsed into identity functions, however a stochastic identity, “identity regression”.
Thus, the Gaussian construction function is a special case of a general mathematical linear function, and simultaneously
regression linear function, namely

T =7=a+bx,specifiedas 7=0+1x,ie. 7T =x.

constr
On the other hand, the conceptual basis specific to CT Theory may be understood intuitively on the grounds that CTT

is primarily oriented to diagnostics and therefore it also focuses on an individuals position in the frame of a sample or

population. Its model, x = 7+ ¢, is also a case of stochastic identity, and as we have seen at the beginning of this section,

it is a special regression, which has its slope coefficient 1, and intercept zero forming thus the measurement function as

identity regression

X=0+p,.t=0+1r.

Contrary, its construction function, the regression of T on x, becomes specified from 7 =0+ r_x :

x|t
f :ﬁr\x'x =X,

where f, |, = r,,, which regression coefficient can be established by r,.= \ Rel(x) of the preceding section (if we assume
z-standardized variables). Nevertheless, the regression inevitably produces estimates 7 that are influenced by the effect
of the well known “regression toward the mean”. Here, the effect is especially obvious for Rel(.) is every time smaller
than 1 in reality, as is therefore 7, .
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Example

Let an individual have the z-standardized observed score x = 1 (1SD above the mean of the sample). If the test
reliability were Rel(x) = .81 then =V Rel(x) = .9 , and the regression estimate of his/her true score becomes 7 =r,
x=.9x1=.9, it means closer to the mean (0) than the observed score. However, if the test reliability were worse, say
Rel(x) = .49, then 7 =r_ x=.7 x 1 =7, it means much closer to the mean. In the frame of CTT model, generally,

if test has bad reliability the CTT model gives more weight to the mean of sample of N subjects.

Intuitively, we may feel that we should not diagnose a subject to be to much distinct from the Quételet 's ‘7" homme
moyen” if the diagnostic tool is unreliable. If the test had dramatically bad reliability the CTT model would estimate the
true scores 7 of all N subjects being almost equal to the mean of their sample. In this sense the CT Theory includes also
the intra-sample position of the scores into its specific conception of reliability.

Due to the same reason, using say the “diachronic replications”, i.e. repeated », parallel measurements, would not bring
their mean closer to the desired true value of 7. Such a mean might be considered a crossvalidated regression estimate
but still would stay a biased estimate of T, shifted by the “regression toward the mean” effect.

Concluding reactions to the introductory list of myths

(a) - By the CTT model test can have excellent reliability even if it yields very different results over several “repetitions”.
It follows from the reliability definition as a ratio of two variances - variance does not depend on level or mean, hence if
all N subjects improve by 100 cm from test to the retest the reliability is the same. Or, taking the test-retest correlation
into account, it is well known fact that correlation coefficient is invariant (insensitive) to the linear change of measurement
scale, hence it stays the same even if one changes thermometer scale from Celsius to Fahrenheit, or centimeters into
inches. What should stay “the same or similar” is the relative position of the score in the frame of sample - but only under
randomness assumptions of Al - A4. Namely, by chance it might happen that the reliability is falsely high due to the fact
that the axioms have been broken. Moreover there is no mention about “repetition” in the definition, the crucial is that
the tests and / or test measurements be parallel while the case that “repeated measurement” were parallel is very special
case, moreover not and frequently found. It is a strange and striking fact that the above mentioned errors may be found
even in textbooks. Especially, it reaches behind any understandable explanation if one finds the following assertion by a
really distinguished scholar in a currently edited monograph:

“If the test scores are reliable, the scores are unchanging within a day or between 2 days,
which are relatively close together.” (Baumgartner 2007, p. 27, while in the former book
by Baumgartner, & Jackson 1975 nothing like that could be found,)

Why, there are many tests, say measuring actual psychological state of an athlete or so, which were constructed
explicitly to represent changes in couple of hours or minutes, say before and after the competition etc. On the other hand,
we may find test with very stable test scores: Testing kindergarten girls using pull-ups you very probably find most of
them having “unchanging” score for many days, namely zero score - not due to the reliability, but because of inappropriate
difficulty of the test.

(b) - Another very bad misunderstanding deals with statistical testing whether reliability is significant. Statistical test
of significance of correlation means: a) to have a representative randomized sample from a clearly predefined population
to which one wants to make a generalization (inference) from the sample, b) to have statistical null hypothesis which
states that if the entire population were measured then the correlation would be exactly 0 - and to try to reject it with a
small risk (say less than .05) on the basis of the correlation found in the sample. Hence, to say “my correlation coefficient
is statistically significant” means the same as “in population the correlation is not exactly zero”. Thus, if the correlation
was used to approximate reliability, say by test-retest, then this claim means “Reliability of the test in this population is
not absolutely 0”. To interpret this in a way like by

saying “reliability of the test is significantly good” would be a tragic mistake !

Statistical significance increases substantially with sample size N. Therefore already with N = 100 the correlation
coefficient .20 is statistically significant on the usual p-level 5% - it means with 5% risk it is different from O in the
population from which you managed to make the randomized sample. Certainly, reliability .20 is not “good”. (For N =
1000 the corresponding significant value of 7 is already .06 !) It would be a prototypal example of misunderstanding of
what the statistical significance means and does not mean. Instead, if we were interested about how far we may generalize
the sample coefficient of reliability to the whole population for which the test is calibrated then the best way is to establish
the confidence interval of the sample reliability coefficient.

(c) - Generally, Cronbach'’s (1951) coefficient of consistency Alpha is not a measure of reliability. (By the way, it is
not too widely known that its first formulation comes already from Kuder, & Richardson 1937, and Guttman 1945.) Its
possible use in context with reliability is tied to the following conditions or requirements:
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(?) Let’s assume that a set of tests/items has been assessed by experts to be homogeneous from the point of view of semantic
content validity, it means the test/items represent a cluster of indicators measuring the same “construct” (say an ability).
(¢f) Further, let’s assume that for a verification of the hypothesis that the indicators really do measure the same “construct”
a model with latent variable was used, namely the linear confirmatory Latent Common Factor model with a single latent
/, and the factorial unidimensionality of the cluster has been confirmed as a support for the evidence.

Then and only then (McDonald 1970, 1978, 1999), coefficient Alpha is a lower bound with respect to the generic (/)
reliability of the latent factor score f; which is supposed to represent formally the level of the “construct” (ability or so).
Thus, still, Alpha is just a limit, but not a measure. On the other hand, McDonald’s (1970, 1978) coefficient Omega is a
measure of the generic reliability of fprovided the conditions hold. Only if an additional condition is fulfilled, namely if (ii7)
all indicators have the same factorial validity (factor loadings), then Alpha becomes a measure of the reliability of f

(d) - The former paragraph clearly states that Alpha has the lower bound property only if the set of indicators (subtests,
items) is unidimensional in the sense of confirmatory Latent Common Factor model. In addition, if the indicators have
the same semantic content, i. e. they are semantically homogeneous with respect to the same “construct”, only then it is
meaningful to ask about the generic reliability of measuring the level of this “construct”. Then the generic reliability may
be either measured by Omega and/or limited from below by Alpha. In a case when a composite score is a multidimensional
mixture of heterogeneous tests/items with various semantic content, then the tests/items cannot be recognized to work as
indicators of their “common construct” and it is meaningless to ask about generic reliability. Then coefficient of consistency
Alpha may be low not due to unreliability but because of “inconsistency” (whatever the notion may mean). Moreover, in
such a case with multidimensional composite mixing “apples and oranges” Alpha may have a rather strange behavior - it
may take on negative values, even less than -1.0 (cf. the examples by Thompson 2003b, Blahus, & Machek 1975).

(e) - As was shown at the beginning, the conceptualization of CT theory of reliability is partly different from the
theory of precision and uncertainty in physical/technological measurement but has several directly comparable practical
features, especially the relationship pictured in Fig. 1. Both approaches are based on the very general common principle
of randomness of errors.

(f) - As was discussed above, rather in detail, replication is an abstract statistical / probabilistic concept. Special
instances of measurement may by recognized replications if there is a randomization procedure in the real world, which
would approximate the formal properties of the replications. These need not be approximated by repetitions in a diachronic
way, but also synchronically say by simultaneous assessment, say in case of inter-rater reliability.

(g) - Test-retest correlation coefficient does not measure stability of scores as explained above, it follows from the
very definition of correlation.

(h) - Test-retest correlation might be formally used for prediction of retest in the role of dependent variable (criterion,
predictand) by a regression equation with the formerly measured test in position of independent variable, say in a little bit
strange longitudinal study. Then no assumption about parallelness etc. are needed. However, such a prediction problem is
totally out of the topic of reliability. In a reliability study, we are interested in making an approximation of the variance
s?of true scores, the denominator in s,%/ 5,> = Rel (x). If a test x,and retest x, fulfill the axioms of parallelness sufficiently
closely in the real data then their correlation coefficient approximates reliability also acceptable well: 7., = 5,.°/ s,°= Rel
(x). This is the target, and not a prediction of retest scores.

(1) - The reliability coefficient alone is not a sufficiently informative index of reliability of the test since it is only
relative measure, moreover, it depends on a type of given population, and especially on the variability in this population.
It is every time useful to establish at least further two characteristics as an end characteristics of reliability for the
practical use:

1. Absolute standard error s, of the test, I would stress that it is “standard error due to complex unreliability”,
i.e. unreliability of the whole diagnostic procedure - to distinguish it from the physical “error of measurement”. If a
technological measuring instrument is involved, its error of measurement contained in the overall unreliability usually
contributes to it just negligibly. This s, is directly connected with the approximate

maximum error = 2 s, corresponding to the standard uncertainty, u

in the sense of European Cooperation for Accreditation of Laboratories mentioned in EAL (1997). Actually, it is 95%
confidence interval. For illustration, if x = 200, s, = 10 [cm], and Rel (x) = .91 were found in a representative sample of
young girls in broad jump test, then Unrel (x) = .09, and according to the classical well known formula s, = s, YUnrel (x)
=10.09=3 [cm], hence the maximum error, or standard uncertainty u, is + 6[cm] . This definitely gives much more
informative idea from the practical point of view.

2. The so called critical difference between two values expresses the minimum necessary difference, which exceeds
the uncertainty due to unreliability, if one seeks to compare two values. For instance, we may be interested in either
comparing two persons to learn who of the two is better, and or whether an intraindividual difference represents an
increment or improvement, which exceeds the errors of the diagnostic method used. For the 95% confidence this difference
is D = 2.8 s, . In the example it means that only if a girl improves her performance in the jump by more than 8.4 [cm]
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we may say that she really has improved over the unreliability of the test, i. e. that there has been a nonzero change in
her true score 7.

(j) - Squaring the test-retest coefficient of correlation in a reliability study is a nonsense. However, you still may
find it done even in statistical books written by distinguished professors of mathematics - who, unfortunately, have no
knowledge about psychometric test theory and related principles of reliability (e.g. Wang 1993, p. 131-2). As was shown
above the correlation of parallel measurements 7., as an approximation of the definition of reliability by Rel (x)=s,?/s,?
isalso a coefficient of determination, simultaneously. It already is square of correlation coefficient, namely correlation
of x with 7, since 72, = Rel (x) = 5,2/ s,2. Then, its square (+2,,)>becomes r* =54/ s, *while
neither [Rel (x)] 2, nor r#_,
have any reasonable interpretation to be preferred to those original Rel (x) or 72, .

(The only possible meaningful interpretation of I’XZJ % might lie outside a reliability study: In the
formerly presented longitudinal regression study of predicting retest x, as a dependent variable from
the knowledge of original test x, in a role of independent variable - but this has nothing to do with reliability.)

(k, 1) - Since it is a nonsense to compute square of Rel (x) it follows that the argumentation related to the confused
interpretation that .80% = .64 is above 50 % while .70?= .49 is below 50 % is just due to a terrible misunderstanding of the
fundamental concepts of reliability theory.

(m) - If you test the same subject repeatedly - and the repetitions could be recognized as (diachronic) parallel
measurements x; - then, according to the CTT model, the mean X of his/her several x; is not the best construction or
estimation of his/her true value 7, but the mean 7 of those several regression estimates 7 = r,.x; (which is the same as
computing X first, and 7= r, x afterwards). Hence the result is every time influenced by the effect of regression toward
the mean.

(n) - The “equivalent” tests should be rather called alternate forms of a test and in the area of motor behavior it is
difficult to find them (while it is easier for didactic tests of knowledge in areas like tests of mathematics, biology etc.).
However, the “equivalency” still should be evaluated by latent variable models, typically by Latent Common Factor model,
because the notion is purely abstract mathematical concept, and the well known levels of equivalency in terms of the LCF
model are group of tests known as parallel, tau-ekvivalent, kvasi-tau-ekvivalent, congeneric, and also unidimensionality
may be considered to be the weakest level of the test, which measure the same mathematical latent variable (common
factor). In the context of CTT model, only the strongest level of equivalency, viz. parallelness, is available. It is defined
by the axioms Al - A4 purely mathematically, it does not deal with any semantic content, content validity, or construct
validity. Therefore it is possible to find by chance tests that are “equivalent” by this mathematical definition, but they do
not measure anything, which could be interpreted in any meaningful way. The misunderstanding of mixing mathematical
notions with the substantive semantic notions, i.e. mixing formal models with the object that are to be modeled, is not
rare, unfortunately.

A note on the reliability of test vs. reliability of test score

(o) - A special topic, which is rather close to philosophy and general methodology of science, deals with the question:
“What is reliable’? Is it the test and/or its score?”” Or the same, just in a little more based on Aristotelian dichotomy:

“To which entity the attribute (called reliability”) should be attached ?”

The opinion that we should not attach the attribute to a test, but to its score, arose in context of the unsatisfying
situation of standardization quality of tests used in different studies, as found especially by Vacha-Haase 1998, Thompson,
B., & Vacha-Haase 2003, and further authors. Too often some authors were (and still are) reporting their research finding
accompanied by information on reliability of the applied methods of measurement (tests, questionnaires) even though the
study had been carried out on different population, in different environment etc. than the former original standardization
/ calibration study. This situation led the group of researchers (partly members of the Task force under APA, NCME, and
AERA) to formulate the desired characteristics of reliability, which should be reported jointly with research findings.
They asked that also some specific conditions were reported under which the reliability was established, including the
type of sample etc. - for, so to speak,

the “same test” may produce “score of different reliability” under different conditions.

The opinion that one should not speak about reliability of test but only about “reliability of test score” has been
accepted and recommended by Baumgartner 2007 (p. 27) without any explanation:

“People used to say, 'the test is reliable’, but this is no longer considered correct ...”.
Here - in the term “same” test - is the core of the rather philosophical problem, viz.

identity of a test:
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If I shave my beard I am still the same person, but not for the immigrant officer at the US airport. If the rule for playing
tennis are literally kept but the tennis game is played by astronauts on the Moon this is not a genuine tennis. The problem
also depends on the strictness of the standardization conditions of the “variants of the same” test - but only seemingly,
superficially “the same”. If rigorously stated conditions are asked then we have quite different test than in case of “the
same” test used just as a field test. Consider the following standing broad jump test under conditions like: Preliminary 10
minute overall body warm up, test carried out in a gym, bare foot, temperature between 18 and 22 °C, after 2 not measured
attempts for corrections by an instructor according to manual, with 2 measured jumps of whose the better is recorded.
Is it ““ the same broad jump test” as that one carried out during a class on a playground when the pupils are told to do it
somehow and they measure the jump distance one to each other? Thus, even though two tests are seemingly “the same
test” since the substantive part of their semantic content is the same (the sensomotor task), although they were targeted
and constructed to have validity to the “same construct”, those are still two different tests.

The “test identity” also depends heavily on the type of calibrating population. IQ test standardized for 10 y. old
children is not an IQ test for adults. Two nice examples presented by Sawilowsky, 2003, p. 153:

“... exposition of the Mandarin Vocabulary Test (MVT), which was applied to a group
that was unlike the norm group.”
Or the second one, the more dramatic illustration of the problem whether a test is the same:
“... the testing expert who administered "visually-presented progressive matrices tasks”
to "blind adults” should consult ... the ethical standards of the profession.” (Ibid.)

I would say the “expert” should consult his/her psychiatrist ... . However, note that if administered repeatedly to
the same group of blind people the test scores would be perfectly stable - fulfilling thus the definition by Baumgartner
2007.

Operationalization of the identity is the issue, here. If a test is to be recognized as a scientific tool and source of
research empirical data then there have to be clear and univocal criteria for its standardization as a background for
decision about identity of the test as a scientific method. The criteria have to be based on appropriate resolution level
of their details for distinguishing between similar but different tests by their content validity to the same “construct”,
otherwise there would be a danger that just a negligible difference in standardization conditions would make the research
findings incomparable. Hence, the resolution level and the list of criteria for identification of which test is which is the
only solution. This can be done by combining two approaches simultaneously:

- In a detail, analytical way, put down an agreed list of fundamental “sine qua non” conditions,
and if even one is broken then two tests are different by content.,

- Using the “salva veritate” or functioning equivalency principle of classical logic: the two test are
identical if we may substitute one for the other for a certain population without any difference in
consequences.

If these operationalized criteria of identity are met then I do not find any substantial difference between the two
conceptions (score vs. test) for comparability of research findings as well as for many different uses in practical situations.
Contrary, compare if there is a different meaning of each of the two formulations:

1. Imagine a hypothetical situation with a virtual test called “Twenty-throw Basketball Test”, and imagine further that
it was found that the test’s scores were less reliable in 6 year old pupils of elementary school than of the same test in
20 year old players participating in a higher level competitions, in whose the scores were more reliable.

2. The “Twenty-throw Basketball Test”, used in a research study in the category of 6 y. pupils, was found to be quite
unreliable test. However, a different test, accidentally known under the same name, viz. “Twenty-throw Basketball
Test”, is used regularly by the well known basketball coach A.B. to check players; A.B. says he found it to be very
reliable test.

Then, a journalist was surprised when he learned that the sensomotor task given by the test instructions is identical in
both of the two tests, namely to throw the ball aiming at the basket. Later on, the thing became clear when the researcher
explained that he was using the “Twenty-throw Basketball Test” in 6 y. boys with a lighter ball (volleyball one), while
the identical test conditions as well as the name of the test were chosen to stimulate motivation of the boys who then felt
themselves to be simulating the top-level players.

However, probably the basic argument for resolving the antagony is based on a fundamental statistical theorem given
by Pearson, 1912 (cf. McDonald 2008) in his effort focused on genetics and natural selection effect, which was motivated
by his cooperation with Galton and his interest in Darwin’s theory. The core of the theorem is that (under weak statistical
conditions) regression error stays invariant under selection, though variance and correlation may change, e.g. it is stable
in selected subpopulations etc. Its application to reliability theory means that

Rel(.) changes over populations but s, should stay invariant.
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By McDonald (1985), p. 215:

“It is therefore important to recognize that under mild assumptions the error variance of a test

will be independent on the population on which the test is calibrated ...”

And, McDonald (1999), p. 128:

“... the true-score variance is the accident of the populations of interest, whereas

the error variance ... can be expected to be invariant over populations.”

Hence, the error variance is the attribute of the test, while reliability coefficient Rel(.) then depends on the populations.
Then, it is clear by the definition of Rel(.) as a ratio of the two variances that reliability depends on true-score variance
in a given population, in a certain group of subjects or any specific set of subjects (testees) although the error variance,
and the standard error of measurement stays the same. Therefore,
the standard error s.should be preferred as the most important product of a reliability study.

Therefore, it is possible to agree with Vacha-Haase 1998, Thompson, & Vacha-Haase 2003, and Fan, & Thompson
2003 that reliabilities Rel(.) and their confidence intervals should be estimated) - but it seems to be reasonable only
(McDonald, 1985, p. 216):

“...in the context of a normed test, calibrated on a large scale, representative group whose mean

and standard deviation supply the origin and unit for the measurement of future examinees.” In addition, this is exactly

the way how to approach the problem of “fest identity”, and problem “whose attribute” the reliability is:

1. From the point of reliability coefficient (relative reliability, relative error of measurement)
test identity is given by two aspects :

(1) by detailed list of content specifications, conditions, and instructions for its administration,

(1) by detailed description of the population / sub-population for which the tests was constructed

and on which it was calibrated.

2. A) If a test has been identified in the sense above, then “reliability in general, broader sense” is attribute of the
test - it means both relative reliability coefficient Rel() as well as absolute error s, , are properties of the test if the
requirement (i), and (ii) jointly hold.

B) If a fest is specified just by fulfillment of the requirement (i), maybe even pseudo-identified just by name, then

only the absolute error s,can be expected to be a property of the test, and therefore stable (in a frame of stochastic
oscilllations), while reliability coefficient Rel(.) depends on populations.
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WHY WE DO NOT DETECT CALORIES EXPENDED IN EXERCISE:
AN ENDOCRINE PERSPECTIVE
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Abstract

An extensive body of knowledge has grown during the past two decades largely derived from genetically obese and
transgenic rodent models in support of the hypothesis that hormones exert both a short-term appetite control guiding
meal taking, and a longer term influence for adjusting meal frequency and size depending on the state of body energy
reserves. The hormonal model of energy regulation posits that short-term changes in energy availability regulate energy
balance through hormonal negative feedback loops that affect psychophysical sensations of hunger, satiation, and satiety,
metabolism, and spontaneous physical activity. Longer-term changes in the level of storage fuels, glycogen and fat are
brought within the regulated range through hormonal negative feedback over metabolism of liver glycogen and adipose
tissue stores.

Exercise energy expenditure presents an interesting and challenging problem. A number of studies have repeatedly
shown that exercise transiently suppresses sensation of hunger and increases sensation of fullness.

In both of the foregoing studies, we examined the potential role of several hormones with known influences on
short-term and intermediate-term regulation of energy balance. We found in both studies that exercise was, as expected,
associated with reduced concentrations of insulin. It is well known that activation of sympathetic nerves suppresses
insulin secretion from the pancreas. Therefore plasma insulin could not have influenced exercise-associated suppression
of hunger since its concentration changed in the opposite direction from that expected of an anorexigenic hormone.

This analysis of the possible hormonal and autonomic factors in exercise-associated appetite suppression, and
hypothesis about the etiology of exercise-induced appetite suppression, are amenable to further experimental testing.
If our speculative hypothesis is confirmed, new therapeutic agents aimed at hepatic glucose output could be developed
to curb hunger sensation and aid in weight loss. The encouraging information for the lay person is that our body tracks
exercise energy expenditure and, instead of increasing hunger and food consumption, suppresses appetite and blocks
compensatory eating. These facts can be useful in weight control even in the absence of complete understanding of the
underlying mechanism.

Key words: calories expended in exercise, endocrine, normal control of appetite

Introduction

The mechanism by which we detect energy expenditure of exercise and other caloric transactions within our body
is of great interest for both academic and practical reasons. From the academic perspective, this question is at the heart
of energy regulatory mechanism. Our appetite must be linked to energy balance for us to maintain weight and survive
in an environment of varying energy expenditure and changing energy availability. Currently, the prevailing view is that
several hormones play a central role in appetite. From a lay person’s perspective, a better understanding of how exercise
influences our appetite is also very important as many individuals want to use physical activity for weight control. In
this paper, we briefly review (1) current hypotheses regarding the hormonal control of appetite, (2) data on the effects
of exercise on appetite and consummatory behavior, and (3) lack of support for the role of major appetite-controlling
hormones in exercise effects on hunger, satiety, and consummatory behavior.

Current hypotheses regarding the hormonal control of appetite

An extensive body of knowledge has grown during the past two decades largely derived from genetically obese and
transgenic rodent models in support of the hypothesis that hormones exert both a short-term appetite control guiding
meal taking, and a longer term influence for adjusting meal frequency and size depending on the state of body energy
reserves. The hormonal model of energy regulation posits that short-term changes in energy availability regulate energy
balance through hormonal negative feedback loops that affect psychophysical sensations of hunger, satiation, and satiety,
metabolism, and spontaneous physical activity. Longer-term changes in the level of storage fuels, glycogen and fat are
brought within the regulated range through hormonal negative feedback over metabolism of liver glycogen and adipose
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tissue stores. Thus, current thinking is that energy shortage caused by either inadequate nutrient intake or increased
exercise-associated energy expenditure, stimulates orexigenic (appetite-stimulating) hormones, and decreases metabolic
energy expenditure and levels of spontaneous physical activity, and this leads to increased energy budget and fat and
glycogen stores. Conversely, excess energy intake and excessive fat stores in obesity, stimulate anorexigenic (appetite-
suppressing) hormones, metabolic energy expenditure, and expenditure of energy through increased spontaneous physical
activity. This concept is demonstrated clearly by the phenotype of ob/ob mouse that lacks the capacity to produce the
putative anorexigenic (appetite-suppressing) hormone leptin from its adipose tissue. Ob/ob mice overeat and are hypoactive.
This results in three-fold greater body fat depots compared to wild-type mice (1). After intraperitoneal leptin replacement,
both food intake and body fat were reduced in ob/ob mice, although it was not clear whether reported increases in physical
activity resulted directly from leptin injections or were secondary to the loss of body fat (2).

Hormones thought to participate in short-term regulation of energy balance are ghrelin, released by stomach during
fasting (3) that is believed to increase food intake and reduce metabolic rate and levels of physical activity (4), and several
satiety hormones released by the intestine, chief among which are cholecystokinin (CCK), secreted from duodenum, and
peptide YY (PYY) arising from ileum. Although ghrelin concentrations change in parallel with human sensations of
hunger, deletion of the ghrelin gene does not impair normal eating in mice (5).Evidence for the effects of these hormones
on human sensations of hunger and satiation is most convincing for CCK (6). Infusion of pharmacological concentrations
of PYY induces satiation in humans (7) but at physiologic al concentrations, PYY does not affect appetite (8). Most gut
hormones are thought to influence the brain by binding to receptors on the afferent parasympathetic vagus nerve which
imports these hormonal influences into the brain through its brainstem nucleus (9). Others, like insulin and leptin can
access the hypothalamus directly from the blood through the median eminence (10). In the arcuate nucleus, ghrelin was
shown to stimulate neurons that secrete orexigenic hormones neuropeptide Y (NPY) and agouti-related peptide (AgRP) and
to inhibit neurons that secrete anorexigenic hormones aMSH and CART (11) (see Figure 1). In addition to gut hormones,
catecholamines could play a role in appetite suppression. Amphetamines have been used as appetite suppressing drugs
and have been shown to act both in the central nervous system (12) and on receptors in the viscera (13).
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Hormones thought to participate in intermediate or longer-term regulation of energy balance are leptin, released by
adipocytes, and the pancreatic hormone insulin (10). Both hormones have receptors on adipose tissue and their plasma
concentrations are proportional to size of the adipose tissue (10). Both hormones have circulatory access to the central
nervous system (CNS) through the median eminence and have been shown to exert their anorexigenic influences after
CNS administration (10). Although insulin concentration increases after a meal, leptin concentration does not do so, so
neither hormone is thought to act on satiation and termination of a meal (15). Instead they are thought to influence appetite
and food intake by causing satiety over longer epochs (hours to days) and relative to the amount of energy expended or
an increase in body fat level (1).

58



Kinesiology Research Trends and Applications

Effects of exercise on appetite and consummatory behavior

Exercise energy expenditure presents an interesting and challenging problem. A number of studies have repeatedly
shown that exercise transiently suppresses sensation of hunger and increases sensation of fullness. An example is shown
in Figure 2, from one of the several studies by John Blundell and his collaborators (16).

Figure 2 legend: Expenditure of about 350 Kcal during one hour of cycling at 30% of maximal effort (solid triangles)
did not alter hunger ratings while expenditure of the same number of calories over 30 minutes of cycling at 70% of VO2
max caused about 45 % lower hunger ratings (left). Expenditure of 540 Kcal during 52 min of cycling at about 75% of
maximal effort produced about 60% lower hunger ratings, while expenditure of 300 Kcal at the same intensity over 30
minutes produced only 40% hunger suppression (right). (Figures from 16).

As shown in the left panel of figure 2, expenditure of 300 Kcal on a bicycle ergometer at low effort of 30% of VO2
max (triangles) had no effect on the ratings of hunger before the mid-day meal, while expenditure of the same number
of calories at 70% of maximal effort led to a significant but transient suppression of hunger. In the right panel, the same
authors show that expenditure of twice as many calories at 75% of maximal effort (500 Kcal) caused greater suppression
of appetite than expenditure of 250 Kcal at the same exercise intensity. From these studies it appears that above some
threshold exercise intensity, exercise energy expenditure causes proportional reductions in hunger sensation.

We confirmed in our laboratory that exercise caused short-term suppression of hunger and increased sensation of
fullness in a series of studies (17). These add further detail to conditions leading to exercise-induced suppression of hunger
since in one study we adjusted exercise duration to produce equal energy expenditure at two different intensities, 40%
and 80% of maximal effort, and in the other we replaced intravenously the energy cost of exercise.

Hunger ratings in lean women oo Hunger versus exercise and intravenous nutrition
100.00 T ey Meal Meal  Snack
0000 ‘ 90.00 —&— SED
80.00 80.00 O-EX
Infusion /| B EX-TPN
70.00 70.00 1

-0 Sedentary

—a—Moderate intensity 60.00

—e—High intensity 50.00

40.00

Hunger rating (%)

30.00

Percent of maximal hunger

%
10.00 o Exercise ¥ Ecercise 20.00

0.00 10.00
6:00 9:00 12:00 15:00 18:00 21:00

Time of day (h)

Time of day (h)

Figure 3 legend: Appetite is suppressed by about 50% at both 40% and 80% of maximal effort after expenditure of
435 Kcal during afternoon, but not after morning exercise (left). It was suppressed by about the same amount during
two hours of exercise at 50% relative intensity and expending 430 Kcal with (shaded rectangles) and without (open
rectangles) intravenous nutrient replacement of 400 Kcal (vight) (17).
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As can be seen in Figure 3 left, exercise producing expenditure of about 435 Kcal during each exercise bout and at
either intensity produced equivalent suppression of hunger. This indicates that some aspect of exercise-associated energy
expenditure, and not exercise intensity per se, is responsible for the suppression of hunger ratings. The right portion of
figure 3 shows results from the second study which entailed 2 hours of morning exercise that generated 430 Kcal of
energy expenditure. In one trial in that study, exercise energy expenditure was replaced through intravenous infusion of
nutrient energy (400 Kcal), and in the other exercise trial and sedentary trial, saline was infused. Figure 3, right, shows
that exercise produces equal appetite suppression after exercise energy expenditure of 430 Kcal that is unaffected when
400 of expended calories are replaced by intravenous nutrients. This suggests that an endogenous process associated with
exercise energy expenditure at intensity above 30%, and requiring more than 300 Kcalories, is responsible for appetite
suppression. With a 430 Kcal exercise energy expenditure, the magnitude of hunger suppression ranged between 43%
(16) and 50% (17). It should, however, be noted that exercise-associated appetite suppression is not automatic as it appears
to operate within some circadian constraints. We saw no appetite suppression during morning exercise (8 to 10 h). Both
ours and Blundell data show appetite suppression when exercise was performed between 11 and 16 h.

What about consummatory behavior after exercise? Based on the energy regulatory models outlined above, energy
expenditure should lead to either an increased appetite or increased food consumption. In the Blundell studies, energy
intake was measured during a post-exercise meal and during two subsequent days (16). They found that, during 24 hours
of exercise day, and after the expenditure of 250 Kcal or 500 Kcal, food intake was indistinguishable from intake on a
sedentary day (Figure 4).

Figure 4 legend: Daily energy intake during the exercise experiment described in the Figure 2 legend (left). Actual energy
availability (right) reflects exercise energy expenditure subtracted from the daily energy intake in the same study (16).
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Hormonal role in exercise-associated appetite suppression

In both of the foregoing studies, we examined the potential role of several hormones with known influences on
short-term and intermediate-term regulation of energy balance. We found in both studies that exercise was, as expected,
associated with reduced concentrations of insulin. It is well known that activation of sympathetic nerves suppresses
insulin secretion from the pancreas. Therefore plasma insulin could not have influenced exercise-associated suppression
of hunger (Figure 3) since its concentration changed in the opposite direction from that expected of an anorexigenic
hormone (10). We also measured plasma concentrations of ghrelin and leptin in both studies and used a ghrelin/leptin
ratio as a more reliable index of hormonal control of hunger and response to negative energy balance than either of the
two hormones alone (18, Figure 6).
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Figure 6 legend: Ghrelin/leptin ratio in the exercise intensity study (left) and intravenous nutrient replacement study
(right). The ratio was increased after the second bout of exercise during the moderate intensity exercise trial in the
first study (19) and during exercise and post-exercise period when no intravenous nutrients were infused in the second
study (20).

As can be seen in Figure 6, the ghrelin-leptin ratio is increased after a second bout of exercise carried out at 40%
relative effort in the first study (left), and also in response to 430 Kcal exercise energy expenditure when the energy cost of
exercise was not replaced with intravenous calories in the second study (right). Comparison with figure 3 makes it obvious
that there was a significant disagreement between perception of hunger and hormonal responses to the manipulations in
our studies. Exercise, at both relative intensities, and regardless of presence or absence of intravenous nutrient replacement,
resulted in equal appetite suppression. The ghrelin/leptin ratio, on the other hand accurately tracked the energy status in
one of the two studies (Figure 6, right), where the ratio was increased in response to exercise energy expenditure but not
in the other two conditions where the energy balance was maintained or intravenously restored. The ghrelin/leptin ratio
also accurately reflected negative energy balance generated by low intensity exercise (40% of relative effort) but not the
same energy expenditure accrued through high-intensity (80% VO2 max) exercise (figure 6, left).

Though neither changes in plasma insulin, or ghrelin/leptin ratio could account for appetite suppression during exercise,
we also examined the possibility that the catecholamines may be responsible for the anorectic effect. Concentrations of
epinephrine and norpeinephrine were measured in the exercise intensity study (17).

As shown in Figure 7, exercise intensity had a significant dose-dependent effect on plasma norepinephrine (right),
but not on plasma epinephrine (left).
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Figure 7 legend: The effect of exercise at two intensities, 40% and 80% of maximal effort, on plasma concentrations

of epinephrine and norepinephrine (17).

In view of dose-dependent relationship between norepinephrine response and exercise intensity, and no intensity
effect of hunger suppression, it is unlikely that catecholamines directly influenced hunger in this study.

While none of the candidate hormones under consideration influenced exercise-induced hunger suppression, our
studies have given us useful clues as to possible signals that may be responsible for this phenomenon. Our data, outlined
above, show that hunger suppression occurs in response to calories expended during exercise, but not to exercise intensity
per se, or to intravenous nutrient replacement. This suggests that some process associated with nutrient usage during
exercise tracks calorie expenditure and is not influenced by nutrients introduced intravenously. Metabolic hormones
insulin, leptin, and ghrelin, on the other hand, track accurately expended calories as well as intravenous calories. Among
the catecholamines, norepinephrine responds to exercise intensity rather than calorie expenditure.

In making a speculative hypothesis as to
the probable cause of exercise-induced appetite
suppression, we take our clue from amphetamine
anorexia. Amphetamines have central (12) as well as
peripheral (13) sites of action through which they cause
anorexia by stimulating adrenergic as well as dopamine
receptors. Interestingly, amphetamine anorexia is
blocked by visceral sympathetic denervation of the
celiac ganglion that relays sympathetic messages to
the liver and other viscera (13). Sympathetic activation
of the liver facilitates hepatic glucose output (21).
Information about the concentration of glucose in
hepatic portal circulation is relayed to the central
nervous system via the afferent vagus (22) within
the fibers that travel in the esophageal branch and
pass through the celiac ganglion (23). Lesion of this
branch of the vagus nerve attenuates anorexia caused
by epinephrine and amphetamine (23).

Hepatic glucose sensing and its role in the control
of appetite and feeding was postulated almost half a
century ago (24), but several studies suggest that hepatic
glycogenolysis and gluconeogenesis are actually
responsible for catecholamine- and amphetamine-
induced anorexia (25, 26) . Glucagon, epinephrine,
and amphetamines are more effective in suppressing
hunger when glycogen levels are high than when they
are low (26). All of these facts are compatible with
a concept of a hepatic fuel sensing system causing
appetite suppression through its communication
with the central nervous system outlined in Figure
8. Sympathetic activation of phosphorylase during

saRU TR IR

e 5
- P

'
¥ e
£ oo . \\_._h.
t '.':\__'__,'//C:.LUA-:-_\A |
X £ 4
@ L)

/-’___Fl:;te_qﬂlu______f-

| (_______'__,_..-—-"'_D

Figure 8 legend: Autonomic control of hepatic glucose production.
Nutrient intake stimulates release of insulin which blocks hepatic
glucose production through the parasympathetic nerve vagus.
Sympathetic nerves are activated during exercise. They stimulate
hepatic glucose production through a synapse within the celiac
ganglion (oval in center of figure). Figure from Thaler and
Cummings (27).
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exercise is responsible for increasing hepatic glucose output. Vagal afferents may send the information about the rate of
hepatic glucose production to the brainstem and hypothalamic nuclei (22, 23) and from there to higher cortical regions
responsible for hunger sensations (11).

Several lines of evidence suggest that increased hepatic glucose output, particularly when glycogen levels are high (26),
in response to catecholamine or amphetamine stimulation, is associated with decreased food intake in animals (23,26).
This would suggest that increased hepatic glucose output during exercise-induced glycogenolysis is a probable cause
of exercise-associated appetite suppression. It would also explain why intravenous nutrients have no impact on hunger
sensation during exercise since they do not affect the rate of hepatic glucose production. Metabolic hormone responses
may similarly be affected by this putative hepatic metering of carbohydrate energy depletion during exercise. However,
bolth ghrelin and leptin responses appear also to sense circulating energy availability as their concentrations rapidly track
changes in the energy balance caused by energy cost of exercise as well as intravenous nutrient infusion. The failure
of ghrelin/letin ratio to respond accurately to energy expenditure at high exercise intensity could be a consequence of
sympathetic inhibition of sensory vagal function at high levels of sympathetic activation.

This analysis of the possible hormonal and autonomic factors in exercise-associated appetite suppression, and
hypothesis about the etiology of exercise-induced appetite suppression, are amenable to further experimental testing.
If our speculative hypothesis is confirmed, new therapeutic agents aimed at hepatic glucose output could be developed
to curb hunger sensation and aid in weight loss. The encouraging information for the lay person is that our body tracks
exercise energy expenditure and, instead of increasing hunger and food consumption, suppresses appetite and blocks
compensatory eating. These facts can be useful in weight control even in the absence of complete understanding of the
underlying mechanism.
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PROMOTING ENDURANCE TRAINING ADAPTATIONS THROUGH
NUTRITIONAL INTERVENTIONS: LOW-CARBOHYDRATE TRAINING?
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Abstract

Skeletal muscle responds to endurance exercise via increased transcription of metabolic and stress related genes to
ultimately yield increased steady state levels of specific proteins. These changes in transcriptional activity are highly
dependent on the mode, duration, intensity and frequency of the contractile stimulus. One of the major challenges for
exercise physiologists is to identify the exercise ‘signal’ that is responsible for initiating the adaptive response. In this
regard, it is now becoming apparent that carbohydrate availability may have an important role to play in this process.
For example, many stress and metabolic related genes are enhanced when the exercise is commenced under reduced pre-
exercise muscle glycogen levels and attenuated when glucose is ingested during exercise. Taken together, such findings
suggest that training under conditions of reduced carbohydrate availability from both endogenous and exogenous sources
may provide an enhanced stimulus for inducing beneficial adaptations of skeletal muscle. This hypothesis is in stark
contrast to the widely held belief that intense training periods should be supported by a high carbohydrate diet in order to
maintain training intensity and replenish energy stores for future training sessions. This presentation will outline current
thinking regarding the potential for carbohydrate availability to modulate the adaptations typically observed following
periods of endurance training. Relevant data from both our own laboratory and the literature will be presented with a view
to providing some practical recommendations for both athletes and coaches and which highlights the potential advantages
and disadvantages of training with reduced carbohydrate availability. This information will have specific relevance for
sports that utilise high-intensity intermittent activity patterns such as soccer.

Key words: endurance exercise, nutrition, carbohydrates
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HIERARCHIES OF SYNERGIES IN HUMAN MOVEMENTS

Mark L. Latash, Stacey Gorniak and Vladimir M. Zatsiorsky
The Pennsylvania State University, University Park, USA

Abstract

This brief review addresses the problem of motor redundancy, which exists at many levels of the neuromotor hierarchies
involved in the production of voluntary movements. An approach to this problem is described based on the principle of
abundance. This approach offers an operational definition for motor synergies using the framework of the uncontrolled
manifold hypothesis. It is shown that hierarchical systems have inherent trade-offs between synergies at different control
levels. These trade-offs have been demonstrated in experimental studies of human multi-finger pressing and prehension.
They are likely to be present in other hierarchical systems, for example those involved in the control of large groups of
muscles. The framework of the equilibrium-point hypothesis offers a physiologically based mechanism, which may form
the basis for hierarchies of synergies.

Key words: synergy, motor redundancy, principle of abundance, hierarchical control, prehension

The problem of motor redundancy

All the neuromotor processes within the human body associated with performing natural voluntary movements involve
several few-to-many mappings that are commonly addressed as problems of redundancy. In other words, constraints
defined by an input (for example by a task) do not define unambiguously patterns of an output (for example patterns of joint
rotations, muscle forces, activation of motoneurons, etc.) such that many (commonly, an infinite number of) solutions exist.
This problem has been appreciated by Bernstein (1935, 1967) who viewed it as the central problem of motor control: How
does the central nervous system (CNS) select unique solutions from the numerous seemingly equivalent alternatives?

The problem of motor redundancy can be illustrated by examples at different levels of the neuromotor hierarchy.
For example: How is a joint configuration selected for a desired endpoint limb position n the three-dimensional space
given the larger than three number of individual joint rotations? How are muscle forces (or activation levels) defined
for a desired joint torque given that all major joints are spanned by more than two muscles? How is a motor unit firing
pattern defined for a desired muscle activation levels given the large number of motor units and a possibility to vary their
frequency of firing?

A traditional method of dealing with the problems of motor redundancy has been to assume that the CNS uses a set
of criteria to find unique solutions to such problems. In particular, a variety of optimization techniques have been used to
address such problems including optimization of cost functions based on mechanical, psychological, and neurophysiological
variables (reviewed in Prilutsky 2000; Rosenbaum et al. 1993, Latash 1993). There is an alternative view, however, on such
problems. This view originated from the seminal works by Gelfand and Tsetlin (1966) and has been developed recently
(Gelfand and Latash 1998, 2002; Latash et al. 2007).

The principle of abundance

Gelfand and Tsetlin (1966) compared the many elements involved at any step of the generation of movement to a
class of lazy students who want to do minimal work compatible with the task at hand. They introduced the principle of
minimal interaction to describe such behaviors of large ensembles of elements. According to this principle, each element
tries to minimize its interaction with other elements, the controller, and the environment. In other words, each element
tries to minimize input is receives from all the mentioned sources.

Recently, this principle has been developed into a principle of abundance (Gelfand and Latash 1998). According to the
principle of abundance, the problems of motor redundancy are wrongly formulated. The few-to-many mappings typical
of such problems should not be viewed as a computational problem for the controller but rather as a luxury that allows
combining stable performance of a task with performing other tasks and responding to possible perturbing influences
from the environment. Solving problems of motor redundancy involves not selecting a unique, optimal solution but
rather facilitating families of solutions that are equally successful in solving the task. Note that this family of solutions is
much smaller than the total number of possible solutions. So, a certain selection/optimization is likely to take place. For
example, we do not use military parade gaits and do not walk sideway although these ambulation patterns solve the task

66



Kinesiology Research Trends and Applications

of moving from point A to point B. The shift from searching for unique solutions to defining rules that organize families
of solutions have resulted in a novel view on motor synergies, a paradigm shift that has led to an operational definition
of synergies and the creation of a new computational approach to identify and quantify synergies.

Synergy — an operational definition

The word “synergy” has been used in studies of movements and to describe motor disorders for over 100 years.
Commonly, it has not been defined beyond the direct translation from Greek meaning “work together”. Recently, however,
this word has acquired a more specific meaning rooted in the principle of abundance (for a detailed review see Latash
2008). The easiest way to introduce this new meaning of the old word is with an illustration (Figure 1).

Imagine a person pressing with three fingers of a hand on three force sensors. The task is to produce a certain level of
the total force, for example 20 N. This is a typical problem of motor redundancy since the equation F,+F,+F,=20 has an
infinite number of solutions. These solutions form a two-dimensional sub-space, a plane in the three-dimensional space
of finger forces (Figure 1A, UCMy, this abbreviation will become clear later). The original formulation of the problem of
motor redundancy implies that a neural controller finds a unique solution, a point on that plane, that satisfies an optimality
criterion (for example, point A). The principle of abundance, however, implies that a whole family of solutions are allowed
by the controller; these solution should all belong to an area within the plane shown in Figure 1 with dashed lines. Now
consider that each element (each finger) has an inherent variability that cannot be reduced to zero. This means that actual
observations in such a task over repetitive attempts are expected to generate a cloud of points. What could be the shape
of such a cloud?

If a unique solution is selected, and there is inherent variability that is approximately equal for each of the fingers,
the cloud will look like a sphere centered about point A. This corresponds to a stereotypical solution that does not make
use of the design of the hand and does not deserve to be called a synergy. If a whole family of solutions is selected, one
may also expect some variability that goes beyond the plane shown in Figure 1, but it may be expected to be smaller
than variability within the plane. In other words, different solutions may be observed across trials, but these solutions
will show co-variation of finger forces such that most of the variability is confined to the plane corresponding to perfect
execution of the task (illustrated with the ellipsoid in Figure 1A).

Imagine now that the force sensors are mounted on a plate that is placed on a narrow support under the middle
finger (the insert in Figure 1) such that the whole system is in an unstable equilibrium. Now the subject has to balance
the moments of force produced by the two lateral fingers. This task corresponds to another equation F,=F,, which also
allows an infinite number of solutions corresponding to a plane in the space of finger forces (thick dashed lines in Figure
1B). Following the same logic, two strategies of dealing with this problem are possible. First, the neural controller may
select a unique solution. Second, a whole family of solutions may be facilitated. In the first case, one may expect a close
to spherical distribution of data points recorded in several trials centered about a point. In the second case, an ellipsoid
of data points may be expected oriented parallel to the plane of perfect solutions.

F, F, F B

A 3
A vy v o4

v

Figure 1. The task of constant total force production with three fingers acting in parallel. A: The sub-space corresponding to constant
total force (UCMy), an average sharing of force among the fingers (point A), and a possible data distribution across a series of trials
(the ellipsoid); B: The sub-space corresponding to constant total moment of force, UCM,, (with respect to a pivot shown in the insert).
The thick solid lines belongs to both sub-spaces shown by dashed lines
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Note that both tasks can be performed at the same time, that is producing a total force of 20 N and simultaneously
balancing the plate. Then, both equation are satisfied, and the space of solutions becomes one-dimensional, a line formed
by the intersection of the two planes shown as the thick solid line in Figure 1B.

This example allows to introduce three characteristics of synergies. First, when an apparently redundant set of elements
is involved in a task, an average sharing pattern is selected that will characterize the average contribution of each element.
Second, when several attempts at a task are analyzed, elements may show co-variation of their outputs that is beneficial
for the task, i.e., that reduced variability of the important performance variable as compared to what one could expect
in the absence of the co-variation. This feature is sometimes referred to as error compensation or stability. Third, the
same set of elements may be used to form different synergies, i.e. different co-variation patterns that are beneficial for
different performance variables produced by the whole system. This feature may be called flexibility. Only systems that
can demonstrate all three features will be called synergies.

Synergies always do something; there are no abstract synergies. Within the current framework, we assume that they
ensure low variability (high stability) of a performance variable. So, every time the word synergy is used, one has to
mention what elemental variables form the synergy and what the synergy is doing. For example, an expression “a hand
synergy” carries little meaning, but it is possible to say “a synergy among individual finger forces stabilizing the total
force” or “a synergy among moments of force produced by individual digits stabilizing the total moment of force applied to
the hand-held object.” A number of recent studies have suggested that sometimes co-variation among elemental variables
contributes to a quick change in a performance variable (Olafsdottir et al. 2005; Kim et al. 2006); in such cases, one may
say that a synergy acts to destabilize the performance variable.

This framework allows to offer the following definition of a synergy: Synergy is a neural organization of a set of
elemental variables with the purpose to ensure certain stability properties (stabilize or destabilize) of a performance
variable produced by the whole set.

The uncontrolled manifold hypothesis

The introduced definition of synergy requires a quantitative method that would be able to distinguish a synergy from
a non-synergy and to quantify synergies. Such a method has been developed within the framework of the uncontrolled
manifold hypothesis (UCM hypothesis, Scholz and Schoner 1999; reviewed in Latash et al. 2002, 2007). The UCM
hypothesis assumes that a neural controller acts in a space of elemental variables and selectes in that space a sub-space (a
UCM) corresponding to a desired value of a performance variable. Further, the controller organizes interactions among
the elements in such a way that the variance in the space of elemental variables is mostly confined to the UCM. There
have been several attempts to offer a mechanism that could organize such type of control. In particular, feedback using
peripheral sensors (Todorov and Jordan 2002), feedback using central back-coupling neural loops (Latash et al. 2005),
and a feed-forward control scheme (Goodman and Latash 2006) have all been shown to lead to data point distributions
compatible with the UCM hypothesis.

Consider the simplest case of a mechanically redundant system, two effectors that have to produce a certain magnitude
of their summed output (Figure 2). The space of elemental variables is two-dimensional (a plane), while any magnitude
of the summed output may be represented as a one-dimensional sub-space (a line). This line is the UCM corresponding
to a desired value of the performance variable (E,+E,). Now it is clear why in Figure 1, the two planes corresponding to
stabilization of the total force and total moment of force are labeled as UCM; and UCM,,, respectively. As long as the
system’s state belongs to that line, the task is performed perfectly, and the controller does not need to interfere. According
to the UCM hypothesis, the controller is expected to organize co-variation of E, and E, over a set of trials in such a
way that the cloud of points recorded in those trials is oriented parallel to the UCM. Formally, this may be expressed
as an inequality Vyc>Vorr, Where Vi stands for variance along the UCM and Vi stands for variance along the
orthogonal sub-space (shown with the dashed slanted line in Figure 2). Another, more intuitive pair of terms have been
used to describe the two variance components, “good” and “bad” variance (Vgoop and Vig,p). Viap hurts accuracy of
performance while Vg, does not while it allows the system to be flexible and deal with external perturbations and/or
secondary tasks. For example, having large V;,p may help a person to open a door with the elbow while carrying a cup
of hot coffee in the hand.
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Figure 2. The task of constant output production by two effectors, EI and E2. The
circle and the ellipse show data distribution across repetitive trials. The slanted solid
line is the UCM for the task. The ellipse show more variance parallel to the DCM
(V coop) as compared to variance orthogonal to it (V y,p), while the circle has equal
amount ofvariance in the two directions. The ellipse illustrates a not very accurate
synergy, while the circle illustrates a very accurate non-synergy.

Analysis within the framework of the UCM hypothesis involves several important steps:
1). First, one has to select a set of elemental variables or, in other words, to commit to a certain level of analysis.

2). Then, one has to formulate a hypothesis on a possible performance variable that may or may not be stabilized by co-
variation of the elemental variables. The performance variable may be complex, that is multi-dimensional. This is a
very important step. It follow the basic idea that synergies always do something. We assume that they ensure certain
stability properties of important features of performance.

3). One has to compute relations between small changes in the elemental variables and changes in the selected performance
variable, the Jacobian of this system. This step leads to linear analysis of the system, which may not be appropriate
for systems with strongly non-linear properties.

4). In general, the UCM is non-linear, for example for joint configurations corresponding to a desired endpoint position
of a limb. If one accepts a linear approximation of the UCM, the null-space of the Jacobian may be computed and
used instead.

5). One has to perform an experiment with repetitive measurements of the elemental variables assuming that the subject
tries “to do the same thing”. Then, data (values of the elemental variables) may be analyzed across trials at comparable
phases of the actions or across time samples.

6). Finally, variance in the space of elemental variables has to be projected onto the null-space of the Jacobian and onto its
orthogonal complement and compared per dimension in each of these sub-spaces. If V;oop>Vgan, the hypothesis may
be accepted, and one may conclude that a synergy in the space of those elemental variables stabilizes the performance
variable hypothesized at step #2.

Note that the inequality V;oon>Vgap 1S not required for accurate performance. For example, the tiny circle in
Figure 2 illustrates very accurate performance (small variability of the sum E,+E,) without any co-variation between
the two elemental variables such that V0p=Vgap. S0, there may be very accurate non-synergies as well as very sloppy
synergies.

Hierarchical control

The idea of hierarchical control of human movements is very old. In particular, Bernstein (1947, 1967) introduced
and developed a scheme involving five to six hierarchical levels. As mentioned earlier, few-to-many mappings exist at
different levels of the neuromotor system. Hence, one may expect the existence of hierarchies of synergies such that
outputs of a synergy serve as inputs into a hierarchically lower synergy. The input into the higher level is provided by
the task, while the lowest level acts on the environment (Figure 3).

Most studies have considered at most two hierarchical levels in analysis of synergies. In particular, studies of multi-
muscle postural synergies have suggested that the CNS manipulates fewer variables than the number of involved muscles;
these muscle groups have been addressed as muscle synergies (d’Avella et al. 2003; Ivanenko et al. 2004; Ting and
Macpherson 2005; Tresch et al. 2006) or as muscle modes (Krishnamoorthy et al. 2003a,b). In turn, muscle modes have
been viewed as elemental variables that are organized into synergies with the purpose to stabilize such physical variables
as coordinates of the center of pressure and shear forces acting from the supporting surface onto the body (Danna-Dos-
Santos et al. 2007; Robert et al. 2008).
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$ Figure 3. An illustration of a hierarchy of synergies. At each level, the number of

output variables is larger than the number of input variables. The output of each
@ synergy serves as an input into a hierarchically lower synergy. Task serves as an
input into the hierarchically highest synergy, while the hierarchically lowest one

K $ \ acts on the environment.
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Performance

The idea of a two-level hierarchical control has been developed for prehensile tasks such as holding an object with
the digits of a hand. Within this scheme, at the higher level, the task is assumed to be shared between the thumb and
the virtual finger (VF, an imagined finger with the action equivalent to the summed action of the four actual fingers,
Arbib et al. 1985). Al the lower level, the action of the VF is shared among the actual fingers. Patterns of co-variation of
elemental variables stabilizing aspects of the combined action have been demonstrated at each of the two levels (reviewed
in Zatsiorsky and Latash 2004). In particular, the combined action of the thumb and VF has been shown to stabilize
the grasping action and the rotational action of the hand in accordance with the principle of superposition introduced
in robotics (Arimoto et al. 2001). The combined action of the fingers has been reported to stabilize the grasping force
applied to the hand-held object (Shim et al. 2004).

Trade-offs inherent to hierarchical control schemes

Consider a very simple task: To press with two hands, two fingers per hand, such that the total force is constant
(Gorniak et al. 2007a). Panel A of Figure 4 illustrates a distribution of data points across a number of trials with an ellipse
elongated along the line F| oz tFg gur=const. This line represent the UCM in the space of two elemental variables (F, ;¢ and
Frigur) corresponding to the required constant value of the total force. The illustrated data show a much larger variance
along the UCM (Vgo0p) than orthogonal to the UCM (Vy,p). So, we may conclude that a two-hand synergy stabilizes
the magnitude of the total force. Note that the variance of each of the hands (for example Vy,qyr) may be rather large
because it reflects both Vo and Vi, . Hence, a strong synergy with a large Vgop is expected to show large variance
of each of the two forces.

A: The Task is Shared B: Each Hand's Force Is
between Two Hands Shared between Two Fingers
I:LEFT

A

>F

RIGHT

\%

RIGHT <

Figure 4. An illustration of data distributions for a task of producing a constant force level by
four fingers, two per each hand. A force stabilizing synergy at the two-hand level (panel A)
implies an inequality Vgoop>V.n, Which may result in large variance of each hand’s output
(e.g., Viiur). This results in large Vy,,, at the two-finger within-a-hand level, which may
prevent a force stabilizing synergy at that level
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Consider now the lower level of the hierarchy where each hand’s force is shared between the two fingers (Figure 4B).
By definition, at this level, variance of that hand’s force is Vy,p,. It is large due to the large Vg0, at the upper level of the
hierarchy (panel A). So, to show a synergy at the lower level, V,qp at the lower level should be very large to satisfy the
inequality Voo™ Viap (the large, dashed ellipse). It is more likely, therefore, that Vg, Will not be large enough such
that there will be no synergy (the smaller ellipse). So, there seems to be an inherent trade-off between synergies at two
hierarchical levels: Vq0p at the higher level contributes to a synergy at that level but potentially hurts chances of the lower
level to show a synergy stabilizing its output. Two studies (Gorniak et al. 2007a,b) provided experimental support for
this conclusion by showing that during one-hand tasks, there are strong synergies among the fingers stabilizing the total
force, while during two-hand tasks there are such synergies between the two hands but not between the fingers within
each of the hands. Moreover, when a one-hand task turned into a two-hand tasks (by instruction), within-a-hand force
stabilizing synergies disappeared; when a two-hand task turned into a one-hand task, such synergies emerged.

Does the mentioned trade-off present an insurmountable obstacle for the central nervous system? In general, it is
possible to have synergies at both hierarchical levels if the inequality Vgoon>Viap 1S satisfied at both levels, as illustrated
with the very large ellipse in panel B of Figure 4. However, is this feasible during natural behaviors?

A recent study (Gorniak, Zatsiorsky, Latash, unpublished) explored multi-digit synergies stabilizing components
of the hand action during a variety of tasks that involved holding an object steadily. As mentioned earlier, the hand has
commonly been viewed as being controlled by a two-level hierarchy in prehensile tasks (Arbib et al 1985; MacKenzie
and Iberall 1994). The total force and moment of force produced on an object are distributed at the higher level of the
hierarchy between the thumb and the virtual finger (VF). At the lower level of the hierarchy, the VF action is distributed
among the fingers that form the VF. Let us assume for simplicity that all the points of digit contacts belong to one plane
(the grasp plane), and the external moment of force acts in the same plane. Then, the problem becomes two-dimensional.
Holding an object steadily is associated with equilibrium constraints at the upper hierarchical level:

1. The sum of normal (superscript N) forces of the individual fingers on the object should be equal and opposite to
the normal force of the thumb.

0= Fv’\é + FT';‘—|

Fr=F"+F'+F"+F"

2. The sum of tangential (load resisting, superscript L) forces of the individual fingers and of the thumb (along the
Y-axis) should be equal to the weight of the object (W).

W= FTII-| + Fvl;:

Fr=F'+F-+F"+F'

3. The total moment in the grasp plane (M™7) should be equal to the external moment of force (MEXT),
TOT N L EXT N N N L L L

MY =M"+M-=M""",where M" =M, + My, and M~ = M- + My,
N N N N N N

Mye = Fedye =F7d + Fid, +Fod + Fod,

M\I/_F = FVLF e = FiLri + I:nlw_rm + Frer + FILrI

In these equations, superscripts relate to forces that produce mechanical effects (N — normal and L — load resisting),
subscripts refer to digits (TH — thumb, i — index, m — middle, » — ring, and / — little fingers), d and r stand for lever arms
for the normal and load forces respectively.

Note that the same elemental variables enter different equilibrium constraints. This fact, in combination with the
mentioned inherent trade-off between synergies at different hierarchical levels. leads to rather complex interactions
between Voop and Vg, for different variables and different levels of analysis. Note that these interactions are not
dictated by the task mechanics but rather constrained by them. To make the long story short, experiments have shown
that some of the variables (for example, the load force) can show synergies stabilizing their values at both levels of the
hierarchy. Some variables (for example, the grip force) show synergies only at the upper level (similar to the mentioned
study of pressing tasks), while other variables (for example, the total moment of force) show synergies only at the lower
level. These interactions can be analyzed similarly to the chain effects described in earlier studies of relations among the
magnitudes of elemental variables (reviewed in Zatsiorsky and Latash 2004), while here we are interested in relations
among their variance components.
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Ideas of multi-level hierarchical control have also been applied to analysis of multi-muscle synergies. Most
experimental studies have addressed multi-muscle synergies at only one level. In particular, some studies applied matrix
factorization techniques to muscle activation indices to discover muscle groups that may be viewed as controlled with
only one central variable (Ting and Macpherson 2005; Tresch et al. 2006). Such groups have been addressed as multi-
muscle synergies. Other studies viewed those groups not as synergies but as elemental variables and explored co-variations
among the magnitudes of those variables that could be related to stabilization of such mechanical variables relevant to
postural control during standing as coordinate of the center of pressure, horizontal force, and moment of force about
the longitudinal axis of the body (Danna-Dos-Santos et al. 2007; Robert et al. 2008). A few recent studies have shown,
however, that the composition of muscle modes can change under challenging conditions (Krishnamoorthy et al. 2004)
and as a result of practice (Asaka et al. 2008) supporting the view that the modes are flexible muscle groupings that may
be viewed as synergies in the space of muscle activations.

Synergies and the equilibrium-point hypothesis

The equilibrium-point hypothesis of single-muscle control (reviewed in Feldman 1986; Feldman and Levin 1995)
may be viewed as an example of how a large set of elements (motor units) can be united by a physiological mechanism
(the tonic stretch reflex) to stabilize an important feature of performance — the equilibrium point characterized by values
of muscle force and length. According to this hypothesis, the central nervous system specifies a value of the threshold
of the tonic stretch reflex, while muscle activation level as well as its mechanical output are defined by both the central
command and the reflex feedback from peripheral receptors.

The main idea of threshold control has been generalized to the control of multi-effector systems using the notion of
reference configuration as a control variable at a higher level of a control hierarchy involved in the production of natural
multi-muscle movements (Feldman et al. 2007; Pilon et al. 2007). Reference configuration defines, in the external space,
a configuration, at which all the muscles would attain a minimal level of activity — a set of threshold values for muscle
activation. If external conditions and/or anatomical constraints prevent a system from reaching its current reference
configuration (as it commonly happens), muscles generate non-zero forces. In particular, fingertip forces on an external
object emerge when a reference hand configuration corresponds to shorter flexor muscles as compared to the actual
configuration. The general idea of control using reference configurations may be described as following a principle
of minimal end-state action: The body tries to achieve an end-state, compatible with the external force field, where its
muscles show minimal activation levels. This principle is a natural extension of the principle of minimal interaction
(Gelfand and Tsetlin 1966).

The notion of reference configuration offers an attractive framework to analyze motor synergies. This framework
assumes a hierarchical control system where, at each level of the hierarchy, the system is redundant, that is, it produces
more output variables than the number of constraints specified by input variables (as in Figure 3). Other characteristics
of action may be allowed to vary based on secondary considerations, possibly reflecting optimization of certain features
of performance. Because the system is redundant, a reference configuration at a higher hierarchical level does not specify
unambiguously all the reference configurations at a lower level. Emergence of particular lower-level reference trajectories
may be based on a feedback mechanism or on a feed-forward mechanism. Hence, a hierarchy of control levels, where
each level functions based on the equilibrium-point control principle, seems like a plausible control structure leading to
motor synergies.

Concluding comments

This review offers a new look at the century-old concept of synergy. It suggests an operational definition that makes
synergies quantifiable using the framework of the UCM hypothesis. It shows how synergies may compete or co-exist at
different levels of the neuromotor hierarchy involved in the production of any voluntary action. It also links the idea of an
hierarchy of synergies to a physiologically-based hypothesis of motor control, namely the equilibrium-point hypothesis.
This approach seems to be applicable to apparently suboptimal movements performed by persons with movement disorders
(Reisman et al. 2006), following atypical development (e.g., Latash et al. 2002a), and resulting from healthy aging (Shim
et al. 2004; Olafsdottir et al. 2007).
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SCIENTIFIC BASES OF TAPERING FOR COMPETITION
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Abstract

The taper is a progressive non-linear reduction of the training load during a variable period of time, in an attempt to
reduce the physiological and psychological stress of daily training and optimise sports performance. The main aim of the
taper should be to minimise accumulated fatigue without compromising adaptations, but further fitness gains can also
be attained. This is best achieved by maintaining training intensity, reducing the training volume (up to 60-90%) and
slightly reducing training frequency (no more than 20%). Pre-taper training affects little optimal training load reduction,
but it does affect ideal taper duration. The optimal duration of the taper ranges between 4 and more than 28 days, and
this duration should be individual. Progressive non-linear tapers are more beneficial to performance than step-tapers.
Performance usually improves by 3% (usual range 0.5-6.0%).

Key words: taper, reduced training, performance, detraining

Introduction

The tapering period that precedes the most important competitions is without a doubt one of the most important
phases of the training season. Unfortunately, this is also the period during which coaches feel more insecure: when should
the taper start? How much should the training load be reduced? Which is the most efficient tapering method? Will the
swimmers detrain instead of peaking performance? There are no simple answers to these questions, and the method most
usually followed by many coaches has been purely empirical. The taper has thus been planned and designed following
the trial and error strategy.

It is the aim of this article to review the scientific knowledge on planning tapering strategies, with the aim of helping
coaches to face this important period of the season with increased security and confidence.

Definition of taper

Various definitions of the taper have been provided by different authors over the past two decades. However, according
to the data and results of the international scientific literature, the taper could be defined as a progressive non-linear
reduction of the training load during a variable period of time, in an attempt to reduce the physiological and psychological
stress of daily training and optimise sports performance (Mujika and Padilla, 2000).

Aim of the taper

Mathematical modelling studies on the effects of training have shown that the main aim of the taper should be
elimination of fatigue accumulated by the swimmers during periods of intense training rather than attaining higher fitness
levels. Indeed, the positive influence of training increases markedly during periods of intense training, but only develops
slightly during periods of taper. However, intensive training is also characterised by a great increase of a swimmer’s fatigue
level (the negative influence of training), which “hides” his adaptations and prevents him from performing satisfactorily.
A great reduction of the fatigue level during taper, along with slightly increased capacities, leads to the “appearance” of
the swimmer’s true fitness level, and to achieving great performances in competition (Mujika et al., 1996a). However,
recent mathematical modelling studies suggest that training-induced adaptations can be further enhanced through the
training undertaken during the taper period (Thomas et al., 2008).

This seems to be confirmed by physiological results, since it has been shown that there is a relationship between the
percentage performance improvement during taper and an increased testosterone-to-cortisol ratio (Mujika et al., 1996b),
which has often been considered as an index of an athlete’s fatigue level. Other biological markers of increased recovery
and reduced physiological stress include, among others, a positive balance between erythropoiesis and hemolysis, and
reduced blood creatine kinase concentrations (Mujika and Padilla, 2003).

Psychological benefits of tapering periods have also been reported in the literature. These include a reduced perception

of effort, reduced global mood disturbance, reduced feeling of fatigue, increased vigour and improved quality of sleep
(Mujika and Padilla, 2003).
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Reduction of the training load

The training load has three well-known components: intensity, volume and frequency of the training sessions. A
reduction of the total training load can be performed by individually reducing each of these three variables, or by any
simultaneous reduction of these variables. The question that arises is thus: can the training load be reduced by reducing
intensity, volume, and/or frequency without falling into detraining during periods of taper? As we are going to see,
scientific research can help to answer.

Reduction of training intensity

It has been shown that, in highly trained athletes, maintaining training intensity seems to be the key factor in order
to retain the training-induced adaptations and performance during periods of taper. As a matter of fact, a high-intensity
taper, compared to a reduced intensity taper, increased oxygen transport capacity, muscle glycogen content, mitochondrial
enzymatic activities, force production, hormonal status and performance (Shepley et al., 1992). This has also been
confirmed by a recent meta-analysis by Bosquet et al. (2007).

Reduction of training volume

As long as training intensity is maintained, coaches should not be afraid of reducing the training load by reducing the
training volume, even with highly trained swimmers. A correlation has been observed between the percentage reduction
in the training volume and the performance improvement during taper in national and international level swimmers
(Muyjika et al., 1995). Moreover, several physiological and performance improvements have been reported as a result of
tapers during which the training volume was progressively reduced by 60-90% (Mujika, 1998). A meta-analysis study
suggests that training volume reductions of 41-60% would be optimal for performance enhancement, although alternative
volume reductions can also have positive effects (Bosquet et al., 2007)

Reduction of training frequency

Results of the literature show that training frequency should be maintained relatively elevated to avoid the loss of
adaptations during periods of taper (Mujika et al. 2002a). Highly trained subjects, for whom technique is extremely
important, should try to maintain training frequency during taper. This suggestion is also supported by a meta-analysis
of the literature. (Bosquet et al. 2007).

Previous training

Computer simulations show that the characteristics of an optimal training reduction in elite athletes depend on the
training performed in the weeks prior to a taper. The highest performance gain with the taper should be greater when an
overload training is performed by the athletes, i.e. the athletes are overreached. On the other hand, this strategy requires
a longer taper duration than when no overload training occurs before the taper (Thomas et al., 2008).

Duration of the taper

Several studies performed on competitive swimmers show that physiological variables such as maximal oxygen
uptake or muscular power can be retained, even increased, during tapers lasting between 10 and 28 days. Improved
performances have also been reported following tapers lasting 10, 14, 21 and 28 days (Mujika, 1998). However, there
is a great interindividual variability in the optimal duration of taper, which depends on the velocities of disappearance
of training-induced adaptations on the one hand, and accumulated fatigue on the other hand. In this respect, the above
reported mathematical modelling study showed that one week of tapering was optimal for certain swimmers whose fatigue
level disappeared rather quickly, but their fitness level faded away quickly too. On the other hand, other swimmers could
reduce their training load during 28 days, because having a long-lasting fitness, they could maximise the elimination of
fatigue without the risk of detraining (Mujika et al., 1996a). More than ever, it is thus absolutely necessary to individualise
training during periods of taper. According to the meta-analysis study by Bosquet et al. (2007), a two-week taper would
maximally benefit a majority of athletes, but significant gains can also be achieved with much shorter and also longer
tapers.

Type of taper

Researchers have used two methods of reducing the training load in scientific studies investigating the effects of
taper: a sudden standard reduction, referred to as step taper, or a progressive reduction, ads implied by the term “taper”
(Houmard 1991). The only available study comparing these two methods was performed on highly trained triathletes,
and the results indicated higher performance improvements following a progressive taper. The same study also reported
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that a fast exponential reduction of the training load was more efficient at improving performance than a slower, more
lineal reduction (Banister et al., 1999).

Performance improvements

Performance usually improves by about 3% (usual range 0.5-6.0%) during a successful taper. A recent investigation
on the magnitude of performance changes during the final three weeks of training leading to the Sydney 2000 Olympic
Games indicated that improvements of this order of magnitude can be expected regardless of gender, event, nationality
and calibre (Mujika et al., 2002b).

Conclusions and practical implications

An updated version of the recommendations for optimal tapering strategies provided by Mujika and Padilla (2003)
would be:

1. The primary aim of the taper should be the elimination of accumulated fatigue, and to attain additional physiological
adaptations or fitness gains. This should be achieved without compromising previously acquired adaptations and
fitness level.

2. The maintenance of training intensity is necessary to avoid detraining, provided that reductions in the other training
variables allow for sufficient recovery to optimise performance.

3. Reductions in training volume as high as 60-90% have been shown to induce positive physiological and performance
responses in highly trained athletes.

4. Even though training-induced adaptations can be readily maintained with very low training frequencies in moderately
trained individuals (30-50%), higher training frequencies seem to be necessary to avoid detraining and/or “loss of
feel” in the highly trained (>80%).

5. Even though the negative effects of complete inactivity are readily apparent in athletes, positive physiological and
performance adaptations can be expected as a result of tapers lasting 4 to 28 days.

6. Progressive, non-linear tapering techniques seem to have a more pronounced positive impact on performance than
step-taper strategies.

7. A realistic performance goal based on individual performance levels previous to the beginning of the taper should
be an improvement of about 3% (usual range 0.5-6.0%).

References

1. Banister, E. W., Carter, J. B., Zarkadas, P. C. (1999) Training theory and taper: validation in triathlon athletes. European Journal
of Applied Physiology 79: 182-191.

2. Bosquet, L., Montpetit, J., Arvisais, D., Mujika, 1. (2007) Effects of tapering on performance: a meta-analysis. Medicine and
Science in Sports and Exercise 39: 1358-1365.

3. Houmard, J. A. (1991) Impact of reduced training on performance in endurance athletes. Sports Medicine 12: 380-393.
Mujika, 1. (1998) The influence of training characteristics and tapering on the adaptation in highly trained individuals: a review.
International Journal of Sports Medicine 19: 439-446.

5. Muyjika, L., Busso, T., Lacoste, L., Barale, F., Geysant, A., Chatard, J.-C. (1996a) Modeled responses to training and taper in
competitive swimmers. Medicine and Science in Sports and Exercise 28: 251-258.

6. Mujika, I., Chatard, J.-C., Busso, T., Geysant, A., Barale, F., Lacoste, L. (1995) Effects of training on performance in competitive
swimming. Canadian Journal of Applied Physiology 20: 395-406.

7. Mujika, L., Chatard, J.-C., Padilla, S., Guezennec, C.Y., Geysant, A. (1996b) Hormonal responses to training and its tapering off
in competitive swimmers: relationships with performance. European Journal of Applied Physiology 74: 361-366.

8. Mujika, L., Goya, A., Ruiz, E., Grijalba, A., Santisteban, J., Padilla, S. (2002a) Physiological and performance responses to a 6-
day taper in middle-distance runners: influence of training frequency. International Journal of Sports Medicine 23: 367-373.

9. Mujika, I, Padilla, S. (2000) Detraining: loss of training-induced physiological and performance adaptations. Part I. Short term
insufficient training stimulus. Sport Medicine 30: 79-87.

10. Muyjika, I, Padilla, S. (2003) Scientific bases for precompetition tapering strategies. Medicine and Science in Sports and Exefcise
35: 1182-1187.

11. Muyjika, L., Padilla, S., Pyne, D. (2002b) Swimming performance changes during the final 3 weeks of training leading to the
Sydney 200 Olympic Games. International Journal of Sport Medicine 23: 582-587.

12. Shepley, B., MacDougall, J. D., Cipriano, N., Sutton, J. R., Tarnopolsky, M. A., Coates, G. (1992) Physiological effects of tapering
in highly trained athletes. Journal of Applied Physiology 72: 706-711.

13. Thomas, L., Mujika, 1., Busso, T. (2008) A model study of optimal training reduction during pre-event taper in elite swimmers.
Journal of Sports Sciences 26: 643-652.

77

Physical Conditioning



Top-level Sport

5t International Scientific Conference on Kinesiology, 2008, Zagreb, Croatia
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Abstract

Biomechanics plays an important role in optimising the training quality in elite sport. The areas of applying
biomechanics in the training process of elite athletes are very diverse. In the first area those parameters which essentially
influence performance have to be analysed. These investigations have to be done during field studies using highly developed
kinematic, kinetic and electromyographical measurement systems. The scientific challenges lie in the precision of the
parameters determined (accuracy of the measurement system) and in the fact that the athlete should not be interfered
severely by the measurement system during performance. The results of such investigations lead to a better understanding
of movements used and provide coaches and athletes valuable support in directing training goals.

The efficiency of the training process also depends on the quality of performance tests available. Standardised tests
should be built into the trainings process for all performance-relevant features. These tests must satisfy the criteria of
objectivity, reliability and validity. In recent years specific test batteries using various high tech measurement devices
has successfully been developed at our department.

Especially in seasonal sports like alpine ski racing the quality of training relies to a great extent on the availability
of specific training exercises. Specific exercises must be in harmony with those parameters of movement which
characterise the structure of competition technique. Most of these exercises can only be performed on specially developed
training devices. Both, training exercises as well as training devices have to be evaluated using kinematic, kinetic and
electromyographical methods.

Numerous investigations in the area of motor learning and technical training have indicated that suitable feedback
systems can significantly contribute to shortening acquisition time. These systems, on the one hand, should measure as
exactly as possible the characteristics which are to be improved in training and, on the other, make the measurement
results available to the athlete in an easily understandable form and within the most effective ,PR-KR Interval.

And, last but not least, biomechanical investigations should also assist the athlete’s efforts of optimising the equipment.
For example, Alpine skis and the corresponding equipment as bindings and risers are not optimised yet for individuals
in ski racing regarding length, shape, stiffness etc. The bases for this optimisation are measurements of the mechanical
characteristics of the material in typical and natural skiing conditions. This knowledge is used to optimise the skiing
equipment to finally enhance the performance.

Challenges on safety in Alpine Ski racing

In recent years many dramatic changes have taken place in Alpine skiing. In ski racing as well as in recreational
skiing skis have become much shorter, their side cut has increased to a great extent and binding plates (risers) have been
fixed between the ski and the binding. In addition the stiffness of the ski has changed, too. This evolution has, of course,
also changed the movement patterns of performing ski turns but might also have changed the risk of sustaining injuries.
The aim of skiing with carving skis on a competition level is to perform turns with a small turning radius without any
skidding. The turning radius depends on the side cut radius of the ski, the edging angle and the stiffness of the ski and
the piste. The smaller the turning radius and the higher the speed the bigger becomes the skier’s load. Skiing turns with
small radii on high speed might exceed the skier’s physiological capacity soon. The more strongly waisted the ski and the
greater the on-edge angle the more strongly the ski must flex in order to maintain contact with the slope along the total
length of the edge. The curve cut into the snow under full contact with the slope is designated the turn radius (Fig. 1).

The use of carving skis with binding plates also increases the probability of catching an edge. The higher the risers
between the ski and the binding the smaller edging angle is needed to initiate the catching of an edge and due to the
smaller side cut radius of the ski the distance of the lateral deviation from the intended skiing direction becomes too big
within a short period of time and therefore makes a successful correction movement impossible. The binding plates are
also considered to increase the acting moments in the knee due to the lengthening of the lever arms of the lower leg. As
a consequence of these findings the F.I.S limited the maximum standing position for ski racing.
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Fig. 1. Turn radius as a function of on-edge angle for variously waisted skis
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FROM KINESIOLOGY TO KINESIOLOGY 1854-2008:
LOOKING BACKWARDS TO LOOK FORWARDS

Roland Renson
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K.U. Leuven, Belgium

Abstract

The Swedish gymnasiarch C.A. Georgii used the term kinesiology in 1854, three years before N. Dally published his
magnum opus Cinésiology in 1857. Georgii and Dally had been rivals in 1847 in Paris when they were both in competition,
trying to introduce their gymnastics method in the French School system. Neither one of them succeeded to do so because
of the February Revolt of 1848. The term and concept of kinesiology was introduced in the United States by the Swedish
gymnasiarch N. Posse in 1886 but from 1909 onwards it would be narrowed to ‘movement analysis’. Kinesiology was
used in the U.S. in this narrowed sense untill the term biomechanics made its breakthrough in the 1970ies to indicate the
domain of the mechanics and analysis of movement. At the same time proposals were made to use kinesiology to replace
the well established term of physical education as the umbrella term for the science of human movement. In 1993 the
prestigious American Academy of Physical Education (AAPE) changed its name into American Academy of Kinesiology
and Physical Education (AAKPE). In the same period, a plethora of new terms appeared in Europe to replace physical
education at the academic level: sport science(s), movement science(s), motor science(s), physical activity science(s),
kinanthropology and kinesiology. The University of Zagreb was the first one to rebaptize its Physical Education Faculty
into Faculty of Kinesiology. The K.U.Leuven did so in 2004 when the Faculty of Physical Education and Physical Therapy
changed into Faculty of Kinesiology and Rehabilitation Sciences. It is noteworthy that Georgii, who first used the term
of kinesiology in 1854 had already used the term kinesitherapy in 1847. Why did it take more than one and a half century
before Georgii’s neologism kinesiology was rediscovered as an appropriate and international common denominator for
the science of human movement and humans in movement?

Key words: kinesiology 1854-2008, looking backwards, look forwards
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ADVANCING SWIMMING SCIENCE WITH CARE

Ross H. Sanders, Stelios G. Psycharakis, Roozbeh Naemi and Carla B. McCabe
Centre for Aquatics Research and Education, The University of Edinburgh, Scotland, UK

Abstract

This paper provides an overview of how the research team at The Centre for Aquatics Research and Education is
adding to knowledge in swimming science to assist swimmers and swimming coaches. Topics covered include improving
the glide in starts and turns, body roll in front crawl, technique differences between sprint and distance front crawl
swimmers at sprint and distance pace, and rhythm in front crawl swimming.

Key words: body roll, front crawl, passive drag, rhythms, swimming

Introduction

The Centre for Aquatics Research and Education (CARE) was established in 2001 with a mandate to conduct applied
research in aquatic activities including swimming and hydrotherapy. This presentation focuses on recent findings in
swimming and includes work from three recent graduates from the doctoral programme. Roozbeh Naemi has developed a
new method of quantifying the passive drag of swimmers and, as a postdoctoral fellow during the past year has developed
‘coach-friendly’ software to assist coaches and swimmers to improve their glide performance in starts and turns. Using
three-dimensional analysis techniques Stelios Psycharakis has shed new light on the characteristics of body roll in front
crawl swimming. While there is some knowledge about how swimming technique differs between swimmers swimming
at sprint and distance pace not much is known about whether specialists in sprint swimming differ in technique from
distance swimmers when both groups are swimming at race pace over the same distances. In addressing this issue Carla
McCabe has uncovered some very interesting as well as some surprising findings. The presentation concludes with a
discussion of recent findings with respect to the rhythms and ‘body waves’ that underpin coordination in skilled front
crawl swimming.

Improving glide performance in starts and turns

Performance in starts and turns is a major contributor to success in swimming and is influenced greatly by the glide
performance. It has been established that the glide time after starts and turns corresponds to 10 to 25 percent of total swim
time (Chatard et al., 1990). Glide performance depends on the initial velocity of a glide as well as on the glide efficiency,
defined as the ability of a body to maintain its velocity and to avoid deceleration (Naemi and Sanders, 2008b).

The initial velocity of a glide is related to the preceding action, and is affected by propulsive force development during
pre-glide actions such as pushing off the wall in turns. Increasing the initial velocity of a glide by increasing propulsive
force during the pre-glide phase can improve the glide performance. However, it does so with a metabolic cost and is
limited by the athlete’s strength. In contrast, maximising glide efficiency (minimising resistance and/or maximising
inertia) improves performance without increase in the metabolic cost. A 20% increase in glide efficiency during passive
glides achieved by adopting a ‘streamlined’ posture leads to a 7% increase in the average speed. Depending on the race
distance, in which the number of turns varies, this can yield a 0.5 - 3% improvement in the race performance. Such an
improvement can change a swimmer’s result from being eliminated prior to the finals to being a medallist. Improving
glide efficiency enables the swimmer to increase time in the passive glide phase after starts and turns, thereby increasing
the period of recovery and reducing the period of active swimming. Thus the knowledge of the factors contributing to
glide efficiency and the ways to quantify it are of utmost importance.

The methods used in previous studies (Sharp and Costill, 1989; Starling et al., 1995) do not allow quantification of the
glide efficiency at different velocities and do not relate the glide efficiency to the hydrodynamic characteristics of a body.
The Hydro-Kinematic Method (HKM) (Naemi and Sanders, 2008b) accounts for the inertial and resistive characteristics
of the gliding body. A mathematical function, based on the equation of motion of the gliding body, is fitted to the kinematic
position-time data of a swimmer performing a rectilinear glide. From the fitted function a glide factor that represents the
ratio of inertia to the resistive factor is deduced that is a measure of the glide efficiency.

The HKM requires only a single underwater camera positioned perpendicular to the swimmer’s glide plane and two-
dimensional digitising software. This method has advanced the capability of measuring glide efficiency and has been
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shown to be accurate and reliable enough to detect small differences in glide efficiency. Figure 1 provides samples of the
output of the model together with indications of the goodness of fit and its ability to detect differences in gliding ability
between subjects and between trials within subjects.

Figure 1. Sample output of the of the HKM. From top left clockwise, raw displacement data and the corresponding fit together
with the plot of the residuals; the mathematical model and the quantified parameters obtained for each trial; and the reconstructed
velocity Vs time for the subjects.

The development of the HKM provides an opportunity, for the first time, to ‘fine tune’ swimmers’ glide efficiency
by adopting the most streamlined position. Many swimmers adopt inappropriate postures during glides. Flow separation,
resulting from an excessive angle of attack, increases the ‘pressure drag’, the main source of drag during an underwater
glide. Adopting a body alignment with a minimum angle of attack and maintaining an appropriate posture with suitable
joint angles minimises the pressure drag by reducing the area exposed to the flow as well as the flow separation associated
with water moving over ‘non-streamlined’ body contours. Special attention needs to be paid to the neck, hip and knee angles
which were found to be significantly correlated to the passive drag and hence the glide efficiency (Naemi, 2007).

It has been established that maintaining a passive streamlined posture at higher velocities than a critical value is
more beneficial than an active propulsive movement (Sanders and Byatt-Smith, 2001). This is due to the fact that in these
conditions the net decelerating force (the difference between the active drag and the propulsive force) is greater than the
passive drag for a gliding position (Lyttle, et al., 2000). This has important implications as a swimmer can lose speed
unnecessarily if the passive glide is finished prior to or continued beyond an optimum speed. In these cases, additional
energy and time is required to regain the optimal velocity. Thus, it is beneficial to predict the speed at which a swimmer with
a particular glide efficiency and post-glide velocity characteristics should commence the propulsive actions (Sanders and
Byatt-Smith, 2001). This not only improves performance in the starts and turns but also avoids losing energy unnecessarily,
improving performance in the mid-pool phases. Thus it is highly desirable to predict how performance may be optimised
by initiating the post-glide phase at the best time. This means that an accurate record of instantaneous velocity during
the glide is required in actual un-tethered glides. It is possible to determine the instantaneous velocity of a body during
the whole period of a glide by video analyses. However, due to variations in the velocity as a result of instabilities in flow
(Howe et al., 2001; Wang et al., 2003) that cannot be distinguished from noise, the determined instantaneous velocity
data may not be valid for comparison (Klauck and Daniel, 1976; Naemi and Sanders, 2004). The HKM overcomes that
problem by fitting a mathematical function to the raw displacement data enabling precise reconstruction of the velocity
variations of the body during a glide (Fig.1). By knowing how the glide efficiency of a swimmer changes across velocities,
it is now possible to determine how fast they decelerate during a glide. This information is particularly important in
predicting the exact timing for initiating the post-glide action for a particular swimmer with a distinct glide efficiency
and post-glide performance. For example for each swimmer the glide should end when the velocity reaches the velocity
which can be sustained by the post-glide actions.

Based on the applications of the Hydro-kinematic method (Naemi and Sanders, 2008b) “user friendly’ software
named “GlideCoach” has been developed (Naemi et al., 2008) for coaches to provide immediate feedback to swimmers to
optimise glide efficiency and time of initiating post-glide actions in starts and turns. The output includes a video replay,
graphs, and tabulated results in an aesthetic and effective display. The ‘GlideCoach’ software enables coaches to ‘fine
tune’ swimmers’ streamlining posture as well as to optimise timing of initiating post-glide actions.
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Recent findings from three-dimensional analysis of body roll

It has been suggested that body roll, the rolling action of the trunk around its longitudinal axis, has important functions
in front crawl swimming. Such functions include: making the recovery of the arm easier and permitting a shorter radius
of rotation of the recovery arm; placing the strongest part of the arm pull more directly under the midline of the body;
facilitating the breathing action and; reducing the risk of developing shoulder injuries (Counsilman, 1968; Richardson
et al., 1980; Ciullo and Stevens, 1989).

Computer simulation studies have indicated that body roll assists in the development of propulsive forces and, therefore,
the improvement of swimming performance (e.g. Hay et al., 1993; Payton et al., 1997). In most empirical studies body
roll was measured for the whole trunk by mounting a balsa wood fin on a curved aluminium base and strapping it on
the back of each swimmer. Body roll was then defined as the angle between the rear end of the fin and the vertical, and
was measured with the use of two-dimensional analysis. Some interesting findings were reported in these studies. For
example, it was shown that swimmers roll more during breathing than non-breathing cycles (Payton et al., 1999; Castro et
al., 2003), and that they roll less to the non-breathing than the breathing side. Also, body roll was found to decrease with
increasing swimming speed (Castro et al., 2003; Yanai, 2003). Nevertheless, there has been evidence that the assumption
that the whole trunk rolls as a rigid segment might not be tenable, because the shoulders and hips might roll to different
extents and in some cases with different phase (Cappaert et al., 1995; Yanai, 2003).

In an attempt to improve our knowledge of body roll and its possible links to swimming performance, Psycharakis et
al. (2007) used a 6-camera system and three-dimensional analysis methods to calculate separately the rolling actions of
the shoulders and hips in freestyle swimming. It was indicated that swimmers were rolling their shoulders significantly
more than the hips. Moreover, faster swimmers were found to have less shoulder roll than slower swimmers, while no
similar trend was identified for hip roll. Figure 2 shows the roll-time profiles of the shoulders and the hips for one of the
swimmers tested. The profiles were clearly very different in terms of the magnitude of SR and HR.
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Figure 2. Patterns of shoulder (continuous line) and hip roll (dashed line) for a freestyle swimmer. Positive and negative roll values
represent roll to the right and left side, respectively. (Adapted from Psycharakis et al., 2007).

Further to the above, Psycharakis (2006) examined the bilateral asymmetries in shoulder/hip roll, as well as the
timing differences for the peak shoulder/hip roll at each side. Eleven national and international level swimmers performed
a maximum 200m freestyle swim and four stroke cycles were analysed (one for each 50m). Left side dominance was
identified in shoulder roll, while no similar pattern was found for hip roll. Given that all the swimmers tested were right-
handed, Psycharakis suggested that factors related to handedness might affect the roll symmetry in freestyle swimming.
Finally, despite the inter-individual differences in the timings between shoulder and hip roll peaks in each side, there
was no consistent pattern to suggest that the swimmers’ shoulders lead the hips or vice-versa. The results of the three-
dimensional analyses indicated that shoulder and hip roll should be calculated separately in freestyle swimming.

Do sprint and distance front crawl swimmers differ when swimming at the same pace?

Many authors have proposed that sprint and distance front crawl swimmers differ in their stroke characteristics.
However, there has been a paucity of three-dimensional quantitative data to support these assumptions.

Some research has indicated that sprint and distance swimmers differ in terms of the magnitude of stroke depth
(Cappaert, 1998), stroke width (Colwin, 2002), elbow angle (Wilke, 1992; Cappaert, 1998; Voronstov and Rumyantsev,
2000) and the foot range of motion (Cappaert, 1998). However, in the recent study by McCabe (2007) sprint and distance
swimmers did not differ with respect to the aforementioned variables when both swim at race pace over the same distance.
Thus, these findings challenge current views with regard to front crawl sprint and distance swimmers.

McCabe did find some differences with respect to other variables. Sprint and distance swimmers are different with
respect to the duration of the pull (Figure 3) and push phases (p<0.05) (Figure 4). The shorter duration of these phases
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by the sprint swimmers was linked to a faster horizontal velocity and vertical acceleration of the hand by the latter group
within the pull and push phases.

Sprint and distance swimmers had a different sequencing pattern of the shoulder and hip segments - a characteristic
not previously investigated. When sprinting, both sprint and distance swimmers rotated the hips prior to the shoulders.
The sprint group showed this sequencing pattern distinctively throughout the stroke cycle, whereas was less pronounced
with respect to the distance group.

This altered sequencing of the shoulders and hips between groups when sprinting may also explain the differences
found between groups in terms of maximum shoulder roll (both sides) with the sprint swimmers obtaining maximum
shoulder roll later in the stroke cycle than the distance swimmers when sprinting (Figure 5), perhaps due to a greater
time delay between the shoulder and hip segments rotating.
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Figure 3. Shorter duration of the pull phase by the sprinters Figure 4. Shorter duration of the push phase by the sprinters
than the distance swimmers when sprinting. than the distance swimmers when sprinting.
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Figure 5. Mean shoulder roll angle for distance and sprint groups. The difference in
time of attainment of maximum roll to each side is evident.

When distance swimming, the distance group rolled the shoulders in advance of the hips, whereas the sprint group
rolled the shoulders and hips simultaneously. There was some evidence that the different sequencing order of the shoulders
and hips between the groups was related to the range of motion of the kick.

Irrespective of the distance specialisation, all swimmers changed a broad range of kinematic and kinetic variables
between sprint and distance pace. The magnitude of average vertical and lateral range of the finger’s displacement changed
between paces (Figure 6), with evidence of a link to the adjustment of shoulder and hip roll magnitude between paces.

The elbow angle at the conclusion of the backward push was the only elbow angle variable to change between paces
(Figure 7) and it is unlikely that the elbow angle contributed to the altered trajectory of the finger.
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Figure 6. Average vertical displacement of the finger throughout
the underwater stroke phase: Sprint group vs. distance group.
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Figure 7. Comparison of elbow angle at the end of the push at sprint and distance
paces. Both groups had a greater angle when sprinting.

The temporal aspects of the stroke trajectory also changed between the paces, primarily due to the varied duration of
the entry phase. Specifically, the duration of the entry phase was approximately 10% longer when swimming at distance
pace relative to sprinting. Maximum stroke depth and the execution of the catch position were both attained 10% later in
the SC when distance swimming (Figure 8). Contrary to the extant literature, the catch position did not differ between
swim groups, but did change between swim paces. This finding challenges the existing knowledge of the catch position
and requires further examination.
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Figure 8. Time (% SC) corresponding to the catch for both swim groups, swimming at sprint and distance pace.

Finally, foot ROM changed between sprint and distance paces. Adrian et al. (1966) suggested that this occurs due to
the energy requirements of the race distance. The magnitude of hip and shoulder roll appeared to be strongly influenced
by the contribution of the leg kick between paces (Figure 9 and 10).
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Figure 10. Time (%SC) to maximum left (negative) and right (positive) hip
roll for the DG.

Rhythm in front crawl
swimming

Athletes and coaches frequently use
the term ‘rhythm’. If thythms are regarded
as being represented by sinusoidal
waveforms, an assumption that fits well
with dynamical systems theories of
movement control incorporating limit
cycle oscillators (e.g. Kelso, 1995),
then Fourier analysis is a powerful tool
to quantify rhythms. Fourier analysis
represents any time series data, for
example a displacement/time signal, as
a series of waveforms. Each waveform
(harmonic) is an integer multiple of the
fundamental frequency. For example,
if the fundamental frequency is lhz,
then harmonics occur at 2hz, 3hz...nhz.
Fourier analysis determines the amplitude
of each of those contributing waveforms
and the ‘phase’, that is, the timing of when
the peaks of the wave are attained.

To investigate the complex situation
of the whole stroke that incorporates a
roll about the long axis three-dimensional
data were obtained from seven adult squad
level swimmers simulating a 200m race
(Sanders and Psycharakis, in press). The
upper body roll consists of a roll to either
side, that is, a two beat pattern with one
maximum and one minimum. Each arm
action is likely to produce a maximum and
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minimum torque about the longitudinal axis. Given that there are two arm actions this may produce a four beat pattern
with two maxima and two minima. As its name implies, the six beat kick consist of three upbeats and three downbeats of
each leg that are out of phase thereby producing three maxima and three minima. In the full front crawl stroke, rather than
being confined to a vertical plane as in flutter kicking without upper body roll and arm action, the lower limbs scribe an
arc and their motion can be regarded more appropriately as a rolling action about the longitudinal axis. Thus, it is possible
that the resultant waveforms associated with the rolling actions of the whole body comprise two beat, four beat, and six
beat influences and, if very rhythmical in nature, may be reflected in three sinusoids represented as Fourier harmonics,
these being the fundamental frequency (H1) with one maximum and one minimum, the second harmonic (H2) with two
maxima and two minima, and the third harmonic (H3) with three maxima and three minima.
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Figure 11. Rotation about the longitudinal axis (degrees) plotted against time (s) for one cycle of the best swimmer (S1) of a) shoulder,
hip, knee, and ankle; b) shoulder and its HI, H2, and H3 contributions and sum of HI, H2, and H3; c¢) hip and its HI, H2, and H3
contributions and sum of HI, H2, and H3; d) knee and its HI, H2, and H3 contributions and sum of HI, H2, and H3; e) ankle and its
HI, H2, and H3 contributions and sum of HI, H2, and H3; f) H3 of shoulder, hip, knee, and ankle.

Figure 11 shows the rotations about the longitudinal axis of the shoulders, hips, knees, and ankles, and the contributions
of the H1, H2, and H3 harmonics for the best swimmer. Figure 11a shows that the shoulders rolled approximately 50
degrees to each side while the hips rolled only 22 degrees to each side. The amplitude of roll increased at the knees and
reached about 80 degrees to each side in the ankles. Figures 11b to 11le show the contribution of the harmonics to the
rolling action of each body part. The shoulder roll was very rhythmical with approx 98% of the power contained in a
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single sinusoid corresponding to the frequency of the stroke cycle. It is largely unaffected by the kicking action. The hip
roll is also dominated by HI1 but there is some of H3 in reaction to the kicking pattern. The roll of the lines joining the
knees is predominantly H3 due to the six beat kicking action but also contains considerable power in HI indicating the
influence of the upper body roll. The same applies, but to a lesser extent to the ankles. While the roll is dominated by H1
and H3, the power contained in H2 in the knee and ankle roll is not insignificant. It is due to the effect of the arm action
occurring twice, that is two arm pulls, per cycle.

Only the H3 wave is transmitted in a consistent manner. The very high wave velocity for the Hl wave from shoulder
to hip indicated that the shoulder and hip roll were almost exactly in phase. In contrast, the much slower wave velocity
for H3 from hip to knee and from knee to ankle indicates a sequencing of the lower limb actions such that the H3 wave
is transmitted in a cephalo-caudal direction. The sequencing is indicated by the differences in the times at which the H3
waves reach their peak for the hips, knees and ankles (11f). Small within and between subject variability in wave velocity
indicated that this rhythmic pattern is characteristic of skilled front crawl swimmers using a six beat kicking pattern. The
moderate H3 wave velocity, accelerating as it moves caudally, is consistent with the effective production of propulsion
observed in marine animals (Sfakiotakis et al., 1999).

Figure 12 shows the velocity of the H3 wave from hip to knee (a) and from knee to ankle (b) for each of the four
laps for each of the seven swimmers analysed. The four best swimmers had slower wave velocities than the other three
swimmers. This in interesting in view of research with marine animals in which wave velocities of the caudal fins of the
animals is only slightly faster than the swimming speed reflecting great efficiency (Sfakiotakis et al., 1999). The slight
increase in wave velocity from knee to ankle relative to hip to knee among the best swimmers is in keeping with the goal
of generating propulsion in an efficient manner.
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Figure 12. Line graphs of a) hip-knee H3 wave velocity and b) knee-ankle H3 wave velocity for each swimmer. Swimmers
are ranked from fastest (S1) to slowest (S7).
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Abstract

Based on a historical analysis of the construction of sports sciences in France, the creation of degrees in Sports
Management, about twenty years ago, appears as a successful example of professional diversification. This subject,
numerically the most important, is built upon three skill domains, science, management and sport. The case study of the
Sports Sciences Faculty of Lille will make it possible to highlight the objectives and the training programmes that we
are to analyse today. The consideration of the possibility of a European model will allow us to identify the strengths and
the weaknesses of the current training programmes.

Key words: sports management, sports studies

Introduction

The sports management courses are historically quite recent into the French academic system, as well as anything
connected to sports economy, or should I say anything related to the image that French sports have developed throughout
the 20" century: sports are pure whereas money is wicked; sports would be merely based on three pillars: amateurism,
voluntary work, and associanism. The associations must only work thanks to money coming from the memberships and
public funding, subsidies given by public authorities is the name of public services. Professionalism is no more than a
historical incident which shouldn’t be the subject of too many conversations, and the relationships between sports and
politics are nothing but vague opinions or disparagement. However, when dealing with sports in France, one should keep
some basics in mind: it’s under Charles De Gaulle’s presidency that the Ministry of Sports was born in 1965. France is not
only one of the rare countries to have such a ministry but it’s also the country that is employing the more civil servants
for that ministry in the world. It’s still De Gaulle that did what had to be done for France to obtain the Olympic Games in
1968. When in the late 80’s, a French businessman called Bernard Tapie took the lead of the Olympic Club of Marseille,
he increased the salaries in an incredible way and improved the structure of the club to bring it to the best European level.
He was criticized and disparaged, and the case was brought before the courts. Indeed, even if he had done a good job, he
had forgotten than in sports as in business ethics matter and corruption is illegal, at least when it comes into light...

Thus, French sports have entered an era of professionalization, of show business and merchandizing, and therefore of
management, but this new direction was to be taken lately and reluctantly. When I wanted to start a thesis dealing with
sports economy in 1979, there were absolutely no supervisors interested in this subject and I’ve been the second one in
France to produce such a thesis in 1982. This particularity even brought about some difficulties for me to find a job at
the university. And from the study of sports economy to the one of sports management, a huge step was still to be done
as it meant a shifting from theoretical aspects to studies leading to concrete activities. Ten years have been necessary to
walk this step. When in 1999 the sports sciences faculty of Lille offered me a job aiming at stimulating the management
course that was ending with the management Master of the time -which corresponds to nowadays Licence, or 3 years
of studies-, I found out that for the teachers of this faculty management courses only consisted in asking the students
to organise a few local or regional events. The courses were given by physical education teachers who tried to turn into
management but who had no real training in this domain.

That’s why I'm going to use my personal experience to talk about sports management in France, with several
parenthesis to analyse what is or has been done in other countries.

Brief history

An analysis of sports management cannot be understood without a brief reminder of the birth of sports sciences in
France. This can be summarized in three periods:
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The foundations of physical education: After the setting up of the first training centres for executives in gymnastics
in schools ((Ecole de Joinville) during the 19 century and the Teacher Training Colleges (Ecole Normale) in Physical
Education, the first regional institutions of P.E. were created as part of faculties of medicine in 1927. In the awakening
of the events of May 1968, the following year a reform law concerning higher education transformed the centres known
as Instituts Reégionaux d’Education physique et sportive -the sport education local institutes- (IREPS) into ones known
as Unités de Formation et de Recherche en EPS -physical education research and training units. The first real university
faculties started in 1975, with the creation of what is known in France as DEUG STAPS, a two year university diploma
in sports sciences. A three year degree came into being in 1987 and it became possible to do a PhD in sports sciences in
1993. So in a century the situation shifted from a solid professional training in P.E. to a system of university studies in
the Sports Sciences. But those training places were only meant to produce physical education teachers who, under certain
circumstances, could become federations’ executives and could be sent by the ministry to the different federations to
become national coaches, for instance. People coming from these trainings who had passed the CAPEPS -the diploma
needed to become a physical education teacher- or who were holders of the agrégation constituted the elite of the profession
as the exams permitting to obtain these diplomas were particularly selective.

The physical education faculties have only been created with such teachers, who had been trained to work in high
schools, not in universities. Some of them resumed their studies to pass a thesis, still with the goal of coaching or becoming
a physical education teacher.

The strong growth and the diversification of the first university training programmes:

The second period was marked by the impressive increasing of the number of students following the suppression of
the competitive entrance exam which acted as a barrier during the mid nineties (3 times more students; 45,000). Catering
for the new numbers made it necessary to diversify the offer of training programmes. The latter were based on 4 different
axes; teaching, coaching, management and supervising physical activities for the disabled and the elderly. A 5" axis which
had trouble asserting itself was sports ergonomics. Each of the aforementioned axes targeted a particular employment
sector, and corresponded to a training program as well as a specific research.

When I arrived in Lille sports faculty there were about 70 teachers but only 10 of them or so were real university
teachers, the others being mere high school teachers working for the university.

It is easy to understand that these teachers weren’t very open to changes and reforms. The research was also highly
limited for those teachers’ status didn’t take into account this aspect of their job in a faculty. Things began to change
about ten years ago when the university hired several teachers and researchers that were external to the STAPS, such as
economists, sociologists and the like.

The management course has been created in the early 80’s. It first interested students who didn’t want to become or
failed to become sports teachers. From the 1990’s onwards job openings developed and sports management studies became
efficiently structured. It wasn’t until year 2000 that Sports Sciences Faculties employed teachers / researchers to meet the
increasing demand in this sector. The creation of research teams in Management strengthened this line of studies.

The why of the management department was -and still is- quite difficult to understand for some people. One of my
colleagues told me recently that for her, a department in which there were no sports activities was totally unconceivable
in a STAPS faculty. People like physical education teachers as well as people issued from the association sphere, such as
heads of clubs, leagues or federations, who are very often former sportsmen, were considering this department very badly
as it corresponded to everything they hated -a harsh management, professionalization and changes in the administration’s
requirements. Actually they were convinced that it would bring a loss of sports values, mainly amateurism. They hung on
several values corresponding more or less to the way sports were practised in the sixties whereas the number of people
practising a sport, whether they were club members or not, was unceasingly increasing, as well as the number of sports
that could be practised, with the arrival of new disciplines that could be practised outside the stadiums, sliding or gliding
sports, etc..., each one constituting a new market. The federal world first rejected these new kinds of sports without
taking into account the expectations of the ones who were practising them, who were far from the competition spirit
but on the contrary wanted to return to pleasure and conviviality. It was necessary to get out from the logic of earning
money through sport practising and to enter the one of making money with sport; that is, in other words, to transform
sports events and clubs into companies, to link together the different players which are the sports events’ organizers, the
sponsors, the advertisers and the medias, to use the sportsmen’s image and popularity and to bring sports amateurs to
spend more money for their hobby and the consumers to consume more and more, sports becoming a perfect conveyor
of communication.

Whereas the defenders of a rigid kind of sport, far from the realities of our contemporary society, were leading a
battle that we could qualify of “old-fashioned”, in the meantime the reference organism for world sports, the IOC, was
becoming the organiser of several interesting events economically speaking, especially with the arrival of Juan Antonio
Samaranch. It was using sponsoring and marketing methods directly inspired from the companies’ universe. In the same
time, in the sphere of professional sports, vast amounts of money generated by TV broadcasting rights were circulating
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and very high salaries were paid within the legal framework of the associations, whose status weren’t corresponding
anymore to the extent they were taking. I’d like to catch your attention on the crucial role filled by money provided by the
media, for [ will talk about this close link between sports and media later. Sports advertisings were multiplying, as well
as the turnover of sports equipments producers and sports articles distribution companies who diversified their products,
adapting to those new markets or stimulating the old ones. The same phenomenon happened for many structures such as
private fitness companies, wellness centres, etc...

One can easily understand that nobody had been trained to fulfil the needs generated by those developments.

The current situation, between return and consolidation; professionalization

Following the diffusion of alarmist information concerning the absence of job openings in the sector concerned,
the number of enrolling students has been falling since 2004. Sports sciences faculties in France have also had to face
up several reforms changing the duration of studies to the pan European system of three, five and eight years (Licence,
Master, Doctorat). And today there is a new reform of university renovation. The universities are now preoccupied with
the professional insertion of their students (see the CEREQ studying 2005 which indicates that 85% of students who
obtain a three-year sport sciences degree have a permanent job six months after the end of their studies).

In the meantime, there has been an evolution in sport’s legal standards. When the organizations in charge of sports
events reach a precise turnover or come to distribute a certain amount of salaries, they are obliged to create a structure
which is very close to the one of a company. Furthermore, more and more rules and controls concerning these associations
are appearing whereas their subsidings are stagnating or decreasing. On the national as well as on the international level,
everything is progressively setting for the development of professionalism in sports, even for the executives of amateur
clubs welcoming mainly people practising sports as a simple leisure. These new rules and structures correspond to the
evolution of elite sport (rugby’s professionalization, the recognition of professional athletics, etc...), to an increasing taste
for sports in every industrialised country, the multiplication of elite and mass events, the proliferation of sports broadcasts
on TV and of new TV channels entirely dedicated to sports, the proliferation of private funds in the organisation of these
different types of events, the proliferation of events created by private corporations having barely any link with the actual
federations, and the possibility for a number of organisms to bring pressure to bear on the federations. Let’s take some
examples: in formula 1, the different teams had threatened the international motorsports federation to build their own
racing circuit. In cycling, the organisers of recognised competitions had refused to adopt the new system put up by the
international cycling federation and its project to build up a closed league.

Sports management studies have really been introduced very lately in the physical education and sports sciences
faculties.

Sports Management Studies

In the beginning, all the students issued from the sports management courses and having done three years of studies
were all coming from the STAPS training. They could find a job in the framework of some sports events, but more often
in every kind of companies who believed that their management training was perhaps not totally achieved but sufficient
enough for the kind of missions they were given. Moreover, they reckoned that these students had a very interesting
way of thinking due to their sports-like mind which brought them more easiness to work in teams and to produce many
efforts when necessary.

We can say that two sorts of markets were accessible to the sportsmen-managers: the sports universe, and the business
sphere -whether it was based on sports or not. In a world where sports are a crucial element socially and economically
speaking, the faculties couldn’t stay away from this phenomenon.

There has been simultaneity between the reinforcement of the faculties’ courses, with improved diplomas requiring
five years of studies, and the creation of courses about sports management in business schools. A sort of rivalry grew up
between those two types of training, the former being a public one with very low fees -300 Euros or so maximum- and
the latter being private and very expensive, about several thousand Euros a year.

Private schools provide their students a management training with a small touch of sports knowledge, whereas in
the sports sciences faculties the students’ profiles have changed: indeed, many of them aren’t coming from the STAPS
anymore, but from diverse sorts of trainings, each one trying to specialize in a precise field. A double competition is born
between, on one side, private and public schools, but also between the different faculties teaching sports management.
This second type of competition is due to the specialization of the different masters.

In France there are three “Grandes Ecoles” which are very well known and guarantee their students with a good
salary: EuroMed Marseille, Audencia Nantes and E.S. Gestion Paris. The contents of the lessons are similar to those in
the Sports Sciences Faculties, the difference is the enrolment fees: more or less 10,000 Euros and in the partnership with
companies which are large groups (Nike) or sports clubs like the Marseille football team.
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In Europe there are some training programmes in sports management which are internationally recognized and are
private: Glion Leisure Management School (Switzerland) Fifamaster in Italy, Solvey Business School in Belgium. The
difference with the French schools is in the “entrance fee”: more or less 15,000 Euros and the fact that the lessons are
exclusively in English.

At present there are 38 Sports Sciences Faculties which teach management to 45,000 students involving 304 permanent
lecturers; there are also 18,000 teaching hours for teachers who don’t actually belong to the universities. That is to say an
average of 191 students (if one includes all study levels) per faculty in Sports Management departments in 2006.

A question which needs to be answered is why have sports management studies been created in sports sciences
faculties and not in management schools? Part of the answer is that this sector of activity is part of an original political,
economic, judicial and financial logic of the modes of organization and the development of sport in France. A French
model of sports management is necessarily based on a double logic; public and private which is organized on the basis of
a delegation of powers from the state attributing to the federations prerogatives of public power. Thus these organizations
constitute a real “public sport service” which is based on an administrative and financial solidarity between sport for the
masses, top level sport and professional sport.

This situation justifies forms of management and development which are specific.

They are all the more particular since French sport has been confronted with a quick evolution of its environment;
shifting in less than a quarter of a century from a supply-type economy based on a strong commitment from the state to
a demand-type economy The historic producer (“the sporting movement”) has had to come to grips with a supply-side
which is both competitive and complementary: the one made up by the regional authorities (facilities and instructors
working for the local council) and the one of the companies of the private sector which have turned sport into a business
(facilities one has to pay for such as squash courts and gyms etc.). These are for the majority companies which didn’t
exist before the mid-seventies and now offer new sports service and sporting products.

The rapid progression of this new economy of the demand for sport has had an important effect on the forms of
management and marketing of the organizations in charge of the development of sport in France. Today, in order to
adapt, the latter must take into account both the constraints of the public and the private sector. This rather particular
configuration has been analysed by the management laboratories of Sports Sciences Faculties (see the creation in 1993 of
the first reference work in sports management, entitled “Sport and management, from ethics to practice”, a study containing
more than 600 pages, by 35 authors, all from Sports Sciences Faculties). Thus there is a very strong specificity; if we
just take the example of the marketing of sports services, we can see that they are permanently evolving at the edge of
profit-making and non profit-making activities; in this way creating the conditions of a unique marketing system. In the
same way if one takes the conception, the production and the marketing of “sports events”, the unpredictable quality of
the sporting result or outcome (“the glorious uncertainty of sport”) makes the marketing (and also the management) of
professional sporting clubs very particular (see the introduction of clubs to the stock market). Therefore, we can clearly
see that this type of profit-making and non profit-making activities is different from the economic and financial logic of
strictly commercial activities, the classic study subject of management sciences.

Case study: Sports Management at the Sports Sciences Faculty of Lille 2 University

This section was created in 1984 and concerned students (mainly male) who were not interested in teaching or being
a sports instructor.

As in the case of the other Sports Sciences Faculties, the problem of the professional insertion of students enrolled
in this section led our faculty to become more diversified as shown by the creation of training programmes with a strong
practical side and placements.

At present we are offering a Superior Technical Academic Studies Diploma (DEUST, several professional licences,
a Master, year | and 2, and the possibility to prepare a Master’s thesis. One can also notice that by proposing a complete
curriculum from the first year of university up to Master level, the courses offered firstly attract a public made up of
students from the traditional sports sciences, looking for a professional alternative to Physical Education teacher, then
progressively attract students coming from other areas of higher education (economy, sociology...) and from other
European countries and even from China, North Africa...

The Master curriculum covers two years and is divided into four semesters. 300 credits (ECTS) being necessary to
obtain the master. Although the entry to the first year of the Master is open to all students who have completed a three
years university course in management, the admission to the second year is subject to particular conditions.

The first year of the master is divided into two parts: the first semester runs from September to December and is
essentially composed of academic lessons and a few interventions made by professionals. The second semester itself is
divided into two parts: the lessons end in February, and the rest of the year is dedicated to a work placement. The mission
given to the student must allow him to take some responsibilities, but he’s still not completely responsible for a particular
case or mission. More often, the student is not asked to present a report of his placement, but it’s not a national rule.
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The master’s thesis is still very academic in a way to give the student the opportunity to propose a problematic and to
develop his ideas and have a correct sense of writing. He then has to present his thesis in front of two academic teachers
or researchers, one of them being his supervisor.

To be concise, if one takes the example of students enrolled in the second year of the master’s degree, the teaching
is done by the setting up of an alternative training programme including fundamental university teaching. The academic
aspect is carried out in the first semester. During this semester the lessons are a mix between what we could call the
theoretical aspects (socio-economic analysis of sport, judicial and financial analysis, strategic analysis, computing, etc.)
and the interventions made by professionals. The professionals coming from private companies or administrations provide
35% of the lessons. They can be required to dispense a complete course, which corresponds more or less to 18 hours, or
they can talk about their own experiences during seminaries.

The second semester is dedicated to the work placement. It has to be at least two-months long, but it generally lasts
for six months. During this period the students are observed by their placement supervisor, who is a member of the
company they work for. At the end of their placement they have to present a thesis, which they would have written with
their thesis’ supervisor, a member of a university. This thesis is not a mere placement report: it must give the student the
possibility to show his capacity to take some distance from a particular problem, to analyse it and to produce a well-built
argumentation based on academic works.

We can notice a deep change between the missions that were given during the students’ placements some three or
four years ago and the ones they have to manage nowadays. This change is due to several criterions:

»  First, More attention is paid to the title of the placement and the description of the mission. The student’s thesis
supervisor, his employer and the faculty’s responsible for the work placements examine carefully the placement
convention to avoid any possible mistake.

e Then, In the universities it’s usually the students themselves who have to find a placement, contrary to the business
schools who have a special service to contact the companies. This is due to the fact that first of all, it wasn’t possible
financially speaking, but above all we were not used to hire a person who could at the same time put the faculty in
touch with the companies and establish a network of former students, which would have been an excellent way to find
out jobs and work placements. In Lille, this gap has been fulfilled two years ago, a teacher having been discharged
of a part of his lessons to do this kind of tasks. A junior company is even being created.

*  Finally, the companies are more involved when selecting the candidate nowadays. For a long time, the universities
have been extremely reluctant to let the companies step into what they were considering as their private property. In
France the relationships between the world of the universities and the one of the companies have long been exceedingly
strained, and still are for many persons who see these links as “unnatural” for they consider that the university should
be free from any constraint or any idea of profitability. it was the same phenomenon for teachers: the lessons taught
by people coming from companies to talk about their own experience have long been limited to some seminars. We
thought it would be sufficient enough to convince them to welcome a number of students for work placements in
their companies. This state of things has been deeply modified, but ten years have been necessary to evolve.

The diploma entitled “Sport, Organization, Leisure, Events and Sports Careers” contains two options: “Sport, Events
and Communication” and “Management of Sports Organizations and Leisure”. We understood that we were functioning
with the obsolete supply system, that is to say that we were offering diplomas following our estimations of the companies’
demand, without any previous market analysis. To give you an example of how we were proceeding, we’ve decided to create
a Master in sports management the same way a gambler would have rolled the dice: at the end of one of the three annual
parties organised by the faculty. Then, with the help of one of my colleagues who later took the head of the DESS -which
was the previous name for the Master- we have established a program and a specialization according to our own idea of
the market and our means in the faculty or the persons who could have helped us, but without any preliminary analysis
nor any forecast about a recruiting program. Such a forecast would have been extremely difficult to do as we’ve had to
obtain, year after year and post by post, the transformation of physical education teacher posts into ones of managers,
sociologists, jurists and so on and so forth. We’ve also had to obtain the creation of new posts for those courses, against
all expectations.

Nowadays, thanks to the more realistic links that we’ve tied with many companies we understood that it wasn’t
necessary to have a master to organise a sport event. Moreover, the market is rapidly saturating and it’s more and more
difficult for many of our students specialized in “organization of sport events” to find a job; that is why we have decided
to work with more precise fields of studies and from 2010 onwards, this specialization will be removed from the master.
In return, we will open two professionalizing licences, the first being turned to horse riding and the other one to leisure.
Today, the master has become more accessible to the demands of the companies: for example, we’re linked to the Decathlon
registered office in Lille, which is to hire several thousands persons in the next few years. This master’s courses have not
only been created to meet this particular market requirements, but also the ones of sports journalism, of sports articles’
outputs, etc... In Lille, for instance, we have one of the companies producing all the equipments for well-know sports
events such as the Tour de France, the Olympic Games, the Football World Cup and the like. It also produces the flags, the
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barriers, all the signs and boards, and so on and so forth. To keep competitive, this company has to renew and diversify
it’s activities perpetually. For example, the barriers and the signs that lay in the last hundred metres of each stage of the
Tour de France have had to be conceived in a way to avoid the possible accidents with the other barriers, which are by
the way too heavy and bulky to be put up and taken down rapidly. It’s the same thing with the podiums and the cabins
reserved for the journalists, which also have to be put up and taken down as quickly as possible. People are needed to
conceive and manage these products, people with various skills who are aware of the difficulties they could encounter
in the sports universe and are able to solve a problem as fast as possible, wherever it takes place. The public relations
manager of the Team Areva, whose building regattas on every continent to prepare the America’s Cup has to be skilled
in public relations, but also have a good knowledge of the competitive sailing universe. You also have to keep in mind
that for such a job, speaking English correctly is absolutely necessary, which is a major handicap for French students.

We also have some contacts with Amaury Sport Organisation, the French tennis federation, etc. One can give
examples of jobs occupied by holders of a Master’s degree in management; project leader with a sporting specificity,
marketing director, head of communication or relations with the press of federations or sporting groups, shop manager
(sports retailing), director of a sporting complex (water sports, fitness, specialized..) manager of a professional sports
club, administrative executive in the federations..

To sum up, a student with a master’s degree has three different skill domains; scientific, managerial and sporting.

In a way to adapt our courses to the companies’ expectations and to meet the demand of those who are already working
but who’d like to increase their knowledge and have an access to a better diploma, we’re going to bring an alternate
formation in our master, that is to say that our students are going to alternate between working three weeks in a company,
and then one week in the faculty to follow intensive courses, eight hours a day from Monday to Saturday.

The research in sports management

I still have to explain the situation of research in sports management. It is very important for the Ministry of Superior
Education that the masters lean on research teams which are recognized on the national as well as the international
levels. As a result, small laboratories have had to group into bigger ones, specify precise research axes, develop scientific
activities, etc... For instance, the laboratory I am in charge of was employing about fifteen researchers in 2006, and more
than fifty nowadays after the grouping of all the small laboratories in the north of Paris. The fact that researchers coming
from different scientific cultures are collaborating on several axis and themes that have been decided in common has
allowed us to find a quick national and international recognition.

The students willing to work into sports management researching have specific courses from their first Master year
and they carry out their placement in a laboratory instead of a company. Their thesis plays a very important role as it is
the principal element used by the selection committee to decided if they can continue their studies. Very few students
chose this option, mainly because of the very low number of jobs that have been created by the ministry in the past few
years. An intellectual revolution still has to be done, to admit and understand that a thesis can lead to direct applications
in a company, and not only to an academic career. This is an extremely sensitive question for it is not only the way of
thinking of the academic circle that has to be changed, but also the one of French employers who are most of the time
frightened by high-level diplomas, as they fear an unfair competition with an employee who would have a better diploma
than themselves, and to have to pay high salaries.

Conclusion

The development of a professional branch in the sports sector at a European level, structured in a way that takes into
account a strong associative sports element, is an essential process for the future development of sport in our countries. This
progressive process of “controlled Europeanization” is currently leading to the creation of EOSE (European Observatory
of Sports Employment) and of a European network of the Institutes of Sports Sciences.

The European cooperation in professional training in the sports domain, including management, necessitates a
coordination of the educational institutes, leading to European Master’s degrees, facilitated by the setting up of the
semester system and that of the ECTS (European Credit transfer System), which supposes a harmonization concerning
the whole or part of the curriculum. I am personally trying to create a new master turned to sports tourism, with the
help of six partner countries which are Portugal, Greece, Romania, Italia, Algeria and of course Croatia. This European
diploma will probably lean on the Erasmus Mundus system, which would allow us to finance the movements of students
and teachers.

Our participation in this conference contributes towards this regulation effort which targets five indisputable
professional sectors in the field of management:

Ist sector: creation, marketing and distribution of sporting goods and services

2m sector: professional sport and sporting events communication
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3" sector: sport and public action
4% sector: sport, leisure and tourism development
5% sector: the management of sports organizations

Even if French universities have been extremely late to get into sports management instruction and research, it has now
evolved in such a way that it has now a privileged place in Europe concerning this particular field of studies, especially due
to the fact that sports sciences faculties are involved in these studies. Several faculties coming from different European
countries have contacted Lille’s sports sciences faculty to find some help to make up sports management courses. These
appeals even extend beyond the mere European borders since, besides the partnerships with Greece and Romania, we are
also working to the creation of a Master with the Algerian universities of Tlemcen and Ouargla, and the Chinese university
of Sheng Yang. These courses will combine some lessons given by local teachers and speeches that are grouped together
on short periods, usually one week, made by teachers coming from Lille and having their own speciality which doesn’t
exist in the given university. This leads to the birth of a new category of teachers that we could call the “jet-teachers”. But
it is said that travel broadens the mind, and above all it allows meeting many people and making lots of new experiences
which are always rewarding personally as well as professionally speaking. When hearing the word “university”, I like to
recognize the words “universe” and “city”, in the way the Greek people understood them.

A European association for sports management (EASM) created in 1993 makes it possible to know and to develop
scientific exchanges in practice and experience in the field of sports management.
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ADAPTED PHYSICAL ACTIVITIES AND SPORTS FOR THE DISABLED
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Abstract

Sport for the Disabled is included in this concept, but actually very little co-operations are reported. It is more likely
felt that the elite and international sports movement for athletes with disabilities ignore the APA approach. This is not the
fault of IFAPA representatives who always try to contact and to invite the international organisations to their Symposia
and Congresses. Best examples are the Paralympic Congresses which are rarely frequented by athletes, coaches and
administrators of the international sports federations. A neutral observer may find that athletes and coaches have to fully
concentrate on their competitions and the necessary mental adjustments and may have no free capacities available to
visit seminars, workshops and scientific presentations. Even we can state that APA and Sports for the Disabled possess a
common denominator in characteristics like disability and movement the defined intentions are not fully compatible. One
reason can be found in the history of both movements which developed independent from each other for a long time.

Sports for the Disabled and Adapted Physical Activities can identify in the field of rehabilitation and recruiting their
most effective opportunity of cooperation. The existing deficiencies in the national sports programmes for people with
disabilities could benefit if APA experts as scientists and as practitioners would help to develop programmes and qualify
athletes and lay people to teach and assist to organize community programmes.

Key words: adapted physical activities, sports for the disabled

The content of ‘Adapted Physical Activities’ is quite comprehensive described in the Textbook of SHERILL C. (2003)
“Adapted Physical Activity, Recreation, and Sport™. It aims towards a healthy life style for all as an important base for
allowing self actualization of any individual. The author and her co-authors belief that all individuals with disabilities
have the right to demand adequate training and education of adapted physical activities to reach any level of competitions
from grass roots to elite. This concept seems to be well implanted in the US in schools as a service delivery system and
as training of APA specialists at University level. In the history of the APA movement a growing number of sciences
are included according to the found complexity of health parameters and the significance of attitudinal factors in health
education.

Sport for the Disabled is included in this concept, but actually very little co-operations are reported. It is more likely
felt that the elite and international sports movement for athletes with disabilities ignore the APA approach. This is not the
fault of IFAPA representatives who always try to contact and to invite the international organisations to their Symposia
and Congresses. Best examples are the Paralympic Congresses which are rarely frequented by athletes, coaches and
administrators of the international sports federations. A neutral observer may find that athletes and coaches have to fully
concentrate on their competitions and the necessary mental adjustments and may have no free capacities available to
visit seminars, workshops and scientific presentations. Even we can state that APA and Sports for the Disabled possess a
common denominator in characteristics like disability and movement the defined intentions are not fully compatible. One
reason can be found in the history of both movements which developed independent from each other for a long time.

In this article I will present in a first approach reasons for this discrepancy and in a second one areas of common
interests and useful cooperation.

Historical implications on development of Sports for the Disabled and the Paralympic
Movement

» The Beginning at Stoke Mandeville

The paralympic movement started with an outstanding medical achievement in the year 1944. A devoted neurologist,
who marginally escaped the Nazi-terror in Germany, Sir Ludwig Guttmann, succeeded in finding a method to keep
people with spinal cord injuries alive. For thousands of years a spinal cord injury was resistant to any treatment and
subject of suffering and early dying. The feeling of success and having transcended human limitation inspired the whole
team around Guttmann. By chance he realized the positive physical and emotional effects of sporting activities in the
rehabilitation of his patients. The world wide known ‘Stoke Mandeville Spirit’ inspired Guttmann to make another
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important step. Long before the ICF code was published by the WHO, he aimed for public acceptance and participation
of people with spinal cord injuries in all aspects of life. The first Stoke Mandeville Games started on the same day as the
opening ceremony of the Olympic Games in London 1948 to herald the beginning of the realisation of his vision to the
public(GUTTMANN 1976).!

Connecting the wheelchair sports movement to the ideals of the Olympic Charta opened the vision for social integration
of individuals into our societies who had been regarded so far as symbols of pity and grieve. Wheelchair sports proved
to become the best means to overcome the deeply felt negative image of being confined to a wheelchair. Contrary:
wheelchair sports participants demonstrated the ability to achieve, to enjoy life and to demand respect instead of pity.
Public acceptance improved proportional with the betterment of sports competitions and athletes’ performances.

» Focus on public recognition and elite sports

In the beginning sports as a mean of rehabilitation and therapy of patients with spinal cord injuries was quite congruent
with the aims of APA. To focus primarily on public recognition by meeting the criteria of journalistic interests caused by
time the major difference to the APA objectives. The strive for excellence in sports performance is not only an inherent
goal of sports but was accelerated by the necessity of individuals in wheelchairs to pull down emotional and attitudinal
barriers in our societies. Guttmann may not have known sports better in all its variations and specifications. Certainly
he and his devoted supporters under estimated necessary provisions to develop sports participation on community level.
The desperate need of public recognition focused on organising an international event with athletes coming from the
entire world and to be represented every year in Stoke Mandeville.? His best collaborators became medical doctors who
went on pilgrimage to Stoke Mandeville to learn the new treatment method and to realize the benefits of participation
in wheelchair sports.

» Athletes’ strive for excellence the motor for the evolution of sports for the disabled

All positive achievements which are connected with wheelchair sports and later also with sports of other disability
groups® were positive results of athletes’ striving for sports excellence at international events, provided by the international
sports federations. Many doctors regretted the beginning of specialisation on single sports and disciplines by the
athletes or the acceptance of ambulatory people in wheelchairs and of others than those with neurological impairments.
Obviously athletes did not focus on positive health effects but on competition and to challenge prejudices and imposed
limitations.

The Olympic ideals faster, higher and wider provided new sports, new equipments and orthopaedic devices, effective
compensation skills and ingenious training opportunities. All these improved athletes’ health level, independent living,
social acceptance and emancipation towards self-determination. These results fascinated the APA representatives and
their scientific personal. Obviously important goals of APA had been realized by elite athletes. Could they not become
ideal role models for many others to participate in sports? (SHERILL 2003, 633).

» Tim Nugent’s philosophy on education and rehabilitation

The principles of this process which guided this athletic movement was described at an early stage by Tim NUGENT
(1964), the founder of the NWBA in 1949 and of the training programmes for students with disabilities at the State
University of Illinois in Champaign/Urbana/USA. He became the advocate for the policy of self-determination for
individuals with disabilities. Scientists and specialists in rehabilitation should primarily assist athletes to develop their
own identity. Sports and specially the international events provided in fact the stage for athletes with disabilities to develop
their own identity by trial and error. The consequences of this process provided reasons to regard disability as a challenge
of life that allows opportunities to grow, to strengthen an individual’s personality and to support social integration in all
aspects of life. As one of the positive results we can notice public admiration of the Paralympic Games. The relationship
between people with and without disabilities improved tremendously.

These are the most positive results in the paralympic movement. Regrettably there are significant deficiencies to
report, if, following the Olympic principle that participation is more important than wining, we look on numbers of active
athletes and the actual situation on recruiting at the national programmes of the IPC member countries.

I The Games started on 27" July 1948
2 Already 1952 the first International Stoke Mandeville Games took place.

3 Until 1972 the Games allowed only athletes with neurological impairments (spinal cord injury and post polio).
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Deficiencies in sports participation in Sports for the Disabled

The IPC is quite proud to report at the Beijing Games a new record of participating countries. Another figure showing
the number of medal events gives reasons not to compare simply with the Olympic Games but look at the differences
and specifications more seriously.

» Diversity of impairments, functional levels and number of classes

The diversity of people with disabilities is quite extreme. 4 international organisations: IBSA, IWAS (formerly
ISMWSF & ISOD), CP-ISRA and INAS-FID, whose population is extremely inter and intra different with regard to
interests and competing opportunities, want their athletes to be well represented at paralympic events. The Paralympics
offer a much bigger number of events for fewer participants than the regular Olympics. At the Paralympics 4000 athletes
compete in more than 600 events, whereas for 15000 athletes only 300 events take place at the Olympic Games.

At the Paralympics events are reserved for athletes with sensory impairments, neurological impairments, orthopaedic
impairments, coordination impairments and even mental limitations. Quite complex classification systems in each of these
basically medically defined categories try to allow fair competitions. Each sport and each disability group is mandated
by the IPC to reduce the number of classes with well adapted equipment (wheelchairs; bicycles, prosthesis etc.) and by
applying a functional approach in classification that combines and transcends the original medical categories. Many
sports still did not succeed in developing from a medical system to a functional and sport specific one.* Nevertheless,
even with optimal classification systems the still existing functional differences between all athletes demand to maintain
a reasonable number of classes. As an example the following table shows the number of classes in athletics, valid as well
as for female and male competitors:

IBSA (International Blind Sports organisation) 3
IWAS (International Wheelchair & Amputee Sports Organisation)
» Standing for Amputees and Les Autres 7
»  heelchair rack t W 3
» Wheelchair field 7
CP-ISRA (Cerebral Palsy — Int. Sports & Recreation Association 8

Classification is still an issue of controversy and discussion. Especially athletes with cerebral palsy feel disadvantaged
when combined with athletes without brain impairments. Articles on this issue are frequently published in IFAPA’s
journal APAQ.

IPC gives this issue great significance. Therefore it organized in Godesberg/Bonn (Germany) 2006 an international
conference solely on this special and difficult issue. The VISTA Conference 2006 used the slogan: Classification - Solutions
for the Future®. More than 200 participants from all over the world showed great interest and attended this conference,
including many scientists of IFAPA. Unfortunately athletes and administrators of the various sports were only marginally
represented. Discussion between the sports practitioners and the scientist did not take place. It is no secret that because
of missing communication between the sports and the scientists no effective solutions can be reported which may come
into effect at the Paralympics 2008.

»> Poorly developed structures and programmes on national level

A major deficiency for participation of athletes with disabilities is not found at the Paralympics but has to be reported
from national programmes of the member countries of the IPC. The quality of development of the various sports with
regard to level of organisation and opportunities to train and to compete in the member countries of the IPC are quite
poor. No useful information on structure, or of number on athletes, nor of real data on sports participation can be
obtained from the countries. The level of organisation and quality of programmes for the different disability groups are
not known. The IWBEF, as one of the advanced sports federations, tried to receive data from its membership. Only 60%
of its members replied and the reported figures are quite small and often obtained by estimation and not by objective
assessments (Anonymus 2002). Even the German Sports Federation, the biggest federation in number of members in the
world, could not give real data on active athletes in paralympic sports.

» Dominant interest of countries and athletes to compete on international level

In fact, for the majority of sports do not exist well structured programmes which start from grass roots to elite level.
One of the main reasons for the deficiency in sports participation was and is the wrong attitude in sports for the disabled to

4 Wheelchair rugby classification is governed and applied by medical people and not by athletes on equal level.
> DVD with Proceedings can be obtained from IPC Office in Bonn/Germany.

99

Adapted Physical Activity and Sport for the Disabled



Adapted Physical Activity and Sport for the Disabled

5t International Scientific Conference on Kinesiology, 2008, Zagreb, Croatia

put emphasize on the organisation of international competitions before sound structures were built in a reasonable number
of countries and continents.® You can not develop a sports structure from the top. Today it is even worse to correct the
faults from the past. Athletes and administrators who enjoy international travelling and selection for international events
possess no free capacity to promote national programmes and may not be interested to share their privileges with others.
New athletes are discouraged to participate not only because of missing recruiters but they face a too wide difference
of their performance level in comparison with internationally experienced athletes. Missing organized opportunities to
train and to compete on equal levels with peers lead to frustration and drop out of novices.

» Professionalism in Sports for the Disabled

The movement towards elite competition and the interests of countries and their representatives to gain medals at the
Paralympics have aggravated the problem on participation. Since 1996 also sports for the disabled gradually left behind
the conditions of amateur sport. More and more elite athletes, who want to have a chance to gain a medal, train under
professional conditions. Sports for the disabled are at present the privilege for gifted and motivated individuals who are
willing to commit their lives to sports excellence and who find the resources to execute the necessary training under the
guidance of sophisticated and paid coaches and managers. Professional sport is not interested in many participants but
only on talented ones, and if possible, in many paying spectators. Being related to success and spectator interest sports
loses the ideal of fair play and self-determination of the athletes. Sports have to meet the interests of spectators and media,
not to forget to mention the interests of sponsors. Sport leaves the realm of play which regards the activity free of any
other purposes and is opposed to work. Ideals and rules become subordinated and are primarily influenced by spectator
interests and show-business. Athletes with disabilities count like in able bodied sports as useful human material for sports
functionaries, politics and business enterprises.

Major differences and difficulties in sports organisation for individuals with disabilities

» People with disabilities are most divers in form and capacity of movement

Nature and degrees of disabilities are utmost divers and different. Disability affects people more frequent as adults
and at older age.

- Children with congenital impairments are a relatively small group.

- The numbers of casualties with acquired disabilities increase during the age period between 18 and 25 years and
again beyond 55 years (Statistics and Report on Rehabilitation of the Federal Republic of Germany 2004).

- Fortunately athletes of younger age with acquired disabilities are less frequent. The major group with congenital
impairments are individuals with cerebral palsy.

- The male gender is affected by disability through accidents more than three times.

- Among the population with disabilities two major groups can be distinguished: Those with congenital impairments

and those with acquired impairments. These two groups are mostly different in their capacity of sports experience
and learning capacity.

Conclusion: The distribution of people with disabilities on an age scale starts with a small base, becomes broader
at adult level and finds the majority of members from 55 years and older. The distribution of the female gender is much
smaller. Diversity of the motor potential is utmost complex and heterogeneous. Teaching physical activities and sports
finds very great challenges and demands a variety of specialisations.

» Teaching of individuals with disabilities faces great challenges and limitations in most countries

- Disability is felt as a tragedy of life which challenges not only a person’s future perspectives but very often
also those of his/her family members and friends. The process to adjust and to over come a disability is a major
challenge of life, especially for those with acquired disabilities.

- Teaching physical activities and sports in this situation is a difficult and demanding challenge for physical
educators and APA specialists.

- Sports for the disabled were originally addressed to adult people with acquired disabilities.

- Programmes for children and young adults are very difficult to organize. In many countries children programmes
are rarely to be found. Main streaming into regular schools improved but difficult to organize in physical
education.

¢ In sledge hockey sitting volley ball and wheelchair rugby the national team is in most countries the only team.
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» Teaching sports in hospitals is an exception

- Sports Therapy and teaching sports was part of special clinics for spinal cord injuries and not for all disability
groups.

- Because of growing costs patients stay shorter time in hospitals. Application of sports therapy and learning of
sports have less time, if any, available.

- The close relationship between the medical personal and sports for the disabled, between rehabilitation and sports
organisations, terminated, when the needs for proper training demanded sports specialists.

- The athletes also wished to emancipate from a patronising attitude in medical rehabilitation and strived for self-
determination.(STROHKENDL, 1996, 20f.)

Summery:

- Recruiting individuals with disabilities for permanent participation in sports programmes has to become part
of the complex rehabilitation process. This makes the major and extremely demanding difference to regular
sports.

- Means used for motivation and participation in sports, like media coverage, role models for children, can have only
a marginal effect.

- The complete process of rehabilitation and education of people with disabilities has to become the point of reference
to find ingenious concepts for the various disabilities.

- Separation from believes in able bodied concepts are necessary to some extend, especially believes that success in
elite sports may increase numbers in sports participation.

- A total revision of the actual policy in sports for disabled of most countries is necessary, if more individuals with
disabilities may enjoy participation in sports.
APA could play an essential role in building the national programmes at rehabilitation centres, at schools and
at communities.

Revision of Sports for the Disabled policy and ways for solutions

Public recognition, media coverage of role models and information on the significance of adapted physical activities and
sports in all kind of publications do not generate initiatives to establish programmes. Also graduates on APA studies rarely
start initiatives on community level to allow people with disabilities to participate regularly in sports programmes.

The interests of the few Federations who represent IPC sports at national level are absorbed by promoting elite sports
and by participation at international events. They do not feel responsible to build a good national structure from grass
roots to elite level. A necessary closer contact to APA-experts maybe exceptions, even though a closer cooperation should
be expected. The national federations for sports for the disabled represent mostly elite sport concepts and a population
of athletes that are not the major group for APA — programmes. On the other hand qualifications in APA rarely provide
highly specialised coaches that are demanded in elite sports. Sports for the disabled have reached a deadlock. Where
could be found the necessary energies and pioneers who can initiate change and develop a new policy at least for the
attractive IPC sports?

Nugent’s philosophy on self-determination promotes as a logical consequence an increased involvement of athletes,
preferably after their career. The majority of developments in sports for the disabled came through athletes’ initiative and
contributions. Could this creative energy, that over estimated for good reasons a long period of time the wining philosophy,
not be directed and channelled into a solidarity movement that focuses on a ‘Sport for all philosophy’? Peer counselling
brings sporting activities back to the original rehabilitation process of people who have to over come disability as an
extremely demanding challenge of life. Here the circle of the history on sports for the disabled closes. The former patients
matured to become respected athletes and admired representatives of their sports. Their experiences and learned values
can add to the most important psychological segment in rehabilitation as role models. SKLORZ (2005, 61) reports in her
thesis: Athletes possess a most effective ability to recruit novice players to participate in wheelchair rugby.

» Revision of the paralympic philosophy

Actually the paralympic spirit, the successor of the Stoke Mandeville spirit, developed when hospitalized patients
were integrated into community life. At this threshold is the real challenge for sport development and a working field for
any organisation, which regards physical activities for all as the ultimate goal to achieve, to get involved.

Sports as a means of rehabilitation and recruiting makes the major difference to regular sports and has to be

identified as the most challenging factor for participation in sports.

From this perspective the Paralympic Games are an additional opportunity for a small number of elite athletes who
may qualify from widely applied community programmes.
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APA expert should, according Nugent’s principles, provide the stage: They can not expect that the actual people
in office of national sports federations for the disabled are the right address to offer their support. Nevertheless, APA
experts should try to identify those Sports Federations who are actually willing to promote sports development from the
grass roots. New pioneers are demanded who focus first of all on sports participation on community level and who define
themselves not only as recruiters for elite sports.

Here APA can find its real and important tasks. According to Nugent they can help to provide the stage for
experienced athletes to work as peer counsellors in rehabilitation and at community level programmes.

» Relationship of volunteers and APA experts

The history of sports for the disabled is the history of devoted and capable people who succeeded in organising real
programmes for regular and permanent sports participation. These people are often no sports specialists and may not
have qualified through studies and examinations on physical education. The majority of those people are family members
or friends who are in close contact with somebody affected by disability. They are guided by their intrinsic motivation
to help individuals to over come the psychological and social limitations caused by disability. They realize that learning
and participating in sporting activities improve the rehabilitation process towards self-actualisation and prevent social
isolation by successful inclusion into self-aid groups. Such an approach is different from medically oriented sports therapy
that focuses primarily on physical effects of sports participation and most of all from an elite sports concept that aims
solely on personal best and record.

The psychological and educational adjustment to disability is the primary intention of devoted lay people. In deed,
a great task to achieve, if self-actualisation becomes the ultimate goal to achieve in Rehabilitation. The conditions to
organize such a programme during hospital stay are difficult to fulfil, because the period of stay in hospitals is too short.
An important resource for organising workshops and camps are self-aid groups in cooperation with national organisations
for each population of individuals with disabilities. The legacy for equal rights and none discrimination acts in many
countries could support initiatives for the establishment of community programmes for sports and APA.

APA experts could assist in this process as well informed partners.

» Models for improved participation of people with disabilities

In Germany we can report very good results from workshops on mobility training for children and young adults of
six to seven days duration. Invited are people in wheelchairs with one family member or partner. The instructors are
combined teams of wheelchair users and none disabled both lay people who convene one to three workshops at the most
per year. All instructors are trained on APA and sport elements that provide successful learning of skills, enjoyable games
and. as a free choice, introductions into sports of major interest. The preference to use trained lay instructors is not only
less costs, the intention is to facilitate positive personal relationships between all participants of the workshops.

Although the workshop is named as ‘wheelchair mobility training’, recreational activities like swimming, singing
and relaxation are included. The priority is put on successful learning of interesting skills, of useful all day activities
and of enjoyable co-operative games in an atmosphere of positive human relationships. Success and appreciation of each
others personality leads to mobilize the immanent resources of an individual towards self-actualisation.

Professional Sports and APA experts in co-operation with experienced peer counsellors prepare the lay instructors
not only how to teach novices but to perceive disability as a challenge of life that pertains the chance of mutual learning
of human values and personal growth.

» Rehabilitation and Recruiting in national Sports Federations for the Disabled

Striving for excellence is not eliminated from national programmes. It has to be organised independently and reserved
to a small minority of gifted and highly motivated individuals. Elite sports needs highly experienced and qualified coaches
for each single sport and a professional working management.

Also scientists have to specialize and to develop a closer relationship to one sport and to experienced athletes if
their competence may come to fruition.

The mutuality for all athletes with disabilities is the challenge to over come disability. Sports as a means of rehabilitation
and combined with active integration into community programmes provide the placenta for sport development from grass
roots to elite level. Recruiters address individuals with disabilities at rehabilitation fairs. It seems that the willingness to
develop interests for sports for the disabled demands a certain stage of acceptance by the new client. The known concepts

7 The German wheelchair sports programme for physically disabled children started in 1972 with a study on Spina bifida. The mobility
training courses were implanted in 1981 and become the most effective means for more than 130 community programmes.
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on rehabilitation programmes that put emphasize on psychological and educational objectives need more research about
individual patterns and solutions.

In wheelchair rugby of the German Wheelchair Sports Federation (DRS) I chair a committee on rehabilitation and
recruiting since 2004. The following actions had been proven to provide good results:

— Potential players are contacted by players at rehabilitation fairs
— The Wheelchair Rugby Federation advertises for workshop programmes.

— The committee looks for devoted new players and one able bodied assistant who are willing to organise a local
workshop.

— The committee sends 3 instructors (1 low-point, 1 high-point,® 1 official) and rugby wheelchairs with additional
gloves and straps. Most important is the low-point as role model for the novices.

— Basic skills and first playing experiences as a team are supported by the high-point and the official. Assistants
of novices are encouraged by the workshop personal to support the implantation of the new sport on community
level.

Revision on APA’s philosophy and its ethic of human services

> Review of APA’s involvement in Sports for the Disabled

A part of using elite sport as a good resource for research and for achieving academic qualification the major
deficiencies in sports development are not identified in APA research seriously enough. Actions that are learned from
regular sports and advertising through media coverage are not efficient enough at this stage to promote participation in
sports for the disabled. The effect of written material is over estimated. Pioneers are needed who are able to implant and
organize sports programmes on community level nation wide. Devoted and qualified individuals are the limiting factor in
sport development. This conviction applies also to APA-experts. What can the national members of IFAPA do to establish
active programmes in communities? For permanent participation in physical activities and sports close cooperation has
to take place between APA-experts, athletes and representatives of national sports federations.

An essential improvement could be expected if the practical element for students’ studies are consequently extended
and become an important part of their training and self-actualisation (SHERILL 2003, 31f.). Inspired students could
bridge the gap to community based activities which are conducted by volunteers and may become experts for the future
development of community programmes. As already mentioned above, devoted pioneers are often found among lay people,
mostly family members and friends of individuals with disabilities, to organize community programmes.

Their involvement would be more effective if cooperating with and being advised by professional experts from
APA and sports.

» The importance of emotional effects and positive individual and social relationships in APA
programmes

The extension of the practical part of student studies would address a most important subject. Close contact with
athletes and first successful interventions as assistant in motor learning programmes help to develop a close relationship
to sports and rehabilitation. Positive effects on personality and identity of the students can be expected:

Respect for any human being, appreciation of learning potentials, willingness for mutual learning and first positive
results on teaching effects.

Studying APA and sports for the disabled demands to develop an attitude, that is open for emotional and even spiritual
components, as they are connected with exceptional situations of life and border line experiences.

Conclusion: Developing a positive personal relationship to individuals with disabilities, respecting the dignity of
any human being are the key elements to bring studies on APA and Sports for the Disabled to fruition.

In this aspect the emotional effects of any means becomes more significance than their cognitive correlate and
additional information. Back to the roots in rehabilitation and sports means to put emphasize on generating positive
emotions when enjoying success by learning motivating and interesting skills and by participating in exciting games
among ones’ peers. The name APA may mislead our perception of the real values of physical activities. Actually people
participating in APA and sports use their body as instrument and as tool to experience success, risks, competitions and

8 Low-points are represented by Tetraplegics with level of lesion T5/6 (no triceps m.), High-points represent level of lesion C7, C8
(with triceps m.)
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limitations. The resource for these activities is the vital power, the inherent energy, which is located in the emotional
parts of the human being.

The positive emotional effects of learning sporting activities and mutual appreciation of personal relationships are the
means to help to develop a new self-concept. Regular participation at community programmes empower individuals with
disabilities for a more active life, even if they may participate no more than one time per week. Strengthening the inner
resources of a person help to take more responsibility, realize new opportunities and improve quality of life. Physiological
improvements of the body are more or less positive secondary effects of an increased activity level.

» Unimpaired individuality of a person and the challenge of disability

Any disability is in the beginning a tragedy of life that is beyond all imaginations. Nothing has changed about this
traumatic situation until this date. The perspectives to over come the challenge of disability by application of useful means
and methods has much improved. The results and experiences, especially in sports for the disabled, have changed the
whole anthropology on disability. The spiritual and emotional parameters of a person may not be affected by disability,
if the senso-motoric system of the body is impaired. This knowledge may be the result of a positive learning process in
rehabilitation but is out of sight for the novice at the beginning.

At first an individual has to learn to accept the functional limitations and even more to surmont the trauma of a
destroyed self-concept. These are the real challenges in the rehabilitation process. In sports many aids had been invented
and improved which can be used successfully in rehabilitation. They may even extend movement opportunities and
enhance excitement (cars, bicycles, boots, sledges, skies etc.) Nevertheless, any severe disability is regard as a serious
crisis of life and a challenge that demands the activation of all human resources.

It is quite painful for an impaired individual to develop a new body self with orthotic devices. The best functioning
equipments like well adapted wheelchairs or electric wheelchairs which can be moved without effort are not regarded as
an alternative to function of the unimpaired body. There is hardly a more difficult and challenging task than to assist and
teach an individual to accept a permanent disability and develop a new self-concept. Theories on health (ANTONOVSKI
1997) and recilience (LUTHAR et al. 2000), the psychology on disability and how to master limitations and deficiencies
(SCHUCHARD 2005) have to enter APA philosophy and research to optimize the necessary adaptation and learning
process.

During a positive rehabilitation programme the offered equipments are incorporated and more and more positively
assessed. The negative perception changes with the experience of positive learning and unexpected improvements. To
understand this phenomenon helps the following analogy. A perfect equipment handling during sporting activities can
have similar positive emotional effects like for a musician playing an instrument for pleasure and for enjoyment.

» Recruiting athletes for Sports for the Disabled

Adjusting to disability, compensating limitations, learning a new self-concept and starting to participate in regular
sporting activities is one of the most difficult challenges in the field of education and teaching. Taking into account the
history of sports and rehabilitation of individuals with spinal cord injuries and most of all on their impressive results that
had been achieved during the last 60 years give reasons to specialise on rehabilitation and recruiting by the means of
sports. Studies in APA are encouraged to cooperate closely with athletes and if possible with existing programmes and
sports organisations for the disabled. Experienced and retired athletes possess the best potential in assisting novices to
learn a new identity and self-concept as role models.

To optimize this potential needs proper training that can be guided and provided by APA experts. Devoted athletes
who are interested in rehabilitation and recruiting possess because of their practical experience an implicit knowledge
(POLANYTI 1966). Polanyi defines implicit knowledge as qualities and skills that can not be put into words but are a very
useful resource. Apart of this given advantage a peer counsellor does not automatically possess the necessary teaching
skills and the attitude to identify with the psychological and emotional situation of novices who had been just recently
injured. APA experts could train and advice them with regard to three important principles:

— Learn to forget about your own learning career, in order to be

— Ready to learn and to identify with the feelings, capacity, experience, attitude and interests of your client.

— Develop a wide resource of well structured movements, skills and games that allow to initiate successful learning
and practice according to given performance level of the client.(STROHKENDL, 2007, 280)

The quite complex issue of learning proper teaching skills is a subject that is mostly neglected in studies on University
level (STROHKENDL 2007). On the highest level teaching can be described as an intensive communication between the
student and the teacher with the ultimate goal that the student himself is involved in the adaptation and learning process
as much as possible. Scientists question the fact whether didactic concepts are useful and effective in teacher training
(GLUCK 2005; KANSANEN & MARI 2003). The above mentioned importance of practical studies for students in the
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field of sports for the disabled for the development of positive relationship with people with disabilities and for their own
identity has to be extended with practical teaching courses (GLUCK 2004).

Sports for the Disabled and Adapted Physical Activities can identify in the field of rehabilitation and recruiting their

most effective opportunity of cooperation. The existing deficiencies in the national sports programmes for people with
disabilities could benefit if APA experts as scientists and as practitioners would help to develop programmes and qualify
athletes and lay people to teach and assist to organize community programmes.
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Abstract

During the last decades the knowledge about health enhancing effects of physical exercise and physical activity has
increased rapidly. Today, the beneficial effects of physical exercise and activity are nearly organ specific. The positive
effects of physical exercise and activity are recognized in both prevention and treatment of several Western diseases.
Simultaneously, as our knowledge about HEPA (health enhancing physical activity) has increased, the sedentary life
style, decreasing activity, has become more popular. As a sign of that, physical fitness has decreased and overweight
has increased in many countries. It is also well known, that overweight increases the risk of many diseases, especially
coronary heart disease (CHD) and type 2 diabetes. It has been estimated that in the 21* century obesity will probably
surpass cigarette smoking as the primary killer in the USA (Grundy 1998). As for coronary and carotid atherosclerosis,
obesity increases morbidity substantially. Obesity, either moderate or severe, tends to promote clusters of CHD risk
factors. Fortunately, there are scientific data indicating that lifestyle interventions can reverse the further development
of obesity and related co-morbidities (e.g. Diabetes Prevention Study, Tuomilehto et al. 2001).

In order to give an example of increase of overweight and the trends in physical activity and physical fitness, the results
are presented from last three decades from Finland. While about 30% of young Finn men age 25-34 years were overweight
at late 1970’s, today nearly 60% of the same age group are overweight. In fact, the probability of to be overweight at that
age today is nearly as high as that of the fathers of the young men, age 55-64 years. The increased obesity in Finland might
not only be caused by decreased activity; dietary habits may also influence the increasing trend of obesity. However, the
changes in diet are not all negative, since adults are consuming less saturated fat and more vegetables today than few
decades ago. Therefore, physical inactivity might be even more important cause of obesity than has been calculated.

The physical fitness of Finnish army conscripts has declined from late 1970’s gradually. While 30 year’s ago the 19-y
men ran about 2.750 m during 12 min running test, Cooper’s test, today the mean result is less than 2.450 m (Santtila et
al. 2006). Similarly in muscle fitness, in early 1990’s about 2/3 of the men achieved good or excellent total muscle fitness,
but today about 40% of men achieve the same results. The changes in body weight (+6.1 kg from 1992 to 2006) may
explain a half of the decline of the results, but the other half is of lower physical fitness caused by less physical exercise
and activity. The power of the results is underlined by the great sample size. The sample of the population-based army
study represents practically all Finnish men aged 20 yr (nearly 30.000 men yearly), because Finland still have compulsory
military service and about 90% of this age group every year do their military service.

The results from physical activity from Finnish adults are inconsistent. Leisure-time physical activity (LTPA) has
increased during the last 30 years. The percent of adults exercising at least twice a week has increased from 40 to 65%.
However, those exercising at least four times a week have not changed during the last 15 years. On the other hand, those
walking or cycling daily at least 15 min to work has decreased in both women (from 45 to 35%) and men (30 to 20%)).
Further, the activity associated to work has also decreased. When early 1970’s only 25% of employees were sitting during
their working hours, today about half of the employees spend sitting their working hours (Barengo et al. 2002). When
trying to conclude the total of physical activity, both positive and negative trends are seen. But by combining the results
from body weight and physical fitness, the total activity is concluded to decrease at the population level. Despite the
positive trends in LTPA, the total activity has not increased. Therefore, Finland like many Western countries has to be
challenged how to increase HEPA at population level. The goal is to increase activity in every age group from children to
elderly. Importantly, the success of the challenge needs to be measured in population level e.g. changes in physical fitness
and total physical activity. The funds invested will paid back within few years if the total activity will be increased.

Key words: challenge, HEPA
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Abstract

Sport is shaped by and derives symbolic significance from its close links with society. With its classic, socioculturally
valid and transparent norms, it forms a social subsystem in which different types of identity reinforcement or social
recognition are possible. Identity reinforcement can be found through membership of a sports group, a particular sporting
role, a sports performance; or it can be experienced vicariously as sport spectator — either live or via the media. In this
contribution I would like to discuss those special features of sport — in particular top level sport — which can make it
an excellent way of satisfying the human need for identity reinforcement. This sort of motivation is based on external
satisfactions associated mainly with displaying special skills in sports and receiving approval, status, or material rewards
for performing well. In modern societies there is no other social subsystem that gives so many people, regardless of
their religion, gender, age or social or educational level, access to a system of social validation and acknowledgement
by others.

Key words: identity, social recognition, identity reinforcement in sport

Introduction: Types of social recognition in sports

Sport has a vital social dimension since it ideally combines self-recognition with social recognition. This can occur
because sport is a culturally specific and clearly visible activity. As sport takes place unequivocally within the context of
society’s significant symbols, it can have an impact on the actor’s self-perception, self-esteem, and self-worth. Taking the
theory proposed by Popitz (1987), who categorized people’s demand for recognition into five types of “social subjectivity”,
the following examples show how the individual can find social acceptance and confirmation through others in sport.

Recognition as member of a group

The first type of social subjectivity refers to the need to be recognized as a member of a group, and most sport
activities are practised in groups. Recognition here means being like the others, an equal among co-equals, an insider.
The feeling of belonging is a basic social experience and the certainty that comes with belonging is a basic form of self-
confirmation.

This type of social subjectivity with its low individuality is found typically in mass and club-based sports: membership
of a football club in a municipality, for example. The high degree of social control is achieved through the all-pervading
authority of the group: the group as a whole — each and every member — decides whether a particular member is to
be accepted or not. The intimacy and security that membership gives is tested through permanent symbolic ritual.
Communication between players on the field and in the bar afterwards has one main objective, namely to reinforce the
feeling of belonging. The wisecracks, friendly horseplay and joint singing session all serve this purpose. Many other
forms of sport today, particularly mass leisure sports, are based on these same social relationships.

Recognition in an assigned role

The second type of social subjectivity concentrates on the desire for recognition in an assigned role. The behaviour
patterns in assigned roles include features that are determined at birth: age, sex, background and possibly social class.
Self-esteem can be socialized accordingly towards these behaviour patterns from birth onwards.

The desire for recognition by this type is more specific. It is not a question of being the same as the others but of
having a particular social function or role, and thus the activities through which a person can find affirmation are more
precisely defined. In sport this involves special emphasis on a social component through sporting activity: the stressing of
masculinity through sports involving strength such as wrestling; the expression of femininity through gymnastics; sports
played predominantly by young people such as squash, or by older persons, such as hiking; or sports in which social class
plays an important role: riding, golf and yachting for the upper classes, and football or boxing for the lower classes.

Recognition in an acquired role

In this type social subjectivity refers to recognition of an acquired role. The demand for recognition here includes
two groups of activities. As with the assigned role there is the ability to perform a role (role affirmation). At the same
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time, however, there is the success that comes with role acquisition, with having achieved or “become” something that
one was not born with.

This type is thus based on a further specification since it is not only role affirmation, the ability to perform a role,
but also the success in acquiring the role that is involved. It is at the basis of professional sport today. Success in the
role of an athlete can be achieved only through top performance. No one is born with this role; it can be acquired by an
individual only through developing special skills. This type is clearly meritocratic, giving athletes status or rewards for
their achievements rather than their social position.

Recognition in a public role

The fourth type of social subjectivity is the need for recognition in a public role. The potential for this is provided
wherever people are willing to gather to watch and listen. Court and religious festivals, meetings, crowds at a market
place, court proceedings, theatre, sport and circus require performers offering something of general interest.

The special dimension of social subjectivity is to be found here in the emphasis on the public role. The public expects
visible performance. Sport satisfies this requirement ideally, be it in the form of public events or of media sport. The public
exposure of this type is particularly strong in the world of sport: athletes today are often more apparent in the media than
politicians or captains of industry, just as Lowenthal shows they were some 50 years ago (Lowenthal, 1990).

Recognition of personal identity

The fifth type of social subjectivity articulates the desire for social recognition of a person’s individuality. It is based
on social confirmation of individual existence through being different or unique.

As far as sport is concerned this might be reflected in individual sports such as skiing, tennis, golf or riding. In
these cases the practitioner is not only interested in an outstanding performance but also in experiencing unspoilt nature
far away from the masses. Possibilities are also offered by alternative sport, where the desire is not to force the body to
perform but to experience an emotion through the body, or by bodybuilding, where muscles are a form of status symbol
(Klein, 1993).

The five types of social subjectivity indicate the role of sport with regard to the satisfaction of the human need for social
recognition; their order represents their chronological development in a historical sense. With the growing complexity of
society through the ages the five types evolved, always overlapping to some extent in the process.

The different challenges and dimensions offered by sport prove in general to be strongholds of roles with high
recognition value. For more and more groups it is a primary way of experiencing confirmation, praise or recognition in
society. Sport provides an ideal vehicle for identity reinforcement.

As social symbols (values, norms, principles etc.) can be seen and experienced in sport significantly and intensely
sport is more than just a microcosm of society; it is an ideal form of communication, and functions on the basis of
significant symbols such as scores, records, goals etc. This will be discussed below using an approach from the symbolic
interactionist perspective.

Sport identity theory

Identity theory is built on the assumptions, definitions and propositions of symbolic interactionism and emphasizes
the relationships between self, society (social structure) and role performance. This theory seeks to understand the reasons
why people select a particular role performance, given the variety of available and reasonable possible alternative choices.
It is from this perspective that the roles and the performance of sportsmen and women can be considered.

In Coleman'’s (1961) classic study of adolescent society he observed that the high status of athletes may be due to the
representative nature of athletics and the visibility of the awards given. There has indeed been considerable research on the
importance of sport in validating and strengthening identity (see Brandl-Bredenbeck/Brettschneider, 1997; Curry, 1993;
Curry and Weaner, 1987; Curry and Weiss, 1989; Donnelly and Young, 1988; Jackson, 1981; Weiss and Curry, 1997).

The nature of identity is that it is situational and changeable: it shifts and changes with time, context and interaction
with others; therefore, it is constantly in the process of being (re)created (Hall, 1996; Kondo, 1990; Shogan, 1999). Thus
Klapp (1969: 5) emphasizes that identity is “a fragile mechanism whose equilibrium needs constant maintenance and
support from the proper environment, and it is quite easy for something to go wrong with it.” An examination of the
identities of one individual along a timeline reveals a mixture of identities of varying degrees of salience and prominence;
some are rigid and long lasting, whereas others quickly fade away. Furthermore, identities from multiple spheres may
complement or conflict with each other. For example, within sociology of sport one research tradition has considered the
possible conflict or complement of student-athlete identities.

The identity associated with the athlete role is the primary focus of Snyder’s (1986) discussion, and of Tsang’s (2000)
experience of identity within high-performance sport. Another argument is that sport contributes to a quest for identity
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(Jarvie, 1993). Or in the case of Irish Olympians, sport questions rather than consolidates the quest for identity (Cronin,
1997).

Sociopsychological assumptions

As symbolic interactionist and interpretive theorists showed, humans are social (and cultural) beings who relate to
those around them within a system of central relationships (Cooley, 1902; Gehlen, 1978; Mead, 1934; Weber, 1964; Zurcher,
1983). Mead (1934) was the first to point out that the process of anticipating the reactions of others (“significant others”
first of all and “the generalized other” thereafter) fosters the development of the self and makes it possible for humans to
see themselves as they are seen through the eyes of others. This self can also be understood as a set of different identities.
Every human being possesses identities, be it as a pupil in school, as a member of a sports club, as the youngest child in
a family or, later, as a parent, teacher, doctor or colleague. In every social relationship which humans find themselves in
or enter into, they take on an identity.

From this perspective, human behaviour can be understood as a fundamental endeavour to confirm an identity, and
self-esteem is rooted in identity reinforcement or social recognition. Self-awareness involves having confidence in this
self-esteem, and this is influenced by the way an individual adopts the recognition of others in relationship to the self. In
this respect, it must be assumed that active efforts are needed to gain social recognition, that is, identity reinforcement.

The postulate is not new. It appears repeatedly in many variations: Veblen (1899) defines it as a demand for prestige;
according to Mead (1980) we all believe that we are basically better than others; Goffman (1959) argues that we all try to
present ourselves in the best possible light; and Homans (1961) describes striving for social recognition as an elementary
form of human behaviour; Goldschmidt (1972) made a further suggestion, localizing this element as a drive and calling it
“the desire for a positive effect”; Plessner (1975) claims that human beings, unlike other creatures in the animal kingdom,
live in an unstable, but artificial and unnatural, equilibrium between “being the body” and “having the body”. Nor are
human actions simply steered by the drives “action” and “reaction”, as is the case with animals. Humans can observe
themselves. We play tennis and see ourselves playing, speak and hear ourselves speaking, for instance. Human beings
are in a position to watch and judge themselves. It is in reference to this that Plessner (1975) speaks of “eccentricity”
(Exzentrizitdr). Humans can be aware of themselves from outside, because they relate to themselves, and this is self-
awareness. But this self-awareness needs reinforcement at a social level. Thus any action undertaken should earn as much
social recognition as possible in the form of respect, prestige, status and the like. Only via actions can the human being
satisfy this need. The consequence is an “extension of man” (Hall, 1977), which manifests itself in artefacts, technique
or forms of human behaviour and social organization such as sports.

In the social sphere the “extension of man” process is reflected in the role structure of behaviour. We enact complex
repertoires of roles (Heiss, 1981; Merton, 1957). Turner (1978) observes that the network of roles we enact facilitates
the development of what we are as individuals. Stone (1962) suggests that our role enactments provide us with a flexible
identity specific to and situated in social settings. Sarbin and Allen (1968) note that the internalization of role expectations
creates in us a functional self-concept, a versatile perception of ourselves.

Our role enactments are best understood not by linking them to specific physiological and psychological elements,
but as products of our social interaction with other people. “Motives” and “needs” emerge in those interactions as terms
by which we explain or justify our role performances (Burke, 1962; Foote, 1951; Mills, 1940).

Sporting activities are to a greater or lesser degree governed by these basic sociopsychological prerequisites or
assumptions. Role adoption enables the participants to confirm their identities. The athlete experiences success through
society’s attention, through its approval or disapproval. Regardless of any physical evidence of success, self-evaluation is
also always an evaluation in the eyes of others. Self-recognition is not possible without the internal belief that recognition is
coming from others. People need other people not only to survive, but also to enable them to experience themselves. Human
beings cannot have any self-awareness, nor indeed any self, when cut off from contact with other human beings.

All self-acknowledgement is the unification of the awareness of one’s own person with the knowledge of how others
have reacted to that ‘own person’. In this respect, athletes are completely dependent on the reactions that come from their
sociocultural surroundings. A striving for social recognition, a craving for a name, also influence the athlete’s sporting
activities. The relationship between athlete and social environment is, in other words, a balancing act between being a
body and having a body: there must be a balance between the mentally and socially influenced desires and what can be
and has been realized.

And, as in other areas, identity reinforcement has consequences in sport as regards the person’s relationship with
the surrounding environment. In sporting activities the participant absorbs the attitude of other people, their regard or
lack of it for him, and in this way becomes an object to himself. Since the athlete plans, designs, anticipates and sees
himself as a participant in an interaction with others and his sporting behaviour through the perspective of his audience,
he will see himself and be aware of his body as an instrument. The relationship he has to himself (his body’s “being”), is
the movens for his sporting activities, and it has its roots in the community or social group to which he belongs, or from
which he wants to obtain recognition.
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This can be demonstrated in terms of class relations. The long-term impact of economic inequality on people’s
lives has led to differing amounts of wealth and power, that is to say to differing classes (Bourdieu, 1978; Laberge and
Sankoff, 1988). For example, people from lower income groups do not run, bicycle, or swim as often as their higher
income counterparts.

The organized community or social group that makes the identity possible can be considered as the “generalized
other”, which, as described by Mead, is instilled in the minds of children in the transition from “playing” to “game”
(organized competition). At first the child, at playing age (before it reaches the phase of competition), takes on a series
of different roles that the child itself, through its own spontaneity, triggers by switching from reality to imagination,
although the aim is simply to play. There are no rules apart from those the child has determined, and these the child can
change when it so wishes. The child is one minute this, the next that, but has no definite personality. Only when it begins
to absorb the attitudes of the people around it, so as, from their point of view, to be able to play its own role successfully,
will it become an integrated member of the community. Competition is an excellent example of this situation, of this
development into an integrated personality: “In competition it [the child] sees itself as through the eyes of its group or
gang and calls for set rules. The social use of playlike competition, in fact the importance of it, is that this access of the
child to itself is essential. The child has to see itself as the whole group sees it” (Mead, 1983: 296).

Those participating in sport can only be conscious of themselves as objects (e.g. members of a group, representatives
of a country, favourites) or as individuals and can only develop (possess) an identity when they assume the attitude of
the generalized other, and the attitude the generalized other has towards them. Mead’s baseball player plays the way
his team-mates expect him to play. As a participant he takes on the attitude his fellow players expect of his role (batter,
pitcher); he anticipates the reactions of each of the individuals in the team and they all become a type of unit — and this
affects the unit (Mead, 1973: 196).

It is here that the double-sided aspects of the self, the “I” and “me” interact. The “me” makes the single player into
a member of a team. The “I”” allows him to recognise that he has his own, unique identity that he should try to maintain
(e.g. by scoring a goal in football). The “me”, the expectations of the others, on the one hand imposes limitations on the “I”
(to play for the team), but on the other hand means that there is no other way for the “I”, other than via the “me”, to make
himself and his exceptional quality clear. Mead does concede that the response of this “I” includes adapting. But because
the “I”” always brings something new into the game — the creative response by the player to suggested expectations — it
changes the whole process all the time, as his contribution via “role-taking” into “me” is noticed by the others. Through
this empathy, this reciprocal shift of the self into the roles of the others, and the recognition of the reactions of the others
in the experience of each of the participants, the organized activities in playful competition will become axioms and
control each of the reactions of the individual, which gives him his unity and builds up his identity (Mead, 1973: 202).
This process occurs not only in competitions but whenever one human being has contact with others, and it is this that
makes the individual a conscious member of a community. It is also responsible for the development of the personality
and the social genesis of that person’s self. The community/society surrounding the “I” has a fundamental significance
for a person’s self-image and thus his self-recognition: here it seems to be imperative to take “the role of the generalized
other”, that is, the “me”. The whole question of interaction is extremely complex as the “me” is not only a product of team
reaction but also the sum of all communications/reactions between the individual and the outside world (for instance,
spectators, media, past background).

In sport this generalized other does not necessarily have to be the team. In many cases it has to do with the attitudes of
a varying number of third persons (friends, acquaintances, the audience, trainer, sponsor) or of society as a whole. Doing
a particular sport is one social role in one social subsystem; the athlete has one status given to him or her by society. The
other roles are present in the thoughts and behaviour of the athlete as the generalized other; he knows what is expected of
him because he generalizes the behaviour that a group or society expects. In this respect the athlete reaches that point of
achieving awareness of himself that reflects how far he complies with the real or supposed expectations the others have
of his performance, and earns their recognition/praise by this compliance.

Identity reinforcement in sport

Social recognition and/or the reinforcement of identity can only be maintained on the basis of the controlling value
and norm system of the surrounding society or social group. This value and norm system is reflected in the subsystem
of sport, so sport offers the chance of social recognition and identity reinforcement in many respects. Which sports are
most likely to reinforce the identities of the athletes depends on the complexity of a society (quality of socialization,
political situation, economic conditions, ecological awareness) Numerous studies have been carried out in which sports
and athletes are analysed from a point of view similar to this — for example, bull-fighting and baseball in Mexico and the
United States (Zurcher and Meadow, 1967), football in Brazil (Lever, 1969), baseball and football in the United States
(Ross, 1973), American college athletes and Austrian student sport club members (Curry and Weiss, 1989), or top Austrian,
Czech and American volleyball players (Weiss and Curry, 1997). These studies demonstrate that specific sports mirror
the specific values, norms, structures and processes of societies or social groups.
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In sport the actors’ patterns of self-realization are also based on this premise. Behaviour patterns connected with
social acceptance are formed within a framework of social and cultural principles. In other words, because of the culture
of society, which provides sport with a ready-made value system, social actors in sport find a point of identification in the
“me” that they share with others. The participant can employ abilities in sport and show off qualities, such as dexterity,
strength, knowledge, intelligence, courage or self-control, that are appreciated in his or her social environment. By means
of a generally understood and accepted complex role system in which even deviations from the norm and violations of
the rules can be accommodated within role expectations, sport permits development and confirmation of identity and
hence social fulfilment.

The constitutive components of sports determined by culture and society reveal aspects of society very clearly
and visibly as hardly any other system of symbols can. This can be illustrated using “achievement” as an example. In
the light of the interactionist assumption, achievement is subject to a framework of requirements involving action and
representation. In other words achievement exists only when someone acts in a certain way and an observer judges this
type of action to be an “achievement”. Very often the participant must draw attention to the criteria for his or her actions
so that the observer notices or recognizes these actions as achievement (for instance managers, economists, politicians).
Then a second action/performance comes into play: the representation of the achievement that establishes the action as an
achievement (Gebauer, 1972). The individual must be able to put the action into an appropriate scenario: only successful
representation will lead to social acceptance of the action.

If we consider the possibilities for social reinforcement, standing and consolidation of self-awareness, it becomes
evident that negative factors abound in our society. Boredom, lack of excitement and routine in many areas, at work in
the industrialized world and in the family, for instance, lead to an absence of social recognition, a dividing of action
and representation. Workers at a conveyor belt or shorthand typists in an open plan office, although paid wages, have no
recognized social standing. Compare them with politicians, whose success may indeed result from unscrupulousness,
demagogy or wily propaganda, researchers and scientists, whose achievements admittedly require publicly accepted
yardsticks such as the Nobel Prize in order to gain credibility. For school pupils, students, actors, writers and artists certain
actions bring achievement, but whether these are recognized or not depends on, for example, the — very subjective —
evaluations of the teacher, the goodwill of the critic, the astuteness of the publisher. Industrial society is not an achievement
society, but a success society (Krockow, 1972; Marcuse, 1987). Differentiation and division of labour have ensured that
it is not possible for achievement to be seen; only success is really acknowledged. Success is provided through social
acceptance, that is, recognition of the successfully represented achievement.

What makes sports stand out is the unity of action and representation, a unity that is seldom seen anywhere else.
Performance in sport can be reduced to a quantifiable dimension: only goals, seconds, and centimetres count and so
outstanding achievements or records can be understood by everybody. Reducing complexity to clear symbols unites
action and representation and reinforces the identity of the actor. Whereas achievement in other areas remains invisible
for many people and can often be appreciated only by experts, in sports success is immediately recognizable and can be
understood by one and all. The standards of achievement are known to both participants and audience, and the reputation
of the participants rises and falls, depending on how near to these standards they come. This is true in particular for top
level sports.

Action and representation merge and society’s values and norms can be seen and experienced most definitely in sport.
Through a system of commonly understood and accepted values sport permits that recognition of achievement which is
significant in the prevailing culture, society or social group and with this recognition the development and reinforcement
of identity.

In contrast to modern society, a complex structure that demands increasing virtuosity in role-playing and in which
there is in many areas little scope for creating an identity, the significant symbols of sport label and classify social values
and norms very clearly and visibly — as the above example of achievement shows, where sport is a social subsystem that
offers the potential of establishing and reinforcing identity.

Media sports

From about the age of two we are all continually exposed to the mass media. It instructs us on personal happiness and
how to obtain it, success and how to achieve it, honesty and its rewards, greed and its punishment. Through advertising,
dramatisation, entertainment and news, we are all instructed, directly and indirectly, about important values.

This is especially true for media sports which are communicative activities that reflect, convey, and reinforce values.
As was pointed out above values and behaviour patterns striven for in sport not only cover the cultural principles in a
society, but are, on top of that, fulfilled perfectly in sport. Thus, it is speculated that through the mass media individuals
may vicariously identify with the professed moral traits of the heroic and claim them part of their own self-identities.
“The hero can be best understood as an aspect of culture, a part of society’s collection of symbols or totems. The hero
is a human figure that serves as an object of admiration, aspiration, and, at times, worship. The story of the hero’s life
is a codification of a culture’s values and prescribed behaviors. All cultures have heroes, but the heroes themselves vary
from culture to culture” (Strate, 1985).
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An example of this is found in Austria’s skiing champions, personifications of all the characteristics considered of
worth in this country. These athletes usually come from simple backgrounds, train rigorously, never give up, accomplish
great things and are unassuming — but are, above all, successful. The media’s portrayal of their careers presents a multitude
of social maxims: the legend of their success will make clear that social advancement is open to anyone, if he or she
wants it and is willing to try hard enough. The result is a direct confirmation of social worth and significance, and it is
demonstrated that this application in sport does, as a rule, lead to success.

The validity of these social values and norms is also held up in front of the eyes of everyone whose day to day
reality and whose own way of life is often quite the opposite. In sport, on the other hand, success is achieved simply by
performing. Sport symbolizes the exact requirements that let it appear as a social ideal and offers the observer an excellent
chance for a pseudosocial or para-social relationship: “The more the performer seems to adjust his performance to the
supposed response of the audience, the more the audience tends to make the response anticipated. This simulacrum of
conversational give and take may be called para-social interaction” (Horton and Wohl, 1956: 215).

As Peter L. Berger and Thomas Luckmann observe, the theatre also illustrates this participation in “multiple realities”
outside ordinary social life. In a theatre, a person is psychologically drawn out of his or her objective social world into the
realm of the play. One moment a person is talking to a companion in the next seat, the next moment both are absorbed in
the fictional doings in an eighteenth-century drama. “The transition between realities is marked by the rising and falling
of the curtain. As the curtain rises, the spectator is ‘transported to another world’, with its own meanings and an order
that may not have much to do with the order of everyday life. As the curtain falls the spectator ‘returns to reality’, that
is, to the paramount reality of everyday life by comparison with which the reality presented on the stage now appears
tenous and ephemeral ...”(Berger and Luckmann 1966: 25).

Such vivid “transporting” experiences characterize all forms of media consumption. One can slip mentally out of the
real social world and enter an artificial world of vicarious social experience. And we all spend much of our lives in the
“other worlds” of the media. An important form of artificial role playing involves the complex process of “identification”.
People temporarily abandon their own identities and social roles and, by imaginatively projecting their consciousness
onto the media image, take on alternative personal and social identities. Through identification they may feel the hero’s
or heroine’s emotions, endure the character’s personal tragedies, and achieve his or her social triumphs.

In a similar way, people may also vicariously live out experiences of fictional characters. When the TV is turned
off, the book closed, or the newspaper thrown away, people continue to engage in artificial social relationships with the
figures they have “met” in the media. Fans are attached to unmet media figures in ways that are analogous to, and in
many ways directly parallel to, actual social relationships. This engagement in pseudosocial interactions often fills gaps
in the individuals’ actual social world.

By using interviews to analyse the interest in media heroes and heroines, it can be shown that the recipient’s
psychological response is closely analogous to that in an actual social relationship. The recipients characterize unmet
media figures as if they were intimately involved with them, and in a sense they are: they see many media heroes and
heroines as father figures, or models, or friends. In this way media sports serve as social substitution.

These relationships often fill gaps in the individual’s actual social world. As Elihu Katz and Paul Lazarsfeld (1955)
observe, escapist media often serves as a direct substitute for socializing activity. If the social situation is dissatisfying, an
individual may compensate with artificial companions. Because they invade the individual’s fantasies, media figures also
affect economic and political behaviour and structure all kinds of decision making. I noted earlier that media figures as
pseudo mutual acquaintances, often provide the basis for socializing. The ultimate example here is fan clubs, organizations
of real people who come together and interact out of their mutual attraction to a celebrity none of whom they may have
actually met face to face. Thus attachments to media figures have complex positive and negative consequences. They
influence values, goals and attitudes, and through this they exert a pervasive influence on social conduct.
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Abstract

The process of integration started in 70ies that the European Community has begun to assert its concern about people
with disabilities and their integration into society. The recommendation was called “non-discrimination policy” and the
attention was paid to social, economy and employment acceptance. The Charter for Children Rights in Europe (1975)
was accompanied with Education for all Handicapped Children Act in the USA (1975). Even non-discrimination policy
was officially presented any big changes were not perceptible.

The general lack of education seems to be main barrier of more rapid development of inclusive PE education. PE
teachers needs support in different areas:

- basic education in APA/inclusion for all PE students,
- special offer to further, continuous education,

- advising system of APA/inclusion in special education centers: no PE or APA staff is working in this type of
centers,

- direct assistance — as the teachers in integrative setting are usually special education teachers (minimal experience
with PE), or PE teachers (minimal experience in special education), both of them with minimal experience in
inclusion,

- less number of students in class — depends on legislation on school conditions,
- specials equipment - depends on knowledge of the teachers, on economy situation.

Process of integration has to be understood as the life concept of independent living of all individuals. PE is considered
as the fixed part of school education. In spite of the quite relevant European legislation inclusive PE lag behind other
areas of education. One of the important markers of weak development there is lack of teachers education on secondary
schools level as well as on university level. Effort toward inclusion of students with special needs — sportsmen (with
adequate support) can serve as positive features for understanding of phenomenon “the others” of all PE inclusive process
participants. Research in this area should be oriented on the topics relevant to practice in PE/sports inclusive forms.

Key words: process of integration, inclusive PE, university APA study

Introduction

The process of integration started in 70ies that the European Community has begun to assert its concern about people
with disabilities and their integration into society. The recommendation was called “non-discrimination policy” and the
attention was paid to social, economy and employment acceptance. The Charter for Children Rights in Europe (1975)
was accompanied with Education for all Handicapped Children Act in the USA (1975). Even non-discrimination policy
was officially presented any big changes were not perceptible.

The Council of European Community presented the promotion to the activities in the framework of the HELIOS
Community action (HELIOS I — 1989-1992, HELIOS II — 1993-1996). Those activities covered strongly, beside others,
the areas of significant importance such as functional rehabilitation, integrative education and leisure activities of persons
with disability (Aldomainte, R. (2004). The HELIOS II was designed for improving exchange of information activities
including principles of education.

Only when The Charter of 80ies was proclaimed vocational, social and cultural integration were aimed domains for
life of persons with disability. The goal of the Charter stressed two purposes: to proclaim the document and to provide
ten years continuous process. Complete framework of the Charter developed during 80ies decade and follow up with
next legislation activities covered up basic life-span domains: health care, social care, advising-consulting, services and
accessibility, employment/job, education, leisure time. But medical aspect and economy impact were stressed again.

The policy of integration in education in Europe was endorsed in 1990 with main idea — integration of children and
youth with disabilities to general, regular system of education in determined country (Resolution of the council and the
Ministers of Education meeting). Next long term discussions related to “better educational system”, higher quality of
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education either “ordinary, integrative” or “special, separated” are stabilized in actual existence of two different systems
(mainstreamed, integrative and special) in the most European countries. The regulation or guidance followed the non-
discrimination policy and support too integrative education stressed special attention to specific minorities with disability:
1992 The Charter of Autistic Children, 1993 Resolution of Rehabilitation (separated traditional individual medical model
and progressive social-educational model), 1996 New Community Disability Strategy (stressed education of persons with
sensory-perceptual forms of disability).

It is fair to mention the Charter of Gifted Children was proclaimed in 1983. Both children with disabilities and
gifted children are touched with phenomenon “the other”. They are different they have right for early diagnoses, early
intervention and adapted education approaches.

The European Commission (2000) followed European Parliament (2001) welcomed the Commission communication
entitled “Towards the barrier free Europe for people with disabilities”. The composed resolution aimed to take account of
people with disabilities in the fields of employment, education and vocation training, transport, information society. In
reality — principle of non-discrimination became long-life concept of integration in any field of daily life of individuals
with or without disability. The acceptance of phenomenon “the other, different” seems to be crucial point of policy non-
discrimination education related to positive attitudes towards social integration. It means the attitudes toward phenomenon
“the different” (and changing attitudes) are considered as important part of non-discrimination policy, policy of independent
living. Step by step, phenomenon of “the other”, “the different” was introduced in movies, drama, in fashion style and
beauty, in humor. The physical activity and sports have been next important domain of integration, social inclusion.

Inclusion and physical activity (PA), physical education (PE) and sports in Europe

The models of integration in education system in countries of EU are linked with historical routes in education and
legislation in different countries. The Charter of sports for all: handicapped people (1986/87) is considered as great influence
of future development of PA of people with disabilities. The Charter underlined three aspects of human rights:

- Right for active leisure (with physical activities, sports, games, outdoor activities).
- Right to be educated and guided with professional staff.
- Right to be educated for future profession in PE/sports domain (Valkova 1998).

According European legislation the most educational laws were innovated in 90ies (1994 Salamanca declaration,
1995 World Conference on Social development in Kopenhagen 1995,

1999 World Summit of PE in Berlin). Categorical approach was common in system of education as so as in system of
institutions and special schools. Categorical approach influenced the system of inclusion. Different number of categories
were found: beside classical 4-5 (mental, visual, hearing, physical disability) there were 13 in Poland, 10 in Germany,
8 in Spain), environmental model is used in the UK and in Ireland. (Dinold and Valkova 2004). The school education
legislation supporting inclusion is done in all EU countries. In reality, attention is paid to education in general. This
situation helps to stress special education. PE is considered as the firm part of general curricula but in real situation
students with special education needs (SEN) have not duty participate in PE lessons, but only the chance. The majority
of them is excluded by physicians (or physicians with parents or/and special education center). There is a problem not
only of SEN but all other children.

Besides regular PE lessons the system of out-class sports exists, like swimming courses for beginners, outdoor activities
or summer-winter camps, exercises during break, etc. All of 23 European countries participated in THENAPA project
(Dinold and Valkova 2004) presented a chance for SEN to choose and participate but very rarely in reality (15 countries).
The reasons specified by representatives of THENAPA countries were as follows: lack of information about inclusion
of parents and physicians, lack of information about available PA in general, access to sports venue, appropriate time,
no interest of SEN, teachers non-preparation. One important reason which hinder successful integration was underlined
with all project participants: physical education is considered less important than other subjects in school curriculum.
There are named mostly similar reasons (Dinold and Valkova 2004):

- movement is less important than cognitive skills,

- no big attention among all other subjects,

- less value of the body in the educational system,

- not important for the “future” of children with special needs,

- low recognition for cultural and ancestral preconceived ideas about body and movement,

- sometimes traditional physiotherapy — regarded to be and alternative for PE lessons,

- lack of experience of positive values that PE can provide for all,

- lack of support.

In many countries the problems of integration are recognized in the area of special education as more important than
the PA/PE integration.
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PE teachers education related to APA and integration (Dinold and Valkova 2004)

Process of integration should start on the level of kindergarten and primary school. Pre-school inclusion is considered
as no problematic, probably due to accent on social education aims. Similar situation is shown on primary school level.
Primary level teachers are educated for teaching of all subjects, including PE. They are usually educated in the domain
like “special education”. Children on primary school level are easily included in PE and participate in PE due to teachers
general education, their attitudes toward children with disability. Primary level teacher go through complete integrative
process in all teaching subjects.

PE teachers — it means all graduates competent to teach PE at secondary level — are not specially educated in “PE
integration competencies”. The topic “inclusive PE” is the part of complete APA study. Only 6 EU countries presented
between 3-5 Crp of APA obligatory for all PE graduates. Other countries (12) presented optional APA, 3-5 Crp, too.
Obligatory special education in mentioned in 6 countries and optional subjects of APA. Completed specialization of APA
is presented by 12 countries. The education there is very different: certificate /license in APA courses — additional to
PE or physiotherapy, full specialization on the level of Bc., participation in international studies (EMDAPA, DEUAPA,
CEEPUS, Erasmus-Mundus). Further education depends on system of Ministry of Education which is responsible authority
and delegates competencies into independent university. Universities are more/less active to prepare curricula, courses,
they have more/less capacity (finance, personal, etc.) Complete APA study program is developed in Palacky University,
Olomouc on Be. and MA level. The four main modules providing professional competencies consisted from: pedagogy-
psychology, special education, PE, APA “didactics”. Teaching competencies are proclaimed as the differences between
Bc. and MA level. The topic “integration” is oriented on recreation and leisure activity on Bc. level, teaching of PE in
various forms of integrative setting is the main aim of the “inclusion issue” on the MA level.

The general lack of education seems to be main barrier of more rapid development of inclusive PE education. PE
teachers needs support in different areas:

- Dbasic education in APA/inclusion for all PE students,
- special offer to further, continuous education,

- advising system of APA/inclusion in special education centers: no PE or APA staff is working in this type of
centers,

- direct assistance — as the teachers in integrative setting are usually special education teachers (minimal experience
with PE), or PE teachers (minimal experience in special education), both of them with minimal experience in
inclusion,

- less number of students in class — depends on legislation on school conditions,
- specials equipment - depends on knowledge of the teachers, on economy situation.

Universities are responsible for the quality of PE graduates in general, in the knowledge, skills, experience in guiding
integrative PE education. Universities should offer further education for field PE teachers, as well as for research.

Role of the university lecturers related to education of PE graduates

Recent very extend concept of integration in the domain of PA, PE, sports includes, besides traditional, various areas
(Doll-Tepper, 2007):

- all agents, all limits or abilities (age, diagnosis, the content of activity, recreation, top competitive sport, school

PE lessons, etc.),

- adventures sports, risk activities,

- improvement of technologies,

- PA related to cultural diversity,

- theoretical background of APA, fitness, health and safety,

- physical literacy.

APA and teaching in inclusive setting cannot be based on “cooking guide” due to various areas (see above). Even
university lecturers in Europe are not educated enough from the aspect of APA or “PE inclusion”. They need to study, to
keep practical experience and programs which is not easy. One of the basic problems of university teacher’s fear toward
inclusion seems to be lack of positive attitudes due to lack of knowledge and surviving “sports performance” concept in
PE as well as concept: disability is equal to illness, illness is equal to exclusion from PA, PE. Participation in inclusive
teaching (universities, secondary schools) has to be related to personal decision. Inclusion has to be considered as human
right. Dignity of both partners in inclusive process means quality of services. Life projects in PA, PE, sports participation
means the possibility of option (Rodrigues, 2007).

The professional boundaries in APA are constantly challenged, there are opportunities for new jobs, new vocations in
“old jobs”, it needs more knowledge skills, experience. There is necessary to use the different, innovated teaching styles
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as the education is more and more heuristic process than training, more and more process of changing competencies.
Teaching in integrative setting is process of applying multi-dimensional (knowledge), multi-contextual (environment,
conditions), multi-experiential (attitude)approaches. Multi-approach education means congruency between traditional
academic approach and practical professional approach. Professional isomorphism means study in real environment related
to teaching needs. Traditional academic education, knowledge, is not enough. Personal experience, joy, empathy, passion
—is not knowledge. Related to contact theory there is not possible to educate without personal meetings, communication
with person with disability, with meeting integrative situation.

Inclusion of students with disability into university PA and sports study programs
Integration on the level of university study is supported with University Law (1998).
§ 21 acts university to be responsible (beside others):
d) for advisory services related to study orientation, study process as well as job orientation in practice,

e) for arrangement all services for leveling chances of study enrollment, process and graduation — for all
students.

Developmental granted projects oriented on better conditions of university study of students with disability started
in 1994. Among several of them projects oriented on leveling chances for APA, sports/sciences study, etc. were included.
This year (1994) Palacky University of Olomouc coordinated mentioned project. The most successful results seemed to be
Bec. study program of motor activities, drama and pantomime of students with hearing disability (Brno), APA structured
program (Bc.-MA in APA) in Olomouc (Vaverka and Valkova 1994; Valkova 2002).

Developmental projects of CZ Ministry of education, youth and sports go through the competition every year, up to
these days, financial support can be used for development related to characteristics of university: study rooms, students
dormitory, special advices, personal assistant, sign language interpreter, etc., as well as for APA study improvement,
university conditions for sports and recreation of students with disability.

Inclusion of students with special needs is quite common recently in the majority of universities study programs.
Situation in PE/sports studies (in Czech - Kinanthropology) is not relevant existing legislation. Even we consider multi-
contextual participation in real integrative environment, personal contacts and communication with students with
disability on the university level very important the real inclusion of those students is very weak. First principles of
inclusion were formulated in the 1994, in the project mentioned above with advising Marion Vosahlo, the director of the
Centre for assistance of students with special needs, University in Alberta (Dokoupilova, 1994 . Basic clause for access
of the students is “sports mobility”. It means students are usually very good sportsmen on the international, European
or world level of Paralympics, Deaflympics competitions. Students have the same rights and the same duty, only some
of motors skills or performance achievements are modified related to individual diagnoses (hearing problems, motor
problems, wheelchair user, etc.). Department of APA (Faculty of Physical Culture) has to provide special support for study
process (sign language interpreters, special advices or tools, assistance, etc.). The issue of modifications is, unfortunately,
discussed long time (14 years) with only specific teachers they have recent power to exclude the students from inclusive
lessons to parallel education. But they have any knowledge in job diversification of APA graduates, attitudes related to
miss-understanding the phenomenon of “the different”. Discussions are oriented

a) on safety in PE teaching process (but APA is not only about teaching, but on diverse job and competencies),
b) on mobility modification and the “equal diploma” (all students can select optional B and C subjects),

c) on motor competencies related to profession (nobody knows if eg. hurdle run or parallel bar results can provide
better professional competencies than wheelchair paralympic slalom, or handbike run, if passing standing shot-
put is more competent than sitting shot-put).

Inclusion of the students is the great contribution for mutual education: they have very good experience with “different”
sports environment and they are able to present high level specific skills, they can motivate of other students, all students
can get experience with inclusion-exclusion, with study modifications related to motor limits of included students. They
live together on the same students level: accommodation, meal, party, exams, loves... In spite of special support study
is not easy for students, inclusive provcess is not easy for both sides.

There were about 15 students together in every study year (2-3 students per study course in full-time and part-time
study programs). Seven students finished their study on MA level (1 on Ph.D level), several students felt and did not
finished study.

Other good examples are reported from some European universities (information from 2004):

- 9 students at universities in France (2003), studying usually sports management, sports administration (results
of comparative study in DEUAPA program),

- 1 student of Sports Academy in Poznan, Poland, recently the teacher of Academy,

- 2 students of Sports University in Kaunas, Lithuania, 1 of them the teacher of Academy,
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- 2 students of National Sports Academy in Sophia,

- several examples from Austria and Norway.

Research

Attention to research is influenced by real situation in education. As there is the lack of APA specific studies in Europe,
research is random. The small research projects (unpublished) were completed by doctoral, masters theses, mainly in
general topic of APA. Only five, officially granted projects of 23 countries were presented (Dinold and Valkova, 2004),
even those projects were out of great publicity. Projects on national level, concentrated on school PE inclusion, were
documented (Austria, Czech Republic, Finland, Germany and UK). Research of Czech Republic, mostly doctoral and
masters theses, was cumulated around the project of Czech Grant Agency No 406/00/1606 (2000-1002) “The best place
for all (integration of youth with disability through physical education and sports)”. The main aim of all research theses
was discovering the ways of successful inclusion of students with different diagnoses, on the different school level and
different content of inclusive PE lessons (Cejka 2006; Halamickova and Valkova 2003; Kudlacek 1997; Obrusnikova
1998; Macakova 2004; Marshallova 2003;). Theses underlined one important findings: when the teacher keeps positive
attitudes with phenomenon “the different” and when the teacher is informed, educated in inclusive teaching, the inclusive
PE lessons can be successful for all participants.

Research results related to PE integration are documented in Adapted Physical Activity Quarterly (Block and
Obrusnikova, 2007). There is analyses of 30 articles, most of them are oriented on teachers or students attitudes toward
integration. But — teachers need information useful for practice, for leading PE lectures or other inclusive forms. More
research relevant to problems in practice has to be developed. The topic “integration of university students in PE sports
program” should be one of them.

Conclusion

Process of integration has to be understood as the life concept of independent living of all individuals. PE is considered
as the fixed part of school education. In spite of the quite relevant European legislation inclusive PE lag behind other
areas of education. One of the important markers of weak development there is lack of teachers education on secondary
schools level as well as on university level. Effort toward inclusion of students with special needs — sportsmen (with
adequate support) can serve as positive features for understanding of phenomenon “the others” of all PE inclusive process
participants. Research in this area should be oriented on the topics relevant to practice in PE/sports inclusive forms.
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Abstract

The assimilation of motive skills during time was investigated by psychologists, physiologists, teachers and specialists
from all the fields in which the motivity is manifested, in this way being determined a point of view regarding the stages
that one must go through in order to acquire a skill.

Key words: evaluation, motivity, pre-school children

Introduction

Following the study of different sources of information, it can be observed a lack of interest for the motive potential
of this age category, from different categories of scientists.

Today in the syllabus of the pre-school instructional-educational activities, the time allocated to these activities of
(correctly) learning the motive skills is reduced or they are limited to the “warm-up moves”, not respecting the proper
execution of the movements. No importance has been given to this basic component of the child’s harmonious growth
and development, in this period in which the law of the great alternances is more and more visibly manifested.

We consider the evaluation and the capitalization of the motive potential very important for the harmonious
development of small children.

The hypothesis of the research
* we presume that the motive potential evaluation process can be considered a physical therapy intervention;

* we presume that the correct evaluation of the motive potential can constitute a guiding mark in the case of an ulteriour
preventive physical therapeutic intervention.

Material and method

The subjects in the research are pre-school children with the age between 5 and 6 years old, from the Kindergarten
no. 29 of Bacau. The experiment is a part of the research project for the doctorate and started in april 15 2007, time in
which the initial and the intermediary testing took place. For the experiment there were selected fourteen children from
a total of twenty children. The selection criterion was based on age (homogeneity) and the frequency inside the directed
motive activities.

The tests used for evaluating the motive potential were:

The test used for evaluating the motive skills is called “synthetic, estimating the accomplishment degree of the
physical education specific objectives — SDF 3/6” evaluation chart, proposed by the authors: Sabau, E., Dragoi, C. and
Sabau, L., (1989).

This chart allows:

* amore rigorous evaluation of all the skills acquired during the pre-school period;
» the estimation, as precisely as possible, of the efficiency of the methods and procedures used for improving or raising
the acquired motive skills level.

The SDF 3/6 chart is composed of:

- the list of the chart items (the list of the motive skills in question);
- the description of each skill: the concise presentation of the right way of execution, the enumeration of the most
frequent execution errors at the pre-school child;
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- the motive skills are structured in 5 groups, which are also divided in different sections; each section starts with a
target item, that is always followed by the description of the manner in which the child must execute it;

- it follows the intermediary items of learning process, the steps that forerun the correct learning of a skill.

The evaluated motive skills were: walking — ordinary walking, rhythmic walking, walking toward a certain indicated
direction, walking on tiptoes, walking on heels, walking and going round some obstacles, walking and stepping over
obstacles, walking in balance, walking on an inclined level; running — ordinary running, running in variated rhythm,
running toward a certain indicated direction, running and going round some obstacles, running over obstacles; jumping
— jumping with both legs at the same time, jumping with one leg, then the other, jumping deep (from an elevated surface,
landing in crouching position), jumping in length, jumping and touching a suspended object; throwing — throwing with
both hands down, throwing with one hand at the shoulder level, throwing with both hands at the chest level; catching —
catching with both hands down, catching the ball with both hands at the chest level; crawling — crawling from lying down
on the abdomen, with alternative movement of arms and legs, crawling on the abdomen, with support on the forearms
and pushing with the tiptoes.

The Oseretsky — Guillmann test, quoted by Lozinca, 1. and Marcu, V., 2005, gives a general examination of the
motivity for this age category.

The test studies behaviors essential for the motive life under its 4 aspects: speed — force — coordination — resistance,
on the coordinates: dynamic hand coordination, general dynamic coordination, balance, rapidity, spatial orientation.

We specify that this test shows the relation between the chronological age and the motive age. In the evaluation, the
chronological age was expressed in years and months for an objective emphasizing of the motive age recorded in this
manner.

Results

The selective global presentation of the SDF 3/6 chart results (motive skill — catching)

Table no. 1 The statistical descriptive analysis of catching - initial testing

N Minimum Maximum Mean Sta':‘d?rd
deviation
SDF - catching the ball with both hands down, initial testing (percentage) 14 30 100 62,86 25,246
SDF - catching the ball with both hands at the chest level, initial testing (percentage) 14 30 100 67,86 19,287
Valid N (listwise) 14
Table no. 2 The statistical descriptive analysis of catching - intermediary testing
N Minimum Maximum Mean Star-1d§rd
deviation
SDF - catching the ball with both hands down, intermediary testing (percentage) 14 50 100 72,86 20,542
SDF - catching the ball with both hands at the chest level, intermediary testing 14 50 100 76.43 17,368
(percentage)
Valid N (listwise) 14
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The graphic presentation and interpretation of the results for catching,
according to the SPSS system

Initial testing
(april 15— may 10 2007)

1 Std. Dev = 25,25
Mean = 62,9

0 N = 14,00

40,0 60,0 80,0 100,0

SDF - Prinderea mingii cu ambele maini de jos

Chart no. 1 From this chart we can observe that at the initial
testing for catching the ball with both hands down we have
a positive unimodal distribution of the subjects’ results
(inclination of the curve is to the right), grouped around the
value of 62,9%, their mean, (3 subjects - 40%, 5 subjects —
60%, 3 subjects — 80% and 3 subjects — 100%) and a standard
deviation of 25,25.

8

6.

44

2
Std. Dev = 19,29
Mean = 67,9

0 N = 14,00

40,0 60,0 80,0 100,0

SDF - Prinderea mingii cu ambele maini la piept

Chart no. 3 From this chart we can observe that at the initial
testing for catching the ball with both hands at the chest
level we have a positive unimodal distribution of the subjects’
results (inclination of the curve is to the right), grouped around
the value of 67,9%, their mean, (I subject — 40%, 4 subjects
- 60%, 7 subjects — 80%, 2 subjects — 80% ) and a standard
deviation of 19,29.

Intermediary testing
(january 7 - january 30 2008)

5

4

3

2 4

14 Std. Dev = 20,54
Mean = 72,9

0 N = 14,00

500 60,0 70,0 80,0 90,0 1000

SDF - Prinderea mingii cu ambele maini de jos

Chart no. 2 From this chart we can observe that at the
intermediary testing for catching the ball with both hands
down we have a positive bimodal distribution of the subjects’
results (inclination of the curve is to the right), grouped around
the value of 72,9%, their mean, (4 subjects — 50%, 2 subjects
— 60%, 2 subjects — 70%, 2 subjects — 80% and 4 subjects —
100%) and a standard deviation of 20,54.

/ Std. Dev = 17,37
H Mean = 76,4

0 N = 14,00

500 60,0 70,0 800 90,0 100,0

SDF - Prinderea mingii cu ambele maini la piept

Chart no. 4 From this chart we can observe that at the
intermediary testing for catching the ball with both hands
at the chest level we have a positive unimodal distribution of
the subjects’ results (inclination of the curve is to the right),

grouped around the value of 76,4%, their mean, (3 subjects —
50%, 2 subjects - 70%, 6 subjects —80% and 3 subjects 100%)

and a standard deviation of 17,37,
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The conclusions of the graphic interpretation for the section catching:

- for the initial testing, we identify the smallest standard deviation with a value of 19,29 for catching the ball with both
hands at the chest level and the lowest average 62,9% for catching the ball with both hands down; and the highest
standard deviation 25,25 for catching the ball with both hands down and the highest average 67,9% for catching the
ball with both hands at the chest level,

- for the intermediary testing, we identify the smallest standard deviation with a value of 17,37 for catching the ball
with both hands at the chest level and the lowest average 72,9% for catching the ball with both hands down; and
the highest standard deviation 20,54 for catching the ball with both hands down and the highest average 76,4% for
catching the ball with both hands at the chest level.

The graphic representation of the results obtained at the

100%

Oseretsky - Guillmann test
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(@] my(
OV70

70%/0%

70% 709

30%

5
\
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0 \

50%
- 38% 0

Static Dynamic hand
coordination coordination

Initial testing 5 years old (left +)

Ceneral Rapidity of the Simultaneity = Synkinesis
dynamic movement of the
coordination movements
Initial testing 5 years old (right +)

m Interm.testing 6 years old (left +)

Initial testing 5years old (left and right +)

m Interm.testing 6 years old (right +)

m Interm.testing 6 years old (left and right +)

The presentation of the results following the Oseretsky — Guillmann test

2‘:: Last ::?:Ifimt Sex Initial diagnosis Intermediary diagnosis
1. B. B. F slight motive delay motive deficiency
2. B.L. F motive deficiency motive deficiency
3. B. A. F motive deficiency normal
4. C.C. M motive deficiency motive deficiency
5. F.A. M motive deficiency motive deficiency
6. P. D. M motive deficiency normal
7. N. L F motive deficiency normal
8 F.D. F motive deficiency normal
9. R.A. F normal normal

10. T.E. M motive deficiency normal

1. T.E. M motive deficiency normal

12. u.C. M motive deficiency motive deficiency

13. V. A. F motive deficiency motive deficiency

14. Z.A. M motive deficiency motive deficiency
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General conclusions
Based the initial and intermediary evaluations and in concordance with the formulated hypothesis we can arrive at
the following conclusions:

* we find through the analysis of the first hypothesis that the motive potential evaluation process can be considered a
preventive physical therapeutic intervention, as the results indicate a motive potential that does not fit in the normal
values of this age category

* analyzing the second hypothesis, we find that following the results obtained during the initiated evaluation stage,
the next stage that must be accomplished is one of applying in a differentiate way instructive programs in order
to correlate the chronological age with the corresponding motive potential of each individual, through preventive
physical therapeutic interventions.
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THE EFFECTS OF SPECIFIC STRENGTH TRAINING
IN ELDERLY PEOPLE WITH KNEE OSTEOARTHRITIS

Senka Rendulié Slivar! and Sergej M. Ostoji¢?
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’Faculty of Sport and Tourism, Novi Sad, Serbia

Abstract

This paper analyses the effects of exercise by elderly people with knee osteoarthritis (OA). Thirty patients aged 60-80
years were recruited, with clinical and radiographic evidence of knee OA stage Kellgren II and III. They have completed
specific program of strengthening exercises and hydrotherapy during 12 days, 30 minutes daily. We have assessed degree
of the pain intensity and joint movement, thigh circumference, muscle quadriceps strength at baseline and endpoint of the
training program. Average degrees of the pain were: initial 7,0/final 4,6; joint range of movement: initial 116°final 125°
thigh circumference 10 cm above the knee: initial 486 mm/final 492 mm; muscle quadriceps isometric strength: initial
83 kg/cm?*/final 95 kg/cm?. Regular exercise has important role to preserve quality of life at older adults with knee OA.

Key words: exercise, elderly people, knee osteoarthritis

Introduction

The first decade of 21. century World Health Organisation (WHO) named as a “Bone and joint decade”. The aim of
this title was to emphasize the importance of locomotive system and moving itself in the human life. Also, it is awareness
of organs for moving system increasing illnesses that are caused by bad living habits, hypokinesis and increase of average
life age. While, at the beginning of XX century the estimated life age was 47 years, today in the developed countries is
prolonged to 75 — 85 years, and in our areas it is average of 74 years — 77 for women and 71 for men (Vranesi¢ et Krznaric,
2002). By getting older of the population arthrosis are more often. Among the western populations radiographic signs
OA are visible within the majority of people older of 65 years and almost at all older than 75 years (Cooper, 1998). Due
to that reason, the subject of this research was the implementation of adequate exercises, in other words using medical
gymnastics that is hypothetically based at the perception of strong and balanced muscles significantly contribute to
decrease of pain, preservation of stability and biomechanics relations within the knee joint and it is understandable that
this is the remedy that can influence to increasing of knee functionality at the persons with OA illness.

Methods

This research was conducted as longitudinal experiment with one group of examinees. Empiric-experimental method
was used as a base method. The experiment was realized in the Special hospital for medicine rehabilitation Lipik and it
lasted two weeks. Thirty (30) examinees who are suffering of OA (II-I1I phase/Kellgren) one or both knees, 60-80 years
old, was encircled by this experimental treatment. All examinees are self movable with or without expedient. Except OA
they have other chronically illnesses but those medical interferences are not against indication for implementation of the
planned individually adjusted program of medical gymnastics and hydro gymnastics in the pool. Before beginning and
after the end of the experiment for each examinee was definite the degree range of motions in knees, estimated pain (to
VAS) and measured circularity of the upper leg 5 to 10 cm above the knee, and muscle quadriceps isometric strength.
Medical gymnastics was implemented 30 minutes per day in the gym hall and in the pool with thermo-mineral water,
individually adjusted regime under the supervision of physiotherapist. According to the collected information the relation
between the values confirmed before the initial and during the final measurements and according the statistical index,
same are assessed by T-tests effects of the implemented experimental treatment.

Results

The total number of examinees included in the research was 30 — 21 female (70%) and 9 male (30%) elderly life age
with the clinical and radiological picture OA at one or both knees that have fulfilled the criteria OA II and III degree per
Kellgern. The average life age was 70 years (M70,0; SD 4,76) the range 61-80 years and more of 65% of examinees was
in the age of 65-75 years old. Observing the distribution of frequency according to the age groups, age 60-65 years was 6
(20%) examinees, groups age 66-70 and 71-75 years made in each 10 (33,3%) examinees, and final group age 7-80 years
has 4 (13,3%) examinees. After 12 days of implementation of programmed medicine gymnastics and exercises in the
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pool 24 patients (80%) states decrease of painful component, same pain is registered by 5 (17%) patients and 1 patient
(3%) stated that the pain is stronger. Out of 24 patients who stated on decrease of pain in knees after the implemented
treatment one patient (4%) has pain smaller for 1 degree according to the visual analog scale, and 23 patients (96%)
stated decreasing of pain for 2 or more degrees (Picture 1). After the medicine and hydro gymnastic cycles in duration
of 12 days at 47 out of 60 tested muscles (or 78%) the increase of muscular strength is visible while at 13 muscles (22%)
the measured strength was decreased than in the beginning (Picture 2).

Average degrees of the pain were: initial 7,0 (SD 1,41; range 5-10) / final 4,6 (SD 1,83; range 1-8); joint range of
movement: initial 116° (SD 12,34; range 68°-140°) / final 125° (SD 9,98; range 100°-150°); thigh circumference 5 cm above
the knee: initial 447 mm (SD 39,74; range 385-530 mm) / final 449 mm (SD 37,57; range 390-535 mm); thigh circumference
10 cm above the knee: initial 486 mm (SD 47,46; range 410-605 mm) / final 492 mm (SD 45,59; range 420-610 mm);
muscle quadriceps isometric strength: initial 83 kg/cm? (SD 38; range 21-198 kg/cm?) / final 95 kg/cm? (SD 40; range 25-
200 kg/cm?) (Table 1). It was achieved statistically significant decrease of pain, increase knee flexion, muscle strength,
initial increase thigh circumference 10 cm above the knee (Table 2).

416% 4.16%

25,02%
33,33%

33,33%

Picture 1. Number of degrees on decrease of pain according to VAS after 12" day implementation MG and HG

22%

78%

‘EI Increased power B Decreased power ‘

Picture 2. Relation on results of measuring strength of upper leg four-head muscle after 12" day
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Table 1. Description table of the results on all observed variables based on accomplished initial and final measurements during the
study

N = 30 for degrees of the pain, N = 60 for all others variables

1-initial measurement, 2-final measurement

Min. Max. Max -Min Mean Std.Deviat. Std.Error Varianca
Degrees of the pain-1 5 10 5 7,0 1,41 0,202 2
Degrees of the pain-2 1 8 7 4,6 1,83 0,394 3,34
Total joint 68 140 72 116,0 12,34 0,106 152,17
movement-1 ()
Total joint movement-2 (<) 100 150 50 125,0 9,98 0,079 99,56
Total thigh circumference 5cm 385 530 145 446,8 39,74 0,088 1579,51
above knee-1 (mm)
Total thigh circumference 5 cm 390 535 145 448,8 37,57 0,083 1411,33
above knee-2 (mm)
Total thigh circumference 10 cm 410 605 195 4863 47,46 0,097 2252,43
above knee-1 (mm)
Total thigh circumference 10 cm 420 610 190 491,8 45,59 0,092 2078,67
above knee-2 (mm)
Tot.m.quadriceps IM strength-1 21 198 177 83,0 38,41 0,465 1475,03
(kg/cm2)
Tot.m.quadriceps IM strength-2 25 200 175 95,0 39,83 0,419 1583,40
(kg/cm2)

Table 2. Results of T —test for small depending samples (both knees together)
1 — before treatment; 2 — after the treatment; N = 30
t — the value of T-test; df — degrees of freedom

t df P
Degrees of the pain-1
Degrees of the pain-2 7,86 29 <01
Jo!nt movement-1 770 29 <01
Joint movement-2
Thigh circumference 5cm above knee-1
Thigh circumference 5cm above knee-2 1,52 29 >-05
Thigh circumference 10cm above knee-1
Thigh circumference 10cm above knee-2 2,90 29 <01
m.quadriceps IM strength-1
m.quadriceps IM strength-2 3,61 29 <01

Discussion and conclusions

At intentional sample of elderly aged examinees the verifying of efficiency of medical gymnastics on knee functionality
in OA was conducted and the positive impact was confirmed like in some of the earlier studies. Among the all methods
of physical therapy by American society for physical therapy, exercise (98%) and TENS (73%) are the most often
recommended for the healing of knee pain (Philadelphia panel 2001). Two-year randomized and controlled research among
the 786 examinees (600 finished the study), both sex, older than 45 years, with OA of knee conducted in Nottingham
resulted with statistically significant decrease of pain and increase of isometric strength of quadriceps after 6, 12, 18 and
24 months at the patients who exercised in comparison of the group who did not exercised and was not fallowed by regular
phone contact (Thomas et al., 2002). By improvement of locomotive system state and decrease of pain the improvement
of total psychophysical condition in elderly persons is visible. Epidemiological researches are pointing at downsizing of
physical activity with getting older. The physical activity significantly increases during the retirement period (at 60-65
years of age), after several next years rapidly falls and the problem of keeping the regular habit of exercising is bigger
with women (Rhodes, 1999). It is well known that less body weight relieves knees, the exercise increase muscular mass
and strength so the reducing diet and exercise are the combination in prevention OA and during the restraining of pain in
knees (Felson et al. 1992; 1995). Peri¢ et al. (2006) have made clinical researches and radiological marks on 60 patients
average age 60 years with the diagnosis OA of both knees. According to their results instability of knee joint was noticed
with 11 examinees (18%), while crepitations in OA of knee did not showed statistically significant connection with the
specific phase of illness. By strengthening of muscles with the people of elderly age who have advanced phase of knee
OA, is possible to diminish a degree of instability in knees and risk of fall.
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The results of the present study demonstrated that programmed exercises can produce statistical significant

improvement in pain, knee flexion, muscle strength and function of the joint in older adults with knee osteoarthritis.
Non-significant trend was noted by measurement thigh circumferences 5 cm above knee. Regular exercise has important
role in preserve quality of life in older adults with knee osteoarthritis.

The positive effect of exercise is necessary to brighten and to emphasize through the different shapes of education

of the ill ones including their families, friends, and act toward the changing of conscience within the wider population
on need of regular exercising with the main aim on preserving the quality of living through the change of life style of
persons of older age. By exercise it is possible to act in prevention way to the progression of knee OA symptoms and it is
necessary to put additional efforts toward the implementation of that form of behaviour in everyday life.
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COMPLEX ASSESMENT AND REHABILITATION PROGRAMM
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Abstract

This paper presents a propose of a rehabilitation algorithm programm in infraspinatus syndrome at athlets, using
a complex programm. Infraspinatus syndrome is the result of damaging of suprascapular nerve during overuse of
soulder and is frequently at volleyball players. We propose a complex assesement of athlets using: physical assesment,
functional assesment by specific tests like Hawkin test and Neer test and also other assesments using electrodiagnostic,
electromiography by Myomed 134 equipment. Protocol of rehabilitation included conservator treatment that try to
improvement motor skills of shoulder, muscle force, mobility and stability of shoulder, using electrotherapy and physical
exercises. Results of our study showed to us a good evolutions of our patients regards functional, clinic and specific
parameters.

Key words: shoulder, diagnosis, complex physical therapy, Hawkin test, Neer test, motor skills

Introduction

Infraspinatus syndrome is a part of cuff tendinitis and is at the border between neurologic aspects and thraumatic
injuries of shoulder. Infraspinatus syndrome is defined as a condition of frequently painless atrophy of the infraspinatus
muscle caused by suprascapular neuropathy. The syndrome typically(Agre JC, Ash N, Cameron MC, 1987; Antoniadis
G,1996) causes symptoms that mimic those of rotator cuff tendinopathy, and the diagnosis is often overlooked until the
condition fails to respond to a traditional rotator cuff treatment program. The athlets come to us for shoulder pain, limits
of mobility that favorise development of stifness and instability. Most of situations can be treat by physical therapy, kinetic
therapy and also drugs therapy, but also exist some situations in wich surgical intervention must to be done, because is
need to made a reconstruction(Asami A Asami A, 2000) of rotator cuff. Infraspinatus syndrome is the result of overuse
at shoulder joint in sports such as baseball, volleyball, and racquet sports, in wich when his or her arm is in an overhead
or abducted position (Antoniadis G, 1996).Also this syndrome exist at nonathlets persons. Specific of this syndrome is
presence of infraspinos atrophy. The incidence of this syndrome was in our studies and our medical practice, around 15-
20% at volleyball players.

Etiopathogenics aspects in infraspinatus syndrome

The first point is the biomechanic aspect and anatomic structure of suprascapular nerve that has two sites of potential
entrapment: suprascapular notch and spinoglenoid notch(Demirhan M,1998). Second site represent the most common site
of entrapment. Involvement of this site induce isolated atrophy and weakness of the infraspinatus muscle that characterizes
infraspinatus syndrome. During the movement of the scapula like protracts and retracts with functional use of the upper
limb, some traction of the suprascapular nerve can be expected to occur at 1 or both notches. So this nerve will be expose
to damaging sheer stress. All these aspects are base on few observations regards spinoglenoid ligament that becomes taut
when the ipsilateral upper limb is adducted across the body or internally rotated and so suprascapular nerve is vulnerable
to direct compression by the medial border of the spinati tendons at the spinoglenoid notch (Demirhan M, 1998; Ferretti
A, 1998) when the upper limb is abducted and externally rotated. Many studies reveal an ischemia that can involve
disorders of suprascapular nerve and that is caused by migration of posttraumatic microemboli from the suprascapular
artery to the vasa nervorum. Because glenohumeral joint is the most mobile joint from human body, is posible to increase
the risk of shoulder instability.( Bigliani LU, 1990) Why? Because during movement ligamentous structures and the
fibrocartilaginous glenoid labrum provide additional static stability, particularly at the extremes of glenohumeral motion.
The supraspinatus and infraspinatus muscles (Cummins CA, 2000) dynamically stabilizes the shoulder joint through a
precise system of force couples and agonist-antagonist coactivation, keeping the humeral head centered in the glenoid
socket. Suprascapular nerv disorders disturbs this mechanism and could potentially result in proximal migration of the
humeral head with secondary impingement of the supraspinatus tendon.
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Material and method

We made a study of 20subjects, average of age were 38years, most of subjects were athlets and only 3subjects have
not been athlets. Most of them are typical patient, young athlets who reports vague posterior shoulder pain. The pain
has an insidious onset and is described as a deep, dull, aching discomfort. Activities exacerbate symptoms including
weakness and reduce endurance in performing overhead.

Assesment methods included: physical assesment and functional assesment(14,15) used specific test for shoulder
mobility and stability.

Physical assesment showed to us: atrophy of infraspinatus muscle, sometimes in two cases we observed supraspinatus
muscle involvement depend of the site nerve entrapment. Muscle test showed to us presence of weakness of shoulder during
abduction and external rotation, pain during movement and limits of mobility (Kugler A, 1996; Kibler WB, 1998). We
used some specific tests for functional assesment like:Neer test for explore the integrity of infraspinatus muscle during
specific movement , internal and external rotation associate with arm flexion. If the pain increase or the movement is
impossible the test is positive.

Hawkin test is use for explore also the integrity of rotator cuff muscles during arm flexion at 90° elbow flexion 90° and
rotation, internal and external. Presence of pain or instability not permit the movements, and so the test is positive(Meister
K, 2000). Others test including imagining assesment, like plain radiographic for exclude bony trauma, and also for
exclude cervical spine disoders that can involve ranches of brachial plexus. Shoulder MRI may reveal supraspinatus
or infraspinatus muscle edema(Bredella MA, 1999) in acute cases and atrophy with fatty replacement in more chronic
cases.Also we used electrodiagnostic using Myomed 134 for electromyography(Bredella MA, 1999; Casazza BA, 1998;
Hashimoto BE, 1994) that evidence a denervation , with positive sharp waves and fibrillation potentials.

Propose of complex rehabilitation porgramme:

In our research we have two categories of subjects, one of them is in acute phase that needed surgical intervention
and chronic phase. We exluded first lot and we apply a conservator rehabilitation programme at second lot. But even
this lot present two phases: acute phase and recovery phase(Jones DS Jones DS, 1998; Kibler WB). Acute phase- has a
rehabilitation programme that depend on severity of clinical phenomenous, because in absence of compression we used
conservator treatment . So in this situation we poposed a programme of physical exercises for scapular stabilization,
increase rotator cuff muscle tonus. So we obtain a possible prevent of impingement syndrome. Also we recomand this
objectifes of rehabilitation, even after acute phase, because we can improvement flexibility of shoulder. We added also
proprioceptive exercises(Coelho TD, 1994, Kugler A, 1996) for increas shoulder stability, muscle force, endurance and
muscles balance around shoulder joint. Physical methods included ultrasonic waves and lasertherapy using Danson
laser equipment and protocols for tendinitis disorders. Even most of authors dont present chronic phase of infraspinatus
syndrome, we consider that this is the recovery phase. During this phase we prepare the athlets to return to play at soon at
possible. Rehabilitation objectifes of this phase are: mentain shoulder mobility, prevention of muscltendinous retraction,
promote scapular stabilization and shoulder stabilization, increase motor and muscle control, coordination.For increase
muscle force and balance we used exercises with progressive weight begining from 500g, 8-10 repetitions, 3sets, but
under the control of pain and cardiovascular status.For that reasons we used izotonic contraction, concentric and excentric
contraction, and if is possible to use usually exercises that are the part from training programme of our athlets. The end
of one rehabilitation programme must includ plyometric exercises for development muscle power. Plyometric method
can improvement muscle force because it combine force and speed contraction, facilitate nervous control and muscle
contraction. Also the phisiologyc base of this method is stretching at high speed or shortening at high speed contraction.
So exist three phases: excentric, concentric contraction and abosorbtion of mechanic schok.

The recovery phase is during 6-8months even if the athlets begin the sport activity, we must to accord attention for
continue the final rehabilitation programme, for prevent another disorders.Return to play come when our athlets did
not have pain, instability or another discomfort. If all these persist our athlets return to play step by step. Of course we
consider that is important to have a prophylactic programme that must includ warm —up and cool-down exercises and
also is important to use orthetic devices during sport activity.

Results and discussion

Present the dynamic evolution of specific test and pain because we consider that these are important for
periodical assesment of our patients.
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How we seen is important to make a good assesment for decide wich is the best way for rehabilitation and for return
to play. So we consider that specific assesment can help us to observe the dynamic evolution in infraspinatus syndrome.
Much more if we apply earlier the rehabilitation protocol that we propose is possible to reduce the risk of recidive and
the risk to increase shoulder injuries. Most individuals with suprascapular neuropathy are asymptomatic and compete
with little to no discernible performance deficit. This observation complicates the issue of how to handle the return-to-
playdecision.

In symptomatic athletes, a more restrictive course seems reasonable. Once the athlete can perform sport-specific
skills in a pain-free manner, they can return to play. Athletes who undergo surgical decompression should participate in
an appropriate postoperative rehabilitation program to restore their strength, flexibility, and endurance before returning
to play.

No definitive study findings implicate specific spiking styles in suprascapular neuropathy; thus, providing technical
advice about biomechanics to volleyball athletes with suprascapular neuropathy is difficult. Additional considerations
remain unanswered; for example, the appropriate amount of skill training necessary to minimize the risk of volleyball
shoulder is unknown.

The prognosis for a favorable clinical outcome is good. At the time of diagnosis, affected athletes report surprisingly
little functional limitation. According to the literature, most cases respond favorably to either conservative treatment
programs or, when indicated, surgical intervention, and most athletes were able to return to their prior level of sports
participation.
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Abstract

The aim of this study was to compare the acute effects of dynamic and static stretching exercises on the elongation of
the hamstring muscle. The study sample consisted of 14 kinesitherapy students, aged 22+/-1.2 years. They where divided
into the static and the dinamic group. The groups underwent the same worm up routine before the stretching program.
The flexibility of their hamstring muscle were measured with three tests before and afther they performed their stretching
protocols. T-test for dependent samples showed good acute effects for both the methods. Since static and dinamic stretching
exercises seems to produce good acute effects on static flexibility, when choosing which one to use one should focus on
the characteristics of the person he is working with instead of looking at their acute effects.

Key words: static, dinamic stretching, kinesitherapy session

Introduction

Flexibility can be defined as the capability of a joint to move fluidly through its full range of motion (Alter, 1996). It
implies the freedom to move without undue stress to the musculotendinous unit. It is therefore obvious that the development
of such a capability to an optimal level, can very much improve the quality of life of a disabled person. It can allow a
person to do simple things like bend to wear a shoe, without pain. An optimal level of flexibility can also help an individual
to avoid poor biomechanics while walking or running, which can lead to constant pain of the back. Shorterly, it is an
important ability that should be trained and developed to improve everyday life, especially for people with disabilities
in whome this motor ability seems to lack, or people who suffer of muscular stiffness and had a lot of contractures. In
a kinesitherapy session, stretching exercises are usually applied at the beginning, immedialety after a short worm up
which allows the muscle tissue to achieve an optimal temperature for its elongation. Introducing a therapeutic session of a
disabled person with stretching exercises (after a worm up routine) gives the opportunity to a person to get some exercise
and prepare his muscle and joint for the incoming exercises aimed to develop strength, coordination or any other motor
ability. For them, flexibility represents one of the main factors for a correct biomechanic function of the locomotor sistem.
During a kinesitherapy session, a good level of flexibility allows them to perform the planned exercises in a better way
(always within their capabilities), giving them the opportunity to improve better other motor abilities such as strength
or endurance. To obtain the very best results of a stretching exercise different methods are used. The most well known
methods to develop flexibility are static stretching, ballistic (dynamic) stretching, proprioceptive neuromuscular facilitation
(PNF), muscle energy techniques, strain-countrastrain and functional techniques (Alter, 1996). Stretching exercises can
also be analyzed as to wether they are free or resistive and be classified as passive, passive-active, active-assisted or active
movements. Some of the mentioned stretching techniqes are more efficient in one than in other situations. For instance,
dynamic stretching exercises are ofthen used to develop active flexibility in elite sport, while the static method has more
ofthen a therapeutic aim (Schwellnus, 2001). The goal of this paper is to compare the acute effect of dynamic and static
stretching exercises on the elongation of the hamstring muscle. It is in the interest of this work to see if the acute effects
of this two stretching methods differs. The mentioned effects in fact represents the level of flexibility acchived at the
beginning of a therapeutic session, meaning that this exercises prepare a person for the main part of the therapy. That is
why the more effective stretching method should be used. From the biomechanical point of view, an effective stretching
method leads to a relative good level of flexibility which allows the practitioner to execute the incoming drills more
correctly (within his physical limitations). We compared the static and dinamic (ballistic) methods in order to see which
one stretches better the muscle at the beginning of a kinesytherapy session.

Methods

The study sample consisted of 14 kinesitherapy students from the Faculty of Kinesiology, University of Zagreb,
aged 22+/-1.2 years. They where divided into two groups of seven. Depending on the exercise they performed, we called
one group the static group, and the other one the dinamic group. The groups underwent the same worm up routine
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before beginning the testing and stretching protocol. They run at a heart beat of 120+/-12 for 10 minutes. Afther that,
the flexibility of their hamstring muscle were measured with three tests. The MFLPRR and the MFLPRK tests for the
evaluation of passive, and the MFLPLK test for the evaluation of active flexibility. For the MFLPRR test the subjects had
to sit with straight legs with the angle in the hip being 45° and than bend the trunk forward. The MFLPRK test consisted
in a standing straight-leg toe touch exercise performed on a bank where the subjects had to bend their trunk maximally.
The MFLPLK test measured the dinamic flexibility by registering the hip angle while lifting a straight leg from a liyng
position on the back. Afther the testing procedures each group performed their stretching program. The static group had
to sit with straight legs and lean forward. They had to maintain this position for 30 sec. They performed this drill 3 times
in one set. The drill lasted for 30 sec. and there was 4 sets, meaning that the practitioner of the static group stretched
their hamstrings for 6 minutes. The dinamic group performed the same exercise but in a dinamic way. Instead of holding
the same position for 30 sec., they had to rebaund 30 times. Each participant, regarderless if he belonged to the static or
dinamic group, spent 6 minutes in a stretch position. A large number of studies aimed to register the effects of different
stretching methods included stretching program with the same number of repetition and sets for all the groups (Gadjosik
et all., 1993), resulting in a different time spent into a stretched position for each group. This leaded one group (usually
the static one) in advantage. We planned a biggest number of repetition for the dinamic group (30 rebounds) only because
the stretched position for this group lasted 1 second (1 rebaund), while for the static group it lasted 30 sec. (hold the
position). The effects of the two different stretching methods, were tested with the t-test for dependent samples. Statistica
for Windows (Version7.0) was used for statistical analysis.

Results

The changes in the results of the measured tests for the static and the dinamic group are to be seen in table 1 and 2.
The data shows that both the participants of the static and dinamic group improved their results significantly. They both
achieved better results in the first two tests (MFLPRR and MFLPRK) which measures static flexibility of the hamstring
muscle. On the other hand, they had statistically better results in the test MFLPLK which measure dinamic flexibility,
only when performing it with the right leg.

Table 1. Changes in the results of the measured tests after (II) the planned stretching exercises for the static group tested with the t-
test for dependent sample.

Variable Mean Std.Dv. Diff. Std.Dv. Diff. T df P
MFLPRR | 68,64286 12,75932

MFLPRR Il 73,71429 12,60427 -5,07143 3,186861 -4,21033 6 0,005621
MFLPRK | 8,19048 10,50151

MFLPRK I 11,90476 7,60900 -3,71429 3,286778 -2,98988 6 0,024324
MFLPLK | right 92,85714 10,87446

MFLPLK Il right 88,33333 9,62250 4,523810 3,814481 3,137747 6 0,020125
MFLPLK | left 90,00000 13,19371

MFLPLK Il left 89,76190 13,31348 0,238095 4,241393 0,148522 6 0,886797

Table 2. Changes in the results of the measured tests after (II) the planned stretching exercises for the dinamic group tested with the
t-test for dependent sample.

Variable Mean Std.Dv. Diff. Std.Dv. Diff. T df P
MFLPRR | 59,33333 15,86167

MFLPRR Il 66,88571 14,69028 -7,55238 4,493693 -4,44661 6 0,004345
MFLPRK | 5,500000 11,66151

MFLPRK I 7,952381 10,98851 -2,45238 1,909320 -3,39827 6 0,014527
MFLPLK | right 83,80952 12,19875

MFLPLK Il right 87,61905 10,62218 -3,80952 3,691116 -2,73062 6 0,034158
MFLPLK | left 86,66667 11,38550

MFLPLK Il left 88,09524 11,56418 -1,42857 3,107424 -1,21633 6 0,269535

T-test for dependent samples thus, showed that the performed exercises produced a difference between the results
achieved before, and the one achieved afther the stretching protocol for the dinamic as well as for the static group. Such
results points out the efficency of both the used methods.
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Discussion and conclusions

The results shows the quality of both static and dinamic stretching exercises for the acute improvement of static
flexibility. In the same time, neither the static or ballistic method can drastically improve dinamic flexibility. Probabily
that 's because for the improvement of dinamic flexibility, besides working on the developement of the antagonists
(stretched muscle) flexibility, one should work on the improvement of the strength of the agonists (muscle producing the
movement). In fact, dinamic flexibility of one muscle strictly depends on the strength of its agonist to produce a movement.
Since both the tested stretching methods seems to produce statistically significant improvement of flexibility, at least for
what concerns their acute effects, one should choose the method to use by taking in consideration the characteristics of
the individual he is working with. For instance, while working with a healthy athlete it may be better to choose dinamic
stretching exercises since the movements that the athlete will produce after this exercises (on training or during a metch)
will be dinamic. It therefore seems logic to prepare the body for what is next. On the other hand, while working with
people with disabilities, when choosing the method to use one should take into considertion their health status. For
example, some disabilities such as cerebral palsy, usually goes with contractures or forced contraction of the muscle.
When a sudden stretch is aplied to a muscle (like during a dinamic stretching exercise), a reflex action is set into motion
that causes the muscle to contract. As a resoult, muscular tension will increase, making it more difficult to stretch out the
connective tissues and defeating the very purpose of the stretching procedure (Alter, 1996). When working with people
with contractures one should first relax the muscle and than lenghten it, so it could be better to use some static instead
of dinamic stretching exercises. Another argument against dinamic stretching, especially when working with people
with people with muscle tightness is the fact that if a tissue is stretched too fast, it can be strained or ruptured causing
pain and impairment of ROM (range of motion). When stretching slowly, a muscle can achive the same length but in a
longer period of time. Mechanically speaking, the muscle is not required to absorb the same amount of energy per unit of
time. Static stretching allows maximum control of the movement leading to less muscle soreness and it can provide more
qualitative relief from muscular distress (Schwellnus, 2001). Static stretching also requires minor energy expenditure so
that a person could save it for the next drill. On the other hand, one should take into consideration even the fact that static
stretching can be boring leading to minor motivation to exercise (Weineck, 2001). Besides, Evatt et all. (1989) found out
that when performing only static stretching exercises, an individual can downtrain or reduce the amplitude of the stretch
reflex. Since this reflex is an important protective mechanism for the muscle and the joint, with this downtraining, a
person may be prone to stretching beyond their safety limits, causing injury (Alter, 1996).

Looking at the results of this paper and at the argument per and against the two studied stretching methods, one can
conclude that since both the static and dinamic method seems to produce good acute effects on static flexibility, when
choosing which one to use one should focus on the characteristics of the person he is working with instead of looking on
their acute effects which has already been proven. The presented study is a pilot study, therefore there is a need to undergo
a much larger study with a bigger number of subjects in order to confirm or reject the achieved results. In a further study
it is also possible to look for the acute effects of other stretching methods used in kinesitherapy like the PNF method.
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MEASUREMENT OF BODY COMPOSITION IN SPORT
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Abstract

Several methods are recommended to use for measurements body composition in sport. All these methods are indirect.
The measurement mistakes are relatively high. Skinfold thicknesses measurements and bioelectrical impedance analysis
are simple methods for testing relatively large groups. Using lipometer is also a promising tool. More correct are dxa
scanning or air displacement plethysmography (Bod Pod). Athletes strive for low body weight because it gives them a
competitive advantage. On the other side “anorexia athletica” is a health problem. In the sport practice it is recommendable
to use longitudinal measurements, where the body composition of athletes is measured several times during the different
training periods using the same method and equipment.

Key words: fat mass, fat percentage, lean body mass

Exercise training programmes confer considerable adaptation on the morphology of the human body affecting bone,
lean and fat tissue. Normally exercising may induce specific development of muscle groups for certain sports affecting
muscle mass (Stewart 2001). The influence of exercise on body composition is diverse, in part because different assessment
techniques of varying accuracy and precision are used to quantity exercise-related change on body composition. However,
many exercise interventions are blended with other treatments, especially dietary modification.

Studies of body composition of living man require reliable measurements. In vivo, body composition can only be
measured indirectly. The general model for body composition is the two compartment model, i.e. Fat mass (fm) and fat-
free mass (ffm). There is nowadays a great variety of methods available with different assumptions and limitations. In
selecting, a method for use in any subject group, there is clearly a balance to be struck between information, cost, an
convenience, which are unique to each set of circumferences.

The following methods are used for the measurement of body composition:

Hydrodensitometry

Underwater weighing, or hydrodensitometry, has long been accepted as ‘gold” standard technique for determining
total body volume. In this technique, the weight of the body is determined in air and again when the subject is fully
submerged. Application of Archimedes’s principle provides the body volume and, following correction for the residual
lung volume and air in the gastro intestinal tract, the body density is obtained. The ‘% body fat” can be estimated from the
body density using one of the many equations developed by various researchers. Not withstanding the concerns with the
accuracy of hydrodensitometry, the technique has been extensively used to estimate % body fat. However, its application
is limited to subjects/populations for whome underwater weighing is possible. Generally, it may be difficult or impossible
for the elderly, children and some patient groups. A relatively recent technique of air displacement plethysmogragh for
the measurement of body density obviates the need for underwater weighing.

Air displacement plethysmograph

A relatively new device (Bod Pod: life measurement instruments) utilizes this technique. The device is comprised of
a 'test” chamber and a reference” chamber, which are separated by a diaphragm. The subject is seated in the test chamber
and the diaphragm oscillated to produce a slight change in volume and pressure in each chamber.

Three-dimensional (3D) body scanning

3D body scanning and digital photographic anthropometry are relatively new techniques which can be used to measure
body volume and hence body fat. There are a number of lasers or light-based 3D body scanners available. Although
relatively new, this technique offers great potential to the assessment of body composition. Further development is needed
to obtain the accuracy and precision required for estimation of body fat.
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Dual-energy X-ray absorptiometry (DXA)

Differential absorption of x-rays by bone and soft tissue is the basis for the original development of single photon
absorptiometry to measure bone mineral density (bmd) or body composition. Dxa is based on the fact that the components
of the body can be grouped into three groups-bone mineral, fat and fat-free soft tissue, according to their attention
properties. The precision of a particular dxa device for the assessment of whole-body composition is generally good.

Computed tomography and magnetic resonance imaging

The application of computed tomography (CT) as well as magnetic resonance imaging (MRI) and spectroscopy
(MRS) represents important advances in human body composition studies. They are also the only methods available
for detailed measurement in internal tissues and organs. These applications are now also used to measure the quality of
various tissues including bone and skeletal muscle. The application of CT and MRI in body composition is growing very
fast. CT and MRI are now considered the most accurate methods available for in vivo quantification of total and regional
adipose and skeletal muscle tissue.

Bioimpedance analysis

Bioimpedance analysis (BIA) at a single frequency (usually 50 khz) or at multiple frequencies is one of the most
common techniques applied to the measurements of body composition. It is relatively inexpensive, portable and does
not require extensive operator training. However, care needs to be taken with its application and an understanding of its
limitations is necessary if the results are to be correctly interpreted. The underlying principle is that when an electrical
current passes through the body it will mainly pass through water-containing tissues since bone and fat have a large
impedance and do not conduct significant current. BIA measurements are very dependent on the muscle groups involved
and the intensity of exercise, changes in skin blood flow and heat production, and amount of fluid loss. Lukaski et al. (1990)
performed BIA measurements in 104 female and male varsity athletes under two experimental conditions: a controlled state
(no preceding exercise and > 2 h after a light meal) and an uncontrolled state (without regard to immediately preceding
exercise, level of hydration, or absorptive state). Ffm was lower by 0.8 kg in an uncontrolled states. Even though the
changes in BIA were modest, these studies show that measurements of r and xc are influenced by recent exercise. Thus,
to reduce measurement errors in the method, BIA should not be performed within several hours of moderate to strenuous
exercise, and hydration status should be completely corrected.

Anthropometry

Many anthropometric measures have been proposed and used for the assessment of total or regional body composition.
This section deals only with two of the more common anthropometric methods-body mass index (BMI) and the skinfold
thickness measurements. Body mass index (body weight in kg/height in meters squared) is primarily used to identify
subjects as underweight, normal, overweight or obese. The world health organization provides a classification of overweight/
obesity based on bmi. For adults, a BMI > 25 kg m? is classified as overweight and a bmi > 30 kg m™ as obese. The BMI
can also be used to classify normal and underweight subjects with a BMI < 18.5 kg m being underweight and 18.5-25
kg m being the normal range. Skinfold thicknesses at specific body sites provide reasonable correlation with % body fat.
However, variations in the distribution of subcutaneous fat between individuals mean that multiple sites need to be sampled
in order to obtain an accurate predictor of % body fat. The variability in the ratio of subcutaneous fat to total body fat
also needs to be considered. Although the measurement of skinfold thicknesses is relatively simple, the necessary skills
need to be developed and practiced of accurate and precise measures are to be made. Considerable variability between
operations has been noted. Reasons for this variability include:

*  The callipers used-different callipers may use different pressures resulting in a systematic difference;
» Differences in location of the anatomical sites; and
*  Technique of grasping the skinfold.

The measurement of skinfold thicknesses remains one of the most commonly used technique for assessing body
"fatness’.

Lipometer

The lipometer is an optical device for measuring the thickness of a subcutaneous adipose tissue layer. It offers a non-
invasive, quick, precise, and safe way of measuring a fat layer. The lipometer illuminates the interesting layer, measures
the backscattered light signals and from these it computes absolute value of subcutaneous adipose tissue layer thickness
(Moller et al., 1994).

Measurement for the thickness of sat-layers by lipometer has been performed at 15 original body sites in mm.
The lipometer uses light-emitting diodes, which illuminate the interesting sat-layer, forming photodiode measures the
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corresponding light intensities backscattered in the subcutaneous adipose tissue. These light signals are amplified,
digitized, and stored on computer (Moller et al., 1999).

Summary

In vivo body composition measurements are always indirect, based in one or more assumptions concerning the nature
of the body components of fat mass and fat-free mass including water, protein and bone. Examples of indirect methods,
based in assumption derived from carcass analysis, are densitometry and the measurements of total body water.

The body structure of the successful athlete is the product of natural selection over successive generations and
training adaptation in the current generation, termed morphologic optimization (Norton et al. 1996). All equations
for the prediction of fat mass are population specific and do not necessarily represent athletes, unless they have been
specifically validated using athletic groups. Exercise has been shown to exert differential effects on subcutaneous adipose
tissue, described as the fit-fat distribution (Nindl et al. 1996) with less fat situated on the torso relative to other regions.
Sinning (1985) showed that only 3 of 18 existing generalized predictions of fatness were valid for athletes when using
densitometry as the criterion. Muscle mass influences athletic performance more directly than fat mass. It is not easy to
measure correctly muscle mass in athletes as a part of lean body mass, for this purpose some anthropometric equations
or dxa scans are recommended.

Many world-class athletes are alarmingly underweight, and several cases of anorexia nervosa have come to light.
Athletes strive for low body weights because it gives them a competitive advantage. Athletes who use drastic food or fluid
restriction to lose weight may experience negative health and performance consequences, including loss of lean tissue
mass and the preturbance of immune and endocrine functions.

If it is necessary to reduce body mass, weight change is best attempted during the off-season, and energy intake
should be modified with an emphasis on adequate intakes of carbohydrate and protein. However, during times of high
intensity or volume training energy needs must be met to maintain body weight, replenish glycogen stress, and provide
adequate protein for the building and repair of tissue. Strategies to decrease body mass and/or fatness should adhere to
safe approaches that will negatively affect health or performance (Sudi et al. 2004).
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Abstract

The aim of this study was to analyse changes in QRS amplitude and motor performance in junior female athletes
during the 12 months of training in aerobic gymnastics. Somatometric and motor parameters, heart rate (HR), blood
pressure (BP) and 12-lead ECGs were recorded in 12 female athletes, aged 13—17 years (average 13.8+1.2) at 3-month
intervals over a period of 1 year. The difference between the mean QRSmax values at the beginning and at the end of the
study was 0.6 mV (p<0.001), the difference between the initial and final values of SLI was 0.5 mV (p<0.01). The motor
performance test results indicated no significant changes in all parameters as we expected. Comparison of pre- and post-
tested parameters showed statistically significant changes in pull-ups and tandem walking (p<0.01), in sit-ups and long
jump (p<0.05), no significant changes in modified push-ups, shuttle run 4x10m, shuttle run 20m, and static balance.

Key words: ECG, QRS voltage, motor performance tests, juvenile female athletes

Introduction

Regular and long term physical training results in increase of sport specific performance level, often accompanied
by an increase of left ventricular mass (LVM), which is known as physiological left ventricular hypertrophy (LVH), or
athlete’s heart (Oakley, 2001; Fagard, 2003). 12-lead ECG in athletes frequently shows an increased QRS voltage and
these QRS changes are attributed to the physiological adaptation of the heart that occurs as a consequence of systematic
physical training. However, the increased QRS amplitude is observed only in a proportion of athletes with increased
LVM (Peronnet et al, 1980; Somauroo et al., 2001). There is also poor agreement between the QRSvoltage and the size
and morphology of the left ventricle (Somauroo et al, 2001; Kansal, 1983). A similar decrease in QRS amplitude is also
observed in the experimental model studies of exercise-induced left ventricular hypertrophy in rats (Bacharova et al,
2004; Kirchhof et al, 2007).

In this study, we tested the hypothesis that the early period of intensive physical training is associated with a decrease
in QRS amplitude. Therefore, we also analysed the changes of motor performance in female junior aerobic gymnasts
during their one-year training cycle.

Methods

A group of 12 girls aged 13 - 17 years (average age 13.8 years) was followed up for 12 months. This group entered
a newly designed intensive training program in competitive aerobic gymnastics three months prior to the study period.
Before entering the aerobic gymnastic program, most of the girls practiced early stage rhythmic or artistic gymnastics, or
modern dance with a low level training load (maximum 3 hours per week). The girls were routinely screened in 3-month
intervals. None of the girls had any history or symptoms of underlying cardiovascular disease, or of a family history of
premature death from cardiovascular disease. None was taking any form of prescribed cardiovascular drug treatment.
During the study period, the number of training sessions was five to ten per week (2 hours per training session, 4 to 5
days per week). The overall design of the training programme contained the following components: aerobic activities
(about 30 % on average), an aerobic activities (about 20 % on average), dynamic strength (10 %), dynamic and static
strength (10 %), flexibility and coordination (about 30 % on average). The following anthropometric parameters were
measured and calculated:

- body weight, height, body mass index (BMI);
- body fat percent (BF%) calculated as BF% = 0.365 x (TS + SSS + SIS + MCS) + 0.62, where TS is the triceps

skinfold width, SSS is the subscapular skinfold width, SIS is suprailiacal skinfold width and MCS is medial calf
skinfold width;
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- absolute active body mass (ABM) calculated as ABM = bodyweight . (BF% x BW/100);
- relative active body mass (%ABM), calculated as %ABM = 100 . BF%.

Blood pressure was recorded in sitting position after 5 minutes of rest, using the automatic barometer OMRON M4-
I, Omron Matsusaka, Japan. Then standard 12-lead ECG was recorded in supine position using the electrocardiograph
SEIVA EKG, Czech Republic. Each ECG was recorded for 15 s, the average value of the first three QRS complexes were
used for further calculation. All electrocardiograms were evaluated by one blinded researcher. The following QRS voltage
parameters were calculated and analyzed:

- the Sokolow-Lyon index, calculated as the sum of SV2 plus RV5,6

- the approximated maximum spatial QRS vector magnitude (ORSmax), calculated using the following formula:
ORSmax = \RV5’ + RaVF? + SV2*

The group underwent pre- and post- cycle motor performance tests as well (Moravec et al, 2002; Suni et al, 1996):
Backwards Tandem Walking; Static Balance; Modified Push-ups; Pull ups to bar; Sit-ups in 60s; Standing Long Jump,
Shuttle Run 4x10m, and Shuttle Run 20m.

Data are presented as mean and standard deviation (SD), or standard error of the mean (SEM), respectively. The
differences between the values at particular time intervals were tested using the Friedman test. A probability value p <
0.05 was accepted as significant. This study was approved by the Ethics Committee of the Faculty of Physical Education
and Sports of the Comenius University, Bratislava.

Results

Table 1 presents the basic statistics of the anthropometric variables in the study group. At the end of the study period
the height of the girls increased by an average of 1 cm, this increase was statistically non-significant as compared to
the initial values. In addition, the values of body weight, BMI and %ABM increased significantly during the follow-up
period compared to the initial values. The values of HR, as well as of systolic BP, did not change significantly during the
study period with respect to the initial values (Table 2). The changes in the QRS voltage criteria under study are shown
in Figure 1. The mean values of QRSmax and of SLI decreased gradually in the study period, and the values at the end
of the study period differed significantly with respect to the initial measurements. The difference between the mean
QRSmax values at the beginning and at the end of the study period was 0.6 mV (p<0.001), and the difference between
the initial and final values of SLI was 0.5 mV (p<0.01).

Table 1. Anthropometric variables: body weight (BW), height, body-mass index (BMI), the body-fat percentage (BF%), the absolute
active body-mass (ABM) and the relative active body-mass (Y%ABM), in the group of female athletes at the beginning and the end of
the study period (mean + SD are presented, *p<0.05).

Height [cm] BW [kg] BMI [kg/m2] BF% ABM [kg] %ABM
1stmeasurement 159.7+4.3 46.2+5.5 18.0¢1.5 12.412.4 40.7+4 1 87.6+2.4
Final measurement 160.4+4.6 48.8+4.8* 18.9+1.3* 12.3+2.3 42.7+3.5 87.7+2.3*

Table 2. The values of systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate (HR) in the group of female
athletes at the beginning and the end of study period (mean £ SD are presented).

SBP [mm Hg] DBP [mm Hg] HR [bpm]
1s*measurement 116.8 £7.0 67.1+7.9 77.3£14.2
Final measurement 115.8 £6.9 66.1£6.5 75.8114.8
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Figure 1. Values of Sokolow-Lyon index (SLI) and of approximated maximum spatial QRS vector magnitude
(ORSmax) during the follow-up period. Values are presented as mean, **p < 0.01, ¥***p < 0.001 (1= I*
measurement; 5 = Final measurement).

The results in motor performance tests obtained during one-year training cycle showed that there were no significant
changes in all tests as we expected. Comparison of pre- and post-tested parameters showed statistically significant changes
in static strength of upper body - Pull-ups; dynamic balance — Tandem walking (p<0.01); in strength of trunk muscles —
Sit-ups; and explosive power — Long jump (p<0.05), and no significant changes in modified Push-ups, Shuttle run 4x10m,
Shuttle run 20m, and Static balance (Table 3). Therefore, we suppose that motor performance changes during the follow
up period were affected by many factors, including the intensity, type and specific content of the training, which differ
very much from the short- and long-term goal of individuals as well.

Table 3. Motor performance test variables in the group of female athletes during the study period (mean + SD are presented; *p<0.05;
**p < 0.01 vs. I measurement; 1= I" measurement, 5= Final measurement).

1 2 3 4 5
Sit-Ups [n/30s] 55.50+8.28 57.83+4.59 58.92+4.98 57.83+7.00 61.33+7.05*
Pull-Ups [s] 46.22+13.95 49.68+16.68 42.58+14.61 56.66+20.58 56.83+15.44*
Push-Ups modified [n/40s] 27.25+8.29 23.33%2.61 24.42+2.61 22.96+4.05 24.42+3.61
Shuttle Run 4x10m [s] 11.47£0.40 11.97+0.58 11.67+0.50 11.58+ 0.48 11.67+£0.45
Shuttle Run 20m [n] 39.20+13.66 38.00+12.90 38.70+12.13 37.00£13.60 39.00+£12.00
Tandem Walking [s] 6.97+1.02 6.88+0.84 6.08+1.01 6.07+1.13 5.45+0.63*
Static Balance [s] 22.62+£16.92 28.12+20.77 27.82+15.64 30.18+18.82 26.60+15.45
Long Jump [cm] 188+13.43 188+10.37 197£10.84 198+10.23 193+11.45*
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Discussion and conclusions

The main results of this study were the significant decrease in the QRSmax and SLI values, respectively. These findings
are in contrast with the findings of increased QRS amplitude in athletes. Increased QRS voltage is more frequently found
in highly trained athletes as compared to sedentary controls (Bjornstad et al, 1991; Sharma et al, 1999), and was shown
to be enhanced with increased level of training (Bjornstad et al, 1993). However, the proportion of athletes exceeding
the upper normal limits is up to 47 percent in highly trained athletes (Oakley, 2001), The nature of exercise in aerobic
gymnastics can be defined as combined exercise; therefore, changes in both LVM and LV dimensions could be expected.
So far, no data have been obtained specifically since this discipline has been established rather recently (the first World
Championship organized by the International Federation of Gymnastics was held in 1995).

Echocardiography was not performed to quantify the changes in LVM and in the morphology of the heart since only
a slight increase in LVM might be theoretically expected in this study, which would not explain the decrease in QRS
voltage. In this study, we did not use a control group to avoid biases possibly arising from the different constitutional
characteristics, incomparable life style, physical load and psychological stress between competitive athletes and sedentary
controls. Furthermore, the number of girls was relatively small, which could additionally lead to a bias by selection in
the control group.

To conclude, in our study we showed that a 12-month competitive training programme in young female athletes did
not lead to the classically expected increase in QRS voltage, supported by increase in motor abilities as well. On the
contrary, the results were different and confirmed the hypothesis that there would be a decrease in the QRS amplitude at
the early stages of intensive training as an early sign of the rebuilding of myocardium, reflecting the changes in electrical
properties of myocardium at the early stage of LHV development.
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Abstract

During the past decade the physical stress in competitive tennis has been constantly increasing. The aim of this research
was to establish how busy tournament schedules and hard training programs affect morphological differences between
dominant and non dominant body sides of tennis players. The study included eighteen elite Croatian tennis players (18
to 28 years of age), ranked among 30 best national players. They where measured by 12 anthropometric variables. The
data were processed by the SPSS package for Windows, ver. 11.5. The central and dispersive parameters were computed
(mean, SD, MIN, MAX). To determine the differences between variables of dominant and non dominant side t-test
was used. The results showed that the long term tennis training and competition have influence on some morphological
differences between dominant and non dominant side of tennis players. Significant differences appears in upper body
segments (upper arm extended girth, upper arm flexed girth, forearm girth, hand width, wrist diameter) while it seems
that tennis training and competition do not produce significant differences in lower body segments. It can be concluded
that differences in upper body segments highlight the importance of upper-body compensatory exercises in order to
prevent injuries, extend competitive carrier and increase the quality of training program.

Key words: tennis, asymethry, morphology

Introduction

Tennis is among the world’s most popular sports. Over the past decades high participation rates, in addition to large
competitive pressures on players, have raised overall performance at the elite level. Improvements in performance,
particularly at the high performance level, largely depend on applying scientific knowledge to increase the quality of
specific training programs. As the demands of professional tennis have increased, a player’s physical capabilities have a
larger impact on their level of success (Morante, 20006).

Diagnostic procedures now days are of great importance in the carrier of tennis player, from the aspect of better
insight into the status of morphological characteristics, motor and functional abilities, as well as from the aspect of
preventing injuries. In spite of this, few studies have been conducted to examine the body structure and characteristics
of tennis players.

The objective of this study was to evaluate morphological characteristics of top level tennis players in Croatia and
to analyze differences between dominant and non dominant body sides.

Methods

Eighteen Croatian tennis players (18 to 28 years of age) participated in this study. They where all ranked by the
Croatian tennis Association and have ranking among 30 best national players. They had been all involved in training for
tennis competition of a minimum of eleven years. The total of 12 anthropometric measurements was applied in accordance
with the International Biological Program. Body height and mass, arm span, hand width, wrist diameter, elbow diameter,
knee diameter; upper arm extended girth, upper arm flexed girth, forearm girth, thigh girth and calf girth were measured.
The arm and leg measurements were measured on right and left side of the body.

The obtained data were processed by the SPSS package for Windows, ver. 11.5. The central and dispersive parameters
were computed (mean AM, standard deviation - SD, MIN, MAX). To determine the differences between variables of
dominant and non dominant side of body t-test was used.

Results and discussion

The means, standard deviations, minimum and maximum for the morphological characteristics of the Croatian tennis
players are presented in Table 1.
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The average standing height of tennis players (186,35 cm) is highly above the average values for normal population
of this age in Croatia but also above the normative values of world top senior players 183,5 cm (www.atptennis.com,
22.10.2007). The body height may be a great advantage in tennis and it is regarded the most important morphological trait
(Filip¢ic, Filip¢ic, Leskosek, 2004), especially when playing on the fast surfaces. That is why taller players can perform a
stroke at a higher level hit point (the contact point of a racket and the ball) when performing service, forehand, backhand,
volley and smash strokes. Other authors concluded that the body height over 180 cm significantly affects the power of the
serve (Schonborn, 2001; Zmaji¢, 2003) what is again very important when playing on fast surfaces (grass, hard court),
because it gives opportunity to put more time pressure on opponent at the beginning of point. Besides the pronounced
body height, a big arm span, as registered, may also be advantageous. The measurements of body mass are lower when
comparing to top ATP players 80,5kg (www.atptennis.com, 22.10.2007). Tennis players in this study had 9,76% of body
fat, on average, which is below the standard values for tennis players (12-16%). These values are to be expected because
a high percentage of body fat is detrimental in terms of successful performance.

Table 1. Descriptive statistic parameters of morphological characteristics of Croatian tennis players

AM SD Minimum Maximum
BODY HEIGHT (cm) 186,35 7,10 172,70 200,50
BODY MASS (kg) 78,20 7,20 64,90 89,00
%FAT 9,76 3,32 7,80 15,60
ARM SPAN 189,00 9,15 175,00 206,00
HAND WIDTH L 8,5000 0,24 7,9 8,8
HAND WIDTH R 8,8333 49 8,0 9,5
WRIST DIAMETER L 5,7500 0,34 5,1 6,4
WRIST DIAMETER R 6,0333 0,33 53 6,5
ELBOW DIAMETER L 7,03 0,44 6,20 7,98
ELBOW DIAMETER R 7,30 0,43 5,77 7,82
KNEE DIAMETER L 9,65 0,50 8,25 10,52
KNEE DIAMETER R 9,74 0,43 8,74 10,42
UPPER ARM EXTENDED GIRTH L 29,20 2,09 26,20 34,10
UPPER ARM EXTENDED GIRTHR 30,15 2,29 27,00 36,00
UPPER ARM FLEXED GIRTH L 31,55 2,34 28,00 36,30
UPPER ARM FLEXED GIRTH R 32,83 2,38 29,20 37,80
FOREARM GIRTH L 26, 61 1,20 25,20 29,00
FOREARM GIRTH R 28,52 1,45 25,50 31,50
TIGH GIRTH L 57,68 2,68 52,70 62,00
TIGH GIRTHR 57, 57 2,75 52,80 61,80
CALF GIRTHL 37,50 2,02 33,30 42,70
CALF GIRTHR 37,67 1,97 33,90 42,80

From the results it is obvious that there are some morphological differences between body sides. In order to determine
significance of the differences between dominant and non dominant body sides of tennis players t-test was used (Table
2.).

Table 2. Differences between dominant and non dominant body side measurements

t-value p
HAND WIDTH 4,81046 0,000
WRIST DIAMETER 7,03537 0,000
ELBOW DIAMETER 2,503 0,022
KNEE DIAMETER 1,396 0,179
UPPER ARM EXTENDED GIRTH 4684 0,000
UPPER ARM FLEXED GIRTH 4,998 0,000
FOREARM GIRTH 5,649 0,000
TIGH GIRTH ,199 0,245
CALF GIRTH 1,104 0,284
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Force production in tennis, as in many other ground-based reaction sports, involves the transfer of ground reaction
forces through ankle, lower-and upper-legs, trunk, upper body and eventually to the racket. Therefore, the forces at the
shoulder and arm in tennis player result from the summation of the kinetic chain activity that starts with the ground
reaction force in legs and proceeds to the upper body, including the shoulder and arm (Chandler, 1998). Long term tennis
training and competition affects some morphological differences between dominant and non dominant side of tennis
players. A significant difference appears in upper body segments while it seems that the tennis training and competition
do not affect significant differences in lower body segments. In this study the significant differences appears in upper
arm extended girth, upper arm flexed girth, forearm girth, hand width and wrist diameter.

It is recorded that the dominant hand can be up to 20% stronger then non dominant hand (Kannus, 1994). These
differences lead to morphological differences. It was recorded that dominant arm can also be larger in girth up to 20%.
This is understandable because the large forces generated in the legs are passing through hips and trunk (as a centre of
rotation and transfer link) to the shoulder and arm. Muscular imbalance in unilateral sport such as tennis can be considered
normal up to 10%, from 10% - 20% possibly abnormal and from 20% or greater probably abnormal (www.isokinetics.net,
26.04.2008.). These findings highlight the importance of compensatory exercises in order to prevent high percentage
of muscular imbalances between body sides. That is very important from the aspect of preventing injuries, extending
competitive, professional carrier and increasing the quality of specific training programs.

Conclusion

Long term tennis training and competition have influence on some morphological imbalances between dominant and
non dominant body side in tennis players. Significant differences appear in upper body segments while it seems that the
tennis training and competition didn’t affect lower body segments. Differences in the upper body segments highlight the
importance of upper-body compensatory exercises in order to prevent injuries, extend professional carrier and increase
the quality of training program.

Diagnostic procedures are very useful and they can provide the necessary information for the development of specific
training program designed to maximize competitive performance and reduce injuries.
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ASSESMENT OF THE STRENGTH IN JUDO THROUGH
THE POWER AGAINST THE CORPORAL WEIGHT
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Abstract

The use of lineal transductors has added new variables such as Power to the assessment of athletes’ physical shape.
In our study, we have tackled the importance of Power in the judokas’ performance and whether there is a zone in the
power-charge curve in which this variable has discriminating ability according to performance level. Thus, we have
evaluated 53 judokas (24 women and 29 men) through a Progressive Test of Strength based on each judoka’s corporal
weight (cw). We have chosen the Rowing lying pronus exercise due to the importance of traction in judo. We have used
a single-factor ANOVA treatment with performance level as independent variable and power as dependent variable. The
results of our study conclude that the power changes significantly when the charge is equivalent to the corporal weight
according to the performance level both in men and women (p = 0.038 and p= 0.002 among the Very Good and Average
level judokas, in men and women respectively), whereas the Maximum Power or the Power in the zone of the 1RM does
not change significantly from a statistical point of view, and therefore it is not so useful as point of reference of the judokas’
strength level, or as a base on how to carry out training sessions.

Key words: maximum power, performance, lineal transductors

Introduction

There are a number of qualities that are determinant for the performance in judo such as power and anaerobic
capacity, aerobic power, and types of Strength such as Explosive Strength, Isometric strength, etc. Although there is
general agreement with regard to the importance of strength and resistance, and their interaction with one another, some
authors such as Carratald and Carratala (1997), and Carratald, Pablos, Carqués y Pablos, (2003), highlight that strength
is a basic capacity in order to achieve success in top-level sports.

Several studies show that the reduction in the application’s time of the strength (explosive strength) is of paramount
importance to cause unbalances, execute the appropriate gestures to project the adversary or avoid being projected
(Carratala and col., 2003 and 1997; Garcia, 2004; Hasegawa and col., 2006; Iglesias and col., 2000; and Padial, 2006).
This author also says that “in order to succeed in competition the arms must have: high values of explosive strength;
an amount of time to show the FDM below 80 ms; and high values of resistance to Strength”. Iglesias and col. (2000)
put the stress on the close relationship they find between the Explosive Strength and the Maximum Strength because
of the high resistances the judokas have to face (both for mmii and mmss). However, it is really difficult to analyse this
Explosive Strength or maximum output of strength per time unit (Gonzalez-Badillo and Rivas, 2002) without very accurate
technology, thus it is more frequent to find the assessment of power as point of reference.

Given that strength in judo must be shown at maximum speeds to catch the opponent off guard, this factor incorporating
strength and speed may be discriminating. Thus, we wanted to analyse the behaviour of power in judokas and its relationship
with the performance level. Since traction, depending on the flexor musculature, is a key muscular action in judo, we have
chosen the assessment of power in this action, measured through the Rowing lying pronus exercise.

Methods

53 Spanish judokas participated in this study (24 women and 29 men) of different weight categories (—48 to —70 kg
in women, —60 to —90 kg in men), with a minimum level guaranteed by the participation in qualifying championships for
the Absolute Spanish Championship of 2007. The sample was divided into three groups of level according to the results
and an assessment given by the technicians (table I).
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Table 1. Basic characteristics of the final sample (L = 53)

Very
% Average Good
Age Weight | Weight % Fat % MM gg;rs Y;irtf HT/;’:?:’" Level Level fg\f’ee:
Compet P pract. : (N=21) (N=20) (Ne12)
Men 2114 7453 1.02 11.36 58.22 10.23 16.07 13.71 13 0 7
N =29 +3.32 +9.79 +0,40 +2.10 +7.16 +3.44 +3.63 +4.52
Women 21.54 58.86 1.02 12.89 55.00 8.33 15.79 12.44 8 1 5
N =24 +4.85 +9.16 +0.043 +2.41 +6.14 +3.91 +4.64 +4.65

Anthropometric data was collected such as: corporal weight (CW), height, fatty folds and muscular perimeters and the
percentages of fatty mass (%F, Faulkner’s formula), kilograms and percentages of muscular mass (using Martin’s formula)
were determined. The power assessment was carried out through a strength transductor (Real Power Ergo Tester Globus),
based on a Progressive Test in the lying pronus Rowing exercise in horizontal bench. The progression was established
on percentages of corporal weight: bar, 40, 55, 70, 85, 100, 115, 130%, and more, of corporal weight, and the repetition
with the greatest power was chosen (between 3 and 1 maximum repetitions per series). In each series, the perception of
the effort was measured through the Robertson scale (in Naclerio, 2005), to adjust the last series. At the end of the test
(usually in speeds <0.4 m/s; EP around 8) the weights were adjusted in smaller levels until the IRM was reached. Since
in this final stage of the test there was no coincidence in the percentages, the comparative analysis was carried out only
in the six series as far as the corporal weight, charge mobilized practically by all the athletes assessed (table 2).

Table 2. Charge zones (% of CW) on which the 6 first series of the test have been carried out, as far as the cw

1st 2nd 3rd 4t 5th 6t SERIES (% charge)
14.16% 39.95% 55.86% 70.99% 86.11% 100.91% Men
On the CW
18.69% 39.70% 54.98% 69.89% 85.16% 98.31% Women

The results were included in a SPSS 15.0 database; 15.0.1. Version, separately for men and women. A one-way ANOVA
analysis was used with the performance level as independent factor, and strength, power and speed in each of the series
as dependent variables. Tuckey was used among the Post-Hoc test, based on Levene’s homogeneity Test, taking equal
variances, and Games-Howell when different variances are taken.

Results

Table 3 shows the statistical descriptive concerning average Maximum Strength in thelRM, average Maximum Power,
average speed and Zones or percentages of charge on which they have been obtained, in both sexes.

Table 3. TPF,. Mean and typical deviation in the lying pronus Rowing exercise. Comparative by sex

. . V. Mean in g
Lying pronus MS V. Mean in o o S deficit in
Rowing (N/kg) 1RM (m/s) N ) N(';’;S‘;V wollalP 5] Max.W (%)
Men 13.28 0.35 9.26 1.32 38.50 50.33 45.67
(n=28) +1.38 +0.08 +1.40 +0.23 +12.03 +11.82 +10.78
Woman 10.72 0.28 5.99 1.05 4419
(n=26) +1.46 +0.06 +1.08 +0.27 CrCehdl 2 aelEianiees +11.97

As for Power behaviour, the power in the charge of IRM has been studied, in the charge equivalent to the corporal
weight, in the charge of the Maximum Power of the whole test (MP), and in the 5 remaining series carried out below the
corporal weight (table 2). Table 4 shows the mean and typical deviation of the results, broken down according to zones:
upper part, power in 1PM; medium part, power against Corporal Weight; lower part, maximum Power of each athlete
and charge on which it is obtained. Table 5 completes the information with mean and deviation of the 5 series carried out
below the corporal weight, in order to verify the way in which judokas apply their strength when facing slightly lighter
charges, and therefore, faster. Graph 1 shows the Power-Charge curves in the six series, including that of the CW.

As shown (tables 4 and 5; graph 1), the differences in power for each series are clear between men and women, but
with an average profile very similar between series. It also shows that the mean of the MP (9.26+1.40 y 5.99+1.08 w/kg
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for men and women respectively) is greater than the greatest MP mean obtained in any of these six series. This is due to
the fact that even if the 3 series shows the highest power values both for men (8.78+1.47 w/kg) and women (5.67+1.06
w/kg); in fact there is dispersion with regard to the series in which each athlete shows this maximum power.

Table 4. Mean and typical deviation of Power according to zones: IRM; CW and charge of the maxP.

Comparative according to sexes.

MEN (N= 27) WOMEN (N=23)
P mean in 1RM (w) 349.22+84.44 173.61+43.05
P mean in 1RM relating to cw (w/kg) 4.67+0.92 2.97+0.56
P mean against cw (w) 483.54+118.29 207.26+63.70
P mean against cw relating to cw (w/kg) 6.52+1.43 3.60+1.05
P maximum peak (w) 1088.24+192.39 530.130+113.2411
P max peak in Wat per weight kg 14.67+2.02 9.15+1.70
P maximum mean (w) 685.11+120.36 346.83+72.58
P maximum mean relating to cw (w/kg) 9.26+1.40 5.99+1.08
% cw in which the MP lies 50.33+11.82 43.36+16.55
% 1 RM in which the MP lies 38.50+12.03 47.99+14.32

Table 5. Mean and typical deviation of power and speed in the first 5 series. Comparative according to

sexes
| MEN (N= 27) | WOMEN (N=24 )
P1 — P mean relating to cw in the 1% series (w/kg) 6.08+1.40 4.97+1.01
P2 — P mean relating to cw in the 2" series (w/kg) 8.57+1.56 5.51+1.33
P3 — P mean relating to cw in the 3™ series (w/kg) 8.78+1.47 5.67+1.06
P4 — P mean relating to cw in the 4'" series (w/kg) 8.20+1.17 5.11+1.04
P5 — P mean relating to cw in the 5" series (w/kg) 7.54+1.14 4.22+1.32
MAXIMUN POWER —&®—P MEN (w/kg) = ¥l = P WOMEN (w/kg)
10
o 4 : 5
A . A — A H
gl ____ 8 ******‘:**ME”’E”*’E’”””’;’QW’E’
i (higher : - :
o T 3 valuerin the
< : :
E ,,,,,,
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=
o
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Graph 1. Speed and power mean relating to the six first series of the TPF,.. Comparative according to
sexes.

As for the importance of Power according to the performance level, we have confirmed that there are no differences
statistically significant in men neither with regard to the power showed when facing the charge of the 1RM or Maximum
Strength; nor with regard to the greatest Maximum Power developed by each athlete in the whole test. However, the
power shown with the charge equivalent to the corporal weight has shown significant differences between the group of
Very good and Average athletes (p<0.05; table 6, graph 2).
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Table 6. Maxium Relative Power applied when facing a charge equivalent to the cw, in watts/kg. Men.

Dep.endent Level Groups N Mean Typlc_al Minimum Maximum
Variable Deviation

Average 13 6.0492 1.52469 4.20 8.46
Maximum
Relative power Good 6 6.2083 .99268 4.61 7.40
?gli‘(i“)St cw Very Good 7 7.6514 1.00234 6.53 9.04
wikg

Total 27 6.5196 1.40438 4.20 9.04
Homogeneity Level Group (I-J) Diff. Mean (I-J) Std. Error Sig.
Tukey HSD Very Good Average 1.60220(*) .60930 .038

MAXIUM RELATIVE POWER AGAINST CW (w/kg) - MEN -

Levels Average Good Very Good

Graph 2. Means and deviation of the average relative Power against CW. Men.

As for women, the one-way anova treatment reveals significant differences according to the sports level with regard
to Power in the charge of the 1RM or MS, but between the Good and Average athletes (p = 0.022; table 7). It shows again
significant statistics in power in the charge equivalent to the corporal weight (table 8, graph 3) between the Very Good
and Average athletes (p = 0.02); and between the Average and Good (p = 0.07). Again, it is no significant according to
the performance level in the Maximum Power.

Table 7. Power applied in the IRM, in w/kg. Women.

3:2:::’:"‘ g‘:‘;ﬁlps N Mean D-Livpi):t:ie:)ln Minimum Maximum
Average 7 2.514 .3338 21 341
Power in the Good 1 3.200 .5967 21 4.0
1RM (w/kg) Very Good 5 3120 .3493 2.7 3.5
Total 23 2.974 .5586 21 4.0
Homogeneity Level Group (I-J) Diff. Means (I-J) Std. Error Sig.
Tukey HSD Good Average .6857(*) .2348 .022

Table 8. Maxium Relative Power applied when facing a charge equivalent to the corporal weight, in w/kg. Women.

Dep_endent Level Groups N Mean Ty[_nc_al Minimum Maximum
Variable Deviation
Average 4 2.2050 18448 2.05 2.47
Power against Good 10 3.8120 78648 215 4.82
cw (w/Kg) Very Good 5 4.2860 93786 3.44 5.68
Total 19 3.5984 1.04812 2.05 5.68
Homogeneity Level Group (I-J) Diff. Means (I-J) Std. Error Sig.
Good Average 1.60700(*) 44830 .007
Tukey HSD
Very Good Average 2.08100(%) .50833 .002

155

Biology and Medicine of Sport and Exercise



Biology and Medicine of Sport and Exercise

5t International Scientific Conference on Kinesiology, 2008, Zagreb, Croatia

MAXIUM RELATIVE POWER AGAINST CW (w/kg) - WOMEN -

4,5

(]
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S 35
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Levels Average Good Very Good

Graph 5. Means and deviation of the average relative Power against CW, in w/kg of
weight. Women.

Discussion and conclusions

Traditionally, the improvement of MP is considered an important objective in strength-power sports such as Judo.
In fact, the zone in which each athlete shows the MP is considered their Muscular Performance Threshold (Gonzalez-
Badillo and Rivas, 2002); and it is frequent to find the results of this variable and the zone in which it lies in relation to
the 1RM as point of reference for the physical shape. However, our study shows that MP has no discriminating ability in
Judo according to performance; and that its isolated value has no informative value. On the contrary, our data puts stress
on the importance of Power against the charge equivalent to the corporal weight, both for women and men, and points to
a key and discriminating variable in judo. Thus, we conclude that it is essential in the Strength assessment of judokas; it
must be used as a point of reference of their physical shape; and it can be used to carry out training sessions correctly.
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Abstract

The authors investigated the height, weight, percentage of fat and some parameters of lipid metabolism in Faculty
of Sport (n=55) and Faculty of Manufacturing Technology students (n=65). In both group average levels of somatic and
lipids parameters were within the normal range for young people The differences between PE and FMT students were not
significant, except percentage of fat that was considerable higher in FMT group. The physical education student values
of TCH, LDL and AT were lover than that of FMT students but only a value of Al were significant at p< 0,07. The FMT
group had higher percentages of participants with increased TCH, lower HDL levels as well as moderate probability to
develop CVD.

Key words: students, physical activity, lipid profile, risk factor, atherosclerosis

Introduction

The research interest about physical activities intensified in latest years by finding of connection between obesity,
hyperlipemia, cardiovascular disease (CVD) and physical inactivity. It is stated that regular physical activity can
prevent noticeable increment of the body weight in young subjects with age, with consequent metabolic adjustments,
and further regular exercise can retard development of atherosclerosis (Lippi et al, 2006, Filipova et al., 2006). It is
quite apparent that regular physical activity has positive influence on concentration of cholesterol in plasma mainly on
it s distribution in individual lipoprotein fractions. Physically active individuals showing lower risk of developing CVD.
Some epidemiological studies postulates that identification of individuals at risk in children and adolescent age and
consistent educational influence aimed at risk factors creates a base for primary prevention against serious CVD in later
years (Eisnmann, 2002). Considering above mentioned from the health and lifestyle point of view university students is
very valuable group for us to study.

The purpose of this study was to evaluate levels of plasma lipids in male undergraduates students with various levels
of physical activities. The study is a part of the research project VEGA No. 1/363306.

Methods

Fifty-five physical education students (PE) from the Faculty of Sport in PreSov ( x age 19,48) respectively sixty —five
students from the Faculty of Manufacturing Technologies (FMT) in PreSov (x agel9,85) were participated in this study.
The physical examination included weight, height, skinfold for identifying the percentage of fat (Patizek’'s method). Before
testing venous blood samples were taken after a 12 hour fast and analysed in accredited ADL s.r.0.lab by standard method
ISO IEC 17025:2005 for total cholesterol (TCH), HDL-cholesterol (HDL), triglyceride (TG). LDL-cholesterol (LDL)
was calculated according Friedewald and aterogenic index (Al was calculated (TCH-HDL/HDL for evaluation the risk
of aterosclerosis (level to 3 low, 3-4 moderate probabilities. Result of evaluation are expressed as mean (SD). Results of
measurements between the students group were compared by unpaired Student’s t- test.

Results
The results of investigation with the t- value, level of significance are summarized in Table 1.
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Table 1. Statistical characteristic of weight, height, % of fat and lipids profile Table 1 shows that in both group average
of undergraduate students levels of somatic and lipids parameters are
within the normal range for young people

Students of PE Students of FMT Liobi 1. 2006. Fili . 1. 2006

Parameters No=55 No=65 ( 1pp1 et al. , Filipova et al. >

Mean SD Mean SD - value o]

The groups significance (p <0,001) was
Age 19,48157 198095 0,265 found in body fatness only. Fatness of FMT
Height (cm) 175,33 7,54 175,70 5,77 0,016 students were significantly higher compared
Weight (kg) 72,238,43 74,53 12,01 1,704 to PE students. Regular physical activities
Body Fat (%) 13,06 3,32 16,84 4,99 4,82** PE students influenced body composition.
TCH (mmol/L) 3,66 0,94 3,880,76 1,620 Values of body fatness were within the
HDL (mmol/L) 1,40 0,32 1,38 0,26 0,572 recommendations for particular age group.
LDL (mmol/L) 2,02 046 2.190,69 1,555 On the other hand moderate level of obesity
TG (mmol/L) 0,04 0,44 0,93 0,42 0,188 was observed in three FMT students (4, 6%,
Index (TC-HDL/HDL 168053 1,87 0,66 1,810 >26% body fat), 29,2 % students (19) were

overweight (21-25% body fat).
TCH= total cholesterol; HDL= high density lipoprotein cholesterol; LDL= low density . .
lipoprotein cholesterol; TG= triglycerides The phy51cal education student values

of TCH, LDL and AI were lover than that

of FMT students but only a value of Al
were significant at p< 0,07. HDL and TG level in both groups were almost identical. Analysis within the groups showed
individuals with higher- risk level of TCH, HDL and AI. Based of numerous studies recommended values for CVD
prevention of TCH for individuals younger than 30 years of age is as follow 4,66mmol/L, above 30years of age 5,17mmol/
L respectively HDL <1,04mmol/L ( Brtkova et al., 1992; Lippi et al. 2006; Filipova et al. 2006). Lipid parameters of PE
students were within the recommendation. Contrary some of the parameters of FMT students indicated risk values for
developing of CVD. Particularly four students had values >5,17mmol/L and eight values >4,66mmol/L, HDL values <1,04
had three students. By the Al (>3) five students exhibit moderate probability of developing CVD.

Discussion and conclusion

The results of our investigation suggest different results of lipid profile in PE and FMT groups. The professional
orientation of PE students showed favourable lipid profile, despite the mean values in both subgroups did not exhibit
significant differences. In comparison with other studies we did not find higher values of HDL between more then less
active students. Our findings are similar with the results of our previously done study (Brtkova et al. 1992). In our view
intensity and duration of physical activity of PE students is not at sufficient level to positively influence HDL levels.
Based on Kodama et al. (2007) minimal weekly exercise volume for increasing HDL level was estimated to be 900 kcal
of energy expenditure per week or 120 minutes of exercise per week. Univariate regression analysis indicated that every
10 minute prolongation of exercise per session was associated with an approximately 0,036mmol/L increase in HDL.

When we evaluate connection between physical activity and plasma lipid changes we have to take into account other
possible contributory factors which may cause difference in plasma lipid (genetic, diet, lifestyle etc.)

Based on our study we can conclude that PE students presenting more favourable lipid profile as compared to FMT
students. The latter group had higher percentage of participants with increased TCH, lower HDL levels as well as
moderate probability to develop CVD. There is compelling evidence that improved physical activity, especially during
childhood and adolescence decrease CDV risk factors and enhances cardiovascular health. There, childhood or adolescent
health- promotion programs involving regular and aerobic exercise may help to reduce the increasing prevalence of later
cardiovascular complications (Lippi et al. 2006).
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Abstract

Research purpose to determine characteristics and relevant interrelations of physical development, physical fitness,
and definite features of functional capacity exhibited by young girls who train swimming regularly to achieve outstanding
sports results.

We studied eighteen female swimmers (group I - eight 13-15-year-old, group II - ten 16—18-year-old girls) whose
regular training duration ranged from 4 to 12 years. We explore their physical development, single muscular contraction
power (SMCP), anaerobic alactic muscle power (AAMP), and anaerobic glycolytic special power (AGSP) on a swimming
ergometer worked by hands for 60 s. The body mass, muscle mass and leading hand force of 13-15 and 16—18-year-old
female swimmers differed reliably. The absolute indices of SMCP, AAMP and AGSP also develop, and the relative
indices per 1-kg body mass stabilise. Muscle mass accounts for short work power and anaerobic glycolytic special 60 s
work power exhibited by young female swimmers.

Key words: body adaptation, young female swimmers

Introduction

Various physical activity provoke specific adaptive changes in a human body (Ashenden et al., 2007). A developing
organism responds to physical activity in a large variety of ways (Bauchard et al., 1997; Buchhelt ez al., 2007; Jirimie
et al., 2007). Complex phenomena take place in a maturing body, however, studies suggest that the underlying factors
of the change of physical and functional powers are age and movement-involving activities (Naughton et al., 1992; di
Prampero, 2003). Swimming is trained in a specific environment by performing movements in water with the swimmer’s
body positioned horizontally. Thus, relevant effects on the human body are highly specific (Atlaoui et al., 2007). There
are many studies about cardiorespyratory responses in swimmers (Enqgian, 2004; Schmitt et al., 2006; Keskinen ef al.,
2007). Data on the interrelation of various physical and functional indices exhibited by young female swimmers are
scarce, although such investigation into adult female swimmers has been carried out. Therefore, there is a need to examine
young female swimmers who train almost every day. Such exploration is necessary to assess the ongoing changes in
their physical development, physical fitness, functional powers, and the interrelation of these indices. We hope that this
inquiry will reveal characteristic features of young female swimmers’ development and relevant int