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Editorial 

Seit einigen Jahren haben sich Psychologie und Sportpsychologie (wieder) zuneh­
mend einem zentralen Aspekt des Sports und menschlicher' Aktivitiit iiberhaupt zu­
gewandt, namlich der Bewegungsregulation und dem Bewegungslernen. Der hier'­
vorliegende zweite Band des Berichts uber den VIII. Europiiischen KongrejJ fUr 
Sportpsychologie yom 10.-15. September 1991 in K6in.gibt in 45 Beitragen von 85 
Autoren aus 14 Liindern einen profunden Uberblick uber die psychologischen 
Grundlagen der Bewegungsregulation sowie uber Grundkonzepte und Optimie­
rungsmoglichkeiten des motorischen Lernens. Zahlreiche Beitriige bescMftigen 
sich dariiber hinaus mit speziellen Fragen der internen Reprasentation, raum­
zeitlichen . Aspekten des Bewegungsverhaltens, dem Zusammenhang von 
korperlicher Beanspruchung und Bewegungskoordination sowie individualtypisehen 
Merlcmalen des Bewegungsverhaltens. Die breit gestreute internationale Beteiligung 
ermoglicht nicht zuletzt die Orientierung uber z.T. sehr unters'chiedliche 
theoretische Positionen und Forschungstraditionen, mit denen wir uns auf dem 
Wegzu einem dringend erforderlichen integrativen Verstiindnis mensehlichen 
Bewegungsverhaltens eingehend auseinandersetzen mussen. 

Die in diesen Band aufgenommenen Beitrage wurden zwar in formaler Hinsicht 
nach Moglichkeit vereinheitlicht und z.T. auch inhaltlich zur Uberarbeitung 
empfohlen, es wurden jedoch keine Beitrage zuriickgewiesen. Manche Formuliec 
rungen mogen vielleicht nieht immer sprachlich ganz elegant erschejnen. Es so Ute 
dann in Rechnung gestellt werden, daB viele AutorInnen durch die Festlegung auf 
zwei KongreBsprachen (Deutsch und Englisch) nicht in ihrerMuttersprache schrei­
ben konnten. 

An der Erstellung dieses Bandes waren wiederum viele beteiligt. Besonderer Dank 
gilt den Mitgliedern des Wissenschaftlichen Komitees und den Mitglieder des Psy­
chologischen Instituts der Deutschen Sporthochschule Koln, insbesondere Herrn 
Florian Reimann sowie Frau Gabriele Schieren. 

Unmittelbar vor Drucklegung muBten wir erfahren, dan mit Denis Glencross einer 
der weltweit fiihrenden Sportpsychologen, von dem auch einer der Hauptbeitrage 
dieses Bandes stammt, verstorben ist. Wir widmen ibm dieses Buch. 

Jiirgen R. Nitsch und Roland Seiler 



Editorial 

Since several years both psychology and sport psychology paid (again) increasing 
attention to a central aspect of sport and human activity in general, that is, motor 
control and motor learning. 45 contributions of 85 authors from 14 countries, 
included in this second volume of the Proceedings of the Vlllth European Congress 
of Spon Psychology from 10-15 September 1991 in Cologne, provide a profound 
survey of psychological fundamentals of motor control as well as of basic concepts 
and means to optimize motor. learning. Additionally, numerous articles are concer­
ned with special questions like internal representation, spatial and time aspects of 
motor behaviour, effects of physical load on coordination and typical individual 
characteristics of motor behaviour. Last but not least, the wide-spread international 
contributions provide orientation . on partialIy very different theoretical positions 
and research traditions which we have subtly to deal with on the way towards an 
urgently needed integrative understanding of human motor behaviour. 

AlI of the presentations included in this volume are adapted to the same formal 
schema as far as possible and some of them were also recommended for revision 
by the authors themselves. However, none of the submitted manuscripts was re­
jected. Perhaps some of the given statements may partially appear as not quite ele­
gant in language. In- those cases you should take into account that many authors 
had to write in a foreign language because of the limitation to only two congress 
languages (English anuGcrman). 

Again, many people were :involved in the preparation -~f this volume of the Procee­
dings. We want to give our special thanks to the members of the Scientific Com­
mittee as well as to the members of the Psychological Institute of the German Sport 
University Cologne, in particular to.Florian Reimann and, Gabriele Schieren. 

Just before publishing, we got the sad news that Denis Glencross, one of the 
leading sport psychologists in the world who also contributed a main paper to this 
volume, has died. We dedicate this book to him. 

Jiirgen R. Nitsch and'Roland Seiler 
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THE ORGANIZATION OF MOTOR BEHAVIOUR: AN ACTION­

THEORETICAL PERSPECTIVE 

JORGEN R. NITSCH, GERMANY 

Introduction 

John McKoy is a proud man because he is souvereign of a world of about 50 sqm. 
He defends his claim by all means and doesn't Care much about what happens 
around. Since 15 years he has dug for gold using the best equipment available, and 
sometimes he was evcn successful in discovering a few nuggets. But inspite of this 
small output, he is quite confident to make the great coup in the near future. 
Recently he was told that far away a new eldorado was found. Immediatly he 
prepared to follow the new rush. But years after changing the claim he learnt that 
he had left. an oil field. 

Are we all McKoys, working on small, strictly separated fields, looking for the 
wrong things and leaving everything behind us, when a new paradigm comes up? 

I believe - and this is the schedule of this paper - that further progress in 
research on motor behavlour depends on (1) critically reviewing the present 
situation, (2) analyzing the implicite assumptions underlying our research activity, 
(3) reformulating the basic questions and, in particular, looking for an integrative 
perspective to solve these questions. 

In my opinion, such an integrative concept can be derived most appropiately from 
an action-theoretical point of view. To say it in advance, action theory doesn't yet 
offer ready-made solutions, but it may help to find them. 

The Present Situation of Research on Motor Behaviour - Critically 
Reviewed 

Obviously, an impressive increase, in experi!llental research on motor behaviour 
occurred in the last two decades, stimulated by cybernetic feedback models and 
computer technology on th~ one side and an increasing practical need in optimizing 
motor learning and motor control in various areas of movement and sport on the 
other side, e.g. in skill training in competitive sports as well as in industrial 
settings, or in rehabilitation and therapy of motor disorders. 
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Summarizing the state of the art, the following tendencies appear to be 
characteristic for the main stream. 

increasing Specialization and Particularization of Research 

This trend led to more or less unrelated findings, concepts, terminologies and 
methods: " ... plenty of isolated facts but little or no focus", as Kelso (1982, 
preface) resumed. 

According to the experimental approach, small-ranged movements, very restricted 
in time and space as well as with respect to the situational, constraints, are 
prototypi~ (DilllgS, Mechling, Blischke & Olivier, 1991). The position of a single 
!lI0vement in a movement sequency, its 'history' relative to the in~ividual learning 
process.as well as ,its, fUQctional context with regard to "underlying intentions, are 
,mostly neglected,. At the best, such laboratory movements may have some 
ecological validity for quasi-experimental settings outside the laboratory as they 
may be found ,in a few highly restricted sport activities. 

Furthermore, the particularization of the research field results in intra- and 
YtterdiscjplinilfY dissociation or reductionism. In psychology, for, example; learniqg 
theory ,doesn't care about motivation, in cognitv~ ,psycJ:!ology th~r~ is no 
appropriate place for emotion. The integration recently offered within a "cognitive 
tfici>ty df'emotioil" seems to beitothing but pretending the existence of "wo(xJen 
iron", accordirig' toa comment made by Domer (1982, p. 1) 

Biomec/lanical, neurophysiological and psychological ,~pproacp'es __ to . motor 
behaviour and training are scarcely interlinked. Some terms -c- like 'coordination' 
or 'training' - are in common usage but have quite different meanings. Therefore, 
thepi'inia.ry problem ofinterdisiplinary coOperatiort' seems to be not to 
coinmunicate about centriU research topics, but metacommunication, that is, how to 
communicate in order to communicate about these issues. 

Of course, the problem of disintegration is recognized by some investigators in the 
field of motor behaviour. However, from a historical point of view, the demand 
for integrative concepts'~ a result of the present sitJatlon' of empirical research 
appears to be a little bit astonishirig. A lot of similar statements as well as 
promising basic concepts can already be found in' the early years of motor 
behaviour reSearch: Recently, this was impressingly 6utl~ned by E~lnenbach (1994), 
ih particular ,reference to' the writings 6f Buytendijk, Christian and' von 
WeiZslicker. I have the impression that research on mot6'r behavi6ur has a long-
term histriry~ but not a: real tradition. " 
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Predominance of the Information Processing Approach in Present Concepts 

of Motor Control 

This approach can be illustrated by a model presented by Richard Schmidt in his 
very influential book on 'Motor Control and Learning' (1982). 

The core of this model is, in the words of Schmidt (1982, p. 93), "to consider a 
number of distinct stages of processing, tentatively assuming that they are serial 
and nonoverlapping in time" (in the second edition of his book in 1988, Schmidt 
revised his position a little bit by adding the possibility of parallel processing). 

This model, obviously based on a computer analogy related to computers of the 
present generation, is not only oversimplified, as Schmidt himself conceded. It is 
inappropriate in its central assumptions. In some special cases information 
processing may be initiated by an external stimulus in the sense of feeding a 
computer with data and commands. But in most of the cases under natural 
conditions it is initiated and modified by internal processes like motivation, 
emotion and intention, at least by a combination of both external and internal 
factors. In the area of motor research the evaluation is still valid which Simon 
already made in 1967: "Information processing theories, however, have generally 
been silent on the interaction of cognition with affect.· (p. 29) 

Furthermore, there is some strong evidence that information processing in human 
does not happen in a serial order of separate stages. 'Stimulus identification' is 
influenced by 'response selection' anq 'respOnse selection' by 'response 
programming', that is, they are not st<ig~in a linear sequence but mutually 
d~pendent. Therefore, the information processi~g apprciach '·in a v~rsion like that 
mentioned above is a brief description ·of how a computer of the present generation 
operates and is at the best valid for specific computer-like processes.in human 
beings. Remarkably, even computer scientists, as, for . example, Strube (1:986) 
pointed out, don't share the assumption that contemporary computers imitate the 
architecture of human information· processing. 

FinaJly, the information processing model is apparently a (me-sided person-centred 
concept of movement behaviour placing person and environment at opposite banks 
of the river. This neglects an essential point of human behaviour organization, 
namely, that we do not only receive stimuli from the environment. We actively 
select and design the environment. That is, we indirectly produce the stimuli by 
ourselves which we must deal with in information processing. 

Gap Between Experimental Research and Application 

There is a great discrepancy b;etween the amount of specific resear:ch findings and 
their relevance for practical demands. This point needs no further comment 
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because it stresses the well-known problem of ecological validation of experimental 
results, connected with the problem of transfer of knowledge. 

In summarizing these three points, there is no comprehensive concept which 
integrates discipline-specific approaches as well as different models of motor 
learning and motor control, thus providing a broad and differentiated basis which is 
urgently needed for application in various fields of sport. To prevent eventual 
misunderstandings, this does not mean that contemporary approaches to motor 
,behaviour and the experimental strategy are co~idered to be inappropriate at all. 
In contrary, they are important components of the picture, but. they don't provide 
the picture itself. Therefore, what we primarily need' is not more research but 
another kind of research. 

The first step to progress on this way is to critically analyze the implicite 
assumptions underlying our research activities. 

Implicite Assumptions Underlying Research on Motor Behaviour -
Do We Really Know What We Are Doing? 

We all are familiar with the fact that ,theories should represent the characteristics of 
an object in question. C However, we' ar~ often not' awate , of . the fad that our 
knowledge is a const~ction which is iilfluenc~d 'and restricted by OUr implicite 
concepts of human nature and envirorurient, furthermore, by our language system 
which'is not oniya' formal instrument for communication, but a result of 
eXI>eriences'in the p~st, and, "last but ~ot 'l~ast, by, our modes of thinkil;tg~ , . 

The central point is that we sometimes formUlate laws which prove not to be 
characteristic' for the investigated objett, ,but are' inherent 'in our approach to the 
object. I will demonstrate this by' ,some wide-spread stereotypes in research on 
motor behaviour, in particular the 'metaphor-for-reality, stereotype', the 
'homunculus stereotype', the 'library stereotype', the 'pyramid stereotype', the 
'arrow-stereotype' and the 'either-or stereo~e'. , ' , ' 

The Metaphor-jor-Reality Stereotype 

Often we are not aware of the fact that our theoretical concepts and explanations 
may have quite a different epistemological status. They occur in three basic 
versions: Metaphors, models and theorie~ in a narrow sense. 

Theories are specific sets of interrelated statements covering a certain range of 
objects, events and interrelations. They are developed in the course of empirical 
research and need empirical validation. 
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Models are non-specific formal descriptions of functions or interrelations which we 
try to apply to various phenomena. If they prove to be not applicable to a certain 
problem, they nevertheless remain formally valid in spite of this, for example, 
mathematical mod~ls in psychology adopted from physics. 

Metaphors are descriptions by analogy, for example the computer metaphor 
.mentioned above. Most of our concepts in psychology appear to be more or-less 
metaphorical (Gentner & Grudin, 1985). 

Metaphorical descriptions are very important in all scientific disciplines for 
heuristic reasons. For example, the main problem in emotion theory is that we 
have no appropriate metaphor available since the days of the steam-boiler metaphor 
in ethology, psychoanalysis and some early drive concepts in behaviorism. 

However, we must concede that metaphorical descriptions are as-if explanations 
and not statements on real processes. 

The Homunculus Stereotype 

The homunculus stereotype does not only appear in the 'Super-Ego, Ego and It' 
concept of psychoanalysis, but also in theories of motor control. The characteristics 
of observed behaviour are related to separate latent abilities which are considered 
to produce this behaviour. 

For example, if we find that a person can 'hit a small target with high accuracy, we 
tend to attribute this observation to the ability of 'aiming'. If a specific behaviour 
pattern is shown, we relate it to a separate processor called 'information selection'. 
If a movement pattern is of high invariance, we assume, a 'schema' Which is 
considered to be responsible for this outc()me, and we postulate a separate schema 
called 'recognition', to denote that responses are evaluated. That is, we derive the 
conclusion from observed characteristics that there must be a specific 'instance' or 
'unit' or 'homunculus' which has produ~ these characteristics. 

Theories of self-organization which werldeveloped in chemistry (Ilya Prigogine), 
physics (Hermann Haken) and biology (Manfred Eigen) in the last two decades and 
recently tentatively applied to some aspects of motor behaviour, for example, by 
I.A.S. Kelso, provide strong evidence that order can occur without a 
preestablished steering unit (see, for example, Haken & Stadler, 1990, Kugler, 
1988; Turvey, 1990). 

The Library Stereotype 

The library stereotype means that we usually consider the storage of knowledge as 
similar to those of books in a traditional library. Different contents are stored in 
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separate books located at prescribed shelves in a fixed order. Nothing happens 
within the storage system, except material decay, until someone enters the library 
to use one of the books. 

This 'one-information-one-location' principle seems to be not in line with recent 
research findings in neurophysiology. As Strube (1986) pointed out, there is some 
evidence that each neuronal unit contains a condensed package of the total 
information which is stored in the system. 

The concept of 'dead', static or passive knowledge also needs .revision. To .explain 
both the high flexibility and the spOntaneity of knowledge organization a concept of 
'dynamic knowledge' seems to be more appropriate. The central idea can be 
derived from the antigen-antibody reaction in biochemistry. Applying this analogy, 
the principle of dynamic knowledge organization can be illustrated in the following 
way (see Figure 1): 

Figure 1. 

.. .. • . .. s 
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.. 
• 

.. 
• S 

• • 

• 

• • 

Illustration of dynamic knowledge organization. 

(1) You see several circles symbolizing the information elements or facts. 

(2) These elements or facts are or are not mar~ed by specific notches symbolizing 
the syntactic, semantic and pragmatic rules which can be applied to connect 
these facts. 
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(3) The connection of these elements or facts depends on additional elements 
symbolizing spezific intentions. This includes that the same facts can. be . 
combined - or connect themselves in a self-organizationalprocess - in a 
different way under different intentions. 

According to this idea of dynamic knowledge organization, learning means to add, 
specify and combine facts, rules and intentions. In this sense, learning-is hOt­

merely a process of-knowledge expansion, but a marking process. That is, we must 
learn to use the knowledge which we already have. 

The Pyramid Stereotype 

The; pyramid stereotype probably has its origin in hierarchically structured social 
systems and perhaps in human space perception, depending on experiences in 
upright walking on a stable ground. The Core of this stereotype is that a single 
superior unit governs a number of subordinate units which determine the units ·of 
the next lower level, etc. This assumption appears in various concepts, e:g., in 
models of control levels, goal pyramids and hierachical organization of ·knowledge. 
However, there is some evidence that human behaviour is often not hierarchically 
organized in a strict sense. The following arguments may support this sceptical 
view . 

• .. . human behavior appears to be responsive not to just one, but to a multiplicity 
of goals· as Simon (1967, p. 32) quoted. For'example, we try·to win the match, to 
impress the spectators and to maintain our self-identity at the same time. 

Furthermore, behaviour is not only controlled in the top-down direction, but also 
by' bottom'-up influences as'it'is outlined in heterarchical concepts' of benaviour 
organization (Turvey, 1977). Often we have no fixed goal when starting an action. 
In contrary, the final goal is developed in an iterative process during trials, for 
exaniple in creative activity. In this case, characteristics of superior unitS; at the 
same time determine and emerge from the activity of lower ones. 
t, ., .. " . ~ .J' • 

Finally J neurop~ysiological concepts of the brain stru,cture as well. as recent 
C;<ln~ts ,in ,knowled~e ,engineering suggest that network models C3.f1offer Il}ore 
appropriate solutions to our problem of behaviour and knowledge organization. 

,-,", 

The Arrow Stereotype 

The arrow stereotype means that we are used to analyze processes in a one-sided 
linear (mostly left-right),direction. This stereotype determines our explanations by 
the cau~ffect schema as well as our concepts of serial organization of 
ilifonftation'processing and behaviour. Referring to this stereotype, necessarily 
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circular dependency and retroactive effects, which are highly important in human 
behaviour organization, are left out of the focus. 

The Either-Or Stereotype 

The central poinUs the confusion of categories with aspects or perspectives. An 
object belongs to. only one category but may be considered under various 
perspectives. Mistaking this, many theoretical assumptions are exclusive statements 
in the form of 'y is f(x)' (e.g., "motor behavior is controlled by schemas"), inspite 
of 'y is also (but not only) f(x)'. 

This fact leads to serious consequences which we must deal with in the future. The 
real object of research on motor behaviour, Le. human movement, is split up in 
separate aspects often overgeneralized and considered as exclusive alternatives 
(categories). Subsequently, a lot of debates on pseudo-problems rules the field, 
e.g. open loop vs. closed loop control, -centralistic vs. peripheralistic focus, 
internal representations and schemas vs. affordances fr91n the environment or 
attractors of self organizational processes, and, last but not least, quantitative vs. 
qualitiativeapproaches. 

In summary, Qurtheories are remarkably preoccupied by our modes of thinking. 
Such stereotypes are heuristically useful to a certain degree. In the long, however, 
they become a -corset: for -further progress towards a more comprehensive _ and 
integrative perspective on behaviour organization. 

The Action-TheQretical Approach - Essentials of an Integrative 
Perspective 

The action-theoretical perspective is neither a really new one nor it is completed 
until now. It has some, of its substantial roots in the topological psychology of Kurt 
Lewin, the theory of activity in the early Soviet psychology (e.g. Rubinstein and 
U:ontjev)and iii the well"known TOTE-model of Miller, Galanter and Pribram. In 
my-opinion, it is not·yet a closed concept, but a comprehensive and promising 
perspective to deal with psychological pr6ceSsesandphenomena. 

What are the basic assumptions of the action-theoretical approach with regard to 
motor behaviour? 

Motor Behaviour Is Behaviour-in-Situation 
.;. '. " 

Th~cen,tral-phenomenon referred to is not a bimanual single-angle movement in an 
artificial setting, but human behaviour in every-day surroundings. This implies that 
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the focus is not primarily put on the production of specific motor skills, but on the 
dynamic interplay of person and environment. 

Human motor behaviour occurs within an multidimensional space which I call 
'action space' (Figure 2). 

Figure 2. The action space. 

Physical 
Space, 

Psychological 
Space 

The action space can be subdived into the physical, biological, psychological and 
social space. The central point is that our motor behaviour defines these subspaces 
and emerges from them at the same time. 

Ac;cording ~this model, movements can be specifically defined and analy~ 
related to theSe four subspaces and their specific laws, as different scientific 
disciplines do'that. f{owever, human movement can only be completeiy understood 
anp 'mOdified by taking into account the whole action space. That is,' to consider 
human·· ~otor behaviour as behaviour of an· physical b~y . (kinematics .and 
dynamics of time-space movement), an organism (nerves-muscles-coordination), a 
personality (purposive behaviour) and a social beeing (communication and 
interaction) at·the same time (Figure 3). 

With regard to Bernstein's (1967) degree of freedom problem, human behaviour 
must be considered to be organized under the influence of physical,biological, 
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psychological and social constraints as well (see also Nitsch & Munzert, 1991). 
Physical constraints, for example, can be solid baiTiers or gravidity effects. 
Biological constraints result from our organismic constitution and functioning. 
Psychological constraints are . consequences of the subjective definition of our 
situation, that is, the perceived interrelation of person, environment and task. 
Social constraints, finally, result from rules and norms which we are obliged to 
respect. 

Figure 3. 

Ecological System 

"Environmenf' 

Organizational levels of human motor behaviour. 

How~ver, behaviour organization and motor learning are not only processes in 
which degrees of freedom are reduced. Particulanly from a psychologiCal point of 
view, they are also, 'processes in whichptire:eived cpnstraihis nlustbe reduced 
resultirig in an incr~ of degrees of freedom. That .'is, We learn to use 
opportUnities which we assumed not to have. " , . 

Let me add an additional point derived from the; behaviour-in-situation concept. 
Both, cognition and emotion, are not merely psychophysiological states or 
processes within a person as they are usually assumed to be. At least in their 
genesis, they are trans persona/ relations. However, ';'e are usecJ to l09k only at one 
side of this 'relation. 
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An example may help to understand what is meant by this notion. The flame of a 
candle is not an attribute of the candle itself and cannot be explained by the 
components of the candle. It is an attribute of the dynamic interrelation between 
the wick and wax of the candle on the one hand an the oxygen in the environment 
on the other hand caused by a spark. 

Coming back to the psychological aspect of the action space, the situation-action 
interrelation can be specified by the following statements: 

(1) Every action is based on a subjective definition of the action situation (Figure 
4). This definition refers to the constellation of person, environment and task 
which is appraised with respect to perceived competence on the one hand 
("Can I cope with the situation?") and the perceived valence on the other hand 
("Is it worthy to try this?"). 

Task 

/ro"""""",, Valence 

Person Environment 

Figure 4. Components in the subjective defmition of an action situation. 

(2) The general intention underlying every action is to actively optimize one's 
situation, i.e., to maintain or regain a (relatively) favourable situation and/or 
to gain a higher level of adaptation. What is individually seen as 'favourable' 
dePends on retrospection of the past and anticipation of the future (every 
action situation results from preceding actions and frames further actions at the 
same time, see Oesterreich, 1982). Furthermore, it depends on the indivudual 
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aspiration level (ideal situation) and on comparison with the situation of other 
people. 

(3) By doing something in a certain manner we more or less define a situation in 
our own perspective and in the perspective of others as well (for example, by 
entering an assembly with a beer glas or a text book in one's hand). By the 
way, this is responsible for in forcing anxiety by anxious behaviour. 

In summary, the basic purpose of an action is situation management. 
Consequently, motor learning can only be appropiatley understood within the 
frame of action learning. 

In this sense, motor behaviour is not to be considered as production of single 
movements or motor skills, but as a functional organization in the process of 
problem solving. This idea, already formulated by Bernstein (1967), was similarily 
expressed by Pribram (1971) and later by Reed (1982). Pribram (1971, p. 14) 
points out: "Encoded in the motor cortex are the determinants of problem solution 
and movement, not the particular movement involved in the performance ... 

Human Motor Behaviour is Intentionally Organized 

Motor behaviour is intentionally organized related to the subjective meaning of a 
given situation. According to this assumption, the accent is not laid on 'movement' 
per se, but on the fact that 'I move myself under certain circumstances for a certain 
purpose'. However, to avoid misunderstandings, intentional organization does 
neither mean that movement actions are completely conscious or planned nor that 
the intended outcomes are subjectively considered as to be totally produced by 
oneself. 

To give this notion an appropriate embedding, it may be useful to have a a look on 
what we call the 'action circle' (Figure 5). 

The outer circle in Figure 5 symbolizes that some of the situational changes occur 
without any intervening actions as direct effects of internal and external conditions. 
The middle circle indicates that motor behaviour is directly influenced by those 
conditions and modifies their effects. In all these cases, intentional organization of 
action means that these interrelations are to be taken into account in action 
planning. 

The inner circle describes the three-phases sequence of intentional action 
organization (see in detail Nitsch, 1986). 

In the 'anticipation phase' the given situation is analyzed and appraised, specific 
intentions are generated and the course of action is planned with respect to desired 
outcomes. However, planning does not mean, that the total course of an action 
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sequence must be fixed in detail before starting an action. This is only the case in 
'closed' planning. Usually, we plan our actions step by step during executing an 
activity. This strategy of 'open' planning may be illustrated by an example. If we 
want to go to a certain workshop session, we frrstly ask someone where it takes 
place. Then we go to the building picking up new information about the floor 
where the room is located and about how it can be reached. Arriving at the floor, 
we follow the arrow which points to the room location, and finally, we are looking 
at the numbers which indicate the rooms. That is, the action plan is specified 
during the action course by picking up new information (see also Seiler, 1990). 
Because of the fact that many aspects of the given situation and of the effects of 
possible alternative actions remain more or less unknown, the main problem in this 
phase is decision under uncertainty. 

Figure 5. The action circle. 

In a second step, called 'realization phase', we try to realize our intentions on the 
basis of a plan. Three problems are coming up in this phase: (a) Recognizing the 
situational cues for choosing the appropriate plan, (b) confrontation with reality 
(appropriateness of anticipation) and (c) maintaining the initial intention (protection 
against distracting influences). 
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In the final phase, the 'interpretation phase', the (intended and unintended) effects 
are analyzed, evaluated and attributed to internal and/or external causes. Problems 
arising in this phase are in particular related to the fact that we are often more or 
less unable to realistically and completely assess the results and subsequent effects 

. of our actions by ourselves (e.g., giving an advice, or in ice dancing). Even if we 
could do it, we often tend to give not a realistic but a self-defending attribution. 

The ~sumption of intentionality has some important implications. 

First, intentionality necessarily implies some kind of internal representation of the 
person-environment interrelation. Second, the main question isnoi 'Why does this 
movement occur?', but "For what purpose is it perforl!led?'. Therefore, movement 
analysis is not based on a forward strategy looking at cause-effect-seqiJences, but 
on a backward strategy which starts from the intended outcome. For example, in 
the first case arm-hand movement is considered as a shoulder-elbow-wrist-finger­
sequence. In the second case, however, it is analyzed - and experienced - as a 
goal-means-sequence starting from the target to be touched (see Tholey, 1980, p. 
22). Third, to realize intentions means to transform them into overt behaviour. 
Therefore, motor learning can be considered as learning of tranformation rules. 

Finally, intentional organization is a multimodaI-multilevel process. This process 
includes various control levels (see the final section of this paper) and specific 
modes of organization and regulation (Figure 6): Planning as well as guidance by 
ecological affordances; cy~iteiticControl circuits: as well'as spontaneous self­
organization, and also blOCking.,. channeling or £atilitation of our behaviour by 
barriers and opportunities provided by the environment or based on our specific 
constitution and states. 

In .this sense, intentions don't qetermine hoW different levels and modes are 
operating in detail (of course, they follow their own laws). However, intentions 
provide the overall functional context. ' 

Related to these principles, motor learning includes more than acquiring motor 
skills, namely 

• intention formation; 

• defining and differentiating situational contexts; 

• structuring or restructuring of plans; 

• sensibilization to affordances; 

• tuning the parameters of cybenertic control circuits; 

• giving place to self-organizational processes; 

• recognizing barriers and using the potential supports provided by the physical 
and the social enviroment as well. 
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Figure 6. Factors. and processes involved in the intentional organiZation of 
motor behaviour. . 

Motor Behaviour Plays a Constitutive Role in Inforination Processing 
'.' .;, 

Movement is not "merely a dependent variable of perception and information 
processing but constitutive. for these processes. 

This is valid for explorative behaviour and supporting movements 'in per~ption, 
for example turning one's head to an object. Furthermore, .this applies to the 
definition of the quality of a perceived object by former movement experiences as 
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well as to the internal 'matching' between perception and motor processes, as it 
was pointed out by Reed (1982) and Prinz (1984). That is, moveplent experiences 
and motor consequences are inCluded in the perception of a stimulus. 

In this sense, time and space perception are assumed to be dependent on action 
qualities, i.e., they are influenced by the relation between the potential speed of 
my own movement and the movement of reference objects. That is, a snail moves 
itself - subjectively - as fast as a mouse (except in a competitive situation). The 
beginner in tennis underestimates the speed of his stroke and overestimates the 
speed of the ball. The result is that in serving the ball the backward movement of 
his stroke arm is too short and the ball is thrown up not high enough; Furthermore, 
our time feeling is reduced, when we are unable to structure our behaviour. This is 
the case in boring as well as in overload situations. 

Space perception depends on the SUbjective capability to traverse' fl:'given space. 
That is, time and space expand or condense depending on the action competence. 
Therefore, it may be that in a state of fatigue the objective speed of an executed 
movement has already decreased, the perceived speed, however, subjectively 
appears to be unchanged. 

Finally, in the course of an action we attribute action-related quiilities to the 
environmental objects we handle, for example a, ball, a racket or meadows and 
gorges in orienteering. Based on these experiences, we do not perceive physical 
objects which need further interpretation. We perceive - according to a notion 
made by Rombach (1987, p. 350) - "frozen actions". That is, we directly 
perceive what we can or must do. In" this case, neither planning nor decision 
making are explicitely involved (however; a certain intentional focus). In a certain 
sense, this idea may be considered as an action-theoretical expansion of Gibson's 
(1979) ecological approach to behaviour organization. 

Psychological Processes Are Basically Related to Action Regulation 

Cognitive and emotional processes; or even stress reactiqns have basic functions 'in 
action regulation. This inCludes that more or less all psychological functions are 
principally involved in behaviour organization. There is no action without both 
cognition and emotion. Extending this to a psychological perspective on control of 
motor behaviour three control processes (and their interrelation) are to be taken' 
into account (Figure 7): Cognitive control (e.g. situation analysis, anticipation, 
planning), emotional control (e.g. emotional labeling of situations and internal 
tuning) and automatic control (e.g. automatized patterns of situation :definition and 
responses). 
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Motor 

Behaviour 
Environment 

Figure 7. Psychological control systems involved in motor behaviour. 
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An essential implication of this conception is that psychological functions are 
developed and modified by the 'experience which results from an action'. More 
strictly spoken, cognitive and emotional processes and their derivates (e.g. 
attention) are condensedilltenialized actions, as Galperin (1967) and van Parreren 
q966) outlined. 

Consequently, psychological processes must be analyzed under the question "What 
is' both their function in action regulation and their action-related genesis?" . 

In this respect, emotions like anger, anxiety or happiness have an important 
function in the organization of motor behaviour. This function can be described as 
tuning both thesensori-motor system and the cognitive system. To use a chemical 
term, they have catalytic effects on behaviour formation. That is, emotions 
facilitate certain processes and modify their speed. 

This seems to be in contradiction to the experience that emotions like anxiety often 
,result in a decrease of performance. The reason for this is that an emotional 
Aeactivated behaviour. pattern may be inco1)si~tent with the pattern ,required in 
more or less artificial settings like competitive sport. Therefore, the conseqen~ for 
psychological intervention is not to eliminate emotions at all, but to establish a 
specific emotional, state which is consistent with given demands. 
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To conclude, I am aware of the fact that most of the aspects and processes 
mentioned above are not sufficiently elaborated until now. What we need is not 
only a subtle understanding of these processes themselves. Far beyond this, we are 
still missing a conception of their dynamic inteIplay within human behaviour 
organization. Therefore, what we urgently need is research on the background of 
an integrative theoretical frame of reference. Thus, developing a comprehensive 
theoretical conception of motot: behaviour in the ~se of intentional organized 
behaviour-in-situation is the task which we primarily have to deal with in the 
future. 
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GESTALTGESETZE UND BEWEGUNGSSTRUKTUR -

ZUR ANALOGIE IMPLIZITER ORDNUNG 

EBERHARD LoOSCH, DEUTSCHLAND 

Einleitung 

Die Wirkung des Sportpsychologen transfonniert sich vielfach gebrochen in sport­
liche Leistung. Das vennittelnde Glied ist die Bewegung als Schnittstelle zwischen 
dem Subjekt Sportier und dem Objekt Aufgabe. Bewegungen sind, soweit man den 
Stand der Erkenntnisse reflektiert, jedoch keinesfalls eine Kopie oder lineare 
Reproduktion des Wollens und Konnens eines Sportlers, sondem offenbaren bei 
niiherer Betrachtung eine beachtliche Eigendynamik. Es finden komplexe 
Ordnungsbildungen raumlicher und zeitlicher Art in den kinematischen 
Endgliedern statt, die oft nur zum Teil bewuBtseinsfahig oder bewuBtseinpflichtig 
sind, ungeachtet dieses Faktes aber der Zielerreichung der Gesamtbewegung 
dienen. Begriffe wie Ganzheit, Struktur oder auch Gestalt werden gepragt, urn die 
Phiinomenologie, Kausalitatund Genese der Motorik jenseits einer diffusen und 
undifferenzierten Holistik faBbar zu machen. 

In einem von Max-Wertheimer, Mitbegriinder der klassischen Gestalttheorie, 1924 
gehaltenem Vortrag wird bereits ausdriicklich vennerkt, daB Gestalttheorie nicht 
nur aus den Problemen der Arbeit erwachsen ist, sondem fiir die Arbeit da seL In 
analoger Weise ist ein Bezug von Gestalttheorie und Bewegungsregulation etwas 
aus der unmittelbaren Beschaftigung mit dem Phiinomen BewegungHervorge­
gangenes. Folgerichtig hat die modeme Psychologie die Motorik mit ihren kompli­
zierten Strukturen als bedeutendes gestaltpsychologisches Experimentier-, Erkennt­
nis- und Validierungsfeld wiederentdeckt. Beleg dafiir sind die Arbeiten von 
Stadler und Kruse (1986), Tholey (1980, 1987), Wehner und Mehl (1986), Volpert 
(1986) und Vogt (1988). Weit weniger Aufmerksamkeit, dennoch exponiert durch 
Kurt Kohl vertreten (1956, 1988), sind die Denkansatze, die aus dem Gegenstands­
bereich der Sportwissenschaft heraus gestaltpsychologisches Gedankengut rezipie­
ren und nutzbar machen. Unter mehr philosophischen Aspekt einer Teil-Ganzes­
Dialektik gibt es injungster Zeit solche Versuche von Prohl und Scheid (1990). 

Der Begriff Gestalt ist in diesem Kontext von zentraler Bedeutung und wird durch 
Wehner und Mehl (1986) in der Art fonnuliert, daB gegebene Handlungsteile nicht 
additiv verknupft werden, sondem in einer dynamischen ubersummativen Abhiin­
gigkeit stehen. Sie fiihren weiter aus: "Gestalten weisen Pragnanztendenzen auf, 
d.h., daB sich die Handlungsteile wahrend der Interaktion durch Zentrierungs- und 
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Umstrukturierungsprozesse den Pragnanzprinzipien (Gesetz der Niihe, der Gleich­
artigkeit, usw.) folgend veriindern" (S. 233). 

Volpert (1986, .S. 43) verwendet gleichfalls den Begriff der Gestaltbildung im 
Handeln und Kohl (1988, S. 47) versinnbildlicht damit den Fakt komplexer Struk­
turbildung in der Einheit von Empfindung und Bewegung. Folgt man dem Grund­
gedanken dieses Konzepts, so unterliegen implizite Ordnungs- oder Gestaltbildun­
gen in der Bewegung, in der Wahrnehmung, im Denken und Fiihlen !1bergreifen­
den Regeln. Der Form nach rea1isieren sich diese Regeln in den sogenannten 
Gestaltgesetzen, welche in ihrem Kern nichts anderes als systemimmanente Struk­
turi~rungsprinzipien darstellen und derzeit in den modernen Selbstorganisations­
ti1~rien unter z.T. anderen Namen eine gewichtige Rolle spiel en (vgl. Stadler & 
Kiuk, 1986). Insofern liegt eine Ubertragung auf die Motorik nahe. 

Die 114 formulierten klassischen Gestaltgesetze (vgl. Dorsch, 1970) und 744 
Nichtsummativitatsbegriffe (vgl. Rausch, 1966, S. 886) verdeutlichen aber auch 
dieProblematik einer konstruktiven Analogiebetrachtung in Bezug zur Motorik. 

Ohne Anspruch auf Vollstandigkeit und im Bewu6tsein, diesen sehr komplexen 
G~genstand nur ausschnittsweise behandeln zu konnen,seien einige wenige 
A~~kte impliziter Ordnungsbildung in der Bewegung gestalttheoretisch betrachtet. 

Bewegungsstrukturen und Gestaltgesetze 

Strategienbildung und Gesetz der guten Gestalt 

B(:wegungen werden bei gleichem Resultat oft sehr unterschiedlich durchgefiihrt. 
Eiriiilnd dieSelbeLeistung kailn fiber unterschiedliche StruktiJren realisiert werden. 
w;!s den Begriff der Strategie-hieibei ausmacht ist der Fakt, daB nicht jede mog­
liche Struktur reaJisierbarist, sondern nur bestimmte ausschnittsweise Bereiche 
~enutztwerden (vgl. Bernstein, 1988; Nasher & McCollum; 1985, Loosch, 1990). 
aiile Analogie dieses Phiinomenes ergibt sich zum Gesetz der guten .Gestalt oder 
j;r~ Pragnanzprinzip, dem wohi' universellsten AxiolJ.l und einem s~hiiisselkonzePt 
:I~[,Gestalttheorie_(vgL R,ausch, 1966, S. 905; Kani~ & L~ccio, 1986). Ohne auf 
:lie z. T. sehr diffizilen und definitorisch nicht immer klaren terminologischen 
(bstufungen einzugehen, kann Pragnanz hierbei fiir Gliederung, &zugssystem, 
i!:entrierung und Ordnung angenommen werden. Die postulierten Priignanzstufen 
:ines Ganzen (vgl. Rausch, 1966, S. 904ff.) entsprechen der HerausbiIdung 
I~rschiedener Strategien der Bewegungsregulation. Der Begriff der guten Gestalt 
st in seiner fast unwissenschaftlich scheinenden Antiquiertbeit dann zutreffend, 
v~n man die energetischenundeniotionalen Komponenten einer fliefienden und 
:eKonnt ausgefiihrten Bewegung ins KalidU zieht, Ausfiihrlicher hat sich Vogt 
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(1988, S. 37) in Bezug auf die Ausfiihrungen Metzgers tI982) mit'letzterer 
Problematik beschiiftigt. 

Die Moglichkeit der Verallgemeinerung des Pragnanzprinzips auch auf Fragen der 
Motorik hat bereits Metzger (1982), einer der bedeutendsten Vertreter der moder­
nen Gestalttheorie, hervorgehoben. 

Individuelle Invadanz und Identitlitserhaltung 

Individuelle Bewegungsstrukturen weisen au6er ihrer Einordnung in bestimmte 
Strategien dne weitere Eigenschaft auf. Durch Verlangsamung oder Beschleuni­
gung einer Bewegung, durch r3.umliche oder kriiftemlillige Variation werden diese 
innerhalb bestimmter'Grenzen als ganzheitliche Strukturen, d.h. j~ Relation ihrer 
Teilzeiten, Teilkrafte, Teilparameter und Abfolgen (relatives Timing, relativer 
Krafteinsatz, Sequencing) nicht veriindert (Schmidt, 1984;, Roth, 1989). Die 
"Gestalt" bzw. die Identitat der Struktur bleibt erhalten (vgl. Rausch, 1966, S. 
884). Diese Eigenschaft ist insbesondere aus dem Wahmehmungsbereich als 
Transponierbarkeit bekanrit. Das klassische und bis heute zitierte Beispiel stammt 
von v. Ehrenfels (1890): Melodien konnen zeitliche Variationen oder Tonhohenan­
derungen als Ganres erfahren, ohne daB ihre spezifische "Gestaltqualitat" verloren 
geht. 

Variabilitlii von Ted und Ganzem und NichtsummativiUit 

Untersucht man zielgerichtete Bewegungen, beziiglich unterschiedlichster Parame­
ter, so wird deut1ic~; daB der Variabilitatskoeffizient der Zielgro6e keineswegs die 
Summe der Varial?i!i,taten de~ Teile reprasentiert, sondem deutlich geringer ist als 
diese, oft auch gennger als dei-en Mittelwert und im Extremfall geringer istals die 
kleinste Teilvariilbilitat (vgL Drill, 1933; Lee, 1980; Loosch, 1990). 6egeniiber 
der weitaus gr06eren Schwankungen der Teile ist das Ganze stabil. 

Zugleich wirddas Ganze wesentlieh empfindlicher gegeniiber dem Einflu6 der 
Teile. Werden von einzelnen Teilbewegungen beStimmte VariabilitatSgrenzen nur 
geringfiigig iibecichritten,' sO kommt es zu einem Zusammenbruch der GeSamtbe­
wegung. In beiden Mechanismen manifestiert sich das Phanomen der Nichtsumma­
tivitat. WeSentliche Postulate der Gestalttheorie spiegeln sich in' diesen Fakten 
wider. 

Wec~elwirlamg zwische~ Teil und Ganzem und Korrelativitlit 

Untersucht man die Wechselwirkungen von Teilbewegungen imLemproze6, so 
werden zwei Tendenzen sichtbar. Erstens verstarken und differenzieren sich die 
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statistischen Korrelationen im VerIaufe des Lernprozesses zwischen den Teilen 
eines Bewegungsvollzuges. Zweitens sinkt die Korrelation zwischen Teil und 
Ganzem als Ausdruck zunehmender Unabhangigkeit des Ganzen von den Teilen 
(vgl. Loosch, 1990, S. l00ff.). 

Dem entspricht das Axiom der Korrelativitiit, wie es Rausch (1966, S. 892) 
benennt und welches Prinzipien der Wechselwirkung in Gestalten formalisiert. -

Schlunbemerkungen 

1. Der oft gegangene Weg sportpsychologischer und sportmotorischer Diagnostik 
liegt im Zergliedem von ganzheitlichen Strukturen. Dieses Vorgehen impliziert 
zugleich die Gefahr, wesentliche Teile autonomer Ordnungsbildungendieses 
Ganzen zu vernachllissigen. Praktische Bedeutung erIangt diese Gefahr dort, wo 
aus der Summe diagnostizierter Teilleistungen auf sportartspezifischeGesamt­
leistutig geschlu6folgert wird. Es geht hierbei keineswegs urn globalisierende Kritik 
an diesem Vorgehen, zu dem es keine Alternative gibt, sondem es geht urn das 
Problemb~wu6tsein, welches solcherart erhobenen Daten entgeg~ngebracht wird. 
IA ~ditfse~, Sinne sind Analogiebetrachtungen fiber implizite Ordl)ungen in sehr 
u'ntecSchiedlichen Anwendungsfeldern mehr als nur ein Theoriekonzept, denn als 
AusglIDgspunkt erOffnen sie die Moglichkeit, die inneren GesetzmaBigkeiten des 
G~ienstan(ies besser zu verstehen und effizienter in Diagnose- und Interventions­
konzepte einzuordenen. 
:;.;),1:;1 .. (- . 

'2~i)ie Psychologie hat die Bewegung gezielt zu einem-Priiffeld ihrer Theorien zur 
G~stal~ildung erhoben. Die Aufarbeitung der Gestalttheorie seitens der Mo~orik 
firidet demgegenfiber deutlich weniger Beachtung. Wo dies jedoch gesChieht, 
Werden in, der Motorik Zusammenhlinge zwischen Phanomenen der Bewegungsre­
g~lation und Gestaltgesetzen weitgei1~.Dd unter deIit Aspekt einer Arialogiebetrach­
tung vorgenommen. Es gibt kaum Ansatze, in denen die flir die, Wahrnehmung 
sehr detailliert beschriebenen Strukturprinzipien, als Hypothesen fUr, die 
~wegungsanalyse dienen, obgleich ein solcher Zugang durchaus Erkenntnisfortc, 
schritte flir die Motorik beinhalten konnte. 

3':' 1m allgemeinen Kontext einer, wachsenden Wissens- und Wissenschaftsintegrn­
lion auch sehr heterogener Disziplinen liegen wesentliche Impulse ,rur die Sport­
psYchologie. Die sechs Prin~ipien eines Lehrens und~rnens sportllcher Handlun­
gen aus gestaltpsychologischer Sicht, wie sie von Tholey (1987) aufgestellt 
~urden, verdeutlichen die bis in fibungsmethodische Ableitungen hinein reichenden 
Schnittstellen zwischen Motorik und Gestalttheorie. 

,,, 
b.1.e, gro6e Autonomie der Bewegungsregulation, wie sie die Gestalttheorie und die 
Selbstorganisationskonzepte postulieren (z.B. bezfiglich Stabilitiit und Variabilitiit) 
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stellt aber auch die Frage nach dem Eingriffsspielraum in motorische Leistungen, 
den Psychologen haben. 
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ZUR KONTROLLE VON FREIHEITSGRADEN BEIM 

MOTORISCHEN LERNEN 

ODER: WIE STARK MUSS DIESER PROZESS 

KOGNITIV PENETRIERT WERDEN? 

HERMANN KORNDLE, DEUTSCHLAND 

Das Problem der Freiheitsgrade - ein Scheinproblem? 

Versteht man unter motorisehem Lemen den Erwerb und die Optimierung von Be­
wegungen, so stellt sieh die zentrale Frage, welches psyehologisehe Modell diesen 
ProzeB am effizientesten erklart. Natiirlieh lassen sieh direkt eine Reihe von mehr 
oder weniger stark auf die Motorik orientierten Lemmodellen auflisten, wie z.B. 

• behavioristisehe Ansiitze 

• Regelungstheorien 

• Sehematheorien, usw. 

Die verschiedenen Vor- und Naehteile dieser Ansiitze sind in der Literatur ausfiihr­
lieh diskutiert. worden, beispielsweise bei Zimmer und Komdle (1989) und Zimmer 
(1990). Hier moehte ich einen etwas anderen Weg gehen, urn das Phiinomen 
"Motorisehes Lemen" zu behandeln: 

Resultat eines Lernprozesses ist eine koordinierte Bewegung, d.h., bei ihrer Aus­
fiihrung werden eine Vielzahl von Muskeln zunehmend so gesteuert, daB daraus die 
gewiinschte Bewegung resultiert. Eine KenngroBe fUr den dabei zu leistenden 
Steuerungsaufwand ist die Anzahl der sog. Freiheitsgrade der Bewegung. 

Die Anzahl dieser Freiheitsgrade bestimmt sieh als Summe der orthogonalen 
Raumkoordinaten, in die sieh die. an der Bewegung beteiligten Gelenke bewegen 
konnen. So hat z.B. ein Zylindergelenk nur 1 Freiheitsgrad, ein Kugelgelenk dage­
gen 3 Freiheitsgrade. Insgesamt ergeben sieh bei dieser Aufsummierung 127 bis 
792 Freiheitsgrade fur den mensehliehen Korper (Bernstein ziihlt unter Beriieksich­
tigung versehiedener mechanischer bzw. biomechanischer Constraints 127 Frei­
heitsgrade). Bei der Ausfiihrung einer Bewegung miissen diese Freiheitsgrade so 
gesteuert und kontrolliert werden, daB eine koordinierte Bewegung entsteht. Wie 
kommt diese Steuerungsleistung zustande? 

Klassiseh uberwiegen bei der Kliirung dieser Frage die sog. Reprasentationstheo-
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rien. Sie gehen davon aus, daB Bewegungen als Gedichtnisinhalte gespeichert sind, 
die durch Lemen veriindert werden kannen. Wichtige Gedlichtnisinhalte sind z.B. 
auch allgemeine Kenntnisse fiber wahrnehmbare Eigenschaften der Urnwelt und des 
eigenen Korpers. Aufgrund dieser Gedachtnisinhalte sind die Akteure in der Lage, . 
zielgerichtetes Handeln und Bewegen in der Umwelt zu planen. 

Abbildung 1. Ein Modellarm, bestehend aus 2 Kugelgelenken und 1 Zylinder­
gelenk. Dieses Modell hat 7 Freiheitsgrade (aus Hollerbach, 

,1990)._. 

f~r die Kontrolle der vielen Freiheitsgra4e}iefern die Repriisentationsansatze ke~ne 
'LOsung, da die FreVteitsgrade auf eine mentale Ebene ohne weitere Reduktion 
~bgebildet werden. AuBerdem droht die Oefahr einer Homunculus-Theorie: Ein 
(,,!rtueller) Akteur im Kopf des sich Bewegenden muB dessen (virtuelles) Verhalten 
",{ahrnehmen, urn es schHeBlich 'gezieJt 'nach einer RiickWmsformation real ausfiih­
ren ~ kannen. 

Neben wissenschaftstheoretischenUberlegungen sprechen auch experimenteUe 
D~ten'gegen Repruentationsansatze: Bei hochgefibtenTiitigkeiten soUte die interne 
Repiiisentation"den Akthm:n. eine prlizisewiederholbate Bewegungsausfiihruilg 
uuter denselben Situationsbedingungen erlauben. Daten voil Spitzi:nsportlern zeigen 
aber hohe Variabilitiit. Sie'inuB'im Sinn von,Stelmach und Digglesals motorische 

.","","c 

Variabilitiit verstanden, werden, d.h. Bewegungen werden nicht nur auf der Basis 
\;>{ , '-,.; . <.{",' ~. ,. ..",; r' • 

~iIier .mentaien ~eprasei1tatio~ e~gt. . . 

DerLOsungsvorscblag desokologischen Realismus: 
llj;, AtTotda'nces Uild EtTectivities 

Eineradikal andere LOsung.·des Freiheitsgrad-ProbleinS liefert der 'okologische 
Realismus: Danach ist-die Annahme einer internen Repriisentation unsinnig. da 
dabei der Organismus und die Urnwelt, in der er agiert, getrennt gesehen werden. 
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In Wirkliehkeit wilrden Bewegungen i.S. Gibsons dureh das gesetzmlillige Ineinan­
dergreifen von affordanees (niimlieh Handlungsmogliehkeiten in der Umwelt, die 
der Organismus direkt wahmehmen kann) und effectivities (Bewegungs­
moglichkeiten des Organismus in seiner Umwelt) erzeugt: Die Freiheitsgrade 
wilrden also dureh die Organismus-Umwelt-Interaktion so " gesteuert " , daB eine 
koordinierte Bewegung resultiert, dabei ist die Annahme einer Instanz zur 
Steuerung von Freiheitsgraden in diesem Ansatz nieht notwendig. 

Speziell die Gruppe urn M. Turvey versucht seit langem, diesen Ansatz des okolo­
gischen Realismus experimentell zu operationalisieren. Das von ihr untersuchte 
Bewegungsrepertoire umfaBt vor aHem Alltagsbewegungen. Periodische Bewegun­
gen, wie z.B. das Gehcn und Laufen resultieren in diesem Ansatz aus der Intl!rak­
tion mit der Umwelt, wobei aus dieser Interaktion Oszillationen entstehen. Fur das 
Beispiel "Gehen" bildet dabei das Bein den mechanisehen Oszillator, die Annahme 
eines mentalen Oszillators oder einer mentalen ,Reprasentation ist in diesem Bei­
spiel uberfiiissig. Die empirische Tragflihigkeit die~es Ansatzes findet man u.a. 
auch an Hoizspielzeugtieren bestatigt, deren vier Beine Lokomotionsbewegungen 
zeigen, wenn dieses Spielzeug z.B. iiber eine Tischplatte gezogen wird. 

Zweifelsohndlillt sich mit der Annahme solcher Mechanismen das Freiheitsgrad­
Problem auf den ersten Blick massiv reduzieren. Periodische Bewegungen entste­
hen ausschlieBlich durch die Verkopplung von affor~ances und effectivities ohne 
eine Reprlisentationsannahme z.B. in Form eines BewegUngsplans. 

Ein Exper~ment, das niCht-reproduzierbare Daten Iiefert 

Turvey, Rosenblum, Schmidt & Kugler (1986) haben die Idee, Gehen als Interak­
tion von Bein und Umwelt zu modellieren, in einem Experiment iiberpriift. Die 
Experimentalanordnung besteht darin, daB Probanden zwei Holzstocke in den 
Hlinden halten und moglichst bequem pendeln lassen sollen. Turveyet al. gehen 
davon aus, daB danlit typische Lokomotionsbewegungen von Saugetieren unte.r­
sueht werden konnen. Dasjst der Grundgedanke dieses Experiments. 

Die zentrale Aussage ihrer 'fueoretischen unci experirilenteileIi Unt\:rsuehungen ist, 
daB untersehiedlieh lange Pendel (mit unteisehiedliehenEigenrreqilenzen) bei 
dieser Experimentalanordnung nieht mit ihren Eigenfrequenzen bewegt wiirden, 
sondem daB die Probanden die beiden untersehiedliehen Pendel auf eine gemein­
same Frequenz synehronisieren wilrden. Sieher ist das eine wiehtige Eigenschaft, 
wenn man mit solehen gC;koppelten Vendeln Lokomotionsbewegungen simulieren 
und modellieren will: lkispielsweise erlaubt dieses Kooperationsprinzip eine 
synehrone Bewegungsausfiihrung' auch fUr untersehiedliehe oder sieh lindemde 
EinzeJpendel bzw. Beine,. wie es beim Gehen und Laufen fiber unebenem oder 
steilem Terrain der Fall ist. 
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Abbildung 2. Die Experimentalanordnung von Turvey et al. (1986) zur Unter­
suchung von Pendel~wegungen. 

Allerdings hat die ganze Angelegenheit einen Haken: Die experimentellen Daten 
konhten wir nicht reproduzieren. Bei Wiederholung des Experiments findet sich 
keine gemeinsame Mittenfrequenz der -beiden unterschiedlichen Pendel. Ein 
moglicher Grund liegt in der Verletzung verschiedener Begriffe: Turvey benutzt 
bei seinen theoretischen Ableitungen die Schwingungsgleichung flir ein 
physikalisches Pendel. Sie·beinhaltet, daB ein Pendel eine bestimmte Eigenfrequenz 
besitzt, die v!'n der Pendelilinge abhlingt. Eigenfrequenz bedeutet aber, daB das 
. Pendel unabhlingig von der Erregungsfrequenz immer mit dieser Eigenfrequenz 
schwingt. 

Aus dieser Begriffsverletzung resultiereri zwei mogliche Konsequenzen: 

(a) Man iiberpriift mit einer neuen Experimentalanordnung unter Verwendungvon 
phYliikalischen Pendeln (Eigenfrequenz!) Turvey's theoretische Annahmen 

. beziiglich der direkten Kopplung, 

oder·· 

®') .. ~an akzeptiert Turvey's Experimentaianordnung als Prototyv fUr direkte 
,." 'Kopplung .. 

AI~mative (b) hat die Eigenart, daB ihre korrekte physikalische Beschreibung 
auBerordentlich kompliziert wird (force driven oscillators) und so keine Freiheits­
grade reduziert: Damit ist Turveys Experimentalanordnung also fiir die Unter­
suchung der intendierten Fragestellung ungeeignet. 
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Abbildung 3. 
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Die Prognose von Turvey et al. (1986) iiber die von den Proban­
den zu erwartende Pendelbewegung. Der Originaltext lautet: 
Applying the "compound-pendulum" to "simple-pendulum" trans­
formation (Huygens' law) to a -coupled -pair of wrist-pendulum 
systems. (In the resultant virtual single wrist-pendulum system it is 
as if all the mass Mv is concentrated at a single point at distance 
Lv from a virtual point of rotation). 



Kontrolle von Freiheitsgraden beim motoriSchen Lemen 33 

Griff 

Pendel mit Eigenfrequcnz 
Gelcnk 

T 

( I = Lange des Pendels, 

g = Erdbeschletmigung) 

-:\.!>bildung 4. Schwingungsgleichung und mogliche Realisierung eines physika­
Iischen Pendels. 

Eine alternative Versuchsanordnung 

Aufgrund obiger Uberlegungen verfolgten wirAlternative (a).Ein Experiment mit 
. !·t.; ... · ". . '. : ,t'l . ...• , .. ", ".:' "J 

physikalischen Pendeln Iiefert im wesentlichen folgendes Ergebnis: 
Hi' , . '.' " .', . 

l)'Zu' Beginn des Experiments erregen die Ptdbanden beiqe unterschiedlkhen 
LiS l t ~l . '."' I' _. 

lI::rendellinks ~nd rechts mit gemeinsamen Frequenzen.wiihr~nd 

iY'nlit zunehmender ExperimentaIdauer die Pendel Immer starker mit ihrer Eigen-
frequenz bewegt werden. 

iMiilitlich bedeutet das. daB die Probandeidernen. jede Hand Iliiteiner bestimmten 
· ... l!rn:··· .' _ . . . . ~ " ~ . 
Ftequenz zu bewegen. Daraus ist del" Schlu8 zu ziehen,' daB Oszillatorenhicht 
tihb"¢diiigtin Form von pendelnden Extremitaten 'realisiert.sc:indern anderet.~z.B. 
n~ij~nale'r Natur sein konnen. SolcheTaktgeber miissen die 'Eigenschaff haben. 
J.ill1ib 'in 'ihrer Taktfrequenz modulierbar sind. ' 
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Abbildung 5. Ergebnis des Experiments mit phYsikali.Schen Pendeln in Form von 
Frequenz-Amplituden-Darstellungen. Links: Frequenzspektrum der 
beiden Pendel zu Beginn des Experiments. Rechts: nach 10 Minu­
ten Dauer des Experiments. 

'Fazit: OkologiScher Realismus·..i.:.,ex-perimeoteU ernst geoommeo . 
, .,;:..-

Be?,it# man die Position, daB Turvey'J! Experimentalanordnung nicht geeignet ist, 
die 'Entstehung von Bewegungen direlCt' au~ der OrgaiJ.ismus~Uinwdt-tiiteraktion zu 
erkUiren, so ist man deswegen nicht gezwungeri; dieIdeendesJ'okologischen 
Realismus,aufzugeben, Allerdings mull man dann·andere Experimentalanordnungen 
zu ~iner Operatiomilisierung vorschlagen. '. .' 

Eine~,.LOsungsweg bieten m.E. Synergetik-Mooelle (Haken, 198~), da sie wenige 
allgemeine Annahmen beziiglich' des Interakti~nsieScheheits machen und auf e~pli­
zite <M~hanismen, die Ordnung e~ugen (wie1:.B.bszilJ,iuoren),. verzichten: 
Osz;i1lationen entstehen durch Interaktionen in IDCht weiter spenfizierbaien Viel~ 
teilchensystemen. Diese Vielteilchensystemewerden . unter'~ mataYskopis.chem 

. Aspekt betrachtet. Diese Systeme sind offen und feroab eines (thermooynamischen) 
Gleichgewichts . 

. Organismus und Umwelt sind z.B: als Vielteilchensysteme.zu verstehen, wobei die 
Teile beliebig miteinander interagieren konnen. Ein wesentliches Resultat dieser·· 
Interaktionen ist eine Musterbildung, wobei die Art der Muster nur von einem ooer 
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einigen wenigen Control-Parametem abhiingt. Solche Systeme zeigen u.a. auch 
Multistabilitat, d.h., in Abhiingigkeit von der GroBe des Control-Parameters zeigt 
das System verschiedene. stabile Muster (z.B. Gehen - Laufen). Der Ubergang 
zwischen den Mustem ist mit Hysterese behaftet. 

Fest steht, daB nahezu alle Leistungen, ,die ein synergetisches System. zeigt, nichL 
durch eine ordnende Instanz repriisentiert sein mussen. Fur·die ControI:..Parametet 
z~B. wird man jedoch eine Repriisentation fordem. Insofem sind die eingangs kon­
tear formulierten Ansatze eher als komplementar zu verstehen: Fragen des motori­
schen Lemens wird man also weder ausschlieBlich mit einem Reprasentationsansatz 
noch aussschlieBlich mit einem Interaktionsansatz beantworten wollen. 
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FROM WALKING TO RUNNING: 

STUDY OF ENERGY CORRELATES 

MARC DURAND, CHRISTINE GoUDAL, JACQUES MERCIER, DANIEL LE 

GALLAIS, AND JEAN PAUL MICALLEF, FRANCE 

Introduction 

The existence of an optimal walking speed is a well-known fact (Ralston, 1958; 
Zarrugh, Todd & Ralston, 1974), i.e. at a certain speed, energy expenditure is at 
its minimum. Moreover, an optimal stride amplitude/frequency ratio has been 
defined for all walking speeds (Cavagna & Franzetti, 1982; Cavagna & Kaneko, 
1977; Ralston, 1958; Zarrugh,' Todd, & Ralston, 1974) and running speeds 
(Cavanagh & Williams, 1982; Hogberg, 1952; Kaneko, Ito, Fuchimoto, 
Shishikura, & Toyoka, 1987; Knuttgen, 1961). Finally, subjects are not only 
capable of walking af th~optimal spCro (task permitting) (Hogberg, 1952), but 
when their displacement speed is imposed, they are also capable of establishing the 
optimal amplitude/frequency ratio ;inboth walking (Inman, Ralston, & Todd, 
1981';' Zarrugh, Todd, & Ralston, 1974) and running (Cavanagh & Williams, 
1982; Kaneko et aI., 1987; Lin, 1980)." ' 

,. ~ i~~ 

However, this ability to minimize energy expenditure has only been found when 
the levelcofconstraint chosen or imposed by the task corresponds to what Warren 
(1984) calls th~ ";optimal point" or "optim.al zone". The question that remains is 

" .. ,' , I.. . ." 
wllether the . optimization proces's 'still 'bccurs when the task demands fall within a 
"critical zone". Warren (1984) used these terms to refer to situations in which the 
task requires the subject to change motor programmes or adopt a different type of 
programme (for a review, see Durand, in press). 

The above question can also be raised in the study of motor tasks and sports 
activities. Indeed, it appears possible (Famose, Bertsch, Champion & Durand, 
1983) ,to define the tasks performed by sports participants in terms of a set of 
ordinal descriptors for rating the subject's behavior (Durand, 1991), These 
descriptors correspond to characteristics which the teacher or trainer can modify in 
order to promote learning or trigger the desired adaptation by the sports student. 

Few studies have analyzed the nature of the processes at play when quantitative 
modifications. in the task (increases or decreases in task demands) cause 
quantitative modifications in behavior (changes in motor pattern). The present 
experiment was thus designed to study this issue using the walking-running 
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transition zone as an experimental paradigm. When individuals are confronted with 
a task requiring displacement at a faster and faster speed, they fIrst adapt by 
modifying their walking speed, and then by running at an increasingly fast rate 
(Thorstensen & Roberthson, 1987). There is indeed a critical point which defines 
the moment at which the change in motor pattern takes place. From the standpoint 
of energy expenditure, this transition is interesting because it con:espongs to ~ 
inversion: below a certain speed it is "more economical" to walk than to run, while 
above that speed, it is "more economical" to run than to walk (Astrand & Rodahl, 
1980). 

Is the choice of a locomotor mode an optimization process? Does the change in 
motor program occur at the speed at which the "energy inversion" takes place? 

Method 

Subjects 

The nine subjects were male students at the University of Montpellier, France. All 
participated regularly in some sports or other physical activity. Their 
anthropometric and physiological characteristics are presented in table 1. 

AGE WEIGHT HEIGHT LENGTH V02max 

years kg m legs mllkg*min 

Subject 1 25 80 1.78 0.92 60.93 
Subject 2 25 70 1.74 0.93 60.34 

SUbject 3 23 64 1.80 1.07 62.01 

<~ubject 4 25 78 1.76 1.03 _ ?1.60 
Subject 5 23 81 1.88 0.98 61.88 
Subject 6 25 69 1.74 0.95 54-.45 

Subject 7 
, 

20 -69 1.70 0.85 41.68 

Subject 8 24 78 1.78 0.90 56.62 
Subject 9 24 85 1.85 0.94 61.85 

Mean 23.78 74.89 1.78 0.95 56.82 
S.D. 1.64 7.04 0.06 0.06 6.79 

Table l. Anthropometric and physiological characteristics of the subjects. 
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Procedure 

Each subject was tested once a week for four weeks in four phases: familiarization 
and measurement of maximum oxygen uptake (Phase 1), self-paced test (Phase 2), 
walking speed test (Phase 3), and running speed test (Phase 4). 

Phase 1. After a period of f'!ffiiliarization with the treadmill (Gymroll), V02max 
was measured using a conventional technique. The treadmill speed was increased 
every 4 minute by 0.5 kmlhr, and the subjects' breathing patterns were measured 
by the open circuits method. 

Phase 2. The subjects were told they . would be performing an increasingly 
demanding treadmill exercise. They were to begin by walking, and then at some 
point, would have to run. They were instructed to move in a comfortable manner. 
The test began with it treadmill speed of 5 kmIhr. Its speed was incremented by 
0.5 kmIhr every 4 minutes. Once the subject started running, the pace was 
increased exactly two more times. 

Throughout the test, oxygen uptake (V02) and heart rate (HR) were measured with 
the devices used in phase 1. At the same time, the subjects were filmed on 
Videotape (sampling frequency: 50 Hz). 

Phase 3. During the third phase, the same measures were taken as in phase 2, but 
the subjects were required to walk for the entire range of speeds, i.e., 3 increments 
below the transition speed and 3 increments above. 

Phase 4. This phase was analogous to phase 3 in all respects, except that the 
subjects ran instead of Walking. 

Results 

The results indicated that subjects chose to begin running at various speeds ranging 
from 7.5 to 9.5 km/hr (mean: 8.05 kmIhr). Using each subject's transition speed 
as a comparison point, we can see that the transition occurred precisely when 
walking and running involved comparable oxygen uptakes (Figure 1) .and heart 
rates (Figure 2). 
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Figure 1. Mean oxygen uptake during walking, running, and self-paced 
displac,ement. (The asterisk indicates the speed at which each 
subject began running.) 
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Discussion 

The main finding of this experiment is that the transition from walking to running 
is in fact the result of an optimization process: the change in motor program 
corresponds to the minimization of energy expenditure, as measured by oxygen 
uptake and heart rate. 

Substantial interinvidivual differences were observed, but excluding one quite 
unique subject, the mean transition speed was 7.88 kro/hr. This corresponds to the 
figure quoted in the literature. 

The question which remains concerns the nature of the control processes 
underlying the transition. Schematically, two opposing explanations can be given. 

The first ascribes a major role to cognitive processes. Under this hypothesis, 
subjects perceive the amount of effort exerted and the cost of that effort, compare 
that information with some presumably pre-stored knowledge about the amount of 
energy required to run, and then decide whether or not to change programs in 
order to minimize expenditure. This is a very general decision-making model 
wherein energy expenditure provides useful data for de,~rmining behavior. 

The ~nd explanation assumes that the implementati'on .of these adaptation 
processes is not the result of a calculation. Under this hypothesis, the dynamic and 
kinematic characteristics of the movements involved are not anticipated and 
represented cognitively, but depend instead,on the biomechanical features of the 
motor system. The change in motor programme is assumed to occur in a virtually 
automatic fashion, and the minimization of energy expenditure to" be a consequence 
of a general principle of economy. 
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DIE EEG-GRUNDAKTIVITAT BEl 

PSYCHOMOTORISCHEN ANFORDERUNGEN 

KATHRINMEYER, L. BEYER, E. HANSEN, R. ROST, UNDT. WEISS, 

DEUTSCHLAND 

Anliegen 

Neurophysiologische Grundlagenforschung analysiert u.a. flir die Handlungs­
regulation bedeutsame zentralnervale Prozesse. Eine Moglichkeit ihrer Erfassung 
ist die Ableitung der EEG (Elektroenzepruilogramm)-Grundaktivitiit (im Text kurz 
EEG). 

Mit spektralen und Zeitreihenparametern des EEGs kann das Aktivitiitsniveau des 
ZNS charakterisiert werden, wobei Aktivierung und Wachheit mit Desynchronisa­
tion, und Entspannung bzw. Ruhe mit synchronisierter Aktivitiit von Neuronen 
einhergehen. Nach Creutzfeld (1983) ist "qer Synchronisierungsgrad der Hirnakti­
vitiit von einer Vielzahl von Variablen abhangig, wie von der Aktivitiit der sen~ 
sorischen Eingange (besonders des visuelleri Systems), von motorischenAtis­
gangen, von dem Grad der intrazerebralen Verarbeitungsvorgange, vOll Stoff­
wechselvorgangen, yom Ermiidungsgrad usw." (s.a. Beyer, Weiss, Hansen, Wolf 
& Seidel, 1990; Mecklinger & Basel, 1989). 

Die motorische Tatigkeit der Organismen ist von grofier biologischer Bedeutung, 
da sie die fast einzige Form zur Verwirklichung der Wechselbeziehungen mit der 
Umwelt, insbesondere der aktiven Einwirkung auf diese Umwelt ist, die dadurch in 
einer flir das Individuum nicht gleichgiiltigen Weise verandert wird (Bernstein, 
1975, S. 141). 

Dennoch sind psychophysiologische Untersuchungen des sensomotorischen Ver­
haltens anhanddes EEGs oft so angelegt, daB die Prozesse der Informationsauf­
nahme und -verarbeitung (vor allem visueller Informationen) unberucksichtigt 
bleiben bzw. nicht exakt objektiviert werden konnen. Davon ausgenommen sind 
die Untersuchungen von Kriebitzsch (1983, 1985), Grunewald (1968), Legewie, 
Simonova und Creutzfeld (1969) und Ulrich und Kriebitzsch (1990), deren Ergeb­
nisse jedoch wenig iibereinstimmend sind. 

Ausfiihrlich wurde dagegen das EEG bei self-paced movements untersucht, u.a. 
Lang, Lang, Kornhuber, Diekmann und Kornhuber (1988), Pfurtscheller (1981), 
Pocock (1980), Pfurtscheller und Berghold (1989), Pfurtscheller, Lindinger und 
Klimesch (1986). 
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Die Analyse des EEGs bei repriisentativen sehsomotorischen Aufgabenklassen ist 
nicht nur im Hochleistungssport von Interesse, sondern vor alIem fur die Diagno­
stik und TherapiekontrolIe von Funktionsstorungen im sensomotorischen Bereich. 

Gegenstand dieses Beitrages ist die Analyse des EEGs bei Regulation des senso­
motorischen Verhaltens, das mit dem visuomotorischen Nachfolgetracking gut 
operationalisiert und objektiviert werden kann. Dabei hat die Versuchsperson die·· 
Aufgabe, einer auf einem Bildschinn sichtbaren Vorgabefunktion durch definierte 
Bewegungen so zu folgen, daB die Funktion des Nachvollzuges entsprechend der 
Instruktion moglichst wenig von der Vorgabe abweicht. 

Fragestellung 

Konnen die mit unterschiedlichen Trackinganforderungen verbundenen Funktions­
zustiinde des ZNSs mit der EEG-Grundaktivitiit erfaBt werden? 

Methodik 

Es wurde ein Experiment mit 12 Studenten (Vpn) im Alter von 20-25 Jahren 
durchgefuhrt. An 4 aufeinanderfolgenden Tagen fand das anforderungsmiiBig 
gl~!~he Experiment statt. Die Vp saBin einem bequemen Stuhl ca. 1,20 m yom 
Bildschinn entfernt, auf dem die \~ingfunktionen (Vorgabe und Nachvollzug) 
zu sehen waren. Der Versuchsraum war abgedunkelt. 

Folgende 4 Anforderungen mufiten realisiert werden: 

Ruhe - ruhig sitzen bei geoffneten Augen. 

Sprung - Tracking "Sprung", Instruktion: "Ihre Aufgabe besteht darin, das neue 
~iveau so schnelI wie moglich zu erreichen und stabil zu halten!~;; 

Der Nachvollzug wurde realisiert, indem der Hebel eines Potentiometers mit den 
Fil1gern der rechten Hand hin und her bewegt wurde. Dabei lag der rechte.Unter-. 
ann auf der rechten StuhlIehne. 
~ i· 

". 
Reaktion - Anforderung zur Messung der einfachen optischen Reaktionszeit. 
:iktruktion: "Reagieren Sie so schnelI wie moglich auf den Sprung; jedoch ohtie 
%ias neue Niveau einnehmen oder stabil halten zu mussen!" . 

r2i~Anforderung "Reaktion" stellt an sich' ketn Trackin~>dar. Sie' dient rur 
Apgrenzung einfacher Reaktionszeiteffekte von zentralnervciJen Prozes~en, die mit 
dem Nachfolgen der Sprungfunktion ~sammenhiingen. .. . ... 

Sinus ~ Tracking "Sinus" (0.1,1.1 und 2.1 Hzje ca. 30 sec). 
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Instruktion: "Verfolgen Sie den Sinus moglichst exakt, indem Sie die Abweichung 
zwischen Vorgabe und Nachvollzug minimieren!" 

.• Sprung· 
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I 
I 

I 
I 
I 

I 
I 

I 
I 

Mo. 

nsl 

IU Rz - Reokliol1Sleil 

Anst- Anstiegszeit 

Ma x -MaximUM 

10 -Inlegrol aben 

IU -Inlegrol unten 

(onst-Zeit bis ZUm 
stabHen Holten 
des neuen NiVE!QUS 

',5Hz 

Abbildung 1. Trackingfunktionen Sprung und Sinus, Vorgabe und NachvolIzug. 

EEG und Parameter 

Wahrend der Anforderungen Ruhe und Sinus wurde das 'EEG fiber je 2 mal 6,5 sec 
erfa6t. Beim Sprung und der Reaktion erfaBten wir das EEG im Zeitintervall 4,5 
sec vor bis 2 sec nach dem Sprung bzw. der Reaktion. 

Ausgewertet wurden die Zeitintervalle 4,5 sec vor der Anforderung Sprung. bzw~ 
Reaktion und 6,5 secwiihrend der Anforderungen Rube undSinus. 

Das EEG wu~de unipolar gegen das rechte Ohrlappchen v~n liilkS frontal' (F3), 
links zentral (C3)und links okzipital (01) entsprechend demlO-20-Systemabge­
leitet. Parallel zum EEG w'urde das EOG (Elektrookulogramm) des rechten Auges, 
die Vorgabe und der NachvollzugdeS Tracking aufgezeichnet (s. Abbildung 2). 
Anhand des EOGs war es moglich, mit Augenartefakten behaftete EEG-Abschnitte 
zu eliminieren. Es. wutde sichergestellt, . daB jeder in die Auswertung einbezogene 
und von Ariefakteri bereinigie Me6abschnitteine Mindestliinge von 2 sec hatte. Fili­
die klassischen Frequenzbiinder (Theta: 4-8 Hz, Alpha1:8-10 Hz, Alph'a2: 10-13 
Hz, Alpha: 8-13 Hz, Beta1: 13-18 Hz) des fouriertransformicrrten EEG<?.eitsignais 
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berechneten wir die Frequenzbandschwerpunkte und die mittleren Leistungen im 
Frequenzband. 
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Abbildung 2. Registrierbeispiel der Aufzeichnung der drei EEG-Kaniile (F3, C3, 
01), des EOG, der Vorgabe und des Nachvollzuges des Trackings 
(bier nur Sprung), Vp 5, 1. Versuchstag. 

Erg:ebnis ODd Diskussio~en 

Eine;Nioglichkeit ZUlU Erfassen des anforderungsberogenen Aktivitiitsniveaus des 
\ I~' . " 

~NSs~'anhand der EEG-Grunililktivitiit ist der Vergleich der EEG-Parameter der 
Ruhesituation mit den EEG-Panimetem der unmittelbar darauffolgenden' Anforde­
hingssituation. Beispielhaft werden die Ergebnisse, der EEG-Parameter fUr eine 
pittlere Leistung im Theta-Band (THL) und Frequenz~andschwerpunkt des~lpha­
~"Bandes (A2S) vorgestellt. 
O-r.::~. . . 
DieTHL (4-8 Hz)zeigt fUr aIle Ableitpunkte eine signifikante Abnahme von der 
Ruhesituation zum ,daraqJfolgenden Tracking Sprung. Sehr iihnlicheErgebnisse 
rmden Hansen, Rost, Weiss und Beyer (1991) beim Ubergang von einer Ruhephase 
,~,einer,Phase mentalen,Trainings, das jedoch mit geschiossenen Augendurchge-
, ruhti:Wurde. ' ' . 
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Pfurtscheller und Aranibar (1978) beschreiben eine globaIe Abnahme der EEG­
Aktivitiit (6-8 Hz) vor und wiihrend einer bedingten Daumenbewegung (bei 
geschlossenen Augen) und erklaren sie "mit kortikalen Aktivierungsvorgangen als 
Foige der Erwartung, Antizipation, Entscheidungsfallung und Reizperzeption" (S. 
23). 

Bezuglich des Vergleiches der Ruhe und der Anforderung Reaktion kam es nur 
zentral (C3) zu einer Abnahme der THL. Das ist insofem interessant, da bei den 
Anforderungen Sprung und Reaktion im Anfang an sich gleiche Bewegungen reali­
siert werden: Beim Sprung miissen zusatzliche Prozesse der Informationsaufnahme 
und -verarbeitung ablaufen, urn die zur Aufgabenbewaitigung erforderliche 
Bewegungsgeschwindigkeit und -genauigkeit realisieren zu konnen. Offenoar 
reflektiert dieser Parameter eine spezielle Aufmerksamkeitszuwendung zur 
Aufnahme sensorischer Informationen (Sprung). Eine andere Interpretationsmog­
Iichkeit ware, daB vor dem Sprung ein umfangreicheres Bewegungsprograrnm 
aufgebaut werden muB als vor der Anforderung Reaktion. Der Theta-Rbythmus 
konnte auch motivationale und intentionale Prozesse aufgrund des unterschied­
lichen Niveaus der Aufgabenkomplexitiit widerspiegeln (Lang et aI., 1988). Beim 
Vergleich der Ruhesituation mit dem Tracking Sinus zeigt sich dagegen tendeziell 
ein Anstieg der THL (Abbildung 3). 

0.3 A28 (lid 10 THL (..vi) 
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Abbildung 3. 

_F3 ~cs c:J01 

Veriinderungen der EEG-Parameter A2S (10-13 Hz) und THL (4-8 
Hz) . von einer relativen Ruhe (geoffnete Augen) zu den Anforde­
rungen vor Sprung, vor Reaktion und wiihrend Sinus fur aIle 
Ableitpunkte (F3, C3, 01). 
* signifIkante Unterschiede zwischen Ruhe und Anforderung. 

Irrtumswahrscheinlichkeit < 5 % (Wilcoxon). 
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'Filr Sprung und Sinus erkennt man fUr alle Ableitpunkte eine Verschiebung des 
A2S (10-13 Hz) in hochfrequentere Bereiche, beziiglich der jeweils urunittelbar 
vorhergehenden Ruhesituation. Auch hier spielt wahrScheinlich die Problematik 
Bewegungskomplexitat eine Rolle. Mit zunelunender Bewegungskomplexitat (der 
Sprung ist komplexer als die Reaktion) verlindert (erhaht?) sich das kortikale 
Aktivitatsniveau, was zentral in einer haherfrequenten EEG-Grundaktivitat im 
Alpha-2-Frequenzband zum Ausdruck kommt. Bisher konnten solche aufgabenab­
hangigen Verlinderungen der Hirnaktivitat bereits vor der urunittelbaren 
BewegungsausfUhrung nur fUr Gleichspannungsanderungen und langsame Poten­
tiale nachgewiesen werden (z.B. Pfurtscheller, 1981). Benlcksichtigt man noch 
zusatzlich den Sinus, so scheinen sich auch im Parameter A2S Bewegungskom­
plexitat, Informationsverarbeitungsprozesse (siehe THL) und tatsachliche Bewe­
gu.ngsausfUhrung widerzuspiegeln, die hier nicht weiter differenziert werden 
konnen. 

Zusammenfassung 

Zusammenfassend lliBt sich sagen, daB die Vorbereitung und Ausfiihrung senso­
fubtorischer Anforderungen mit differenzierten Funktionszustanden des ZNSs 
v~rbunden ist, die mit den hier beispielhaft vorgestellten EEG-Parametern erfaBt 

•. y;.~dbn kannen. Wenn es gelange, dnen lihnlichen Bezug zu den Trackinglei-
l~,(U!' •. 

stullgen herzustellen, erschiene die EEG-Grundaktivitat noch besser zur Charakteri-
'sierung spezifischer Erregungszustande des ZNSs geeignet.Damit ware ein weite­
~;~Nachweis erbracht, daB das EEG nicht nur das allgemeine Aktivitatsniveau des 
~N$s .. widerspiegeln kann,· sondem die fUr 'die sensomotorische Regulation und 
~istung relevanten Funktionszustande bzw. Aktivitatsmuster des ZNSs (Ulrich & 
Kriebitzsch, 1990). 
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ZUR REGULATION PSYCHOMOTORISCHEN 

KOOPERATIONSVERHALTENS BEl UNTERSCHIEDLICHEN 

AUFGABENKLASSEN 

OLAF POPP UND JENS WIEMER, DEUTSCHLAND 

Gegenstand des Beitrages ist erstens das Problem der individuellen Bewegungs­
regulation in Mehrpersonenhandlungen, d.h. die Frage nach den Veranderungen 
individueller Ausflihrungsstrukturen unter sozialen HandJungsbedingungen, und 
~weitens die Beschreibung det: Bedingungen, unter denen das Ganze mehr ist als 
die Summe seiner Teile, d.h. die Gruppenleistung die Summe der Einzelleistungen 
ilbersteigt. Damit ordnet es sich u.a. ein in den Problemkreis der Gruppendynamik 
sowie des Zusammenhangs zwischen Gruppeneffektivitat und Gruppenzusammen­
setzung. 

yon Cranach, Ochsenbein, Tschan und KohlOer (1987) resumleren: eine 
(;Jruppe ist nun mal etwas anderes als ein Individuum ... ", und Singer (1985) stellt 
fest, daB es ein Unterschied ist, ob Lem- und Leistungsprozesse mit, gegen oder 
~or anderen Menschen bzw. alletn reaiisiert werden. Dabei finden Handeln und 
Leisten eher in sozialen als in isolierten Situationen statt. 

Iihtscheidenden Anteil an der Spe~ifik von Gruppenhandlungen tragen die in den 
i~teraktionen entstehenden Wechselwirkungen. Diese zeigt sich in der Tatsache, 
d.lB zielgerichtetes Verhalteh sozialer Systeme sich immer im Handeln von Indivi­
duen verwirklicht, aber nicht darauf reduziert werden kann. Dem Ganzen, dem 
sozialen System kommen dann auch Eigenschaften zu, die den handelnden Indivi­
duen nieht immanent sind (Hacker, 1986; Probst 1987; u.a.). Ais Foige ist zu kon­
statieren, daB sich Gruppenleistungen nur zu einem Teil (40-60 % ) aus den 
Ergebnissen der Individualdiagnostik voraussagen lassen. Begriindet wird dies mit 
derEntstehung einer " Gesamtkraft" , einer besseren raum-zeitlichen Koordinierung 
von Einzelleistungen und EinzelIahigkeiten (Hiebsch & Vorwerg, 1980), mit 
"sozialer Erleichterung" (Zajonc, 1965, zit.n. Wankel, 1980), einer Mehrbeteili­
g!lpg kognitiver Prozesse sowie der ErhOhung des allgemeinen Aktivierungsniveaus 
(Singer, ,1985; Hacker, 1986; u.a.). Pohlmann (1986) konnte beim Ubergang yom 
Einzel- zum Dualvollzug sportlicher Handlungen eine Anderung in der Koor­
dinationsstruktur, in den Orientierungsgrundlagen und der Antriebsregulation der 
beiden Partner feststellen. Der praktische Bezug: Personen konnen nieht aus­
schlieBlich nach ihren individuellen Leistungen gruppiert werden. 

Neuartige Interpretationsmoglichkeiten ergeben sich im Lichte selbstorganisations­
thooretischer Positionen, niehtlinearer, dynamischer System-Umwelt-Betrach· 
t!lngen, die "Gleichgewichtsfeme" als Voraussetzung und Ursache flir Veranderung 
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und Entwicklung ansehen. Ein Fazit aus Herman Haken's Synergetik ist die 
Existenz universaler Prinzipien der Verhaltensorganisation komplexer Systeme. 1m 
Zusammenwirken der einzelnen Teile eines Systems entstehen neue rii.umliche, 
zeitliche oder funktionelle Strukturen. Es ist dabei unbedeutend, ob diese Teile 
Atome, chemische Verbindungen oder Individuen sind. Situationen, in denen sich 
das Verhalten des betrachteten Systems quaiitativ iindert und eine neue Struktur 
bildet, beschreibt das Konzept der Ordnungsparameter in den Phaseniibergiingen 
(Versklavungsprinzip). Es erklart die Entstehung von Ordnung aus Chaos, von 
Stabilitlit aus Variabilitlit. 

Erste Belege aus dem Bereich der Bewegungskoordination sind u.a. die Untersu­
chungen von Kelso (1990) zur Fingerkoordination, von Turvey (1990) zum sponta­
nen Koordinationsmuster-Wechsel bei GliedmaBenbewegungen zweier Personen 
mit optisehem Kontakt, die Studien ZUnl Koordinationswechse1 beim Ubergang 
vom Gehenzum Laufen und umgekehrt von Kelso, Bunz und Haken (1985). 

Die Existenz mehrerer stabiler Zustiinde eines Systems oder seiner Teilsysteme, die 
sogenannte Multistabilitiit, bezeichnet Pohlmann (1991) als eine Form der Ganz­
heitlichkeit und motorischen Aquivalenz. Auftretende Fluktuationen,. nach Iantzsch 
(1979) die nichtlineare EigenverStiirkung von Fluktuationen, testen laufend die Sta­
bilitiit vorhandener Strukturen, Was unterhhlb kritischer Grenzen nicht zur Um­
oder Neubildung von Strukturen fiihrt. 

Ais Folge ware zwischen der Aufwertung von Programmfehlem und einer Ableh­
nung von " Motorprogrammen " zu entscheiden. Ein Gedanke, der auch von 
Foersters (1985) Theorie der "Maschinemit endlich vielen Zustiinden" 
zugrundeliegt. 

Annahmen 

Verhaltensschwankungen von Systeinen in Ubungs- und Wiederholungsfolgen 
dienen einer Selektion individuell giinstiger Problemlosungen. ' 

Fiir die "Systeme" Individuum und Gruppe kommt es im Proze6 der Aufgaben­
bewiiltigung zur Ausbildung spezifischer strukturell-funktionaler Beziehungen,was 
zur Selbstfindung temporarer, optimaler Systemstabilitiit unter gegebenen Anfangs-
bedingungen fiihrt. . 

Anfangsbedingungen in Mehrpersonen-Handlungen stellen die individuellen, 
psychomotorischen Strategien der Gruppenmitglieder dar. 

Der kooperative Bewegungsvollzug stellt in diesem Kontext eine Situation dar, in 
der sich das Ve~halten des .Systems Individuum qualitativ veriindert, u.a. durch 
quantitative Umweltiinderung. 
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Fur diese Ubergangsphase ist entscheidend, welche individuellen Ausfiihrungsstra­
legien aufeinandertreffen, im Zusammenwirken die neue raumliche, zeitliche oder 
funktionale Struktur bilden. 

"Kooperation" auf Gesamtsystemebene schlie6t "Wettkampf" auf Subsystemebene 
nicht aus. 

Die Gesamtsystemdynamik ist von der Vergangenheit der Subsysteme abhangig. 
Sie kann als summativ, dominant oder ubersummativ bezugJich der Vergangenheit 

. ihrer Subsysteme charitkterisiert werden (siehe Abbildungen 2 bis 5). 

~ethodentechnik 

In einer Laboruntersuchung wurden 15 Vpn und sechs Gruppen zu je drei Personen 
die Bewegungsaufgabe gestellt, mittels Geber einer fiber eiil Sichtgerat vorge­
gebene Sprungfunktion mit dem Ziel nachzufahren, das neue Niveau so schnell und 
so genau wie moglich zu erreichen und stabil zu halten. 

Methodentechnisch fand eine Variante des Nachfolgetrackings Anwendung. Bei 
den Gruppenversuchen wurden die drei Einzelleistungen fiber ein spezielles Inter­
face zusammengefa6t und alseinheitlicher Nachvollzug auf dem Sichtgerat ausge­
geben. Foigende Parameter, von insgesarnt 150 Spriingen, wurden in einem ersten 
Schritt analysiert und als Merkmale der Ausffihrungsstruktur interpretiert. 

" I 

, , , , , 
I 
I 

AN 

Vorgabefunktion: 

Hacbvolllluq: 

La - Laten.zeit: zeit Iwischen Vorqabe UDeS oeqin11 des 
Hachvollluq •• . 

......... 

AZ - bati_ga •• it: Zeit fUr den Nachvollsuq dar Strecke zwischen 
10\ und 80% de. neuen Hiv •• us 

tu - Inteqral unten: HaS fUr die unter der vorqabetunktion . 
entst.hen4. Flich. 

10 - Integral oben: HaB fUr ~U. Uber cSer vorqabetunlttioD 
entatehende Pli.cbe 

II - zielz.it: Zeitpunkt des stabilen Err.lohena des ob.ren 
lIiveaua 

Abbildung 1. Parameter der Analyse von Sprungfunktionen. 
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Ausgewahlte Ergebnisse 

Die Abbildungen 2 und 3 zeigen den Vergleich zwischen den Ausfiihrungsstruktu­
Ten der Gruppen 3 und 5 sowie dem Mittelwert der Ausfiihrungsstrukturen der 
Gruppenmitglieder im standardisierten Merkmalsraum. 

Z - Werte 
3 

2 

~ ~ 
~ 

o 

-1 

-2 
LZ AZ lu 10 ZZ 

Parameter der Sprungfunktlon 

--reale Struktur -+- erwartete Struktur 

Abbildung 2. Ausflihrungsstruktur Gruppe 3; 

z - Werle 
3r------------------------------------------, 

2 ------._-----------------------------1 

-_11----~---------------__I 

LZ AZ lu 10 ZZ 
Parameter der Sprungfunktlon 

- re-ale Struktur -+- erwartete Struktur 

Abbildung 3. Ausflihrungsstruktur Gruppe 5. 
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,Abbildungen 4 und 5 zeigen den Vecgleich zwischen dec realen Ausfiihrungsstruk­
wc dec Gruppe und dec Gruppenmitgliedec. 

Z - Werte 
3 

2 

GI.. 

0 

-1 

-2 
LZ AZ lu -10 ZZ 

Parameter der Sprungfunktlon 

- Gruppe 3 ---- Person 1 -e- Person 2 -- Person 3 

me: 

Abbil<Iung 4. Ausfiihrungsstrukturen dec Gruppe 3 und d'ec Gesamtmitgliedec. 

Z - Werte 
3r---------------------------------------------~ 

-1~------------------------------------------~ 

Parameter' der' Sprungfunktlon 

- Gruppe 5 ---- Person 1 -- Person 2 -;- Person 3 

Abbildung 5. Ausfiihrungsstrukturen dec Gruppe 5 unddec Gesamtmitgliedec . 
. ":·!Pl)f t,~, . 

In Gruppe 5 besteht eine hohe Korrelation zwischen dec Struktur von Pecson 2 (P2) 
und Person I (PI) und dec Gruppe (c=.90, p=.OOI). 

Die hohe Korrelation zwischen dec Gruppenstruktuc und dem Mittelwert dec 
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Ausfiihrungsstrukturen in Gruppe 5, r=.86 (p=.031), interpretieren wir all. 
summative Eigenschaft der Gruppendynamik beziiglich ihrer Gruppenmitglieder. 

Fur Gruppe 3 besteht kein derartiger signiflkanter Zusammenhang zwischen 
Gruppenstruktur und dem Mittelwert der Ausfiihrungsstrukturen. Ein signifikanter 
Zusammenhang besteht zwischen den Ausfiihrungsstrukturen der Gruppe 3 und von 
P2 (r=.87, p=.028). Die Gesamtsystemdynamik wird damit dominant von P2 
beeinfluBt. 

Beim Vergleich aller Gruppen bzgl. des Leistungsparameters ZZ wiesen die 
Gruppen mit "Dominanz" tendenziell einen Vorteil gegenuber den anderen 
Gruppen auf, d. h. sie realisieren den stabilen NachvoUzug auf dem neuen Niveau 
schneller. 
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THE IMPORTANCE OF MODELS OF MOTOR CONTROL 

FOR MOTOR LEARNING 

ALF C. ZIMMER, DEUTSCHLAND 

Prefatory Remark 

The content of the following paper is epistemological in character; it is about the 
relation between what is externally given (mapped by the human senses) and what 
IS internally processed (the dynamics of the human mind). In the history of 
philosophy one can observe the tendency to reduce this relation to a directed causal 
relationship: For example, Iohn Locke's empiricism bases the content of the mind 
(sPecific and general ideas) on the sensory experiences ("No man's knowledge here 
can go beyond his experience"); in contrast, the idealism of Bishop Berkeley sees 
the mental process of perceiving as the act constituting reality ("esse est percipi" to 
tX: is to be perceived). Especially modem psychology as a kind of experimental 
e'pistemology has paved the path for understanding this relationship no longer as 
unidirectional but bidirectional; especially Gestalt psychologists as Kohler or 
KQffka and 1.1. Gibson as the founder of 'ecological perception' have stressed the 
i~t~ractive view in epistemology. It should be noted, however, that this view can 
Jif~d>y be identified in the pre-Socratic fragments of Democritus, especially when 
[e'adiijg fragments 13 and 20 on the relation between perception and cognition or 
:h;;.''''{'·' 

oetWeen the senses and the mind: 
~:- ",~. 

"'.~There are two kinds of experience: one is genuine and the other is not. Seeing, 
hearing, smelling, tasting, feeling are all subjective, they have to be distinguished from 
genuine experience. If the objects of perception become too small to be picked up [by 

[ the senses] and finer discrimination is necessary, then we have to take recourse to the 
':genuine experience, namely to thinking, the most sensitive organ residing in the 
mind." 

•... 'Poor mind' the senses say to the mind, 'from us you have everything even what 
you bring forward against us. If you destroy us, you bring destructiori upon yourself, 
too.'" 

D~mocritus, however, confined the role of the mind to situations where the 
dicriminability of the senses no longer suffices, but Aristotle in his Nikomachian 
Ethic has generalized this point to a general epistemological principle: 

"It is the mark of an educated mind to rest satisfied with the degree of precision that 
the nature of the subjects admits, and not to seek exactness when only approximation is 
possible .• 

This principle can be circumscribed as the 'search for the proper level of 
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the universal principle of science: Examples are again Gestalt psychology and 
Ecological psychology but also those directions in biology, chemistry, and physics 
which pay attention to the phenomenon of self-organization (for instance, Eigen's 
'game of life', Prigogine's 'dissipative structures', and Haken's 'synergetics'). 

One is tempted to ask: What are the consequences of these epistemological 
considerations for a decidedly applied science as sport psychology? The following 
- still in parts speculative - ideas are intended to convince the reader that this 
epistemological stance has not only consequences for the experimental analysis of 
motor behaviour but also for the field of coaching and training. Specifically, the 
following topics will be discussed: 

(1) Motor learning: General or content specific? 

(2) the search for the motor unit, 

(3) the dynamics of motor control and motor regulation, 

(4) the complementarity of stability and singularity in motor learning, and 

(5) the practical consequences for training and coaching. 

Motor Learning: General or Content Specific? 

In basic sci~nce'(including psychology) one tends to discriminate between general 
(syntactic) theories and specific (semantic) theories. The first give the rules to 
work with the material of the latter. In psychology especially learning theories 
have been regarded as syntactic theories providing rules and regularities 
independent from the areas of application, e.g. Thomdike!s law of effect or the 
theory of transfer in learning based on 'common elements'do not refer to any 
questions of content. This point of view has bee" reinforced "by the apparent 
success one had in using the von-Neumann computer as a model for human 
behaviour; the distinction of programmes and data is in accordance with the 
distinction of rules and objects, syntax and grammar, or procedural and declarative 
knowledge in cognitive science. 

Recent developments in parallel distributed models based on the work of 
McCulloch and Pitts (1943) by Hopfield, Rumelhart and McClelland, to name only 
a few paradigmatic researchers have cast doubt on the necessity (as claimed by 
Chomsky, 1971) and on the viability approach of this dualist approach 1 as 

In Gestalt theory this distinction has never been made and it is therefore no surprise that 
Hopfield speaks of 'Gesta1ten' as emerging from his neural network model due to parallel 
processing and that McCuIlocb models the universal quantifier by an averaging process, the 
same which has been postulated for the 'evolution of good forms'. 
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postulated by artificial intelligence. 

For these reasons, it seems necessary to investigate the interdependencies between 
rules of learning and the content of learning and to ask if not unified approaches 
are necessary. Here I present some very preliminary ideas and reappraisals of more 
traditional approaches to motor learning and I will argue that they fit into what we 
know about motor control and athletic performance. - -- -

" One reason why the necessity for unified theories in motor learning has been 
disregarded is that such theories cannot be algorithmic, the other reaSon is that one 
has been preoccupied with simple motor acts as the building blocks. 

The phenomenon of complex motor performance has a curious status in 
psychology: From the point of view of methodology it should be avoided because 
on higher levels of complexity most of the assumptions underlying statistical 
analysis are not valid, on the other hand its very analysis might provide unique 
insights into the processes underlying motor behaviour. Up to date most 
experimental studies of motor behaviour for these reasons have stuck to simple 
rttovement patterns for which the data conform very well to the linear models of 
Classical statistical analysis and it has been implicitly assumed that complex motor 
behaviour including peak performance consists in a combination of simple motor 
patterns as fingertapping, pointing, or aiming. Following this line of 
argumentation, the same rules governing the acquisition of any simple motor 

-l;enaviour are also applicable to any more complex motor patterns. However, as 
'Zimmer (1990) has shown, this implicit assumption of linearity is not even given 
In'ilie acquisition of a moderately complex motor skill (see Table 1). This table 
~h6ws how performance parameters for riding a pedalo change during the learning 
prcx:ess and that these changes are not linear. 

'The non-linearity in the results of Table 1 have two theoretically important 
iMplications: ' 
mi'" , 
(1) They cannot be accounted for by models that understand learning as the 
,summation of elementary conditioned reactions (as, for instance, in stimulus­
sampling theory) or as consisting of independent building blocks Which are added 
in a piecemeal fashion, albeit obeying the constraints of a given 'architecture of 
f9gnition' (Rumelhart & Ortony, 1981) because they would imply a general 
decrease in the variability of the performance. 

(~:ritey make necessary the assulllPtion of - at least - two points of stability in 
the-performance landscape (or two minima in an: energy landscape as in Figure 1) 
;towards which the performances organizes i~lf. In orde~ to give up, the stable -
alj>eit ineffectiv~ -pattern of the, i)eginner it is _ neces5afY to move through II phase 
o[.!ncreased variability, that is, less stability before anotlJer - more effective­
pa~tern of self organized behaviour can be attained. 
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(2) They make necessary the assumption of - at least - two points of stability in 
the performance landscape (or two minima in an energy landscape as in Figure 1) 
towards which the performances organizes itself. In order to give up the stable -
albeit ineffective - pattern of the beginner it is necessary to move through a phase 
of increased variability, that is, less stability before another - more effective -
pattern of selforganized behaviour can be attained. 

Table 1. 

physical data 

effective 
forces 

directional 
changes 

<: p<O.05, 

Figure 1. 

Change of performance parameters for riding a pedalo during the 
learning process. 

performance level 
low intermediate high 
(A) (B) (C) 

mean A B B » C 
variability A » B B C 

net amount A < B B > C 
smoothness A « B B < C 

< <: p<O.Ol 

D 

A potential landscape with maXima and minima. 

In Figure such a situation with two minima is modelled where only the 
introduction of critical fluctuations can result in the switching from one stable 
position to the other. These critical fluctuations can be introduced "from the outside. 
For instlince, Zimmer andK5rndie (1990) have used a rough and irregular surface 
of the floor in Order to support a stable coordination for riding the' pedalo with a 
slow· speed. Such critical fluctUations' can arise from the', interaction of the 
affordances of the environment (what modes of' action it allows) and of the 
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motor units as most simple actions which can be produced intentionally or 
triggered· by external stimuli - as it is done explicitly or implicitly in most 
behaviouristic accounts for motor skills. The alternative consists in defIning motor 
units as minimal motor patterns exhibiting self-organization, that is, a tendency 
towardS stable coordination. 

In Searcb of Motor Units 

traditional defInitions of terms concerning' motor behaviour are based towards 
imatomy (for instance, Tomovic & Hellmann's [1970] 'treatment of degrees of 
freedom in the human body or Hanavan's' [1964] model) or - at least - towards 

. biomechanics and not towards biocybernetics. This has not only narrowed down 
the scope of research in motor behaviour but it might also be the case that one has 
~ perhaps only partially missed -the 'proper level of analysis and thereby 
produced artifacts. 
;-. i . 

What are elementary motor actions (or units of motor behaviour) cannot be 
determined from biomechanical constraints only because the decisive criteria are 
invariance and self-organization of action. Insofar walking ,despite its apparent 
complexity seems to be a basic unit, a schema of motor action, but perhaps not the 
Seemingly simpler positioning tasks or fInger tapping. This might explain why 
Sfh'midt's theory of schemata seems to fail Stelmach and Diggles' (1982) criterium 
of motor invariance, not because of its too general approach but because of the fact 
iliat it is, investigated in too simple forms of motor behaviour Which are below the 
leyer of a fullfledged motor schemata .. 

Furthermore, if self-organization and iilvariance are the core features of schemata 
~:building blocks of motor action, then the criteria of Stelmach ~d' Diggles 
(1982) for theories of ~otor learning become incorporated into what defInes' a 
~tor unit, namely, 
":L·' 

(aj!; the synergistic' reduction of complexity· (in the sense of Haken, 1991) where 
, fInally orie order parameter" determines the' resulting motor behavior 

:(Bimstein's problem of degrees of freedom disappears if stated this way), 

(b) ,the invariance of temporal and spatial ,relations which is due to the fact that a 
'Potor unit is only specified up to admissible' transformations; that is, the 
potential landscape, which defInes the motor unit in terms of synergetics, is 
scale invariant, . . 

(c),-,motor equivalence, according towhich one motor action Can be produced by 
"rbiomechanically different patterns of coordination, Can be understood as the, 

result of the fact that one and the same control parameter can be the result of 
differing realizations of self organization. One consequence of this view is that 
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motor units are characterized among other features by the fact that its parts can 
exhibit more variability than the whole unit itself for an example. 

The consequences of these results are twofold: The question of what constitutes a 
unit of motor behaviour becomes the central problem of motor learning and since 
these units do not coincide with the anatomical and bio-mechanical units, one has 
to discriminate between the control level (the governing level according to 
Bernstein, 1967) including its order parameter(s)-(Haken, 1991) and-the regulatory 
levels which are 'enslaved' by the order parameter(s). This distinction has 
immediate consequences for the definition of automated behavior, for the relation 
between peak and 'normal' performances, and for the question what really 
constitutes and uphelds peak performances. 

The Dynamics of Motor Control and Motor Regulation 

The classical reconstruction in biomechanics of the human body as rigid segments 
connected by joints and moved by muscles characterized by fixed physical 
parameters (Hanavan, 1964) disregards not only the fact that from a biocy­
bernetical point of view it is more efficiently regarded' as vise<r.elastic (Nelson, 
1983) but it furthermore implies the baffling question how such a complex system 
can be controlled: Bernstein's problem of the degrees of freedom. Statistical 
analyses of the correlations between the centers of gravity of body segments (e:g: 
Schollhorn's [1990] biomec\lanics of disc throwing) result in a ,reduction of 
complexity, that -is; few, factors "explain"' It high percentage of variance, but 
multivariate statistical models are linear in nature and, therefore'cannot be used to 
analyze a phenomenon as motor behaviour because 'of its intrinsic non-linearity, for 
instance,' the relations' betWeen speed and kinetic energy or time-to-contact and 
distarice-to-contact. Also the alternative suggested by theMIT-sehool (Hollerbach 
and others) that controlling motor behavior is equivalent with computing the 
inverse kinematics of the task in question does not lead to'the reduction in 
complexity which is necessitated by ~e, constraints of th~ human mind, especially 
of the human working memory. A vi¥>le : solution might be provided _ ~y the 
distinction between controlfand regulati!lllas in ergonomics, where control consists 
in the setting and supervising of gross parameters for the process in question, while 
at the same time negative:feedback systems like servo:-mechanisms or timers (e.g. 
oscillators) result in the smooth and easily manageable behaviour of the to-be­
controlled process. Similarly, 'the 'plan' fora motor action including the intentional 
goal setting and evaluation can be implemented by the specific triggering of self­
organizing sub-processes as Gallistel (1980) describes them; y.',hat is important to 
keep in inind here that these sub-processes are not intent\oi1ailycoiitro~led but 
organize them~lves.'" ' , 
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Why it is necessary to assume that motor coordination depends - at least - on 
·tWo components, namely control and regulation, the following anecdote brings 
home: A centipede when asked how he managed to control all his feet, said: "Gee, 
never thought about it" and henceforward was not able to walk again. Similarly, 
"the conscious control of the more than 700 degrees, as Tomovic and Bellmann 
(i970) counted them, obviously transgresses the capacity of the short· term memory 
~and'is therefore not viable. On the other hand the human creativity in producing 
motorpattems seems unbounded and a huge amount of motions, manipulations, 
and gesticulation are intentional actions. For these reasons, already in very early, 
mostly c1iriical studies of motor behaviour one finds the assumption of the dual 
'cliaracter of motor coordination. 
~ . ,. . 
J\!ready Liepmann (1905, p. 47) indicates that control and regulation are not only 
~~ceptually different but can al~ be independently impaired, that is, can be 

· .functionally dissociated. He describes the case of an unilateral apraxia. where the 
. p~ti~ntwas able to perform a task with the left but not with the right hand:" . r . 

\>oj, ..•. " 

,0" "~fl:e possesses everything about the action what is communicable, objective, and· for 
-p'i everybody else perceivable. What is missing, namely the ability to move his righ.t arm 
.• ;:x rin. ~e described way, is something not communicable, which cann9t become theotiject 
· ~'t7'of another's consciousness, it is the ability" to perform, not the knowledge, and that isa 
\;'l"function of the nervous leve\and perhaps 'of the theoretically assumed imagery of it: 
"v;I"~ remembrance of the sensations accompanying the performance of .the right hand 

· r~)l)ef<ire .the ap~ax.ia], ~0lI!ething which cannot be' communicated adequilte,Iy (the so 
~:, 'catled-kmesthetlc lmaglDatlOn)"~ . .' 

I/~h ~.{: d- • -" ~. '. • • • 

;What Liepman.n called the movement formula (Bewegungsformel),. namely what is 
.~.~.mu.nicable about a q1otor action, resembles very much the conCept ofa motor 
:<p~qgflll11pl.e (pe'.V,.1?66)0~th~memory traceafCOrdJng ~QS~~mi~tJ(975) ~pere,as 
'~t~~ r\~bi.!ty; ,to perfor"1' or ,the \!cinesthetlc imagination' reminds of tpe 'pe~cePtual 
· .~5f~"or Q( the ~rvo mechanisms assumed to complement the motpr programme. 

';Af:6Ioser:in~pect1on of Liepmann's analyses reveals that his distinction of the 
•• ,y:.,~ #"t;... .:' .... r . . . . . . ' 

~'inoveq1ent -form ula' and the kinesthetic' imagimition is captured best by the 
dislliict;ioii betWeen the propositional and 'the analogue memory, he'writes "the 
'lHo~eritentformula' maps the composition, the structure ofihe movement, it 
l~tines uniquely the action, independently from the sensory represeritation;'of the 
'jftlQV¥meilt formula' : ..... <p. 45). If one now takes into aCcount the resultS of 
BNlidbley (1976) aCcording to whom the kineStfieticmemory decays in a few 
~h~s',and' of Fr~ydand Johnson (1987) who have shown that ~the implicit 
dynkiilic of a perCept (the 'representational momentum') vanislles in less than a 
~hd; one has on the 61le hand a very rich sensory representation with a very fast 

""X1' '," '.", .: "'. .'.' '. . 
decay:'rate and on the other hand a very abstract tepresentation(the 'movement 

1".'.""':,, .... .' . ". '.' 
fptfuula') Which is furthermore intersubjectively shareable. What remains an open 
qfi~tlori, howevet; is how these'rriemory systems are related and how. they produce 
motor actions. The model suggested by Kosslyn (1980) dOes not answer these 
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questions because it regards imagery (the visual analogue representational system) 
as only embellishing the propositional memory albeit being a representational 
format in its own, right, that is, organized according to rules which cannot be 
reduced to the rules governing the propositional representation. If one regards only 
the aspect of memory for actions, one misses the most important point, namely 
how are motor actions produced and coordinated. Any model, however, for the 
generation of, motor action has to take into account the dual representation 
underlying it. If one distinguishes control, that is, the intentional generation of an 
action and regulation, that is, the maintaining Of the action taking care of external 
perturbations via negative feedback and other related techniques, one has exactly a 
structure of coordination into which the discussed memory systems can be 
integrated: The control depends on the propositional plan (here regarded as 
equivalent with Liepmann's 'movement formula') and the regulation is based upon 
the perceptual input which is held active for the time necessary in the analogue 
representation, that does not need to be merely kinesthetic as Liepmann assumed. 
There remain a couple of, open questions: (a) Is such a distinction more than 
conceptual, that is, i~ a concrete realization possible? (b) If by this distinction the 
centipede problem can be resolved, how can the cOmplexity in planning be 
hahdled? arid finally (c) What is.the relation of this conception to other approaches 
in movemenfsCience. for instance, Schmiat's schema theory? ' , 

Gassendi (1658) has equatedimderstariding a process with being able to build a 
machine that' produces this' proceSs. For many problems in motor behaviour such a 
machine exists already, since long ago: The marione~te. From a Gestalt theoretic 
point of view:moddling'motorbehaviour as a sequeilceofelementary acts'or as a 
set ofto-be-contrcilled degrees of freedom'leads toa merely additive interpretation. 
The cOncept of a behavioui'al field, in contrast, e4implies massive interactions 
betweerithe Cdristituents which'tendto a structured whole under-the influence of 
the minimum prinCiple. At'the first' glance; it "seems to run counter the Gestalt 
psychological reasoning with,its contempt Jor 'machine theories' to analyze the 
behaviour or' a'~arionette in' order to identify the functional pnnciples of motor 
behaviour but a closer inspection will showth,at a marionette, albeit a machine' js 
not a. cl~kworkwhich Gestalt psychologists attacking l)1achine theories had in 
mind .b\!t a.n as~~bly of non-rigidly interacting parts which - for instance --:- g~t 
organized into' the suUctured,tempo-spatiiu pattern of walking. The seemingly 
complex beh~viourof, the marionettes is controlled by v~ry few and simple hand 
movementsof,the PllPpeteer. Theappclrent co~plexity results from the oscillations 
of the limbs cOOrdipated by the strings. Thependulum-lik~ l!mbs together with ,the 
strings .~xhibit ,pheri~mena of selforganizlng local reg~la,tion due to the fact that 
they are not, flXed like. a Newtonian clock ,work .. The idea to fall back <,m the 
marionette wHen explaining motor behaviour is not new: Already 1810 F. v. 'Kleist 
analyzed hum~ motor. behaviout "by oom'paring' it with the bd~avio~r of 
manonettes ' (Das Marion~ttentheater in '''Berliner AbendbUitter") ... "every 
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movement (of marionettes) [has] its center of gravity; it [is] sufficient to govern 
this ... ; the limbs, being merely pendula, follow mechanically without further 
intervention." Except for the not quite exact notion of 'center of gravity' this quote 
describes exactly the physics of a moving system where the number of degrees of 
freedom have been extremely reduced, in Kleist's example to one (linear motion) 
or two (circular or elliptical motion). 

The phenomena Bernstein (1967) observed concerning the interaction of 
smoothness in motion without conscious control are also investigated by Kleist: 
" ... asmtich as in the organic world reflexion recedes and 'is obscured, gracefulness 
becomes more brilliant and dominant ... " He explains this as follows: Conscious 
control of motion forces the 'soul' of the moving agent away from the center of 
gravity of the motion. Translated into moderp parlance this is equivalent to an 
increasein the number of degrees of freedom due to conscious control. 

That motor behaviour is controlled by functional degrees offreedom and that these 
do not n~sitate mentalistic assllmptions but are as physical as the anatomic or 
muscular degrees of freedom can be shown by analyzing the behaviour of the 
marionette in Figures 2a and 2b. They show the compl~x walking movement of a 
Pinocchio marionette ~d how this is brought'upon by one·degree of freedom of 

. the controlling hand. The coordinated movement· pattern of legs and~~s as 
natura,! for humanwaIking (see Farfel, 1977) is controlled only by the· o~illatory 
movement of the handle. This oscillator understood-as in Gallistel (1980) but not 
misinteipreted as a pendulum in.J'urvey, Rosenblum, Schmidt and Kugler (1986) 
has otte'degree of freedom - acceleration an<i.deceleratiori of walk is' fealized by 
,damping the oscillation. . .' " 

The dScill~tor underlying the human gait exhibits features of sdforganiiation as 
can be seen in Figure 3 where in an idealized forin' aresqown the efficiency curves 
of waIicing vs. running and the hysteresis of the process~ InsOfar, it is possible to 
identify\valking and running as motor 'Gestalten', namely, mOdules of motor 
self organization. . 
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Figure 2a. Behaviour of a marionette controlled by simple hand movements. 
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Figure 2b. Behaviour of a inarionetteco~trolledpy simple hand movements. 
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Figure 3. Phase transitions of human walking vs. running and the hysteresis 
of the process. 

A motor Gestalt defined this way is characterized as a point of stability in a 
potential landscape, this position of minimal, effort governed by one degree of 
freedom is equivalent with the case 'in synergetics where all but one order 
parameter tends toward zero. 

Even if fairly complex motor actions as walking can be modelled by the marionette 
which produces this behaviour under the control of only one parameter and thereby 
providing a solution for Bernstein's (1967) problem of the degrees of freedom: The 
string structure of the 'marionette is a coordinative structure, the question remains 
how heterarchies, hierarchies, or sequences of motor actions can be controlled. 
The cognitivist approach, of Hollerbach and the MIT school of motor control 
suggests that planning for such a behaviour consists in computing the inverse 
kinematics of the task. Even ifone attributes a lot of smart mechanisms (Runeson, 
1977) or ratiomorph heuristics (Brunswick, 1952) to the moving organism it seems 
questionable that it is possible to know in advance the entire kinematic landscape 
describing the task and to compute the complete optimal inverse kinematics for the 
solution before the first step is done. An equally extreme solution is suggested by 
Ecological psychologists as, for example, Turvey, Carello and Kim (1990) 
describing the behaviour of his 'happy gazelle' that does not plan at all but only 
optimizes situationally the affordance-effectivity coupling. Attractive as this 
solution is for its seeming simplicity (seeming because there is no standard 
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procedure for determining either affordances nor effectivities), it fails for novel 
tasks, for instance, the Fosbury flop should not have been invented according to 
this approach because the globally optimal action is not the result of locally optimal 
affordance effectivity couplings. A solution might consist in what Hayes-Roth and 
,Hayes-Roth (1979) have termed 'opportunistic planning': it combines the notion of 
the goal as a global attractor (Wertheimer's 'pulI towards the goal') with the_ 
concept of many distributed heuristics making use of local optimization. That these 
local optimizations can induce a behaviour directed towards the goal of the task is 
due,to the assumption that the goal influences the one weights increasing those 
related to motor behaviour which diminishes the distance to the goal and 
decreasing all others. This model can be realized in an associative net which 
exhibits certain Gestaltist features," namely it works like a field, more exactly like a 
gravitational field for which Goldmeier (\937) and Zimmer (1982) have shown that 
it models optimization process in perception. 
""~i. 

Th'e'analYses of control and regulation presented so far can be integrated into the 
:J6ii~t of schema as developed by Cassirer (1944) who integrates the Kantian 
'~otion of a schema as the cognitive mechanism coordinating sensory data and 
:'ab~futcf concepts with the results of Gestalt psychological experiments in 

·ii"'i'·- ", 

~~rcep.tion. 
::,.I;~--·' -. 

"A,(:eoroihg to Cassirer a schema consists of 
#,V;! 

(1)~:;C9nstituting (basal) elements, 

i~(i5htules of organization, and 
" :ij!"::- ~ .... _ 
:·(3) admissible transformations . . . 

:Schema theorists like Head (the first to apply this concept to motor behaviour in 
;1920), Bartlett (1932) and Schmidt (1975), to name only those re,searchers who 
have analyzed motor behaviour, have concentrated on the third point, that is, the 
question of invariance. The first point has been regarded as a question of 
wiwenience for the researcher allowing Bartlett to a,nalyze something complex as 
tennis and Schmidt to concentrate on quite simple actions like pointing and other 
iseemingly simple movement patterns. 

$;t" . 

However, as shown in the preceding part, the question of what constitutes a basic 
ututis far from simple and not independent from the other points. If one interprets 
tile ,',rules of organization' in a Gestaltist tradition (for a modem treatment see the 
book edited by Kubovy & Pomerantz, 1981), they are equivalent with Kohler'S 
:(1920, p. 250) 'minimum principle' which - applied to motor behaviour -
r~mbles the minimum-jerkiness principle postulated by Nelson (\983) and­
e~~rif1l~ntally anaiyzed by Wann, NimmO-:Smith and Wing (\988). This principle 
,apParently induces motor behaviour that is subjectively experienced as "just fitting" 
and - seen from outside - gives the impression of effortless gracefulness. 
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Such a principle induces organization without an external agent and independent 
from a hierarchical control. Due to the fact that the constituting units of motor 
behaviour are not static - as the experimental and theoretical studies on schema 
integration show (Zimmer & Korndle, 1988) - and that their integration is usually 
not reversible it is no longer possible to equate a schema with the concept of an 
algebraic group as Cassirer (1944) did it; instead we have a situation which is 
modelled best with the methods of synergetics: A self-organizing regulation that 
nevertheless is modifiable by the induction of critical fluctuations or a change in 
the set of order parameters. On this background, the third constituent of Cassirer's 
schema theory becomes a necessary consequence of the differentiation between the 
level of self-organization (the necessary but noncommunicable sense-data driven 
regulation already present in Liepmann's [1905] theory) and the control level 
where the parameters are set which define the sequencing and relative timing 
whereas the absolute timing depends on the regulatory level. The functional 
independence of control and regulation becomes especially apparent in the problem 
of sequencing and timing because the order of intended actions and successfully 
executed task need not to coincide with the order 'of movements on the regulatory 
level as the data of Gentner, Grudin and Conway (1980) on typewriting show. 
What happens on 'this level is the optimisation of the spatio-temporal order of 
finger movement under the constraint that the rhythm of hitting the keys is kept 
constant. For instance, when typing the sentence 'she is _piqued' the targeting 
movement of the left little finger for the key 'q' starts before the right index finger 
hits the 'i'; this is due to the fact that the little finger-has to move.from its home 
positjon upward and left whereas the index finger is already on the target position 
(see Figure 4). 
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Timecoordi~aticirtof launchiilg finger movements and hitting the 
keys of the typewriter (adapted from Gentner;: Grudin & Conway, 
1980). . 
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:Rumelhart and McCleIIand (1986) have modelIed this phenomenon in a neuronal 
:,rietwork and argue that it proves the entire motor behaviour to be controIIed in 
-parallel. What it really shows, however, is that between the sequential intention 
'arid the corresponding successful execution the self-organizing reguliltion might be 
:best modeIIed as an associative network functioning in paraIlel. 

'A~ these results show the internal structure ~f the schema appears to be strictly' 
only hierarchical: The control level influences the regulation but not vice versa. 
IHowever, Lewin's (1926) experiments on psychical 'satiation' reveal that also the 
;(egulatory level can interfere with the control of motor action. 
1~jOl" 
,Lewin and his co-workers have observed this phenomenon in fairly complex tasks 
1ik~ drawing hexagons. It turns out that this phenom~non cannot be explained on 
:tJi'~ripheraI nervous level by adaptation due to inhibition or fatigue because it 

, Happens even if the biomechanics are altered by varying the length of the pencil or 
,l ..... " .• - . •. 

,ili,e: form of the grip. If such a complex motor act can be 'satiated', that is; its 
,l~~!ltion be inhibited by repetition is has to be assumed that it forms a unit of the 

;' ~tra1 processing in motor control resembling phenomena in speech production 
, ,..v.,: -"1' . 

'''mc~,~spoonerism ("Schiittelreim") where the motor control in the production of 
f:s&mplex phonetic units is severely impaired if the same or even a similar phonetic 
: Imghas to be repeated some-times. 

, If a complex motor pattern after multiple repetitions' without external feedback 
" breaks down, one can assume that initially it had been controlIed by one order 
--...;t",un....· . -'-. - . ' 

,;~mete(, but run out of control ,when the local fluctuati,ons became correlated and 
:{". ~ ... ~ <.t. . . _ • . • 

; increased in magnitude. 
';~¥"'-"~. ' 

.Iilsii ,::." :i 

>~,J,:~: ,1 " ¢1t , 
:;"'ITheComplementarity of Stability and Singularity in Motor Learning 

,,I;;rlilie"Colitext of self-organizing regulation of motor behaviour the notion of 
lta6ility as due to a minimization is central. This is especially convincing in the 

.',case of automated motor behaviour. 

~'Tt.l~itionalIY, a movement p~ttern is claSSified as automatic if its Performance does 
,. ngfWeCdattentional capacity demonstrated by dual-task exPeriments. Following the 
, .. t1'!n!~. .' , , ' , . 

• the<?retiCa!' 'framework developed here, a movement pattern IS regarded as 
automanc' if' its regulation does not interfere with its control (as in Navon & . .(,..~ .. 

"pqpher's [1979] example of the interference of two apparently automated harid 
mov~ments). This, however, can only be the case in a certain 'window of 
s~biilty', that is, at a neither too slow nor a too fast speed: Below, the 

;performance becomes stochastic (bursts of controlled action followed by sudden 
;q~29mrolled movement patterns),and abov~ ~~!>ec<>mes chaotic (that is, dependent 
,oJ2iExmminuscule changes in the in~tial conditions). The difference between an 
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expert athlete and a beginner in this view consists in the size of the window of 
stability, that is, the amount of variability which can be regulated without a change 
in the parameters governing the control level (Bernstein's 'governing level') - the 
beginner, too, will exhibit 'automated' behaviour but only under fortuitous 
conditions. These conditions to identify is the goal of expert coaching because 
starting from there leads to the graceful performance Bernstein (1967) has observed 
in movement patterns not needing conscious control. 

However, beside these motor actions without conscious control which can 
especially be found in athletic disciplines characterized by motor behaviour that 
mostly consists of the refined performance of motor patterns already in our motor 
repertory, there are disciplines (e.g. gymnastics but also'in track and field) where 
peak performance is only possible when more than one order parameter are kept at 
a constant non-zero value, that is, when instead of selforganization a regulatory 
structure is imposed. Such a situation' is usually characterized by the phenomenon 
that the athlete knows immediately, that is, before the motor pattern (e.g. the 
Fosbury flop) is finished, if the attempt will be successful or not, that is, minor 
perturbations are picked up - probably kinesthetically - and are perceived as sig­
nificantly different from the intended structure, even if this cannot be observed 
from outside or exactly put into words by the athlete: On' the other hand, the 
athlete's concept of a motor pattern, that is, what is stored in the mental 
representation is the imposed structure in.its pure, th~t is, ~perturbed form. 

The stable mental representation, however, dOes not suffice for the unique 
determination of the execution necesSary for a peiUci>erformance. For this, very 
specific external cues have to be provided in order to 'guarantee that the motor 
behaviour is started in the correct position and with tll,e necessary acceleration, that 
is, the specification of a singularity; an example for such external cuing is the 
marking of the starting position in wide jump. 

For the character of the mental representation of motor behaviour this implies that 
the representations on the cOntrol levei and on the' regulatory level form a 
complementarity of stability and singularity. This re~tion h~ two aspects:, 

(1) What. is ,a singular act in a pure~y, perceptpal task (e,g, if even minor 
perturbations are detected without effort) tUmsout ~ ,b,e, stable in a memory task. 
Paradigmatic experiments among many others for this aspect of complementarity 
have been conduc~ by Stadler, Stegagno iUld Trombini (1979) sho~ing the 
sensitivity of highly regular objects to perturbations and by Zimmer (1982) 
expanding Goldmeier's gravitational model of ',Priignaflz'. ~hich can account for 
the fact that in the mental representation the 'distances' to and from objects 
exhibiting Priignanz are not symmetri~.· , , " . 

(2) The second aspect of the complementarity,' namely that of interaction between 
local vs. global optimization, can best be exemplified in the' field of spatial 
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perception where the forked effect of local optimization (stability leading to the 
transformation of ellipses into circles, of arbitrary rectangles into squares etc.) and 
the uniqueness (singularity) of the point of view give rise to a stable image of the 
surrounding world despite the fact that any given projection can originate from a 
multitude of spatial arrangements. One prediction from this assumption that it is 
the tension between a global tendency towards stability and the sensitivity to local -
disturbances which generates the impression of space, is that this impression should 
be strongest if the forked effects are about equal. 

Haken (1991) in his theory of synergetics models the complementarity of 
singUlarity and stability in a potential landscape defined by two order parameters 
(see Figure 5), where points of stability (minima) result when in a combination of 
order param!!ters all but one become zero. Points of singularity are the result of 
ifreenng' ~e than one order parameter at fixed non-zero values considerable 
larger than the turbulences in the system. This describes perfectly the singularity 
aSpect of 'Pragnanz' as shown in the experiments by Stadler, Stegagno and 
Trombini (1979). By switching the signs of the ordinate in Figure 5a one gets the 
complementary potential landscape (Figure 5b), modelling the situation where the 
stability aspect prevails . 

. f~giJre 5a. Example of a potential landscape in a space of two order 
parameters (after Haken, 1991). 
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Figure 5b. A potential landscape complementary to that of Figure 5b. 

Consequences for Training and Co~ching 

The theoretically motivated investigations into the interactions of control and 
regulation in motor performance have also immedillte consequences. for the training 
and coaching in diverse at~letic disciplines. As most interesting I want to single out 
the principle of 'variability in practice' and the cl~sifications of athletic discipline 
according to the underlying modes of control: Stabilityvs. singularity. 

'Variability in practice' has been regarded as an important technique in training 
since long. In the context of the theoretical considerations developed above it is 
possible to specify more precisely under whicheonditions and for what goals this 
technique should be· applied. Figure 1 shows a potential landscape with two 
minima, that is, points of stability towards which the motor coordination tends in 
the process of self-organization. If the goal of coaching consists in the acquisition 
of two or more alternative available patterns or if the alternative self organizing 
patterns of coordination differ in effectivity, variability in performance can 
produce those critical fluctuations in coordination that are able to induce the change 
from one point of stability to another. Ho~~ver, if coordinative patterns are 
regarded as layered with one control or governing level and different levels of 
regulation, variability in performance can be expected to 'widen the windows of 
stability' for controlled coOrdination, that is, to make the control level more stable 
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by improving the self-organization on the regulatory levels. This results in a more 
effective compensation for fluctuations. Therefore even stronger fluctuations do not 
!>ecome critical for control and thereby causing a breakdown in coordination. 

Also the juxtaposition of stability and singularity in motor control has important 
corisequences for coaching. In completion sports especially in track and field one 
can distinguish between disciplines in which repetitions are allowed but where peak­
performances are only possible for very specific, that is, singular patterns of 
control (short put, high jump, javlin throwing etc.) and disciplines with only one 
decisive attempt but allowing compensatory coping for external perturbations and 
internal fluctuations (especially running, perhaps except for sprints, skiing etc.). A 
high level of performance in disciplines characterised by singUlarity can only be 
upheld if permanent external feedback is given by a coach or a ~hnical fast-feed­
hack system. Although most athletes very early 'sense' the failure of an attempt 
.when motors;oordination is. not optimal, they are usually neither able to 
~~Pensate during the attempt nor to pinpoint the cause for the failure after the 
~~t(!mpt exactly enough to optimize the coordination permanently. Here it is the 
task of the coach to identfy non-optimal patterns of coordination and to induce the 
~ptimal patterns by permanent feedback (as fast as possible because the - in this 
'gU<l, ,of coordination - decisive kinesthetic memory has ~)flly a duration of about 
lO'seconds) by setting external constraints and, finally, by providing the athletes 
with mnemotechnics for the sequencing of particular acts combined with an 
enhancement of the sensory information processing of tension and duration in order 
t'6Ichieve a coordination of forces in sequence' and time. . 
R.~ 

, The Jask of a coa<;h in disciplines characterized by self-organi~tion towards a 
:'stable 'coordinatioll. is. different: Except for teaching principles' of tactics in 
, co~petitioll and o(ccimpensation, it mainly consists in helping the athlete tofirid 

'~i)r..'1 . ,. ,., _. ~.: ". . ,." . \ 

(tflfu,?p,timalpattein amQpgthejx:rhaps many stable ~rdinative ~tterns. It should 
'be'hlentioned that the 'flow experience' (Csikzentmihaly, 1990) describes the 
c:;'ph5nomenal subjective .,side of this process of self-,organization, what the another 
•. neglects, however, is the fact that self-organisation usually is not a unique and even 
, ~p'~s but that perhaps in the majority of cases multiple local minima can act as 
'attfactors and that in such cases. the optimum can only be approached by inducing 
,""critical fluctuations' ,combined with external feedback during .thisphase. . , 

1\~:'~~iai' case is given if in the same athletic discipline either theaspect.Cif 
si.~gu1arity or that of stability can be stressed; an example is rowing a skiff where 

"t!1e'anaIysis'by K6rndle (1989) of two world class rowers' respective coordinations 
'o(forces shows this possibili~y. ,A .rower with a singUlarity coordinapon will, be 
,~Pffially su~sf~ ,under faiiw~ther conflitions (and in this case actually is) but 
'will have a hard time to compensate for stronger perturbations~ in contrast,. the 
stability coordination allows the adaptation to different turbulent water conditions 
without a deterioration of the performance. The 'cost' of the stability coordination 
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lies in control: While for singularity the control is relatively simple and on a high 
level, for a 'stability coordination' the control level is deeper and in any case the 
control is more complex. This explains the superiority of the singularity 
coordination for weather and competition conditions where no compensation for 
perturbations is neCessary, given the same physical condition. 
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SKILL LEARNING AND PERFORMANCE: NEW DIRECTIONS 

DENIS GLENCROSS, AUSTRALIA 

The interest in human skills has been an integral part of the formal study of 
'psychology sin.ce before the turn of the .century. This interest, in part, is - a 
consequence of the fact that the outcomes of skilled perform~.ce are clearly 
observable and hence to some extent measurable. Indeed it is this appreciation of 
the beauty, harmony and elegance of the skilled performer which provides the 
starting point for the systematic study of human skills. We can all recognize the 
skilled performer, we -can appreciate the difference between the expert and the 
novice, although we may find it difficult to differentiate between the expert and the 
,fovice, although we may find it difficult to differentiate between experts 

Jheh1selves. However, international judges in gymnastics, diving and the like can 
Hiaie these judgements with great precision and consistency - their observational 
~~....,< 

s!<ills match the performance skills of the athletes! 
")1;' 

- The particular interest in human skill for the sport psychologist is that we are 
directly -concerned with understanding, and facilitating skilled performance. In 
particular we are interested in maximizing the potential of the individual athlete. 

Are all Skills the Same? 

-The diversity of the types and categories of human skills raises a theoretically 
. -q~Sial issue ---,- that is, are all skills fundamentally the same? 

._.\- ; 

-One' of the pioneers of skills reSearch, Bartlett (1947) suggested that all skills are 
fUQd~lnentally the same andacccird to common structural and functional principles 
"l~a1l skills are leamt;and can ~;try from be'ing essentially 'mental' to essentially 
'~rilbtot" in nature,blidn of whichinvolve'seveniI receptor and effector functions 
~;:'(.,' '. I"~ ~'. '''1' ...•. ' '.f~-":~ ",;.' ' •• 

ImKed to achieve a particular goal or outcOme"(&rtlett, 1947}. ThiS view was 
• .' " ,".. . . . : 1(~' . .' _ .;. 

supported by Fitts (l964) " : .. smce the processes which underhe skilled perceptual-
i9,t~r. Jl;I!rformances _ are very si l1}Har; tB' ~qse \Vhich und~rlie language behavior as 
~~{<,as_those which ar~ inv~lved ,.in p~o~I~Ill-solving:and concept formation, we 

. ~~_o,!-.!.~~. expect to find ,that the laws; pflearningare also similar and that no 
~_>:antage would result from treating mot~rang verbal learning as separate topes" 
(n~~, 1964, p. 243). " ;" .1. 

Thj~;position, of the eomptonality of all skills h~ been more rt;cently supported by 
1.qd~rson (i982; )987) and Mackay, (1982; 19,~7), in their systematic study of 
cggnitive skills. 
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We will argue that this commonality of all skills is based upon the manner in which 
information, knowledge and knowledge structures accord to common principles. 

The Nature of Expertise 

As a first step in understanding the nature of human skill and the development of 
competence and expertise, we must be able to describe the characteristics of such 
expert performance. What are the characteristics of such expertise exemplified by 
the competence of the skilled performer? 

Skills are Highly Organised 

Skills are highly organised both spatially and temporally, that is everything about 
the skilled performance is systematic, serial and well-ordered. All of the aspects of 
the skill, all of the components or sub-components, are highly structured and 

'\ 
organised. This organisation is typified by a number of significant features; the 
performance is smooth, fluent with one part of the skill flowing easily into the next 
phase or aspect; there seems -to be a minimum of effort with no extraneous or 
unwanted movements, there is an integration and harmony of the movements of the 
body and implement (racquet) with the changing environmental contextual demands 
'as though the performer has all the time in the world. ' 

. " 

Skills are Goal-Directed 

All skills are intentional, 'purposeful, that 'is,' they are goal-directed. This 
purposeful, deliberate pursuit of a goa! that is ;~n as worthwhile, differentiates 
skills from other behaviours - 'such as reflexes and instincts. For example at one 
level, a deliberate wink is diff~rent from an unControlled protective blink of the 
eye-lid. Again we describe movements, such~, asihe'fJexio~, extension and 
abduction movements of tli'e arm. However,theSe movements can be integrated . ,. " ,"'.;' :.i." ... ;· '" 
into a purposeful pattern of action as in the skilled ac~ of d$~g or throwing. 

One feature of this goal-direction is thatgoaIs may be'achieved by a variety of 
means. That is the motor problem may"be solved' and the goal achieved by a 
variety of means. This has been referred to as tlie problem of motor equivalence. 
Thus, we can drink from a cup using the right and1left hands, with different grisps, 
or even with the feet, if in the case of thalidomide patients. 

Goals and the slib-goal 'system are an iiltegcil part"of the knowledge structure 
system on the one hand and the affectivt!-motivationalsystem on the other. Goal 
systems are an essential ingredient giving direction, priority and intensity and 
persistence of effort. 



Skill Learning and Performance 83 

In skilled performance we cannot underestimate the close-links between goals, 
goal-setting, goal-attainment incentives and motivation. 

Skills are Learnt 

AIls skills are learnt and indeed the formal acquisition of skill and the teaehing, -, 
~ing and coaching procedures are an essential focus in the study of human 
~kiils. Behind our investigation into human skills is the motivation that we may be 
-ahie to enhance and vacilitate the learning proCess by formal instructional 
prOCedures. Although the learning of new skills is obious, there is clearly a close 
relationship between growth and development and the on-going maturational 
processes and the learning process, as in crawling, walking, reaching and grasping 
for example, as evidenced by the orderly sequence of the emergence of these skills. 
There is strong empirical support for both the 'maturational hypothesis' and 
!learning hypothesis', but what is clear for the purposes of the present discussion is 
that high levels of skilled performance are a consequence of learning and hence 
systematic and extensive practice. 

Skills Develop with Practice 

All'skills are learnt, refined and eventually mastered through extensive practice. 
H6wever, it is very clear that the conditions and quality of practice can have very 
iIfumatic effects on the rate of learning and the eventual performance. However, as 
alg~llera1 principle, performance (and hence learning) seems to proceed according 
~). power law of practice. What this means is that learning and performances 
appear to improve in a consistent manner over extensive practice or training 
Periods (thousands of trials and years' of practice). In essence, improvement in 
pJrformance is a linear function of the amount of practice. What is of particular 
l~!7rest is that this power principle of practice is consistent across a wide range of 
Iitman skills, both in the laboratory and 'real' everyday skills, including a wide 
C~ety of athletic and industrial skills. 
r~!l." -
A"number of .importatit implications arise from this power principle of practice. 
E~stly, it seems that the information processing capability of the brain d~ not 
restrict performance, but rather the falloff in performance is associated with loss 
~t~)nterest, motivation and eventu~ly decline in the musculo-skel~tal system. 
§e:ondly, it highlights the importance of extensive 'effective' practice !ll~s. 
Thirdly, it suggests that if learning is indeed continuous, that indeed the same 
('j~.r~1 .' . -. 

process is involved and that there are not different learning mechanisms (Anderson, 
JESS), but rather that information is handltXIor used differently at different stages 
in the learning process. 
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Skills are Pennanent 

One of the strongest impressions about humat'skills is that they seem to be 
permanent ' ... once you have learnt to ride a bicycle .. .'. Certainly regularly used 
skills seem remarkably consistent and stable over long periods of time (years). 
There is little empirical evidence to show the changes in quality of performance 
over times as a consequence of little or no use. But it is also clear that skills which 
haven't been used for sometime can be quickly 'retorted' with practice and use. 
This feature of permanence suggests storage or memory in a relatively stable form 
in some longterm storage mode. But it is clear that such storage is in an abstract 
form in which reconstruction is as important as retrieval. 

Skills are Consistent 

Witness your signature every time you sign your name. Indeed, it is the remarkable 
consistency of our writing, and in this case signing our name, that makes unique 
identification possible. Not only is this writing consistent, there is a remarkable 
stability and consistency even though the size of the writing may change and 
different musculature be involved. This consistency of performance over time 
characterises the whole range of skills from writing, tying shoelaces, to serving in 
tennis. Such consistency also reflects ~e level of skill, variability early in practice 
is replaced by consistency and. stability later in practice. Consistency is an 
important feature of skilled performance both· from a practical and theoretical point 
of view, for it raises imP9rtant issues about the organisational mechanisms of skill. 
How can we produce Consistent performanCes time after time, with changing 
contextual demands. What form of m!!mory system ~ provide permanence and 
consistency on one hand, but also be flexible and adaptable on the other? 

Skills are Flexible and Adaptable 

As we have seen, skills are also flexible and adaptable to changing contextual 
conditions, indeed this is an essential feature of many athletic skills where surface, 
weather and other environmental conditions change from one performance to the 
next. However, an important point to recognize is that adaptability tan only be 
fully effeCtive within a certai~ 'band width' or range variation. Agrun, we must ask 
how can we have consistency and stability on the one hand and flexibility and 
adaptability on the other. One sOlution to this problem has been to identify certain 
stable or invariant featureS which remain consistent from one Context to the next 
(e~g., rdative timing), as well as free variables or parameters which are the 
specific details (force, velocity, direction) mapped onto the invariant framework to 
suit or match the changing contextual demands. In addition, there seem to be a 
number of specialized error-correction or rapid amendment mechanisms which 
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enable a limited range of adjustments to be made during performance (Glencross & 
Barrett, 1992). 

Skills are Idiosyncratic 

When we compare the performance of different individuals, it is clearly"apparent 
that there are wide differences in style. Each individual has his or her own 
idiosyncratic solution - their own characteristic style - ranging from handwriting 
to serving in tennis. Once again this raises another important principle about 
human skills, the principle of motor equivalence. ·That is, the same end result or 
.outcome can be achieved by a number of different solutions or patterns of action. 
Of course, the motor equivalence principle is demonstrated by our own ability to 
solve motor problems in a number of different ways - goals can be achieved by 
different means. Whether we relate the motor equivalence principle to different 
solutions between individuals or within an individual, we face the same theoretical 
issues, that is, there can be no direct connection or unique one-to-one 
correspondence between the goal and the motor solution. However, at high levels 
of performance, the skilled performer may, or indeed, must use one optimal 
solution, and only the free parameters can change around this invariant structure. 

Skills are Efficient 

§!9!.!s are efficient in several ways. Efficiency can be considered both in terms of 
physical and physiological effort and in terms of mental effort. 

Physical efficiency relates to the reduction of extraneous muscular action and the 
bffective timing and gradation of agonist, antagonist and synergistic activity. 
Physiological efficiency relates to the effective use of energy or 'fuel' sources 
lrivolving the interaction of the aerobic and anaerobic energy systems. Both 
physiCal and physiological efficiency are more important in the gross skills- of 
funning, swimming and cycling for example. However, their importanCe' in 
repetitive actitiVities such as typing, playing the piano or' singing for example, 
sHould' not be underestimated. 
'\il d' _ > 

What we are really talking about here are the sets of constraints. which (jetine the 
poSsible (and impossible) outcomes of skilled action. This has been referred to by 
Bernstein (1967).as the Degrees of Freedom problem,thatis, how does the brain 
organize and control the very large range of movement possibilities of all the joints· 
(and hence muscles/forces) of the body. 

"t,-4,,. ." 

Bffi~iency can also be understood in terms of the 'mental effort' and the efficient 
~lktion of limited mental resources. Such limitations are evidenced by our 

" inability to attend to several sources of information at the same time. The skilled 
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performer needs to develop efficient and effective cognitive strategies to cope with 
multiple sources of informati;;n and to coordinate multiple outputs. Such 
limitations can be discussed in terms of the limitations of time (time to process 
information), limitations of space (the ability to handle competing sources of 
information) and the limitations of directionality (vision and audition are 
directional) . 

Skills are Influenced by Affective Factors 

Human skill and performance is markedly influenced by such affective factors as 
motivation, competition, stress, confidence, etc., which presumably change levels 
of arousal and/or anxiety and hence the state of the brain which controls the 
performance. Although the inverted 'U' hypothesis, relating levels of arousal and 
performance may be seriously challenged, there is no doubt that performance is 
markedly influenced by changes in level of brain activation. What is not clear is 
how changes in motivation, competition, stress, etc., influence this level of 
activation. Further, the difficulty of the task and the personality of the individual 
all interact to influence the quality of performance. 

A major weakness of most learning theories and models about the acquisition of 
skill (see for example, Anderson, 1987; Mackay, 1987) is that they ignore the 
affective domain. At the highest level of performance it is these factors, more than 
any others, which are the preoccupation of the coach and the athlete. Indeed it was 
this'neglect that originally motivated psychologist and sport psychology'to become 
interested in sport and the ideal performanCe state. 

The Functional Nature of Hwnan Skills 
,I; 

The significance of the functional approach to the stj1dy of human skills is that it 
re-directed or re-oriented, attention to issues about the functions or control 
processes involved. This interest.in control processes, necessarily implicated the 
bases for control, that is, information or knowledge. This ~isati()11 is .at the heart 
of all cognitive psychology (and cognitive science)·. This is most recently seen in 
the interest in cognitive skill and the acquisition of expertise. 

Cognitive skills according to Anderson (1982) and Mackay (1987) incorporate all 
skills from speech, hand-writing, problem-solving in geometry to driving a car and 
playing tennis. It is argued that all skills are cognitive in nature, involving the 
processing of information, the focusing of attention on goals and how these might 
be achieved through problem-solving strategies and how effective solutions may be 
kept and maintained for future use. 
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The interest in the study of human skill has clearly shifted to one of a concern for 
the development of strategies, to the solution of problems within an environment of 
constraints and of the effective use and development of knowledge and knowledge 
structures. 

We may thus view skill as the development and implementation of cognitive 
strategies to overcome the limitations of the information-processing-system, by-t1ye 
development of sophisticated knowledge structures, which are directed at achieving 
a specified goal or outcome. 

Knowledge and Knowledge Structures 

ite may regard the expert as having to make two types of decisions: 

'i:~ Information telling us which action 'or actions are appropriate. This is the 
~ .. problem of response selection and involves Expert Perception. 
it .. 

ii: Information about how the response needs to be effected; that is, how is it 

'h. organized to achieve or effect the appropriate action? This involves Expert 
Action. 

,Let us discuss each of these in tum. 

Expert Perception 

How does the skilled performer interact with the dynamic environment (e.g., the 
tennis player, soecer player, driver, chess player)? Expert perception depends not 
only on the knowledge/information derived from the environment, but more 
ImPortantly on how this knowledge is' organized. It is the knowledge struCtures 
(organized into schema} which largely'determine what information we pick up. The 

'1ighthitting the eye is the same for the master and child'- but only the master is 
equiPped to 'pick-up' that which is relevant (Neisser;1976). 
~. ) 

T:pe studies of de Groot (1965) and Chase and Simon (1973). suggest that expert 
perception of elite players is a learnt knowledge structure involving. the chunking 
together of chess pattern positions (real game situations) organized as collectives of 

. cllunks. The experts ability depends directly on how many chunks are used to 
encode a position. It is estimated that the number of chunks availablcns about 
50.000. This is acquired by aI1, immense amount o( time aI1d effort· spent 
specifically at the game, viz., practice must be very specific. 

Why so many chess chunks (50.ooo)? It is because of the number of ~nib~ations 
~fichess pieces, number of squares and the rules of movement of each piece; Chess 
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chunks are organized hierarchically - higher-level chunks encode large sub­
patterns of pieces - thus rapid perception can be achieved by scanning only the 
higher order chunks. However, the actual configuration to which they apply do not 
show up often and so to gain coverage of all chess positions (viz., environmental 
or display exhaustion), requires an immense number of high-level chunks. This is a 
more sophisticated level of knowledge organization (structure) than cue or feature 
detection. 

The acquisition and organization of these perceptual chunks, from many individual 
'unorganized' single features, to fewer medium-sized chunks, to eventually still 
fewer larger, hierarchically organized chunks, is what we mean by learning and 
accords to a Power Law of Practice. 

Is this what happens in dynamic sporting/driving/flying environments, but with 
both spatial and temporal characteristics integrated with informational features? 
Can we determine the number of tennis/soccer cpunks for example? How are these 
chunks acquired - must there be perception7action-integration - does action 
facilitate perceptual chunking? Can perceptual chunking be achieved in isolation 
(by film/video displays)? Can it be facilitated by understanding the knowledge 
structures? Is this the basis of mental practice? Increased chunking also represents 
increased automaticity: 

The interesting thing about them (simple automatic .Iearning mechanisms) is that 
expertise comes about through the use of knowledge and not by the analysis of 
knowledge. There is no intelligent homunculus deciding whether incoming knowledge 
should be stored declaratively or procedurally or how it should be made more efficient 
(Anderson, 1981, p. 83). 

Expert Action 
., 

The second (or parallel) phase is that a response has to be made on the basis of the 
perceptual analysis described earlier., Do the same principles about chunking apply 
to the information (knowledge) used to guide ,and build the pattern of action? 
Unlike some forms of learning, the struct~re of the response is critical to success, 
as with typing, playing the piano and serving in teimis. Many psychologists and 
theories (e.g.,Anderson) often ignore response quility- it is assumed that the 
animal acts appropriately. 

What do we mean by expert action? The characteristics of the action pattern of the 
skilled performer (which I discussed earlier) i~clude: 

(i) a high level of serial, spatial and temporai or~anization. 

(ii) the action pattern is remarkably consistent and stable. 

(iii) the action pattern, however, is idiosyncratic. Yet in spite of this individuality 
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there must be certain basic invariants which must occur in all subjects. 

(iv) the action pattern is adaptable and flexible to changing contexts and 
conditions. This usually involves changes in assigned parameter values. 

(v) the action patterns are efficient, in that they are achieved by the most effective 
9rganization of the ,muscular activity, and the minimum of extraneous -effort. -, 
At the same time such skills are efficient in terms of the mental effort and the 
allocation of limited resources. 

Collectively, effector organization involves the following processes (Glencross, 
1978): effector discrimination (the selection of the appropriate response units), 
sequencing (ordering the response units into the correct sequence), phasing (the 
iiitemal timing of the ordered sequence), gradation (the allocation of the 
appropriate force by each response unit) and timing (the coincident timing of the 
whole sequence to an external event or object). 
1",; 
How is this achieved? These actions also accord to a Power Law of Practice. Does 
this reflect the chunking of information upon which the movement is based? The 
uitimate chunking is' represented by the organization of knowledge into a motor 
jitogram. What is the form of knowledge upon which movement is based, it need 
li'6t be verbal and symbolic, and clearly vision and proprioception information are 
involved. However, we know little about the knowledge structures upOn which 
movements are based.' 

The Motor Learning Issue-- Knowledge about Movements 

I~ ;Inotor learning unique or is it a special case of skill learning? On the other hand, 
isitthe same as all learning, and accords to the principles of skill learning? What 
do we mean by motor learning? We mean that a pattern of actions must. be 
controlled to achieve a specified outcome. Initially this involves information of two 
types: 
i .r,Ht~ 
i::.,., Information telling us which action/actions are appropriate (the problem of 

:., ·response selection), to achieve an outcome or goal; and then 

ii:" Information about what pattern of effectors to organize (effector organization), 
-f that is how to organize and effect the appropriate action. -
I.;". 

J propose that often motor learning researchers have been preoccupied with the. 
latter issue (effector organization) and ignored the former issue of response 
selection. We do not learn to make movements - there is no motor learning as 
~J~h, rather we learn to use the information or knowledge about which' the 
~<ivement is based - we learn the knowledge structure of a newmovemerit or 
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movement/action pattern. Does this mean we need to understand more about the 
information and knowledge upon which movements are based? Do we use 
symbolic information for movements? Do we use declarative and procedural 
knowledge about movement? What of implicit and tacit knowledge? Did we need 
explicit information at some developmental stage - as an infant or child? Of 
course visual information could replace verbal description (declarative/procedural 
knowledge) in some instances. Motor learning has failed to -recognize these 
problems. 

Knowledge and Imagery 

Finally, Ie me discuss another recent initiative. Anderson (1990) has categorized 
knowledge as declarative (knowledge about facts, objects, events) and as 
procedural (knowledge about sequences cir procedures). Paralleling such knowledge 
and knowledge structures is knowledge in the form of images. The link between 
explicit and implicit knowledge and images and imagery, would seem to be crucial 
to our understanding of learning and performance, particularly of human skills. 

One of the difficulties in investigating the knowledge structures in expert systems is 
that we do not always have conscious access to the knowledge upon which 
performance is based. Much of the organization of the knowledge upon whi\!h 
action is based is outside or beyond consciou~ness. This is b~use thought contents 
in themselves lack the sensory quality necessary for an object of conscious 
experience (Home, 1991). 

We may consider imagery as percept-like experience of thought contents. It is also 
suggested that vividness of experienced imagery. is related to the information or 
knowledge quality of corresponding representations. Vivid images retain more of 
the detail of external events. It has been proposed that imagery represents the 
underlying cognitive operations (which correspOnd to patterns of neural activity 
(Home, 1991). 

Home (1991) proposes that imagery involves not only the centrally driven 
composition of a representation which is percept-like in its structure, but also the 
central induction of corresponding sensory processing, that' is, the-perceptual 
structuring that would have been involved in forming such a representation during 
direct perception. What follows on from this is the notion of reverbe~tion or_ 
persistence, that is, persisting sensory activity is necessary to provide the 'serisory' 
pheomenon of a conscious percept produced by that activity. It is suggesttxt that 
this is an integral part of controlled information processing (which may be lost or 
reduced during automatic processing). 

Human skill and the skilled action is a consequence of the schematic representation 
and organization of knowledge, increasing ill fine detail until it is manifest as an 
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over action. Such reverberatory activity provides the basis for a comparison or 
~'cross-check' of the computational solution for action. It is possible that imagery is 
implicated in this 'checking' operation. Central to this checking procedure is that 
the input to a mental operation (computational knowledge structure) persists for a 
time that is longer than that needed for the operation or action to occur. 
r.f '. ~.; 
Home (1991) elaborated this idea further: 
'~:-'i • 

"': ... perceptual processing must be automatically checked during the elaboration of 
lrraction, with the results of the checking procedure determining the amount and timing 
." of any necessary resourcing of the perceptual component and subsequent elaborative 
"; ·steps ... It follows that sensory information corresponding to a particular percept must 
~"'slirvive for a short time after it has been input to down-stream processes structuring the 

percept. We therefore require the existence of short-term sensory registers so that the 
results of inchoate perceptual structuring may survive for long enough to playa role in 

'to the resourcing and verification of the higher order analyses to which they give rise. (p. 
lJU(I-<J) 

f~1;ummary the functions of such imagery include: 
W<Jfl ... '. 

i'!1iImagery provides a verification or check on the up-coming computation for 

action. 

ii. Imagery is involved in the allocation of attentional resources during the 

elaboration action. It may thus facilitate concentration. 

iii.Imagery may also f~cilitate cognitive processing, for example there is evidence 

.• 0000th.lI.l im~gery aids i~ the reconstruction of past action. 

ivllPinaIly, It is interesting to speculate that the imagery and efference 
copy/corollary discharge are related and serve similar functions in the control of 

. £, • ~ i . . 

_.acUons. 

These new directions in the study of human skill, in particular the ·elaboration of 
!ffiowledge and knowledge structures and the understanding of the nature and role 

.,~ofjmagery, offer exciting new possibilities in the acquisition and performance of 

. 'hu~a;;fskills. ' 

Conclusions and Implications 
. '". .-'", 

IJ'iiThkpapei'I have tried to take a forward-looking view of where 'research into 
iC11!\\) ". H ..•• ·. , 'f .... : ,'\",' . '.. ". ..•• ,. . 

human 'skill IS headlOg. In particular, I have refeIred to developments 10 the 

bf~j~~r q~ld ofcogntiv,~ .. ~~ych~lo~y;:~d,~e recent r~ch inco~nitive skill,S. 
Spq!:t;p.sychologists,·,lI.~ both the prac~i~ and theoretical levels, need to be involved 
in'the study and understmding of hOman skill (Glencross, Whiting & Abefn'ethy, 
1994). 



92 Glencross· 

The recent developments in cognitive skill have highlighted the understanding of 
knowledge and knowledge structures. I believe that this new research thrust is an 
important and exciting development, which should be of benefit at the theoretiCal 
and practical levels. Questions related to declarative and procedural knowledge will 
no doubt have implications for how we teach and coach skills. The study of the 
development of skills in young children may throw light upon how knowledge is 
used prior to the development of large scale automaticities. Again, once skills have 
been acquired, how can changes in technique or style be achieved, from an 
understanding of the knowledge and knowledge structures involved. What 
knowledge do the master coaches use to achieve such subtle changes in elite 
athletes? Researchers would do well to listen to and observe the 'language' of the 
athlete and the coach in achieving performance change and improvement. 

One of the most exciting possibilities is in the area of imagery, as a form of 
knowledge. How does imagery relate to the more conventional issues of mental 
practice, mental rehearsal and visualization, for example, which are of central 
interest to sport psychologists? I believe the knowledge architecture approach now 
provides a meaning full framework within which to address these issues more 
coherently and systematically. 
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Is CONSCIOUS AWARENESS OF ENVIRONMENTAL 

INFORMATION NECESSARY FOR SKILL LEARNING? 

RICHARD A. MAGILL, USA 

Learning a complex motor skill requires a: person to learn to coordinate limb and 
body movements according to the demands and characteristics of the environment. 
From a learning perspective, this means that something about these characteristics 
and what they mean in movement terms must be learned. In fact, the acquisition of 
this environmental information is a central part of the often overlooked model of 
learning proposed by Gentile 20 years ago (Gentile, 1972). She argued that during 
the initial stage of learning, the learner must acquire knowledge about the relevant 
stimuli that are responsible for the movement that must be performed. 

An example of a sport skill learning situation will help illustrate this point. To 
successfully return a serve in tennis, a person must be able to select the critical 
information that will influence the plan and execution of the return. There are 
many sources of information available and there is much information in those 
sources. For example, the player could observe the ball, the racquet, the server's 
arm, the server's head, or body, or some combination of these. Each of these 
sources contains information that mayor may not be relevant for planning and 
executing the return of serve. 

The question that I will address in this paper concerns the learning of this critical 
environmental information that is vital to successful skill performance. 

The specific question I will address is, does the learner need to be consciously 
aware of the critical environmental information during practice or can this 
information be learned without being consciously aware of it? An important point 
to note here is that you should think of the term ftconscious awarenessft in terms of 
whether the person can verbally describe the environmental information to another 
person. The answer I propose to this question is that the learner does not have to 
be consciously aware of critical environmental cues in order to learn to successfully 
perform a skill that is dependent on the use of that information. 

I will do two things in the remainder of this presentation to address this conscious 
awareness issue. First, I will describe some research evidence from my laboratory 
that provides empirical evidence to support the negative answer to the question. 
Second, I will describe some implications this negative answer has for motor 
learning theory as well as for developing effective instruction and practice 
strategies to facilitate the learning of critical environmental information. 



Conscious Awareness of Environmental Information 95 

Research Evidence for Learning Without Conscious Awareness 

When questions arise concerning the learning or use of critical environmental 
information necessary for performing a motor skill, the role of the visual system 

, must be considered. This is because the visual system is the perceptual system 
responsible for detecting and using this information. Although Gentile J1972L 
implied in the discussion of her learning model that awareness of environmental 
stimuli is important during the early learning stage, there is an alternate view that 
argues that awareness of this information is not necessary. The basis for this, 
alternate view is David Lee's notion of how the visual system works in the 
detection and use of visual .information to guide coordinated movement. He argues 
that this information is det~ted and used in an automatic, non-conscious manner 
(e.g., Lee, 1980). i Unfortunately, the empirical evidence testing Lee's view has 
been based primarily on the performance of well-learned skills, such as long 
jumping (Lee, Lishman & Thomson, 1984), jumping from different heights 
(Sidaway, McNitt-Gray, & Davis, 1989) and running oVer irregular terrain 
(Warren, Young & Lee, 1986). There is very little evidence on which to base an 

, argument concerning the acquisition of a new skill. The two experiments I will 
describe address the use of vision to' detect regularity in the environment while 
learning a skill. 

The experiments are based on one reported by Richard Pew (1974) in which 
subjects learned a complex 60-sec. tracking skill. The tracking task involved 
moving a control handle to move a cursor to follow the movement of a cursor on 
an oscillos20pe. The pathway of the target cursor was random on each trial for the 
first and tHird 20-sec. s~gffien~ of tIi~ 6O~sec. pathway and the same on each trial 
E'?" ;, ",' , . 
for the middlt<120-~ec. segment:~ubjects were not told about this tracking pathway 
characteristic' in advance. After 111 days of practice during which there were 264 
p~.zrr· , A'" " '. • 

If'l:als, subjects: 'fere perfo~!rig ;tlie' repeated ,segmen~ more accurately than the 
,othC!r two segments. However, not one of the subjects reported awareness of the 
I~~peated regularity of the~itt(:IIe segment. Here then was evidence that learning to 
~o6rdinate and control lunb movements according to the characteristics of 
.'~n~iionmental constraints CQuid occur without conscious awareness of the 
Ei~~larity contained in the environmental information. 
:lU") l . 

:'we have conducted two experiments that Were designed to replicate and extend the 
.ipew·experiment (Magill & Hall, 1989; Magill, Schoenfelder-Zohdi & Hall, 1990). 
!The tracking patterns we developed were presented on the monitor of a 
'microcomputer. To contro!' foipattern characteristics, we developed over 100 
:p~t~~rn.s so, that specifi.c pattt<~.col!ldbe .presented on each trial. Examples of two 
ofr!hese patterns cap. be seen in rigure 1. In the first experiment, we followed the 
pr~~dure used by Pew where .:¢te middle 20-sec. segment was a pattern that was 
rct~~tedon each trial while tl),efirst and third segments were random on each trial. 
In the second experiment, we changed the repeated segment to the first 20-sec. 
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segment. We reasoned that perhaps subjects were unaware of the repeated middle 
segment because it was embedded between the two random segments. So, we 
thought that moving the repeated segment to the first 20-sec. would increase the 
probability of subjects' being aware of this characteristic. The two examples of 
patterns in Figure 1 were from this second experiment. 

, 
PA.TTERN -; 

9 8 
j 

TIM E (SEI:) 5 2 0 2 0 

SEGMENT A 

PATTERN 

9 l 

REPEATED RANDOM RANDOM 

EACH TRIAL T R I A L 

Figure 1. Two examples of criterion tracking patterns. 

Froin the subject's perspective, the only visual information was in the form of two 
smalfcrosses on the computer monitor, which is diagrammed in Figure 2. The 'blue 
cursor served as the target cursor while the red cursor was the subject's cursor. 
Subjects controlled the movement of their cursor by moving a 43 x 13 cm lever 
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located on a table top in front of the monitor and which moved along the horizontal 
.plane of the table top. The lever was pivoted at the elbow end by the axle in a 
near-frictionless ball bearing and enabled the lever to be moved easily in the left 
and right directions. Moving the lever to the right, that is, away from the body, 
moved the cursor up the Y-axis of the monitor screen, while moving the lever to 
the left, that is, toward the body, moved the cursor down the Y-~s. A_ 
potentiometer was attached to the axle of the lever to-allow analog recording of 
lever movement. 

Target cursor (blue) + 
SubJect·s cursor (red) + 

lever (43x13 emJ 
(on table topl 
for .ubl.ct'. 
right arm to 
control .ublect'. 
cur. or 

o 

o 

Computer 
Monitor 

(Eye level) 

Ad'uctabl. vertical 
handle for .ubj.c:t'. 
hand 

AXle connected 
to pot.nUo",ete" 

Visual inforll1atja"n from subject' perspective. 

li ('I) ;. '. , 

BA>t~l:el\periments followed the practice and f:esting protocol~es~~ib~ by Pew 
(~2:7tP. Th,is.protocol is presented ~':ITable laccording to what was dO!1e and the 
:nN,mR~r of trials each day, except for days ~, 11, 12, and 16, \"hen they p~rformed, 
lQt:tWa~s:like those on th~ other days and then 10 trials with (!. concurien~, .. yr!"b,aI 
~m,oIY, tl).Sk. Additionally, two characteri~tics of the repeated segll1ents, Y:'ere 
altered,,, On" day 11, 8 trials were performed where ,the repeated 'segl11ent \.Vas 

. i~~;;it~, where the cursor moved in the' opposite direction from previous tri~ls. 
And, on day 16, 10 trials were performed where the repeated segment was a 
ra'ridomlpattern. An important part,of the experiment occurred at ,the end:of 

"practice on day 11. The"subjects were interviewed by systematically asking- them 
\q~estions about their awareness of the repeated characteristic of the repeated 
segment. 
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Table l. Testing protocol for subjects. 

Days No. of trials Trial characteristics 

1-5 24 each day Regular 

6 10 Regular 
-10 W/currentmemory task 

7-10 24 each day Regular 

11 10 Regular 
10 W/current memory task 
8 Segment A inverted 
* Interview 

12 10 Regular 
10 W/current memory task 

13-15 24 each day Regular 

16 10 W/current memory task 
10 Segm~nt A random 

Total = 376 Trials 

The results of both experiments were consistent in supporting those reported by 
Pew. In Figure 3, you can see the performance results for ihethree segments of the 
trackings task for Experiment 2 where the first 2Q-sec. segment (Segment A) was 
repeated. As you can see, subjects improved'their performance for all three 
segments of the task, thereby showing improvement in their tracking skill as a 
function of practice. More importantly, performance on the repeated 'segment A 
was superior to the performance on the random segments B arid'C. These results 
are'the same as those found in Experimcrnt 1, where themiddle-20-s{1C. segment 
(Segnient B) was repeated. Also, in both' experiments, the results of the' interview 
at the end of practice on day 11 indicated that not one of the q SUbjects in these 
experiments was aware that one of the segmentS was repeated -on every practice 
trial. ' . -

- -
One final point about the results of these experiments needs to be made; In both 
experiments, there was evidence that learning the. repeated segment occurred 
despite the lack of conscious awareness of its characteristics. 'This .evidence was 
based on performance characteristics of the repeated segment for the two transfer 
conditions used in both experiments. When the repeated segment was presented as 
a random pattern on each of 10 trials on day 16, subjects in both experiments 
performed all three segments similiarly. These results suggest that subjects learned 
something specific relative to the characteristics of the repeated segment rather than 
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a general tracking capability. Also, when the repeated pattern was inverted on each 
of 8 trials on day 16, subjects perfonned this segment better than the other 
segments. These results indiCate that what was learned about the repeated segment 

,was capable of being generalized to a novel variation of the pattern that was 
'learned. 
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---0- Segment B· 
700 
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:::J CII 'lg-g • CCI 500 :s (II 

:::J 
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0 1-.::: 
::::. • 0 

400 • • 
300 

200 

f . iii , ..• i i .1 . -r''-;, 
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Days 

Figure 3. Total squared errors (thousands of pixels). 
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Implications for Motor Skill Learning Tbeory 

The results of these experiments provide evidence then that the visual system can 
detect and use regularity information in the environment in a manner that does not 
require the person to be consciously aware of that information. This invariant 
information is used to systematically constrain the limb during practice so that the 
movements are produced according to that regUlarity. If we consider these results 
and this conclusion in relation to the theory of motor learning proposed by Gentile 
(1972) that we described earlier, then there is clear support ,for her view that in the 
early stage of learning the learner detects relevant stimuli to control limb 
movement. However, contrary to what she implied con~ming the need for the 
learner to be aware of this information, the present reSults argue that such 
awareness is not needed. , 

1 ~."-

This issue of awareness of environmental invariant info~atiori tljat regulates skill 
learning and performance is one that has had little:a:ttention;over tli'e years. In fact, 
two of the more popular theories of motor l~rng, :the closed-loop theOry of 
Adams (1971) and the schema theory of Sch~di:(975), say nothing about the 
perception of information in, the ,environment 1 that 'regulates' movement. . ,These 

. t \ I . - • 

theories operate on the as~umW0ri ''that infqpnation is taken into the information 
processing,system and oPerated :Qn in specific ways. The :focus'of these theories is 
on what are the :Opefcltions that 'produce coordinated mQvement. In fact, only the 
learning model by Gentile (1972) has addressed the question of selecting relevant 
environmental information during the skill learning process. In terms 'of motor 
learning theory, then, we ~can argue that any' theory of skijl acquisition must 
accOmmodate the results of experiments ,sGch as the tWo r hav~ 1esc.ribed here. 

One final point needs to be' made concerning motor learning theory. While active 
debate continues 'conCerning whether perception of this environmental information 
is direct or indirect, the notion of conscious awareness of that· information has been 
largely ignored. This point is important to emphasize as neither'direct nor indirect 
perception views predict awareness characteristics,although the direct perception 
viewpoint implicitly supports the point that visual perception occurs without 
conscious awareness. However, it is possible to make a case iR support of either 
awarepess or nonLi'iareness' forbcith view·s ·~f l¥r#tio~. '~inCe a theory of skill 
learning must incorporate the perception-action relationship, it is essential that the 
question of awareness of environmental information regUlating movement be 
addressed in describing this relationship. 

Implications for Motor Skill Instruction 

The view that conscious awareness of environmental information is not necessary 
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for skill learning has implications for instruction as well as for motor learning 
theory. Perhaps the most significant implication concerns the role of the instructor 
iirhis or her interaction with the student If conscious awareness of environmental 
information is essential for skiIlleaming, then the instructor must take an active 
tole in directing the student's attention to the relevant cues in the environment: 
.This is one of the recommendations'made by Gentile (1972) when she discussed._ 
the',;application of, her ,Jearning",model' toteaching"motor skills. However, if 
conscious awareness of environmental infonnation is not essential for skill 
learning, then there is little need for the instructor to perform'this type of attention 
directing role. 
~hl\ ' 
What becomes more critical for the instructor now concerns the environmental .i.i ~ t . '. i • 'I . " .~. .: , '. .... • ,. 

conditions in which the. skill is performed during practice. It becomes important 
that the teacher cr~ates' a practice~nvirorulie~t in ~hi~h the s~dent willeiperience 
......... i. .. \", ,~_"..: J.. '.' - .... , \" " '. , 

information rich environmenrs that wil1 allow the .studep.t's viSual system to detect 
the information invariants as he or she practices the skill. The key feature of an 
information rich environment is that the regulatory stimuli, which are the 

. information invariants, will be seen as m~ny times as possible and in a variety of 
situations. As the student incft!ases'''the l amount of experience in these 
'e,pykonments, the vtS!1al syst~lI\ ~comes increasing~y ~ttun~ to the info~ational 
i~~4r.iatits involved ',i~ .coOrdinat~&.:~ii~ co~tfoIliM the. limbs. This attunemen~ 
,o~~ines inc~worate,d int? .. ~~ proces~e's. ofl~ to achieve the goal of ttie sldiI 
tieing praCticed: 
OJ ;:'" ,") '. 

)nhetms of directing students'; vislla:P a:ttentitini ithe'·h:stilts' of our experiinentS 
.. ihdicatc ,that the' tcacher,·does'· not-need .to:dil'cct· ,the··stiidenf'.s attcntioh~ totsjlCc'itic 
' .. chliracter.istics of the opponent, racquet; ,or ball; ·to contiiiue using.·the· tennis ! Serve 
·:returnsituation.···This·\means that;;it· does'noNseem Itdbe)ti~essary ,to tefl a:,snident ' 
,toJ.!lpay: -attention' to ''the·spin: oNhe;-baII" ,or itG' "pay attention,:to the angie"af ·the' 

d6quet i face~, rThese' :tYpes 'Ofltlitectioiis; atetlo<Vspecificiand are 1 not· rieC<led(CWliat ' 
w6uldappear' t<{lre rieedea~in terms 'of diteetingrfituaeritS!visual intention ilitliese 

,types of situations can be established from some recent work produced by!Brilce 
',Abernethy in Australia (e.g. Abernethy & Russell, 1987). Expert athletes in 
'racquet sports direct their visual attention to specific regions of the opponent's 
, action. For a tennis serve, for examp.!~I.tl1rl~l'pert directs visual attention to the 
~,server' s racquet and arm. This suggests that the most the teacher would need to do 
"'lSfto'diTectattentio-n to :a'certll'in~region ·o'f·the'bp'poiient~So action:oRather than 'trying . 
to make the student look for wtla-tthc/arm ls'd8ing or~ho~ iliJ'racquet'ishloviilg or 
h6w"the balr is 'rdtating)'''the. teacher' canlspedfy :attending 'to the ;racquee'a~db~il 
region and then let automatic visual processes detect the informational i1.va~i~nis. 
What'is'irnpoctarif {or 'thesfudent'tlien;' i~tiliaf he'lor she.'.piactice as'many returns 'of' 

: serve as possible with attention directed to the imp6ttintie~10n condiiniIfi' tlie 
rlgtliatory W~Qri~(j~n~e~e4JOC'dir&:tthdetUm'o(serve aC'tion. ";,", ", ..... 



102 Magill 

One final point is worth noting. Two other characteristics of the experiments I just 
described also have implications for instruction. In both of our experiments, 
subjects showed systematic improvement in their tracking performance. And, 
subjects were given knowledge of results after every trial in terms of a 
performance score. Subjects indicated that this performance score information was 
very important for them as they practiced. These two characteristics suggest that 
two practice conditions characteristics. are -important in learning environments 
related to those. described here. One characteristic is that there should be 
opportunity for students to improve their performance as they practice. The other is 
that there needs to be a means for students being informed that this improvement is 
occurring. The most obvious way to establish these two conditions is to provide 
some form of augmented feedback about success to the student during practice. It 
is likely that this feedback performs a motivational role in the learning process in 
this situation since the augmented feedback provides information about his or her 
progress toward achieving the goal of the skill being practiced. 

Conclusion 

In Conclusion, it seems that people interested in motor skill learning and instruction 
have been led to believe that conscious aw~eness of critical elements in one's 
environment and about one's movem~ilt are essential parts-of -the learning process. 
Experiments such as the two I reported here as well as ()thers that are oegfnning to 
appear in the research literature provide evidence that such a view has been overly 
influential. Skill learning can occur without conscious awareness of environmental 
characteristics. that regulate movement: However, we need to know more _ about 
conditions in which awarenesslioes and does not playa role and what type of 
effect awareness has on learning and performance. Based on current evidence, 
however, further study of the role of -conscious aIldunconscious awareness has the 
potential to have a significant impact on current views of skill learning and 
instruction. 
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NEUE ZUGANGE ZU EINEM ALTEN PROBLEM: 

DIE AUTOMATISATION 

RILo POHLMANN, RITA NOLLMEYER UNO ANTIE WOLF, DEUTSCHLAND 

Nachdem in den zuruckliegenden Jahren die Problematik des rriotonscheil Lernens 
im Mittelpunkt der wissenschaftlichen Albeit gestanden hatte, wurde in Zusarn­
menarbeit mit den Kooperationspartnern der MediziniSchen Fakultiit in < Jena das 
interdisziplinare Projekt "Handlungs- und Bewegungsautomatisation" vorbereitet. 

Den Vorkenntnissen und Vorleistungen aller Beteiligter gestundet, 'aber auchder 
Problemgeschichte Rechnung tragend, wurden in konzeptioneller Hinsicht folgende 
Schwerpunktsetzungen vorgenommen: 

• Automatisation - Wege und Irrwege zu ihrer Erfassung im Rahmen der Natur­
Kultur-Kontroverse und dargestellt am Beispiel Bewu8tes-UnbewuBtes bei der 
Bewegungsregulation. 

• Automatisation - Drillpatterns und dynamische Stereotype a1s Formen 
reflextheoretisch interpretierter Aktivitiit und a1s Funktion der Anzahl von 

thmngswiederholungen. 

• Automatisation - Fertigkeiten, Automatisation und Action slips aus der Sicht 
der kulturhistorischen Handlungstheorie. 

• Automatisation - Kontrolle und Aufmerksamkeit a1s informationstheoretisch­
kognitionspsychologische Zugange. 

• Automatisation - zentraJe Programme, periphere Parametrisierung und der 
Fakt der Nichteindeutigkeit in der Synergie von Zentrum und Peripherie. 

Der letztgenannte Schwerpunkt muBte aus methodentechnischen Grunden in drei 
Etappen reaiisiert werden. Die erste bestand aus Untersuchungen der zentrainerva­
len Vorgange mittels EEG-Analysen. Die zweite stellte die peripheren Veranderun­
gen in den Mittelpunkt. AIs Methode kam u.a. das EMG-Mapping zum Einsatz. 
tiber die ersten Ergebnisse wird hier berichtet. Die dritte Etappe sollte die Wech­
selbeziehungen zwischen Zentrum und Peripherie und die Spezifik des Prinzips der 
funktionellen Nichteindeutigkeit nach N.A. Bernstein abklaren. 



Neue Zugange zu einem AIten Problem: Die Automatisation 105 

Pilotstudie: Periphel"e Aspekte del" Automatisation 

In: Zusammenarbeit mit dem Institut rur pathologische Physiologie wurden als 
Zugang zunachst periphere Anteile von Automatisationsprozessen ausgewahlt. 

ZielstelLung 

Das Anliegen bestand in der Schaffung muskelphysiologisch-peripherer Ausgangs­
daten in Verbindung mit motorischen Leistungskennwerten rur einen spateren 
Zentrum-Peripherie-Vergleich. Gleichzeitig galt es im Rahmen einer bestimmten 
Aufgabenklasse, Erfahrungen mit dem EMG-Mapping als Methode, also einem 
bildgebenden Verfahren zu sammeln. 

Aufgabe 

Als Reprasentant einer bestimmten Aufgabenklasse wurde eine werkzeuggebun­
dene, feinmotorische Manipulationshandlung der oberen Extremitaten in Form 
einer Strickaufgabe gewiihlt. 1m Rahmen einer 3-Punkte-Messung waren als Test­
B~~bijeweils50 rechte sowie 50 linke Maschen mit und ohne BliClckontakt zu 

· .realisieren. 

MethodiklPopu[ation 

Das methodische Vorgehen folgte in etwa dem Novizen-Experten-Paradigma. 
'Untersucht wurden dreimal zwei Extremgruppen. Die eine bestand aus hochgeiib­
te'iHind versierten Probanden'(Expertengruppe E), die andere aus absoluten Anfan-
· gern(NovizengruppeN). Die Novizengruppe absolvierte cinkontrolliertes Ausbil-
· d8~gstraining von 10 Trainingseinheiten a 60 Minuten mit fixiertem Frequenz­
i~~ime. Bei den Novizen handelte es sich urn 10 mannliche Anfanger, bei den 
Experten urn 4 versierte weibliche Strickerinnen. 

Analysedaten 

ErlaBt -im Leistungsbereich des ,motorischen Outputs~Wurden die- Strickge­
scjiWirtdigkeit sowie die Strickfehler/Die EMG-Daten wurderi abgeleitet mittels 16 
Eie~oden von jeweilsUnterarm, 'Obe'rarm sowie Schulter. Die Ableitungen 
ert'olgten von der rechten Korperseite. Aile Versuchspersonen waren Rechtshiinder. 
Di{ Anbringung der· Elektroden erfolgte standardisiert' und im quadratischen 
A.hstand .. 
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Auswertemodus 

Es erfolgte eine polygrafische Registrierung der jeweils 16 monopolaren Ober­
fllichenelektromyogramme. Die Quantifizierung geschah mittels Leistungsspektral­
analyse (FFI). Dann wurden die statistisch repriisentativen S~ktralparameter 
extrahiert sowie eine lineare Interpolation der nicht mit Elektroden besetzten Bild­
punkte durchgeffihrt. Die entsprechenden Farbmaps ergaben sich aus der visuali­
sierten Wertematrix. 

Die Bildauswertung wurde am PC mittels einer Software der Firma "Noraxon" 
(Finnland) realisiert. Als Kriterien fungierten zunlichst 

• die GroBe der Maximalwerte der spektralen Leistung 

• die Lokalisation der maximalen myoelektrischen Aktivitliten 

• die Zeitdauer des Auf- und Abbaus der maximalen Leistungswerte. 

Methodenkritik 

Die Ableitungen der 16 Elektroden von Unterarm, OberaI'f!l unq Schulter erfolgten 
sukzessiv und nicht zeitsynchron. 

1m Rahmen der Pilotstudie war es nicht moglich, mlinnlich/weiblich gemischte 
Probandengruppen sowohl im Novizen- wie.Expertenbereich zusammenzustellen. 

Der Me6punktbeginn erfolgt noch handgetriggert und die Auswertekriterien 
wurden fiber die Bildgebung ermittelt. 

Eine kinemetrisch synchrone Erfassung der Bewegungsablliilfe erscheint notwen­
dig,. da mit zunehmendem Expertenniveau auch die Arten der individuellen 
LOsungstechniken ansteigen. 

Ergebnisse/Schlu8foigerungen 

1) Die Handlungsfehler verringerten sich -erWartungsgemli6 von durchschnittlich 5 
Fehlern pro50 Maschen zl.!:einem Fehler pro 200 . Maschen. 1m Verlaufe des 
Stricktrainings kommt es zu einer hochsignifikanten Erhtihung der Strickge­
schwindigkeit. Trotzdem sind die Strickzeiten.der Expecten noch urn etwa das 
Dreifache (60s: 175s) geringer als die der Novizen nach Abschlu6 des Trai­
nings. Auch -die wieder auftretende Verschlechterung bei Stricken mit unter­
schiedlicher Wollstlirke deutet auf den geringen erreichten Automatisierungs­
grad hin. 

2) Insgesamt konnte festgestellt werden, daB bei den Experten ein auf einen eng~-
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ren Bereich begrenzter Einsatz der Muskelaktivitaten erfolgt. Tendenziell ist 
die Einengung der riiumlichen Aktivitatsverteilung auch bei den Novizen im 
Vergleich yom 1. zum 3. Testdurchgang nach Training nachweisbar. 

3) Das charakteristische Zeitmuster war lediglich tiber den Auf- und Abbau der 
Maximalwerte der spektra1en EMG-Leistung zuganglich. Dabei kam es zu 
typischen Verlinderungen, aber sowohl in Richtung Verlangerung als auch­
Verkiirzung. Das Typische bestand in einer Zunahme der Art und Weise des 
Auf- bzw. Abbaus sowie einer Tendenz zur oszillierenden GleichmaBigkeit. 

4) Die Hypothese, daB sich im Verlaufe des Lemprozesses die Muskelaktivitat,en 
verringem, konnte unter den Bedingungen unserer Pilotstudienichtbestatigt 
werden. Inter- und auch intraindividuelle Unterschiede in den LOsungsstrate­
gien, verbunden mit verandertem Anspruchs- bzw. Leistungsmotivationsniveau 
sind hier zu beach ten. 

5) Es ist abschlieBend nochmals auf den Charakter und die Unzulanglichkeiten 
der Pilotstudie hinzuweisen. Dies gilt flir die geschlechtergemischte relativ 
geringe Anzahl der Versuchspersonen, die Verbindung von EMG mit 
ausschlieBlich Endproduktdaten der motorischen Leistung, die offensichtlich 
noch immer zu geringe Trainingsphase sowie den Urn stand , daB mit 
steigendem Aneignungsniveau zunachst mit intraindividuellem Wechsel der 
LOsungsstrategien zu rechnen ist. In der Automatisationsphase sind dann 
interindividuell unterschiedliche LOsungsstrategien auch anhand der EMG­
Mappings zu erwarten. 
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DIE REpRAsENTATION EINER INTENTIONALEN BEWEGUNG 

VLADIMIR GlKALOV, SCHWEIZ 

<Die Repriisentation des Wissens als Erfahrungsspeicherung wird vor allem in den 
:Iemtheoretischen Modellen ausfiihrlich diskutiert, denn die. Resultate des Lemens· 
sind das Wissen, und die Strukturen, die das Wissen aufbewahren, sind die 
Repriisentationen. 

Die theoretischen Ansiitze unterscheiden sich vielfach in den Vorstellungen, unter 
'~~ldhen Bedingungen der Lemproze6 optimal ablliuft. Die Annahme aber, die 
Wiederholung sei eine wichtige Voraussetzung fiir den Lemfortschritt, wurde 
. ausnahmslos von allen theoretischen Positionen postuliert .. Das bedeutet, dafi der 
Lemende die wichtigen Aspekte der Lemsituation wiedererkennen muB. Das 
f~nktionale Wiedererkennen setzt voraus, da6 gewisse- nicht aile - Merkmale 
~~iDatiQnMg~r Situation als"bekannt" er.Eteinen,~d.h·.·:·sle 
mussen repriisentiert sein, wenn sie als'Referenz fur die Unterscheidunidlenen, ob 
ei~as als .... oel<annt";l·erscnemf Oder mclit. ~---.-... ,.,.,.'" 

Die Repriisentation einer intentionalen Bewegung wird je nach theoretischer 
. Position unterschiedlich dargestellt (Abbildung 1): 

eine Ebene hierarchische 
Struktur 

Abbildung 1. Darstellung der Modelle der Repriisentation. 
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Unimodale Repdisentation 

Bernstein (1984) postuliert ein Modell der unimodalen Reprasentation einer inten­
tionalen Bewegung in einer abstrakten Form, die mit der Muskelaktivitat nichts zu 
tun hat. Nach dieser Darstellung sind im zentralen Nervensystem (ZNS) moto­
rische Schemata (auch Engramme genannt) vorhanden, welche in einer Art Spuren 
den ganzen BewegungsablauLreprasentieren. Die Engramme besitzen bestimmte 
Aspekte des phlinomenalen Bewegungsablaufes. Die Grundlage bilden die 
rliumlich-zeitlichen Dimensionen der Bewegung. Dabei lassen sich verschiedene 
untergeordnete Merkmale unterscheiden (Distanz, ~inkel, Geschwindigkeit usw.). 
Die Feststellung, daB bei der wiederholten Bewegungsausfiihrung eine groBe 
Homogenitlit besteht, untersttitzt diesen Ansatz. . 

In dem Modell wird postuliert, daB ein Engramm nicht aIie Einzelheiten des 
BewegungsablilUfes enthalten muB. Eine Generalisierung wird durch die'Verfiig" 
barkeit von niehreren Bewegungsvarianten erkiart. AuBerdem lassen sich unter­
schiedlich (jbergeordneteZ~sammenhange der Handlungssequenzen erkennen. Die 
Information soli in einer Form gespeichert werden, daB sie fUr die jeweilige 
Aufgabe verfiigbar ist. "Engramm" , "motor image" und "Bewegungsgestalt" 
werden in diesem Modell als Synonyme verwendet. 

Andere Autoren dagegen sind der Meinung, daB'die Optimierung der Bewegungs­
reproduktion nur durch die Interaktion von mehreren Kodierungsmodi erreicht 
werden kann (vgl. Anderson & Bower; 1973, S. 432). Von dieser Position aus 
stellt sich das Problem der operationalen Interaktionen von Reprasentationen. Eine 
unimodale Repriisentation von intentionalen Bewegungen ist schon unter Beruck­
sichtigung der Komplexitat menschlicher Informationsverarbeitung sehr unwahr­
scheinlich (vgl. Engelkamp & Denis, 1990, S. 222). 

"r 

Multimodale Reprlisentation auf einer Ebene 

Die Dual-Kode-Theorie (Paivio, 1971) unterscheidet das verbale und das imaginale 
Kodierungssystem, welche zwar unabhlingig sind, aber komplementlir arbeiten. 
Das imaginale System reprasentiert aile Informationen mit Ausnahrne der verbal­
begrifflichen. Das bedeutet, daB eine Vorstellung keineswegs nur auf die bildhafte 
Form reduziert wird.Eine Vorstellung kannein Abbild von verschiedenen Wahr­
nehmungsmodi und ihfer Kombinationen sein. Das imaginale System verarbeitet 
bevorzugt die konkreten Objekte oder Ereignisse. Die InformatiQnseinheiten 
werden in rliumlichen Strukturen organisiert. Abstrakte Inhalte werden im verbalen 
System reprasentiert. Die Duai~Kode-Theorie postuIiert vierStaaien der Iflfoimati­
onsverarbeitung. 1m ersten Stadium erfolgt lediglich die Informationsaufnillune. 
Weitere Phasen sind dadurch gekennzeichnet, daB die Information hinsichtlich 
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,.ihrer Bedeutung analysiert wird. In der zweiten Phase werden die nonverbalen 
Stimuli imaginal kOOiert und in der nachfolgenden, der referenziellen Phase, bilden 
sich Verbindungen zwischen den Reprlisentationen. Die Vorstellungsbilder werden 
verbal "etikettiert". Damit wird die Bedeutung der InhaIte zumindest teilweise 
gelindert und es werden neue Zusammenhlinge gebildet. 
t;J): 
Auf der letzten Verarbeitungsstufe, entstehen die assoziativen Ketten. Mehrere 
~ifu~ginale undlOOer verbale Reprlisentationen werden hler zuSiunnlengerugt. Die 
b~al~KOOe-Theorie von Paivio (1971) postuliert zwar, daB jede Reprasentations­
fQrn1 auf einen bestimmten Situationstyp zugeschnitten werden kann, aber es wird 
ic~1ne" Hierarchie zwischen den Repriisentationen gefordert (vgl. Engelkamp & 
D~nis, i990, S. 223). Der Ablauf einer motoriscQen Fertigkeit wird voraussicht-

" l~h ~uf mehreren Ebenen kontrolliert und gesteuert. Die hierarchische StruktUr der 
K~ntrollebenen la6t sich schon aus den Erke'nntnissen iiber die neurophysiolo­
'gi~ch~n Funktionen des ZNS ableiten (vgl. z.B., Heuer, 1985). Aufden Ebenen der 
!ieprlisentationen werden untersehiedliche Operationen postuliert, die den 
Merkmalen der jeweiligen Ebene entsprechen. ' 

Hierarchische Struktur der Reprasentation 

,,~:pIne hierarehisehe Struktur der Reprlisentation wird in, der Theorie mentaler 
MOOelle postuliert (vgl. Perrig & Kintsch, 1985). Auf der hachsten, der begriff­

,'Ji~hen Reprlisentationsebene finden Operationen statt, die als hahere geistige 
l~f~zesse bezeichnet werden. Sie sind d~r Ebene lIlit symbolischen Ei~tragen 
{';b(orsteIlung, Wort) ubergeordnet. Die Inhalte der begrifflichen Ebene sind von 
::d;n, individuellen Erfahrungen gepriigt (ein Wort z.B. kann unterschiedliche 

J'. "' 
'fledeutung baben, in Abhlingigkeit von Erfahrung, welche aile Wissensaspekte 
',,~bd~ckt). Daraus resultieren dann verschiedene Arten des Verhaltens. Die Ebene 
,ller Begriffe erfiiIlt au6erdem die Aufgabe, als "vertikale Knoten" die Verbindun­
,~~n zwischen den Repriisentationsebenen herzustellen. Auf den mentalen Ebenen 
1~it sy~bolischen Eintrligen ,:"erden ~epriisentationen ve~utet, welche. keine 

;PF,rzeptlven Komponenten besltzen. Die ,Prozesse folgen rucht notwendlg den 
<'Regeln der sensonschen Systeme (vgI. Engelkamp &. Derus, 1990). 
',j,.., , 

,J:>ffensichtlich handelt es sich urn keine statischen Abbilder, sondern urn dyna­
< ~M!s~he Informationsverarbeitungssysteme. (Die Reprlisentationen und die Opera­
',' ,!!onen bilden zusammen ein System) . 

• ' Rie Zusammenhlinge zwischen' 'den Reprlisentationensformen sind relational und 
;"konnen sich durch den Lernprozess verlindern (vgl. Engelkamp & Denis{'1990): 
:;r~· 
ictJeieiner intentionalen Bewegung erfolgt die Informationsaufnahme durch memere 
,:'\Wahrnehmungssysteme aus dem propriozeptiven wie aUch aus dein exterozeptiven 
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Bereich. Wieviele Ebenen kann man bei der Repriisentation einer intentionalen 
Bewegung annehmen und welche Eigenschaften mu6 eine soIche· Repriisentation 
besitzen? Eine motorische Fertigkeit kann man als einen Komplex von motorischen 
Aktionen betrachten, welche auf das Erreichen der vorgesehenen Ortswerte 
gerichtet sind. Der Ausdruck "Ortswert" ist ein aus der Systemtheorie 
ausgeliehener Ausdruck (vgl. Hajos, 1989). Die Ortswerte sind die Mediatoren von 
Konsequenzen. Besteht eine Ubereinstimmung· zwischen dem geplanten Ortswert 
und dem Ergebnis der motorischen Aktion, wurde die Zielkonsequenz erreicht und 
der niichste Ortswert wird angestreht, bis die ganze motorische Fertigkeit 
abgeschlossen ist. Der Ortswert wird aus dem funktionellen Zusammenhang der 
jeweiligen Situation bestimmt. Dabei kommt es niCht auf spezifische Auswahl von 
Muskelaktivitiit an, sondem auf die Wirkung. Der Ortswert stellt eine funktionale 
GrOBe dar. Die entsprechende Repriisentation wird in der Psychologie als 
tokalisation bezeichnet (vgl. Stelmach, 1978). Die Annahme einer hierarchischen 
Struktur der Repriisentation einer intentionalen Bewegung scheint auf Grund der 
Uberlegung begriindet zu sein, daB fur eine Bewegungsplanung ein regulatives 
Wissen erforderlich ist, und andererseits, daB nichi aIle Regulationsprozesse 
bewu6tseinsfiihig sein mussen (vgL Stadler, Schwab & Wehner, 1978). Es scheint, 
daB auf unteren Repriisentationsebenen Prozesse ablaufen, welche dazu dienen, 
sensorisch-motorischeVorgange zu simulieren. Diese Repriisentationen konnen nur 
so global sein wie die Wahmehmungen, aus denen sie entstanden sind (vgL Foppa 
& Groner, 1991): 

Ebelle Merkmal Funktion 'Steuerullg 
Begriffe Bedeutung Gesamtbild kognitiv 

Bewegung in Raum und Zeit 
derUmwelt Steuerung 

symbolisehe Einzelaspekte Operationen 
Eintrage Bewegung und 

Umwelteinfliisse explizit 

nieht Naehwirkung spezielle , implizit 
berichtbares der Erra~rung Operationen explizite-
Wissen und Transfer Nutzurig 

propriozeptive Bewegungs- Koordination Reafferenz-
Komplexe gefii,ltl (Synergien) pririzip 

propriozeptive Antagonisten Muskelaktivitat 
primiire Synergisten implizit 
Reprasentation 

Abbildung 2. . Modell der Reprasentation einer intentionalen Bewegung. 
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In dem ModeIl wird u.a. postuliert, daB die Wirkung nicht auf aIlen Ebenen 
bewuBtseinsfahig scin muB. Das soil aber nicht heiBen, daB die bewuBten Aktivi­
taten keinen EinfluB auf solche, dem BewuBtsein nicht zugangliche Ebenen 
ausiiben. 

Auf jeder Ebene der Reprasentation werden Parameter definiert, welche. die 
motorische Aktion auf das Erreichen des jeweiligen Ortswertes steuem. Die­
P~rameter verschiedener Repriisentatiorisebenen miissen aufeinander abgesti.mmt 
werden. Die eingegangenen Informationen unterliegen spezifischen Transformatio­
~en, welche der jeweiligen Reprasentationsebene entsprechen. 

An der hierarchischen Anordnung der Reprasentationssysteme scheint sich eine 
bestimmte Analogie mit der Struktur des ZNS zu zeigen. Die hierarchische Struk­
dir der Reprasentationen scheint so organisiert zu sein, daB auf den unten!n 'Ebenen 
Prozesse ablaufen, welche motorische Prozesse simulieren. Auf der niedrigsten 
Ebene laBt sich eine Reprasentation von einzelnen propriozeptiven Eingangen 
vermuten. Die Reprasentationen auf dieser Ebene sind allem Anschein nach 
M&falitatsspezifisch. Auf der nachsten Ebene ist die Annahme von komplexen 
propriozeptiven Mustern denkbar. Die Ebene des propriozeptiven Komplexes ist 
aus mehreren Elementarspuren zusammengesetzt. Seine Aufgabe konnte es sein, 
die Aktivitiiten der ganzen neuromuskularen Synergie zu regulieren. Eine kognitive 
Kontrolle ist auf dieser Ebene kaum vorstellbar, denn ein koordinierter 
Bewegungsablauf enthalt u.a. auch solche Muskelaktivitiiten wie das Aufrechter­
halten des Gleichgewichts bei der Verlagerung des Schwerpunktes, oder die 
Zusammenarbeit der Antagonisten. Es wird angenommen, daB die Ebenenmit 
propriozeptiven Inhalten jmplizit bleiben, weil ihnen symbolischc Eintrage fehlen. 
b~r'Verlauf emer intentionalen Bewegung kann sich in seinen Merkmalen yom 

J (, 
~ognitiv . erfaBbare~ Wissen grundsatzlich unterscheiden. Nicht aile mentalen 
RiFpraseritationen miissen mit symbolischen Eintragen belegt werden und damit 
~'~~ben sie impl.~zit. Auf ihrt: Existenz kann man auf Grund ihrer Wirkung schlie­
Ben: Dieses implizite Wissen .kann durch Verhaltenseffekte bedeutend sein (vgl. 
~"rpg, 1990, S. 245). Eine explizite Nutzung kann z.B. auch beim Nachdenken 
o<ier bei der Pllinung zum Vorschein kommen (vgl. Wippich, Mecklenbtauer, 
w,~ntura &Srumpel, 1991, S. 127) . .lm Schema ist die Ebene des nichtberichtbaren 
Wissens (vgl. Foppa, 1990) als eine eigenstiindige Ebene der Reprasentation.darge­
stellt (Abbildung 2). 

Dieser implizite Charakter kann auch nur voriibergehender Natur sein (vgl. Foppa 
& Groner, 1991). Es handelt sich urn eine mentale Reprasentationsform, welche 
solange implizit bleibt, alsihr symbolische Eintrage fehlen. Auf de,n hOheren 
Ebep.en befinden sich Repasentationen mit symbolischen Eintriigen. Diese Ebenen 
w'eisen gr6Bere Komplexitiit auf. Die zwei h6chsten Ebenen sind nach unserer 
yorstellung {I1it symbolischen Eintragen belegt und damit kognitiv steuerbar. Der 
U~terschied zwischen den beiden Ebenen liegt in individueIl bedingter Erfahrung 
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und Kenntnissen, welche auf der Ebene der Begriffe u. U. ungleiche Inhalte mit 
gieicher Benennung vermuten lassen. Diese Reprasentationen sind von individu­
ellen Erfahrungen gepragt, und die Prozesse verlaufen nicht mehr nach den Regeln 
der sensorischen Systeme. AuBerdem wird auf dieser Ebene die Existeilz von 
Verbindungsknoten flir die koordinierte Zusammenarbeit aller Reprasentations­
ebenen postuliert. Die Aspekte einer intentionalen Bewegung belegen mehrere 
Ebenen der Reprasentation. Durch Operationen konnen aile Aspekte, die zu einem 
Ereignis gehOren, aktiviert werden tind das Wiedererkennen des Ereignisses 
hervorrufen. Eine Kopie des Ereignisses hat die Funktion eines rezeptiven Regula­
tors. Wenn aber die propriozeptiven Aspekte eine bestimmte Dominanz erreicht 
haben, erhoht sich damit die Wahrscheinlichkeit, daB die Kopie flir die 
Bewegungsproduktion funktional wird. Diese Situation ist bei der Resprasentation 
einer intentionalen Bewegung praktisch immer erreicht. Selbstverstiindlich 
verlieren die Reprasentationen mit symbolischen Eintriigen damit keineswegs an 
Bedeutung. Die Kognitionen sind flir die antizipatorischen Prozesse und flir die 
Steuerung des Bewegungsverlaufes unerliiBlich. Durch Operationen auf den 
symbolisch belegten Ebenen wird die zeitliche und die raumliche Organisation der 
Ortswerte bestimmt und damit werden die Parameter Zeit und Raum des 
Bewegungsablaufes definiert. 
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REpRESENTATION OF MOVEMENT SPEED 

IN DANCE BY NOVICES 

MARIELLE CADOPI, FRANCE 

Introduction 

Dance, figure skating, rhythmical and sports gymnastics, synchronized swimming: 
and diving all have one specific feature in common: participants in these activities 
must present corporal sequences or routines (attitudes, figures) to spectators or 
judges who evaluate and rate their performance. To teach these figures, ballet 
teachers and other trainers rely heavily on demonstrations accompanied by verbal 
explanations. 

Our aim was to determine what novices do when faced with a demonstration of a 
corporal routine or sequence, and more precisely, what role is played by the 
representation they make of what they learn. in his analysis of the representative 
control of performance, Chatillon (1988) compares the acting subject to "a machine 
for producing actively sought results". The subject's activi~ can be understood as the 
result of the coordination of two functionally different generators. The first, called 
the act generator, works in real time "under the pressure of directly perceived 
events" ·(Piaget, 1936) and/or under the effect of their representations (Chatillon, 
1988). The second, called the plan generator, works in real time andlor in deferred 
time, . and is responsible for the production of representations- that serve as a 
reference for current or future actions. These internal models are written in a 
language made up of differentiated signifiers (words, images, symbols). They result 
from the "topicalization" of the task by the subject, and necessarily involve 
information about the goal of the task, and perhaps also some information about the 
potential means of attaining that goal. Thus, the processes and output of these two 
generators, in conjunction with information from other sources (e.g. the properties of 
the biomechanical system), contribute to controlling performance. 

A dancer's control of hislher performance depends on the type of task, hislher degree 
of expertise, and the style of dance. The nature of the coordination required to 
incorporate information from the various potential sources varies, and in particular, 
the extent to which representative control is implicated is highly variable. This 
problem will be analyzed here for novices rehearsing a new routine. The newness of 
the routine, in addition to the subjects' lack of expertise, force them to build the most 
complete representation of the routine ·possible. This representation has a bearing 
both on a dancer's ability to reproduce the sequence, and on hislher ability to 
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,representation has a bearing both on a dancer's ability to reproduce the sequence, 
and on his/her ability to interpret and assess his/her own execution or that of 
another dancer, with the minimal number of errors. It serves as an internal model 
for action, and varies highly across individuals, age groups, and skill levels. At the 
very least, it contains information about th« sequence of movements (the goal to be 
reached), and may also include some means of attaining that goal. Because it is an­
internal model for action, it is a functional representation (Leplat, 1985). Its 

, function is to assimilate the data acquired about reality. But the type of assimilation 
it allows is more or less distorting, and hence, a source or error. Errors in a 
;subject's performance are thus the expression of the properties of the underlying 
iinternal model. This fact can be used to study the dancer's representation from an 
ecological standpoint, since it falls within the bounds of the subject's normal 
f~nctioning. This analysis is similar to the one proposed by Leplat (1989), who 
stated that "correct action and errors are two sides of the same coin. Error is not 
only defined negatively - in teI'ms of deviation from the goal, or non­
a~mplishment of the task - but also as the product of an activity whose 
mechanism must be discovered. " 
~, . .. 

To obtain the desired result, subjects use information drawn from the outside world 
in ,~e device (here" the routine), th,e instructions, the con~xt in which ~e task is 
[~uested (Le~lat & P~hous, 1978) - an~,internall~" from previously acquired 
,knowledge. The latter is the, product of their, stage of cognitive development and 
;j!i) , . ,'. ...., .;" - j,~.' . "t.··), 

, past learning. It provides them with an entire set of essential data for organizing 
and controlling the execution of the task. These are the "anterior schemes" referred 
to by Piaget (1974). Available knowledge and know-how thus fulfill multiple 
functions: the organization and programming of acts or thoughts, task recognition, 
~l~tion of useful data for execution, etc. They constitute the basic framework 

,Jf.~pj'Which the subject can form new actions whenever the situation requiresjt. In 
;thW;set of data,...,iPiaget (194,7) distinguished two categories of schemes: Jl)The 
,fid'iJs compOSC(!, ~J action, Schemes evoked by arid" w\thin the subject's 'dialogue 

I'!:.H c..· .:. "!r",' ' .. ~' -i. 

wipt· reali~", i.e. ,\ during. the a~tion. (2) The second 'is made up of ~ought 
r~~ntatio~·sche~es. Ltkeaction schemes, thought Schemes ~ evoked:t,n, real­
time, but they are also brought to bear in deferred time, i.e. when no imme<Jiate 
~ t; ,". l' 

action is required. When implemented, the latter type of scheme acts as a source of 
Information for ,preparing and controlling action. In dance, as in other related 

,activities, this source plays an important part in learning a new routine, for both 
novices (Fitts, 1964) and experts. 

Thus, when subjects are asked to detect deviations from a model memorized in 
~lew, of later recognition, 'analysisJof their judgments;' 'and their subSequent 
explanations of those'judgments', Should inform us abOut; what subjects.represent 
'aiiti 'how they represent it. Given the above, we can hypothesize the 'follOWIng: (1) 
subjects ~ representations' can' be expected' to', differ' 'accOrding) 'to ',their' stage " of 
development, and (2) the representation of differences in movement speed should 
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not appear' until about age 10, when subjects are able to form kinetic images 
(piaget & Inhelder, 1966). 

Metltod 

Sample 

The sample was composed of five independent, sex-balanced groups of twenty-four 
subjects, age 6, 8, to, 12, and 20 years (± 6 months). None of the subjects had 
ever danced. 

Procedure 

Each group learned a model routine in view of later recognition. The subjects' 
judgments of conformity to the model and their accOmpanying explanations were 
analyzed. 

The model routine, which consisted of five steps; was Performed by an advanced 
dancer (d. Figure 1); It waS record~ 20tiriles' in suCcession on a videotape, so 
that the subjects could play back as many perfoiIDariees as desired during the 
learning periOd. . 

. 1 . . ,. 5 . .C .-1. 

Figure 1. Model routine. 

The test. sequences consisted of the model routine ... and"five:test. routin~,. one. of 
which ,differed from the model. in. exactly one manner: one of the steps ,was 
executed fO!lr times ~ slow. Four test sequen<;es each.' containing. 6 routines were 
obtained by combining the m\XIel routine. and the five test routines in random 
order. 
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Task 

The standard form of the instructions (which was adapted to the subjects' 
comprehension level) was as follows: 

I'm going to show you a short film of a girl dancing. Watch it carefully, 
because you have to learn the dance so you can recognize it if I show.it to you_ 
again later. You can watch it as many times as you like. When you think you 
know it well, tell me. Then I'll show you some other short films in which the 
:same girl is dancing. You will oe asked to tell me whether she is doing the same 
dance as the one you learned. If you think it's not the same dance, then tell me 
so and explain why. The camera filming her does not move. Now can you tell 
,rpe what you're supposed to do? 

The 'model was shown until the subjects felt they knew it well enough to recognize 
it. ~Then the 6-routine test sequence was shown. 

Results 

J'he results are presented in Figure 2. 

6 8 10 12 20 
CJ = Conect jJ dgments . CJ EJ' = conect jJdments with conect explanations 

,F,gure 2. Number of Correct judgments. and number of correct judgments 
acCompanied by correct explanations, by age group. '.. .. 
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Correct Judgments 

A judgment was considered correct when a subject stated that the test routine was 
different from the model, and incorrect in the opposing case. 

Correct judgments increased with age. To determine whether this observation was 
the manifestation of a tendency to always give the same answer, or whether the 
saine result would be obtained with a group·of subjects responding af random for 
twoequiprobable outcomes (correct judgment/incorrect judgment), i.e. p=q=.50, 
the 24 responses were treated as;24 independently drawn subjects to the hypothesis 
of response equiprobability (binomial test, Siegel, 1956). This reasoning was 
applied to all of the results obtained. Two lines parallel to' the x~axis' are thus 
shown on the graph in the Figure 2: line L1 defines the limit at a=.05 with N=24 
separating area 1, where less than half of the subjects in the group produce a 
correct judgment (with p=q=.50) from area 2, where one out of every two 
subjects responds correctly. Likewise, line L2 defines the limit at a=.05 with 
N =24 separating area 2 from area 3, where more than half of the subjects respond 
correctly. One can determine directly from the graph whether or not the results 
obtained differ significantly from the outcome of a random drawing. 

The graph in Figure 2 shows that one out of two subjects in age groups 6, 8, and 
10 responded correctly. Also, a significantly greater number than one out of two 
subjects in age groups 12 and 20 responded correctly. The conclusion that may be 
drawn is that the tendency to judge correctly became systematic by age 12. 

Correct Judgements Accompanied by Correct Explanation 

Subjects who correctly judged the test sequenCe could either give a correct 
explana~on of their answer, an incorrect explanation,' or no explantion. 
Explanations were considered correct when theypoin~ out the existence, 
location, and nature of the difference between the model and the test (for example, 
"It's not the model because right here, it's slower"). Hereafter, correct judgments 
accompanied by correct explanations will be compared to the other types of 
responses. 

Figure 2 shows that no subjects in age groups 6 and 8 produced a correct judgment 
with a correct explanation. After' age 8, the number of correct judg­
ments/explanations increased. In the age group 10, significantly less than lout of 
2 subjects came up with a correct explanation for a correct judgment, and in. the 
age group 12, one out of two slJbjects did so.Jn the age group 20, significantly 
more than one out of two gave a correct explanation. ' 

These results did not provide evidence of a systematic tendency to make a correct 
judgment and give a correct explanation before age 12. However, this tendency 
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was significantly above the chance level by age 20. Hence, subjects of different 
ages respond differently. 

Changes in Number of Correct Judgments and Number of Correct 

Judgments/Explanations with Age 

'Figure 2 shows that the age-by-response curves for the correct judgments variab'le 
, and the correct jUdgments/explanations variable are more or less parallel. Note also 
thai more than half of the subjects made correct judgments when the ability to give 
a 'Correct explanation had been acquired; this occurred at age 12, as if subjects 
become capable at that age of nthinking about speedn. Note finally that the distance 
between the two curves began decreasing at age 10. 
,.!". 

Discussion 

When a subject performs a task, he/she mayor may not be able to produce the 
<,lC$ired result, and in each case, mayor may not be able to explain why. In,the 
present experiment, the criterion for success of a given group of subjects was their 
~!>ility to detect a difference in speed between the model and test routines., In 
a.~~ition to judgment success, correct,or ,incorrect explanations for those judgments 
<Lol!!d be given. A given subject was said to understand why the test routine was 
'lClt,Iike the model when he/she produced a correct explanation following a correct 
judgment. This type of response indicates that the internal representation of the, 
model constructed during observation, and subsequently used to perform the 
recognition task, must contain precise information about the speed of the 
movements in the routine under study. For other types of responses (for instance, 
correct judgments with no explanation or wittl an incorrect explanation), either the 
iptemal model contains no speed informl!-tion, ,or the information it contain~ is not 
usable by the child's explanatory processes. Thus, these results demonstrate,that 
the ability to make and explain correct speed judgments is highly dependent on 
developmental stage. ' 
1rl . 
TI]~: ~dency to make a·correct judgment did no~ beco~~ significantly greater tlJan 
chance until age 12 (at age 10, the tendency was clear, but nonsignificant). 
'II), ' , , ,', 
In age groups 6, 8, and 10, the tendency to, give a correct explanation was 
sigr).ificantlylower than chance. In fact, none of the 6- or 8-year-olds were able. to 
do·so. Correct and incorrect explanations were eqlJiprobable for the 12-year~ld 
gp>-!l,p.,The 20-year-olds gave correct explanations significantly more often than by, 
chance. 

'·1 l ' , 

The difference between the number of cOrrect judgments and the number of ~n:ect 
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judgments accompanied by correct explanations was found to decrease with age. 
This decrease is mainly due to the fact that the number of correct explanations 
increased, while the number of correct judgments reached a ceiling. This effect 
was particularly strong for the 20-year-olds. These results raise the issue of the 
nature and content of the internal model constructed by subjects confronted with 
this task, and can be discussed in two frameworks: ( 

(1) Studies Oll the development of mental images have shown that by the age of 8 
or 10, su"bjects are able to form kinetic images .(piaget & Inhelder, '1966). Our 
results suggest that subjects encodeth~ model rout!ne' ini~age fo.~at, ,not' in 
verbal format. This interpretation i.s consistent with Annett's (1985) contention that 
it is easier U; e~cod~ Ipotor actions in imag~ format than in ~erbal fo~a~. .: . ' 

(2) Our results can also be considered in the light of curient knowledge about' the 
development of kinesthesic perception, which again raises the question of the link 
between action and perception. Redon, Rigal, Hay, Roll, and Demaria (1991) 
analyzed the role of proprioceptive afferencesof muscular origin in .the perceptual 
coding of movement speed in 5-, 7-, and 9-year-olds performing tasks involving 
the reprOduction of real and illusory movements of the forearm (tendon' vibration 
technique); 'These authors.fo~und 'that the youngest children tended to reprOduCe 
movements"by exaggerating their speed.; Young chlIdfen arerusO'knownitdbe 
incapable of voluritaryexecution of very'slow 'movemerttsi(Costantini;Corsini, 8i 
Davis,' '1973; . Rey;~1968);they live, so to speak, 'in a 'uriiverSeofrelatively; high 
speeds~!'ThisiTiaylbe one of the reasoris why &-y~-olds'cannot'repfeserit a 
difference in 'speed wheilit involves the slowiiigdowri'clfil inOvemeilt,'fas' in , OUf< 

experiment:· 
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ANALYSIS OF REpRESENTATIONS AND PATTERNS OF 

TACTICAL DECISIONS IN TEAM GAMES 

A MEmODOLOGICAL APPROACH 

DANIEL BOUTHIER, BERNARD DAvID AND SERqE'ELOI, FRANCE 

Introduction 

The efficiency of the strategies selected by the player constifute the main"criterion 
of skill acquisition. It seems that the formation of skills is widely based on the 
transformation of strategies according to the task requirements and to the subject's 
use of his own resources (Kay, 1970; Knapp, 1975; Welford, 1977). 

The analysis of the strategies demonstrated by outstanding players and of the 
conditions of the operation of these strategies is thus critical. However, strategies 
are not directly accessible to common observation, and it is suitable to be more 
precise about the specificity of game sports, in order to defme the main conditions 
of a profitable analysis of such opposition sports situations. 

1) The development of skills in team games stems from the consideration of 
required adaptability to the fluctuating attacker/defender interaction (Figure 1). 

Figure 1. 

ATTACK DEFENCE 
Model of offensive decisions. Model of the defensive 

making adjusted to e; circulation adjustment to 
theopponent's defence systerr. t' die known anacker's choices 

Model of interaction attacker/defender (Deleplace, 1979). 

2) The activity of team sports player is made intelligible not only through the 
action he is temporarily involved in, but also through the cognitive system of 
reference made up by the more or less complete, relevant and' precise' mental 
representation of the system of which he is an active element (Figure 2). 

The construction and operation of mOdels remainS on the elaboration of symbolic 
systems which are halfway between the empirical field and the sphere of theoretical 
models. 
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Figure 2 .. 4vels of representations and actions (David, 1987, according to 
Denis, 1990; Engelkamp & Zimmer, 1985; Paivio, 1986). 

These systems are both relatively isolable from the empirical field and consistant 
'with some levels of themodf.!ls. They therefore make possible a two-way 
circulation between the variables' of the models and their actual values observed 
during. practice (Walliser, 1977). They aliow to modify, correct, validate models 
whi~h' are first deScriiitive, then . become 'progressively predictive thanks to the 
Possibiliti.es of simulation they offer once they are settled. 

, ., 
The cognitive psychological theories have the status of a scientific discipline used 
for the study of sport dida:~tics, In the following;exa~ples, we present a didactical 
mod'et"of decision taking in voIieyball, and methodological elements of the analysis 
~r!epreSentations and actions in rugby. . 

Gtaphic Representation of a Tree of Decisions in 2 vs 2 Volleyball 
Situation 

Thisi..!:epresentation displays. the '.·linking of the enchainell]ent of cognitive 
operations which constitute the tactical choice. It enables the teacher to detect the 
pr,ocedural mistakes which prevent the pupils to reach the ideal solution. It 
constitutes the teacher's referential. 
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Figure 3a. 

o 
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E.lE£l 
TOUCH 

Bouthier, David & Eloi 

(*J see the legends 
in figure 3c 

Try [0 throw 
the ball down in to 
t1ie opponen(s court 

Tree of decision-model in 2 vs 2 volleyball situation: First touch. 
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Figure 3b. 

No 

~, 
~ 

SECOND 
TOUCH 

I PlayerB I 

Try [0 rhrow 
me ball down in !he 

opponents court 

Tree of decision-model in 2 vs 2 volleyball situation: Second 
touch.' ;, 
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Try to throw 
the ball down in the 

opponen(s court 

'-.~" '1lllBll .. 
. ~ 'I!21E1l. 

Bouthier, David & Eloi 

Legend of the tree of, decision 

(txiicaj ~Iution) ~ ______ --lo. 

n Player - - ... Player's trajectory -.. Ball's trajectory 

Figure 3c. Tree of decision-model in 2 vs 2 volleyball situation: Third touch. 
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All activity is oriented by a goal. In Volleyball the goal (of a game) is to get the 
ball to touch the floor in the opponent's court. 

The choice of a future solution has to result from an information uptake about: 

• The ball: speed, trajectory, ... 

• The opponents: positions, orientations, displacements, ... 

• The team mates: positions, orientations, displacements, ... 

This information taking process must determine the player's decision and action. In 
order that the players on the same team make the same 'analysis of the situation, it 
is necessary that they share an identical functional representation of the situation 
(common referential). A simplified tree of decisions presented to bcginncrs 
contributes to this objective and allows the player who does not receive the ball to 
anticipate his future action (Figure 3a, 3b, 3c). 

Representations of Actions of the Rugby Player 

~ The rugby player groups are tested in the spread out 5 vs 5 standard situation. 

• The defence is'manipulated (open, closed, flat or anarchic) so as not to lock up 
I;the attack in a stereotyped way and oblige attacking players to produce tactical 
I ~hoices in a, very uncertain context almost as in the real game situation (cf. 
I~~uthier & Savoyant, 1984) . 

• 'The groups work under identical experimental conditions (cf. Figure 4, Figure 
~o5). 
Tw,' 
i:\';Graphic traces are gat~ered with the help of a simply and easily handled 

questionnaire. It produces several caracteristic situations of a deployed game, 
:the way out of attacking and defending on a mome!ltabily threatered space. 

"irj?ch ~ituation must be solved following the written or drawn modality, or both, 
n, under time pressure and following a precise prot?COl. -
2.{~- ... 
"af'The categories of the following analysis are: 

tOTactical choices at the crucial point: 

• Right choice 

• Wrong choice 

• Non typical choice 
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Means used by the players: 

Figure 4. 

• Passage by percussion, impact 

• Individual escape 

• Siding game 

• Foot service 

~ To left or to Right 

~ The defence is manipulated 

TACTICAL UNIT ¢ LINE AGAINST LINE 

Material arrangement. 

The categories have the advantage to be useful for the picking of informations 
about the real tactical actions and the analysis of graphic inferences. 

In order to conceive the formation of players in tactical decision making, it seems 
important to modify act on the couple abstract structure and material arrangement 
of the action. 
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COLLECTIVE DEPLOYED 
First time of the movement 

Second time of the movement 

Exploitable at 
individual level 

One against one 
1 vs I 

Two against one 
2 vs 1 

011 out 
flanking 
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ADVANCE 
DEFENCE 

at opposite 
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LATE 

DEFENCE 
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flanking 

Abstract structure. 

at opposite 
side 

Non exploitable at 
individual level 
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~ 
On out 
flanking 

~ 

at opposite 
side 
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"the intervention on the abstract structure aims at the transformation of the 
individual initial representations to construct a common referential rationale for 
collective actions (indications of tactical class problems, choice criterions of 
solutions, principles of execution). It supposes also to improve the study of the 
"nature and levels of representations and of the most efficient ways to present 
iriformations. 

ifhe concrete structure of action must simulate real playing situations preserving 
:-their specific caracteristics (alternative solutions attack/defence reversibility, target 
and space in relation with level and number of opposite players) 
~~~, 
tL~lows to skip the classic motor tasks analysis regenerating the meaning of the 
action in reference to the social dimension of activity. 
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PSYCHOWGISCHE UND BIOMECHANISCHE ANALYSE DES 

SKISPRUNGS UNTER SIMULATIONSBEDINGUNGEN 

, 

WERNER MICKLER, JORN MUNZERT, AUGUST NEUMAIER, ACHIM 

SCHARFENBERG UNDJOACHIM MESTI~R, DEUTSCHLAND 

Einleitung 

tih!Rlilimen eines interdisziplinliren Forschungsprojektes wurde u.a, ein Untersu­
~liungsdesign speziell fiir die Sportart Ski sprung entwickelt und getestet, mit dessen 
Hilfe .Informationen fiber die kognitive'Repriisentation von bestimmten Bewe­
~urigsparametern bzw. Phasen der Gesamthandlung (hier Anfabrt und Absprung) 
eW;mi werden sollen. 
~ ~ 
Urn den zeitlichen und dynamischen Verlauf der Anfahrt- und Absprungphase einer 
b~stimmten Schanze im Labor zu simulieren, wurden sowohl der Kraft- als aueh 
der,Gescitwindigkeitsverlauf auf der Basis von im Feld erhobenen biomechanischen 
Me~we*n in akustische Signale umgesetzt. Trainer beurteilten die im Experiment 
ferufsierte'akustische Umsetzung dner' Kombination von Kraft- und Geschwindig-
,,k~ill;v~rlauf als eine nabe am' 'fealen Abla'uf liegende Darbietting des subjektiven 
.ptw~gungseindrucks, • ,', ' 

Methode 

Versuchs,aujbau 

Die,Yersuchsanordnung besteht aus einer Kistler-MeSplattform und einem Rechner 
,iUr'Soliwertvorgabe (mittels Tonfrequenzmodulatioti) sowie 'Zur"Datenerfassung 
'U'nd'S'aufbereitung. Der Kraft-Zeit-Verlaufder Spiurigbewegung wird auf dem Bild~ 
,scRirm; graphischdargestellt. Eine' gtaphiiche ,Darstellung der S~llwertvorgabe 
Kahn 'mit dem Kraft-Zeit-Verlauf iiberlageit' \Vcrden. Versllcnsleiter odei' Untersu'...' 
~hiingsteilnehmer konnen auf diese Weise Informationen fiber, Soll-Ist-Diskre­
pah~n erhalten. ,'''', '. . ' 

Bewegungsaufgabe 

DIe Bewegungshandlung, die die Teilnehmer auszufiihren hatten, last sieh folgen-



136 Mickler, Munzert, Neumaier, Scharfenberg & Mester 

dermaBen beschreiben: 

Die Versuchsperson sitzt in der Ausgangsposition auf der Kante eines Tisches, 
wobei die Fu6e Kontakt mit der Kistler-Me6plattform haben. Auf ein Startsignal 
hin sto6t sie sich von der Tischkante ab und nimmt auf der Me6plattform so 
schnell wie moglich eine der Skisprung-Anfahrt entsprechende Hockposition ein. 
Es folgt dann der eigentliche Squat-Jump, der ohne aktiven Armeinsatz 
auszufiihren ist. Die zeitliche SOllwertvorgabe (Dauer der Tonfrequenzmodulation) 
betragt 5 sek. 

In Abhlingigkeit von der Versuchsphase und .den Versuchsbedingungen (s.u.) erge­
ben sich zwei Arten der zeitlichen Sollwertvorgabe. Bei paralleler Sollwertvorgabe 
erhlilt die Versuchsperson mit Startbeginn das akustische Signal und hat die Auf­
gabe, die Bewegungshandlung zeitgleich mit dem Ende des Signals abzuschlie6en. 
Bei getrennter Sollwertvorgabe erhlilt die Versuchsperson vor der Bewegungs­
hand lung den SoIl wert vorgegeben. Anschlie6end istdie zeitlich-dynamische 
Vorgabe fUr den Ablauf der Bewegungshandlung beim AusfUhren. aus dem 
Gedachtnis zu reproduzieren. 

Versuchsgruppen 

Die Untersuchungen bal!en auf einelll ,zwei~*lIetl, 1?,~ign auf., wob~i, neben 
dem FaktorSollwertvpf!~abe(getI:ennte .bz~" paraIlele So~w~rtyorg3,be)der Faktor 
Feedback (verbal-auditives bzw. visuelles Feedback) ausgewlihlt wurde. D~aus 
resultieren in den entsprechenden Untersuchungsphasen vier Gruppen. 

Die VersuchsgtiJppen wurden auf Basis der Ergebnisse eines ersten Unter­
suchungstermins bzgl. der Leistungsmerkmale Genauigkeit der zeitlichen Repro­
duktion von Sprungbewegungen und des Schnellkraftindexes parallelisiert. 

VersuchsabtOuf 

Die Untersuchungen lief en als Einzelversuche im 4bor des Psychologischen 
Instituts der Deutschen Sporthochschule Koln. Jede Versuchsperson nahm an 
jeweils zwei Terminen. tei!, die ca .. eil1~ Stunde dauertt!n. Die Untersuchungen 
wurden von zwei Vers~chsleitem durchgetUhrt. 

Das Untersuchungsdesign des zweiten Termins (Hauptuntersuchung) ist in Abbi!­
dung 1 dargestellt. 
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U ntersuchungsdesign 

Aufwarmen inklusive 3 Probespriingen 

',f 
5 Spriinge mit paraIleler 
Sollwertvorgabe 
(Gruppe A) 

5 Spriinge mit getrennter 
Sollwertvorgabe 
(Gruppe B) 

~ Kurzbefragung nach jedem Sprung 

i 3: Spriinge 
Jiinit paraIleler 
"Sollwert­
:':vorgabe; 
, V'isuelles 
:I.f'eedback 

. ri~A; visuell) 

Interview 

5 Spriinge 
mit paraIleIer 
Sollwert­
vorgabe; 
auditives 
Feedback 
(At auditiv) 

5 Spriinge 
mit getrennter 
Sollwert­
vorgabe; 
visuelles 
Feedback 
(B, visuell) 

~ Spriinge ohne Sollwertvorgabe 

5 Spriinge 
mit getrennter 
Sollwert­
vorgabe; 
auditives 
Feedback 
(B, auditiv) 

(Reproduktion des Ablaufs aus dem Gedachtnis) 

'0 -. ~~.:..:., ,".: 

~ Ku~interview zu'deo'letzten 3 Spriingen 

,Abbildung 1. Untersuchungsdesign de~Hllllptuntersuchung. 
~ ',:' ,.: 

." .. 

{Aile Gruppen flihrtenn~ch einer Aufwarmphase 3 Probespriinge aus. Ggf. w~rden 
}!~~r, !loch einmal teqiliische Korrekturen vorgenbmmen. Esfolgten·dann 5 Spriinge 
'mit paraIleler oder: getrennter SollwertVorgaber Alle Teilnehmerhatten nach jedem 
Sprung einzuschatzent wie ihnen die Sollwertrealisierung gelungen war. Danach 
~aren 5 Spriinge auszuflihrent flir die nach der Selbsteinschatzung durch die Teil­
nehmer yom Versuchsleiter entweder verbal-auditives oder visuelles Feedback 
bzgl. der zeitIichen Gemluigkeit des Timing-Vorganges gegeben wurde. Fur aile 
trnt~t:suchungsteilnehmer folgte ein kurzes Interview zur Erfassung interner Reprii-
f~,:,,".J,"'(G"<j,-,\ .... . _" -. . . '-

SC!ntationen. Die Teilnehmer soUten dann drei Spriinge ohne Sollwertvorgabe und 
n~~e'Feedback aus dem Gedachtnis moglichst genau reproduzieren. Die Unter­
~iichung wurde miteiner Kurzbefragung zu den letzten dreiSpriingenabgeschlosc 
;eti'hb. t~ 
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Versuchspersonen 

An der Untersuchung nahmen 35 mannliche Sportstudenten der Deutschen 
Sporthochschule mit einem Alter zwischen 23 und 29 Jahren teil. Die Teilnehmer 
hatten Schwerpunkte in unterschiedlichen Sportarten, keine Vorerfahrung im 
Skisprung und wiesen unterschiedliche "Obungsleiter- oder Trainertlitigkeiten auf . 

. Ausgewahlte Ergebnisse 

Zeitliche Genauigkeit der Bewegungsreproduktion 

Der Einflu6 unterschiedlicher Sollwertvorgaben und Feedbackbedingungen auf die 
zeitliche Genauigkeit der Bewegungsrepriisentation kann anhand der Ergebnisse der 
Spriinge 11-13 in der Hauptuntersuchung iiberpriift werden. AIle Gruppen hatten 
hier die Aufgabe, aus dem Gedachtnis den Bewegungsablauf zeitlich genau zu 
reproduzieren. Als Fehlermafi wird die absolute Abweichung der Bewegungsdauer 
yom Sollwert herangezogen. 

11. 'Sprung 12. Sprung 13. Sprung 

_ Gruppe A (parallel) _ Gruppe B (getrennt) 

Abbildung 2. Absoluter Fehler bezogen auf die Bewegungsdauer' (differenziert 
nach Sollwertvorgabe). . 

Die Gruppen mit·. paralleler Sollwertvorgabe in den yorangegangenen Phasen 
wiesen im Mittel beim 11. Sprung 0.90 sek, beim 12. Sprung 1.24 sek und beim 
13. Sprung 1.32 sek Differenz zum Sollwert auf. Die entsprechenden Werte der 
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Gruppe mit getrennter SoIIwertvorgabe lauten 0.43 sek, 0.54 sek und 0.40 sek. Bei 
!!Ilen Spriingen weisen die Gruppen mit paraIleler SoIIwertvorgabe deutlich h6here 
(und statistisch absicherbare) Abweichungen auf, die im Verlauf sogar zunehmen. 
Die Werte sind in Abbildung 2 graphisch veranschaulicht. 
.' 
j)iff~renziert man die Ergebnisse weiter hinsichtlich der Feedbackbedingungen, 
relit 'sich, daB jeweils beide' Gruppen mit paraIleler Sollwertvorgabeh6here­
Abweichungen aufweisen als die beiden Gruppen mit getrennter Sollwertvorgabe. 
Ein ·wesentlicher EinfluB des Feedback zeigt sich nur bei paralleler Sollwertvor­
gabe. Hier weist die Gruppe mit verbal-auditivem Feedback grOfiere Abweichun­
gen auf als die Gruppe mit visuellem Feedback. Bei getrennter SoIIwertvorgabe 
ergcl,en sich keine vergleichbaren Befunde. Die Ergebnisse fiir die vier Gruppen 
siric!in Abbildung 3 graphisch veranschaulicht. 

2 

1,5 

0,5 

o 

", -

sec 

11. Sprung 

_ Gruppe A, vlsuell 

D Gruppe B, vlsuell 

12. Sprung 13. Spru'ng 

_ Gruppe A, audlllv 

_ Gruppe B, audlllv 

'Abbildung 3. Absoluter Fehler bezogen auf die Bewegungsdauer (differenziert 
nach Sollwertvorgabe und Feedback). 

Reprasentation der Zeit und NUlzung der Tonmodulation 

i!ll Vordergrund der Auswertung der Befragungsdat~n steht die Frage, welche 
Rolle die akustische SoIIwertvorgabe fiir die zeitliche Genauigkeit der Bewegungs­
reproduktion besitzt. Es finden sich eine Reihe von Aussagen, die auf eine positive 
Wirkung der aku~tischen Vorgabe schlieBen' lassen. Beispiele dafiir sind die 
Atissagen: 

.. , ich hatte mit dem Ton eine bessere Moglichkeit, mir die Schanzenabfahrt vorzu-
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stellen .• 

• ... ja der Ton bewirkt auch, dadurch daB er schneller wird, so ein Gefiihl als wiirdest 
du da fahren - das komrnt dir also wirldich so vor.· 

• ... wenn man den Ton hart, das komrnt einem auch aus dem Fernsehen bekannt vor, 
dieses Gerausch durch den Absprung und die Anfahrtsgerausche, da konnte ich mir 
schon diese Schanze oder wie so ein Springer, also mich selbst ilicht, aber einen ande-
ren schon, eher vorstellen ...• . 

In diesen Aussagen wird thematisiert, dall die akustische Vorgabe die Vorstellungs­
f"ahigkeit beeinflussen oder zumindest unterstiitten kann. 

Die Verbindung von Ton und visueller Vorstellung bzw. Krafteinsatz deutet darauf 
hin, da6 das akustische Hilfsmittel unterschiedlich eingesetzt wird und dall sich 
damit auch unterschiedliche Strategien fUr den Umgang mit derZeitproblematik 
ergeben. Folgende Strategien werden von den Untersuchungsteilnehmem themati­
siert: 

l. zahlen 

2. Hauptsachliche Nutzung des akustischen Systems mit 

• Vorstellen der Tonmodulation 

• Innerer Imitation der Tonsequenz 

3. Verbindung von Akustik mit verschiedenep Systemen: 

• Akustische kombiniertmit visueller Vorstelhing 

• Akustische kombiniert mit kinlisthetiseher Vorstellung. 
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Raum-zeitliche Aspekte des 
Bewegungsverhaltens 

Spatial and Time Aspects of 
Motor Behaviour 





WIE ORIENTIERT SICH EIN BLINDER SPORTLER 1M RAUM? 

HANS-GEORG SCHERER, DEUTSCHLAND 

Nach der Befruchtung durch die okologische Theorie der Wahrnehmung ist die ein­
.schHigige psychologische Forschung erneut mit der Aufschliisselung des Mobi­
litatsproblems blinder Menschen beschaftigt. Daraus erwachsen auch Perspektiven 
flir die Arialyse'sportIichen Handeln~ (vgl. Jansson, 1990; Strelow, 1985). 

Sportliches Handeln als zielorientierte Selbstbewegung 

Die meisten sportlichen Handlungen sind mit einer Fortbewegung des Akteurs ver­
bunden. Sportliches Handeln soil deshalb zunachst ganz global und ohne Beriick­
:Sichtigung der je sportartspezifischen Aufgabencharakteristika als zielorientierte 
IS'~lbstbewegung (amerik. "egomotion") betrachtet werden (vgL Jansson, 1990; 
Warren, 1990). Es stellen sich dahei zwei grundlegende Aufgaben: 

.I) ij)er sich Fortbewegende muS die raumlichen Relationen seiner Position zu den 
xelevanten Merkmalen seiner Umgebung, zum Ziel und die Relationen zwischen 
Ldiesen wahrnehmen. Ubersteigt der Umfang des handlungsrelevanten Raumes 

den Wahmehmungshorizont, so' muS die perzeptive Kontrolle durch kognitive 
Elemente erganzt werden. Dieser Horizont ist beim blinden Menschen meist eng 
gezogen .. 

2HDie Fortbewegung muS in Bezug auf das Ziel und die Umgebungsmerkmale 
·kontrolliert werden. Entscheidend ·sind dabei Informationen tiber die Richt(lOg 
lund Geschwindigkeit, sowie iiberEntfemungen, v.a. bei der unmittelbaren 
Anniiherung an Objekte bzw. 'Ziele. 

E~ .. wird sich zeigen, daB - im Unterschied zum Sehenden - der blinde Akt~lJr 
d~ese beiden Teilaufgaben kaum trennen kann und daB Teilaufgabe (1) in der Regel 
il};Teilaufgabe (2) mitgelost wero.en muS. 

D~i3 sie bei Blindheit iiberhauptlosbltr sind; ist erstaunlich, wenn man bed~nkt, 
daB beim Sehenden nahezu alle· Informationen rur eine erfolgreiche Kontrolle 
dieser Relationen iiber das visuelle. Wahmehmungssystem geliefert werden. Ich 
~ihhier relevante okologischeK~nzepte wie optische FlieBmuster, optischer:Pol, 
optische Diehte, Texturgeschwind~gkeit oder time-to-contact nure~iihnen.(vgL 
hj!!rzu Gibson, 1982; Lee, 1980;' Warren, 1990). Zieht man nun sportspezifische 
I\pfgabencharakteristika mit in Betracht, so ergeben sich aus "visueUer Perspek­
tiYct~1 weitere Paradoxa, die das Verhiiltnis von einfachen und komplexen 
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Wahmehmungsaufgaben auf den Kopf zu stellen scheinen. So fallt z.B. blinden 
Sportakteuren das einfache Geradeauslaufen auf einer groBen hindemisfreien FHi­
che iiberraschend schwer, wahrend wesentlich komplexere Aufgaben der raum­
lichen Orientierung beim Schifahren, beim.Rhonradtumen oder gar beim Kajakfah­
ren im Wildwasser vergleichsweise gut gelost werden. 

Infonnationen fUr Wahrnehmungssysteme - praktische Beispiele 

So1che Phanomene verweisen auf die Notwendigkeit, die Kontrolle der Selbstbe­
wegung bei Blindheit nicht nur gewissermafien von "auBen", namlich iiber die 
Fcststellung von Defiziten visueller Leistungen zu analysieren, sondem eincn 
"inneren" Zugang zu der spezifischen psychischen Organisation zu suchen iiber die 
Frage: 

We1che Informationen konnen gegebene Wahmehmungssysteme den durch die 
jeweiligen Aufgabenlosungen gestifteten Person-Umwelt-Beziehungen entnehmen? 

Eine erste Annaherung an die Frage sei an einem einfachen Beispiel illustriert: 

Ein blinder Rollschuh- oder Skateboardfahrer, der in' einer hinderitisfreien 
SporthaHe ohne didaktische Orientierungshilfen seine Runden dreht, benotigt 
Informationen iiberseinen Abstand zu der Wand,~an der er entlangtahrt, umdiesen 
Abstand und seine Bewegungsrichtung zu regulieren, und iib.er seine Annaherung 
~n ~lie Wand, auf die er zufahrt,um seine Bewegungsrichtung r~htzeitig andem zu 
konnen. Die Relation zum Untergrund ist hier zu vemachlassigen, da dieser waage­
recht und plan ist. Neben haptischen (Fahrtwind, Abrollvibrationen, Zentripetal­
krafte) und vestibularen Informationen (Kurveninnenlage, Zentrifugalktaft) ist der 
Akteur . iiberwiegend auf. akustische Informationen angewiesen. Die Abrollge­
rausche erzeugen Resonanzenund Echosam Boden und an den Wanden. Deren 
Veranderungen informieren iiber Annaherungen und Distanzierungen. Handelt es 
sich um einen fortgeschrittenen Fahrer, dem der gegebene Bewegungsraum vertraut 
ist, so erlauben ihm RepIiisentationen des Handlungsraums mit ihrer ::iktionsbew­
genen Struktur und Metrik eine AbschatzUng des Raumes und eine gewisse Antizi­
pation seiner Umweltbeziehungen. Bekannt ist dieserEffekt als Raumgefiihl. Die 
Konstanz und RegelmaBigkeit einer SporthalleJre,giinstigen die Ausbildung so1cher 
Raumschemata. . ' 

Ganz anders stellt sich die raumliche Orientierungbei Sprirtarten im natiirlichen 
GcUindedar. Beim alpinen Schifahren etwaist die Fortbewegung auf verschiedene 
und sich permanent andemde Umweltbedingungen abzustimmen, wie z.B. die 
Gelandeneigung, Oberfllichenstrukturen, Schneebeschaffenheit, die' Position zum 
Hang und den Kurvenwinkel beim Schwingen usw.Gerade diese Verliilderungen' 
nun bieten Informationen im wesentlichen fiirdie haptische Wahrilehmung. So sind' 
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beim Schwingen die Position zum Hang und die Geschwindigkeit iiber die sich im 
schwungverlauf verandernden Kantendruckkriifte wahrzunehmen, und zumindest 
geiibtere Fahrer nehmen Oberflachenstrukturen mit ihren Schischaufeln als ver­
langerten Fii8en wahr. 

Folgt man dem bier zugrundegelegten Analyseschema, indem man nach handlungs­
;~ievanten Umgebungsmerkmalen, nach exekutiven und. perzeptiven Aufgaben und­
~h·t:Jenotigten und entstehendenInformationen fragt, wird deutlich, wieso fiir das 
€1"hiache Geradeauslaufen auf einer Rasenflliche kaum handlungsrelevante Informa­
tiohen zur Verfiigung stehen und fiir den blinden Akteur gewissermaBen ein in for­
mationsarmer Raum entsteht. 

Erkenntnisrelevante Analyseeinheit und theor~tischer Bezug 

Die Beispiele zeigen ebenso wie eine Reihe explorativer Experimente die folgen­
den, auch forschungsrelevanten Zusammenhange: 

OLDie Bedlngungen der perzeptiven Kontrolle sportlicher Bewegungen bei Blind­
:heitsind in hohem MaBe von den Aufgabencharakteristika abhangig. Diese stif­
';ten jespezifische Person-Umwelt-Beziige und bestimmen damit, welche Wahr­
n'ehmungssysteme welche Informationen dariiber gewinnen konnen und welches 
Wahrnehmungssystem die Fiihrungsrolle bei der raumlichen Orientierung iiber­
:nimmt. Auf diesen Zusammenhang weisen auch Experimente mit Sehenden bei 
:,verschiedenen automatisierten Bewegungen hin, wo der Visusausschlu8 zu ganz 
'iiiiterschiedlichen Storungen der Bewegungsablaufe fiihrte (vgl. auch Thomas, 
1977) .. 

2) Ein zweiter Bedingungsfaktor ist in den subjektseitigen Repriisentationen zu 
sehen. Dies entspricht wahmehmungstheoretischen Ansatzen (z.B. Neisser, 
1985; Prinz, 1983), die von einer Wechselbeziehung zwischen reizseitiger 
Information und subjektseitig gespeicherter Information ausgehen. 1m gegebe­
nen Zusaminenhang sind zwei Reprlisentationstypen zu unterscheiden: Dies sind 
~um cinengelemte Koordinatioilsmuster, die Informationen liber raumliche und 
~itliche Relationen liefem. 'Au(die grundlegende BedeutiJng,der iliionalen 
Komponente fiir die itumwahmehmung ~uch vo~ Sehenden machen auch j~ne l.>t . ..... '. - '. 
empirischen Befunde aufmerksam, die fanden, daB der phanomenale Raum nach 
Einheiten der Motorik strukturiert ist (z.B. Warren, 1~84). Unter einem zweiten 
ReprasentationstyP istsymbolisch vennitteltes WisSen iiber raumliche Beziige zu 
subsumieren; das beim Blinden aufgrund des eng begrenzten Wahmehmtings­
horizonts W~mehm'ungsi~formationen des Sehenden er~tienmu8. Erst'durch 
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solche kognitiven Landkarten erhalten vollzugsemergente Wahmehmungsinfor­
mationen ihre Verankerung. 

3) Grundlcgcnde Bedingung ihrer Moglichkeit liberhaupt aber ist fUr die Raum­
wahrnehmung eines blinden Akteurs die Selbstbewegung. Hier liegt ein prinzi­
pieller Unterschied zum Sehenden: 1st der Sehende zur vorausschauenden, akti­
onsbezogenen Abschatzung und Strukturierung des Raumes und damit zur 
wahrnehmungsgesrutzten Antizipation von Person-Umwelt-Bezugen ohne 
Selbstbewegung in der Lage, so enahrt der Blinde wahmehmungsgema6 in der 
Regel erst etwas fiber den Handlungsraum, wenn er sich bewegt. Am Beispiel 
des blinden Akteurs wird die unteilbare Einheit von Bewegen und Wahrnehmen 
und die reziproke Beziehung zwischen beiden evident. Denn die Information fUr 
die Wahmehmung entsteht nur durch die Bewegung und ist zugleiyh Voraus­
setzung jar die zielgerichtete Bewegung, ein Bedin!;ungsverhaItnis, das v. 
Weizsacker (1968) in das Modell des GestaItkreises faBte. 

Ein wesentlicher Teil der Information fUr die Kontrolle der Fortbewegung erwachst 
somit aus dem Handeln se1bst und ihr Wesen liegt in der fortwlihrenden Verande­
rung der Person-Umwelt-Beziehung. Nur. den Veriinderungen imFluB proxirnaler 
Reize kann die Wahmehmung Informationen in Form strul$relle~ Invarianten ent­
nehmen. Es sind, wie Munz (1989, S. 66) es ausdrlickte, ·Nich~eriinderungen in 
Veranderungen", die informativ sind. 

1m Lichte dieses Ansatzes wird deutIich, daB die Wahmehmungssystemeblinder 
Sportakteure viele -Informationen .liefem konnen, die auch das visuelle System 
Iiefert, daB aber <lurch die unmittelbare Bindung der Wahrnehmungandie Selbst­
bewegung diese gewissermaBen immer am Ort des Geschehens ist. Der blinde 
Sportier bewegt sich daher immer auch ein Stuck weit in den vorgestellten Raum 
hinein. 
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DAS MASs UND DIE KONSTANZ RAUM-ZEITLICH 

RELATIONALER STRUKTUREN IN DER IDEOMOTORIK BEl 

RENNSCHLITTENSPORTLERN 

lENS WIEMER UND OLAF POPP, DEUTSCHLAND 

Tbeoretische Grundlagen 

Seit der Ausforrnung der Theorie Generalisierter Programme von Schmidt (1975) 
ist der Problemkreis des Ma6' und der relativen Konstanz relationaler Strukturen 
bei Raum-Zeit- und Kraftmustem von Bewegungen als Invariante bei den verschie­
denen Aufgabenklassen noch mit KHirungsbedarf zu betrachten (Roth, 1987). Die 
Invarianten sind die entscheidenden GroBen im gesamten psychomotorischen 
ProzeB. Sie miissen sowohl in der Wahmehmung, im subjektiven AbbildprozeB bis 
hin zur Motorik (pohlmann, 1986) primiir eine bewegungsregulierende Funktion 
haben. 

1m Leistungssport gilt es, ein hohes Niveau und die Konstanz sportlicher Leistun­
gen zu erreichen. Dies geschieht durch die Sicherung einer dynamisch-relationalen 
Invariante der Bewegungsregulation, vor allem auch bei BeeinfluBungen und 
Abweichungen in bestimmten Ma6zonen (pohlmann, 1986). 

Von Interesse sind dabei die Ma6zonen der psychomotorischen Invarianten: 

a) in denen bei metrischer Variation/Parametertransfer die Invarianten stabilblei­
ben oder "zerbrechen" und eine neue Technikstruktur genutzt wird; 

b) in denen bei qualitativ-topologischer Variation/Programminterferenz die relatio­
nalen Strukturen des Sportlers storresistent sind. 

Sportpraktische Grundpositionen 

Da der Extensivierung des Trainings im Leistungssport Grenzen gesetzt sind, wird 
die Trainingsintensivierung zunehmend zu einem entscheidenden Faktor der 
Leistungsentwicklung (vgl. Frester, 1974). 

Das erfordert besonders im Rennschlittensport neben dem konkret realen Training 
die Anwendung ideeller Trainingsmethoden sowie die verstiirkte Nutzung der 
GesetzinaBigkeiten des motorischen Lemens. 
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Die Vermeidung von Interferenzen und das Sichem von Transfereffekten lassen 
motorischen Lemfortschritt erwarten (Leist, 1978). Fiir den Bereich der Ideomoto­
rik automatisierterlstabiler Bewegungsvollziige sind die Ubertragungsphlinomene 
noch wenig experimentell gestiitzt und deshalb fiir den Praktiker nicht klar zu 
handhaben. 

Aus leistungssportlichen Untersuchungen von Beier (1978) ging hervor, -daB die 
Stabilitat der Vorstellungszeit a1s Ausdruck der Qualitat der Bewegungsvorstellung 
angesehen werden kann. Aus Studien von Gutewort und Loosch (1982) sind ideo­
motorische Reproduktionszeitverllingerungen und aus Studien von Pohlmann 
(1982) ideomotorische Zeitverkiirzungen bekannt. Die Ursachen solcher Verande­
rungen sind bekannt, die strukturellen und zeitlichen Transferwirkungen auf die 
Qualitat der Bewegungsvorstellung jedoch weitgehend unerforscht. 

Aus dicscn Obcrlcgungen heraus sind folgendc Problcmkrcisc zu kliircn: 

a) Existieren individuelle Invarianten bei Bewegungsvorstellungen, bei denen eine 
Zeitverlangerung moglich ist? Wie groB ist dabei die MaBwneder Verllinge­
rung? 

b) Wie stark kann man die Invarianten zeitlich verkiirzen, ohne das relationale 
Zeitmuster zu zerstoren? Gibt es Transfereffekte auf die "normale" Zeit der 
Bewegungsvorstellung? 

c) Wie groB ist die individuelle StorresistenzlBelastungs~~rtrliglichkeit der Ideo­
motorik eines Sportlers? 

Methode 

Der Ideomotorische Steuertest -IST- (pohlmann & Fackelmayer, 1975) steUt ein 
C diagnostisches Verfahren zur Uberpriifung von Schwerpunkten des ideomotorisch­
operativen Abbildes der verinnerlichten Steuerlogik und der Reproduktionsgiite der 
sportlichen Handlung dar. (Wolf, 1989):. . c. 

Im)geratetechnischen Aufbau sind ein standardisierter Me6schlitten mit Gebem in 
Form von Halbleiterdehnme6streifen zur elektrischen Messung von mechanischen 
GroBen (Kriiften) angebracht. 

Der Sportier Iiegt wlihrend des Tests in Fahrlage auf dem Testschlitten und erhlilt 
die Aufgabe, seine beste Realfahrt auf einer Rennschlittenbahn zU simulieren . 
. ,~,~, . -' ~ ... ;.., -,' .. - .' 

Dle~portler rodeln vomentsprechenden start ihrer Wettkampfstrecke und markie-
r/&%lf Hilfe eines Zeittasteri'Start, KUrYeneinfahrt, Kurvemiusfahrt und Zielein-
fahrt. . 
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Test-

8chillten 

Abbildung 1. Geriiteaufbau des 1ST - MeJ3platzes. 

Es wurde folgendes Versuchsprogramm entwickeIt: 

. I. IdeofahrtOberhof -(Erwlirmung) 

2. Ideofahrt Oberhof 

3. Ideofahrt Oberhof 

4. urn 50 % zeitlich gestauchte Ideofahrt Oberhof 

5. urn 100 % zeitlich gedehnte Ideofahrt Oberhof 

6. Ideofahrt Oberhof 

7. Ideofahrt Oberhof 

8. urn 100 % zeitlich gedehnte Ideofahrt Oberhof 

9. urn 50 % zeitlich gestauchte Ideofahrt Oberhof 

10. Ideof3.hrt Oberhof' . 

II. Ideofahrt Oberhof 

12. Ideofahrt Altenberg 

13. Ideofahrt Oberhof 

Wiemer & Popp 

1m Versuch wurden pro Fahrt neben der IdeQgesamtzeit an 29 Stellen (He~en) und 
22 Stellen (Frauen) jeweils Ze~t- und Kraftine6werte' <ietrennt flir beide Beine) 
gewonnen. 
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Das Yersuchsprogramm wurde von 21 Sportlem des B-Nationalmannschaftskaders 
der DDR in der Saison 198911990 durchgefUhrt. 

K9 
R- 25,0m 

Abbildung 2. Geometrisches Anforderungsprofil zweier Bahnen (Oberhof-links; 
Altenberg-rechts). 

Ergebnisse und Interpretation 

Einige erste ausgewlihlte Ergebnisse sprechen: 

• fUr eine lemniveauabhangige und aufgabenspezifische Stabilitiit und Stor-
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resistenz individueller Invarianzen, 

• flir eine individuelle Breite der Ma6zonen bzw. Stauch- und Dehnbarkeit invari­
anter Strukturen. 

Aile Sportler (N =26) sind als Fortgeschrittene im ideomotorischen LemprozeB 
ihrer Sportart zu bezeichnen. Die Gesarntideofahrzeiten der "Norrnalfahrten" 
Oberhof sind zeitlich reJativ stabil (Standardabweichungen). Ein Parametertransfer 
beeinfluBt die individuell relationale Struktur nicht bedeutsam. Die Gesamtideo­
zeiten stabilisieren sich von Fahrt 1 zu 3, iiber 6, 7 und 10, 11 bis Fahrt 13 unge­
achtet aller zeitlichen Storeffekte der Fahrten 4, 5, 8, 9, 12 (fabelle 1). In den un­
geiibten, weniger stabilen (Standardabweichung) Ideofahrten (VerHingerung/Ver­
kiirzung) treten zeitliche Interferenzeffekte foJgender Art auf: 

• eine zeitlich verJangerte Ideofahrt (Fahrt 4) verkiirzt eine zeitlich zu ver­
Hingernde Fahrt (Fahrt 5) 

• eine zeitlich gedehnte Ideofahrt (Fahrt 8) verliingert eine zeitlich zu verkiirzende 
Ideofahrt (Fahrt 9). 

Ubertragungseffekte bei Programminterferenz als topologisch-qualitativ verschie­
dene Bahnanforderungen konnten auch unter Belastung (13 Ideofahrten) und vor­
herigen Parameterstorungen nicht signifikant nachge~iesen werden. 

Tabelle 1. Ideo-Gesamtzeiten. 

Ideofahrtnr.l Mittelwert der Standard-
Kiirze! im Progr. Ideogesamtzeit abweichung 

I IErwlirmung 46.66 s 5.65 
2 INormal 47.04 s 4.46 
3 INormal 46.84 s 3.61 
4 lVerkiirzt 29.31 s 4.52 
5 /Verliingert 64.65 s 9.06 
6 INormal 45.70 s 4.73 
7 INormal 47.47 s 3.86 
8 lVerllingert 77.20 s 7.50 
9 lVerkiirzt 31.99 s 4.18 

10 INormal 46.08 s 3.54 
II INormal 46.46 s 3.84 
12 IAltenberg 60.76 s 5.02 
13 INormal 44.94 s 2.98 

Die mit dem IST-Verfahren ermittelten Werte wurden entsprechenddem Verrech­
nllngsprinzip in individllelle Ideozeitquotienten transformiert'. 
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Die mit Hilfe einer eindimensionalen Varianzanalyse ermittelten F-Werte (F­
Probability) differieren exemplarisch fUr eine Versuchsperson zwischen: 

F-Prob-Werte = 0.4083 < x > 0.4451 

und verdeutlichen fUr die obige Versuchsperson die Gleichheit ihrer relationalen 
Strukturen in den Ma6zonen. Die "normale" und "verkiirzte" Struktur der .ober~ __ 

_ hofer Rennschlittenbahn des Sportlers sind in den Abbildungen 3 und 4 dargestellt. 

-Die von Schmidt (1975), Pohlmann (1986), Roth (1987) u.a. bestimmten Invari­
anten: relatives timing, sequencing, relative Krafteinsatze sind abhangig von der 
Art der motorischen Anforderung in bestimmten und noch zu bestimmenden Gren­
zen oder Mafizonen echt invariant und werden durch variable Programmbestand­
teile so erganzt, daB die Bewegung anforderungsgerecht reguliert werden kann. Die 
relationale invariante Struklur "relatives timing" dieses Sportlers ist in einer 
Ma6zone von 150% slabil und reagiert nicht mit Strukturwechsel. 

Eine Kovariation der Invariante "relatives timing" mit der Invariante "relativer 
Krafteinsatz" in der relationalen Struktur des Sportlers wird in einem nlichsten 
Schritt zu priifen sein. 
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Abbildung 3. Weg-Zeit-Verlauf der relationalen ideomotorischen "normalen'~ 
Struktur der Oberhofer Rennschlittenbahn eines SportJers der B-' 
Nationalmannschaft des DSBV. 
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Abbildung 4. Weg-Zeit-Verlauf der relationalen ideomotorisch "verkiirzten" 
Struktur der Oberhofer Rennschlittenbahn des gleichen Sportier. 
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SPATIAL PREDICTIONS IN CATCHING 

UNDER MONOCULftR, CONDITIONS 

GEERT J.P. SAVELSBERGH, NETHERLANDS, AND HAROLD T.A. 
WHITING, ENGLAND 

Introduction: An Ecological Perspective on Catching 

An ecological perspective on the control of catching assigns primary importance to 
the fact that, for successful catching of a ball, all the necessary information on 
which the spatial positioning and timing of the grasp of the hand is made is 
available in the optic array (Savelsbergh, 1991) The catcher must have access to 
predictive temporal and spatial information. What are the potential sources? 

Monocular Predictive Temporal Source 

The approach of a ball can be considered to give rise to an expanding optical array. 
It was Lee (1976, 1980), who demonstrated that the pattern of optical expansion, 
brought about by the relative approach between the actor and the environmental 
structure of interest, contained predictive temporal information. This information, 
the inverse of the relative rate of dilation of the closed optical contour of a surface 
generated in the optic array, specifies a first order temporal relation between actor 
and environment, namely the. remaining time-to-contact if the speed of relative 
approach were to remain constant (the optical variable Tau). Evidence for the 
primacy of Tau in catching was provided by Savelsbergh and Whiting 
(Savelsbergh, Whiting & Bootsma, 1991; Savelsbergh, Whiting, Pijpers & Van 
Santvoord, submitted) in a series of experiments which required subjects to catch a 
luminous ball attached to a pendulum apparatus (no spatial uncertainty) in a totally 
dark room. Three ball sizes were used, randomized over trials. Two of these were 
5.5 cm and 7.5 cm in diameter. A third ball could be made to change its diameter 
during flight from 7.5 cm to 5.5 cm. By using this third deflating ball, the 
provision of non-veridical information - in the sense that the time-to-contact of 
the approaching ball is not consistent with the rate of optical dilation ~ was 
achieved. The results showed that the time of appearance of the maximal opening 
and closing velocity of the fingers was significantly later for the deflating ball than 
for the balls of constant size as a result of an underestimation of time-to-contact 
under monocular as well binocular vision conditions. The subtlety of the tuning 
demonstrated in these experiments points not only to a closely coupled perception­
action system, but also to the importance of the optical variable Tau for the control 
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and coordination of the timing of the grasp action (for evidence at a muscular level 
.see Savelsbergh, Whiting, Burden & Bartlett, in press). So much for the source of 
timing information. What about precision which is also a prerequisite? Has an 
ecological approach anything to contribute in this respect? 

Monocular Predictive Spatial Information Source 

A source of spatial information, based on the monitoring of optical expansion and 
displacement, has been put forward by Todd (1981). In a series of computer 
simulation experiments, Todd demonstrated that subjects can accurately predict 
whether an approaching object, foJIowing a parabolic flight path, will land in front 
or behind them, even when only part of the trajectory is visually available. Todd 
demonstrated that such information is specified, directly, by the ratio of two time­
to-contact (Tau) components, viz. time-ta-contact with the vertical plane through 
the point of observation and time-to-contact with the horizontal plane through the 
ppint of observation. The following predictions can be made: 

When Tau vertical/Tau horizontal = 1, then the ball will land at the point of 
observation, when Tau vertical/Tau horizontal> 1, then the ball will land behind 
ili'e point of observation and when Tau verticallTau horizontal < 1, then the ball 
w~Illand in front of the pOint of observation. 

'j 

As Todd used computer simulations, binocular cues were not available, i.e., the 
';rodd ratio' can be obtained monocularly. However, the work of McLeod, 
Mctaughlin and Nimmo-Smith (1986), utilising a ball-striking task, showed the 
slmeriority of binocular vision in making spatial predictions. This discrepancy, iIi' 
the literature findings was the motivation for the experiments to be reported. 

".'~"' ~.~. - ; , .' ./ 

r; Experiment 1: Catching Under Monocular and Binocular Conditions 
.r;lu\lf- . , 
IQ.prder to answe~ th~ question whether catching behaviour is superior under 
I:i~~.~;ular rather .than monocular vision conditions, subjects were required to, catch 
t~PEz. the left,ri~ht or b~th eyes ~ere open (Savelsbergh & Whiting, .1992). ,\he 
dependent variables were: number of catch errors (Le., number of balls not 
caught); number of spatial errors (a failure to make contact with the ball in the 
region of the head of the metacarpals) and number of temporal errors (the ball 
makesicontact with metacarpal'regions but grasp is too early or too late). The 
results are graphed in Figure 1. 
:'l'fg.; "' , 

'Y.~~h respect to the dependent variables catch and spatial errors, significantly Illore 
'~rrR~~ I were made und.,er the monocular condition in comparison to the binocular 
cOndition. For the temporal errors it!> significant ,effect of vision w~s found! 
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indicating that the performance under the monocular vision condition reached 
similar performance levels to those under the binocular vision. The latter finding is 
in agreement with the use of Tau information-in order to judge time-to-contact. 
The finding of more spatial errors under the monocular condition in comparison to 
the binocular, is in agreement with the results of McLeod et al. (1986). However, 
the performance under the monocular condition is fairly high. Therefore, the 
superiority of the binocular condition. might be attributed to the fact that subjects 
have more experiences under binocular viewing condition. The second experiment 
will explore this contention. 

g 10 

'a bl Catch errors .. R II Posijion errors 
::I 
.2- II Grasp errors 

i 6 

.... 
0 4 

i 2 

0 
BinoCular Monocular 

Vision condltlon 

Figure 1. The catch, spatial and grasp errors under both vision condition. 

Experiment 2: The Acquisition of Catching Under Monocular Conditions 

In order to remove the possibility of the use of environmental spatial information 
sources (e.g. backgrourid texture) subjects were required to Pei'fOrin and train ...:.. 
monocularly or binocularly - wi~ only a luminous ball, deIlvered by 'a ball­
projection machine with a speed of io inIs, available in an otherWise totaIly dark 
room. 

Two groups of 5 subjects of equal catching ability received training for five 
consecutive days, two training sessions each day (one in the morning and one in 
the evening). A training session consisted of three blocks of thirty trials with a rest 
period of two minutes between each block. One group received training for five 
sessions under the binocular condition and switched over on day 3 to training under 
the'monocular condition (so-called BiMo group). The second group training 
conditions were counterbalanced (so-called MoBi group). 
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,It has to be appreciated that where one source of spatial information is nested 
within another (in the sense, for example, that the binocular condition does not 

""deny -the use of monocular- information whereas the monocular condition, by 
definition, denies the use of binocular information) transfer of training effects 
might be expected. For example, if subjects make use (only) of optical comparity 
spatial information under binocular conditions there should be a decrement _ iu 

yeiformance when, subsequently, they are required to perform under monocular 
'cOnditions although improvement might be expected if they continued to have 
~xperience under the latter condition and, hence, became sensitized to that type of 
~nformation. If, however, subjects - under binocular conditions - are making 
ruse of optical expansion information for makirig spatial judgements in the manner 
'discussed by Todd (1981) for example, the requirement, subsequently to perform 
tiiOer monocular viewing conditions should not produce negative transfer effects. 
i . 
Dependent vanables: the number of balls caught out of 90; the number of complete 
~isses out of 90 trials (a failure to make any contact with the ball). 

a 
The results for both dependent variables for the first five training session are 
graphed in Figure 2, while the findings with respect to the transfer on day 3 are 
graphed in Figure 3. 
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Figure 2. The traiIiing results for the -first five sessions for both -groups 
(M=monocular, B=binocular). 

As" Figure 2 shows, subjects under both monocular and binocular training 
conditions significantly improved their_performance as indexed by number of 
~tphes. The monocular training group also showed a significant reduction in 
spatial errors (as indexed by number of complete misses) over training sessions, 
i.e., they learned to be more spatially accurate in the positioning of the catching 
hand. 
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Transferring, as Figure 3 shows, from performing under the binocular condition to 
_performing under the monocular condition (BiMa-group) resulted in significantly 
more spatial errors being made whereas transferring from monocular to binocular 
(MoBi-group) had no significant effect on spatial errors. 

8' 50 

~ 
B 

l 40 

~ 
5 30 .... 
0 
~ 

j 20 
5 

Figure 3. 

8 

7 
8' 6 B 'a 
] 5 

4 

~ 3 
B B 

M 2 

Session 6 1 
5 Session 6 

Transfer results (session 5 to 6); the BiMo group transfered from 
binocular (B) to monocular (M) and the MoBi group transfered 
from monocular (M) to binocular (B). 

Conclusions 

The findings of both experiments demonstrate that sPatial information derived from 
the Todd-ratio can, in principle, be used by catchers in order to position the hand 
accuratJy in the flight-path of the balI. The fact that the Todd-ratio is composed of 
Tau-variables, implies that this spatial information source is directly and 
monocularly available in the optic array. This does not mean that catcher cannot 
make use of other spatial information sources, e.g., optical comparity or disparity 
(see Bevelery & Regan, 1973; Savelsbergh & Whiting, 1992). In fact, Figure 3 
shows that when' transfered from binocular to monocular a decrement in 
performance is found, which suggests that another (binocullU) spatial source may 
be used under the binocular condition in order to position the catcher's hand. 
Together, these two experiments hint at the use by subjects of multi-sources of 
information-, i.e., subjects are able' to exploit whatever information is available. 
Experience may lead to subjects becoming sensitive to particular kinds of 
information, Le., that provided by monocular viewing' (Savelsbergh & Whiting, 
1992). 
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INTERLIMB INTERFERENCE IN SIMPLE RATIOS 

E. POLLATOU, GREECE, C. WALTER, USA, E. KIOUMOURTZOGLOU 

AND G. MAVROMATIS, GREECE 

Introduction 

The current study gives the chance to study, the bimanual coordination in lab situa­
tion, fact that might be applicable to sport and dance situations. For example the 
"butterfly" swimming stroke can show us how difficult people find it to follow the 
right rhythm. Ideally the legs stroke' and' the arms stroke are in a 2:1 ratio, but 
there is often the tendency for the arrris to follow the movement of the legs in a 1: 1 
ratio. The literature refering to human coordination suggests a simple timing model 
where the nervous system easily divides the temporal sequences into parts of equal 
length according to the accentuate events, called beats (beat-based model, Povel, 
1981; cf. Figure 1). 

Central timing mechanism 

(2 beats) 

(4 beats) 

Figure 1. Simple timing model (adapted by Povel, 1981). 

Duncam (1979) examined a finger tapping task and he observed. a tendency fOl 
each hand to perform the task assigned for the other hand. Klapp (1979) found that 
performance in a periodically repeating keypress was degraded when the tasks 
required by the two hands were not harmonic, but it was not degraded when the 
two tasks had a harmonic related period. 
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This was also suggested by Deutsch (1983) who concluded that the harmonic 
timing relationship, that is inter ratios of 2: 1 and 3: 1, are easily to perform while 
nonharmonic ratios of 3:2 or 5:4 are causing interference. The discrete reversal 
points on fingertapping tasks are used as dependent measure in the studies. 
However, as previously referred to in the "butterfly" stroke, there are sport 
movements in 2: 1 simple ratio that cause interference between the limbs ... Kelso,. 
Holt, Robin and Kugler (1981) observed interlimb interference in harmonic tasks. 
MacNeiIage (1989) found that bilateral movements requiring similar spatiotemporal 
patterns are easy to be performed. On the other hand, tasks that require different 
spatiotemporal patterns seem to be difficult to be performed. 

When we focus on the spatial pattern of the movement rather than on the timing of 
the reversal we may see interference between the two limbs even for harmonic 
rati~s. That is exactly what the current study is examining. 

Method 

20 subjects participated in the study, the data of 18 of them were analysed. The 
. iask required simultaneous bilateral arm movements. The nondominant arm in the 
frequencies of 2.0 Hz (1: 1 ratio), 1.0 Hz (2: I ratio) and .67 Hz (3: 1 ratio). 15 
total trials were produced, 5 trials for each of 3 conditions (cf. Table 1). 

! 

Single 

Paired 

:Table 1. 

Nondominant Arm 

2.0H,z· 

2.0 Hz 

Experimental design. 

.67 Hz 

.67 Hz 

Dominat Arm 

1 .. 0 Hz 2.0 Hz , . 

1.0 Hz : 2:.0 Hi 

. The 1: I ratio was always preSented first while the 2: I and 3: 1 were co6nter­
baIanced among the subjects. Each trial lasted 5' sec. The time period, theariJpli­
tt~e;' the velocity and the pcfrcentage portion of the trajectory were examined to see 
i!~~here was any interference between the arms. The differences between the alone 
(iQeal) and the paired (experimental) conditions for all the variables indicated sub­
<~ntial interference between the limbs. 

Results 

Results were analysed qualitatively and quantitatively. Figure 2A contains an· 
example of relatively successful paired small inconsistancies in the trajectory. 
Figure 2B represents a variation of the • waiting " strategy, the most typical kind of 
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interference that was observed, where the dominant arm was pausing while the 
non dominant was moving. A different category shows a slow flexion of the 
dominant arm compensated for the extra correspondent cycle movements of the 
nondominant. This was· followed by a symmetrical fast extension of both arms 
(Figure 3). 
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Figure 2. Relatively successful 
paired trials (A). 
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IfFthe "overflow" case the interference is detectable in the nondomiriant arm as 
~~ershooting in the extension phase (Figure 4A). The general coupling of both 
alms indj~ted the difficulty of both arms to differenciate their movements (Figure 
As)., 
:, ~;! 1i,,', 

: Qoantitativeresults (repeated measures 2x2 ANOV A) indicated that the arms dis­
,played'interference when they were paired. Analytically, the results for each one of 
"ih~JVariables are as follows: 
'~(.f;_~j·; 'TRr }ime period spent between each two flexion peaks for each of the three 
'frequencies was longer in the paired than in the alone conditions; that indicates 
ti~'mporal interference. 
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Figure 4. Overflow case of 
inteiference (A). 
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Amplitude was determined as the difference between the peak flexion angl¢ and the 
peak extension angle. The paired conditions had larger amplitudes than the alone 
(Figure 5). The nondominant arm had the larger amplitude in the 2:1 ratio. The 
dominant arm increased the amplitude in the 1: 1 ratio and in the 3: 1 while it 
decreased in the 2: 1. One possible explanation why the 1: 1 ratio appeared to have 
interference is due to the superimposition which means that while the pattern was 
the same for both limbs, the effect of the one was added to the other in a form of 
overflow. Amplitude indicated spatial interference. 
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Figure 6. Flexion and extension velocity for the dominat arm . 

. IJlexion velocity and extension velocity showed how fast or how slow the arms 
w~re moving when they have to execute the task in alone or in the paired condi­
tions (Figure 6). It was generally observed' that flexion velocity was greater than 
extension velocity, a fact that shows that the arms were moving faster towards the 
b<:>dy midline (70 deg. flexion). For the D arm results showed a progressively 
'4!-ger difference between the alone and paired velocity as the ratio increased from 
I: I to 3: I. The percentage increase from alone to paired conditions was as follows: 
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for the 1: I ratio 15.5 %, for the 2: 1 ratio was 31.5 % and for the 3: 1 82,5 %. 

That was indicative for the greater interference that appeared in the 3: I ratio. 
Concluding we can say that velocity served as·a variable showing spatiotemporal 
in terference. 

The trajectory continuity was the last and perhaps the most representative measure 
showing interlimb interference. 
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The percentage of time spent in each one of the three locations of 
movement cycle for the non dominant arm in alone trials (A). The 
percentage for the dominant arm in alone trials (B). The percentage 
for the dominant arm in paired trials. 

It represents the percentage of time spent in each one of the three locations (top, 
middle, bottom) of the movement cycle. For a true sinusoidal oscillation each one 
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of these portions should take 33 % of the movement cycle. For the ND arm (Figure 
7A) the proportions remained fairly equal among single and paired conditions. For 
the D arm (Figure 7B) in single conditions the percentages remained fairly equal 
even if there was a slight tendency to spend more time in the extension part. 

In Figure 7C we can see the interesting different slopes that appeared for each of 
the,3 ratios in the paired conditions. In the 1:1 ratio the percentages remained the.­
same through the 3 locations showing no interference between the limbs when they 
moved in the same frequency. In the 2: 1 ratio, there was an evident tendency of 
the'D arm to spend more time on 'the flexion part and less time on the extension 
part of the movement than on the middle of the trajectory. In the 3:1 ratio the 
tendency to spend more time in flexion and less time in extension was even greater 
than in the 2: I condition. This indicates interference between the limbs with the D 
arm apparently waiting until the ND finished the correspondent 2 or 3 cycle 
movements. Trajectory continuity showed spatial interference. 

Conclusions 

Since only harmonic timing ratios were used but interference was evident between 
,the limbs, we can conclude that the current study provides evidence against the 
simple timing model which suggests that the system easily divides the temporal 
·sequences into equal parts. 

)fhe second point that can be concluded is that the spatial pattern seems to be the 
reason of the interference because there was a changing relative phase throughout 
.the experiment. 

'Applying these finding to sport situations, we can give a reason why movements in 
2: 1 ratio, as the "butterfly" stroke, seem to be difficult to perform; because the 
;~'elative phase between the arms and the legs is different. 

Considering other athletic application we can refer to dancers when they have to 
perform different spatiotemporal movements at the same time with different limbs 
(Hammond, 1984). A frequent example is the simultaneous circle arm movement 
in front of the head while the legs are moving in different direction. We can also 
:'refer to the basketball playmakers when they are dribbling the ball with one arm 
i·and at the same time they are showing the game system to the other players with 
'the other arm. 
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ANT!ZIPATION UND REAKTION BEl JlANDLUNGEN UNTER 

ZEITDRUCK IN DEN SPORTSPIELEN 

HEINZ KLEINODER, AUGUST NEUMAIER UNO JOACHIM MESTER, 

DEUTSCHLAND 

Problemstellung 

Bei Sportspielen (Riickschlagspielen) mit hohen Ba1lgeschwindigkdten (z.B. 
-Tennis) steht der Gegenspieler unter groBem Zeitdruck. Dies trifft in besonderem 
MaBefiirden Returnspieler zu. In diesem Zusammenhang stellt sich immer wieder 
tliifFrage, ob die zur VerfUgung stehende Zeit tatslichlich so kurz ist, daB der 
Spieler "antizipieren" muB, urn iiberhaupt erfolgreich agieren zu ko~nen. Aus der 
VieJfalt ·der Begriffsbestimmungen (s. Dobler, Schnabel & Thiess, 1988) wird das 
'hnfabelle 1 beschriebene Verstlindnis der Antizipation zugrundegelegt: 

}rabelle 1. Formen der Antizipation im Tennis: 

··(fl~l} :.. 
··';gnh4: Antizipation 

~Erfahrungsantizipation 
" 
Aufschlagsart und -rich tung 
~ariiizipieren: 
, i 

~'aL taktische Antizipation 
'bta~s Position, Schliige;haltung 

A,ushol-tind Schlagbewegung des 
. AufschHig~rs vor dem Balltreffen. 

Wabrnehmungsantizipation 

Treffort und -zeitpunkt aufgrund der 
Wimmehmung des Ballflugs 
antizipieren 

"Ii~J~orliegenden Bei~Wird v;a. ~ie "EnaMurigsanti.ripation~unterllu~hi; wobei 
~~~:~~ge; ob der Riickschlliger. vO(dem ~TieifPJnkt. deS Aufsch!iig'ersdie J\.~shol­

. o.~~~gung einleitet, besondere Berucksichtigung findet. Bisher wirdder Antizipa­
ti?J:l.~im Sinne einer friihzeitigen Vorwegnahme gegnerischerHandlungen - ein 

'#11' hoher Stellenwert beigemessen (vgl. z,B. Ritzdorf, 1982; Neumaier, 1984, 
12~5). Die Bedeutung der Reaktion tritt dabeieher inden Hintergrund und wird 

:.h.~ufig als abhiingig vom Antizipationsyermogen betrachtet. Zur Uberpriifung die­
~r weitIaufigen Einschiitzung ist das Returnverhalten von Tennisspielern unter-
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schiedlicher Leistungsstiirken (Weltklasse-, Oberliga- und Freizeitspieler) mit Hilfe 
einer High Speed Videokamera (2()(}-400 Bilderls) untersucht worden. Analysiert 
worden ist der zeitliche Ablauf von tennisspezifischer Bein- und Schlagarbeit. Zu 
diesem Zweck ist die Ausflihrung des Returns in einzelne Bestandtelle der Haupt­
und Nebenaktionen gegliedert worden. Zu diesen Zeitmerkmalen zahlen u.a. die 
Differenzen vom "Treffpunkt des Aufschlagers" bis rur "Einleitung der Ausholbe­
wegung" ,bis rum "Beginn der Umkehrphase (Anfang Schlagervorschwung)" bis 
zum "Treffpunkt des Returnspielers" . 

Zeit- uod Geschwindigkeitsmessungen im Sportspiel Tennis 

Ausgangspunkt fUr die oben genannte Fragestellung sind Zeit- und Geschwindig­
kcitsmessungen des 1.12. Aufschlags bei Spielern nationaler und internationalcr 
Spitzenklasse. Dabei sind einerseits die Ballabfluggeschwindigkeiten auf den ersten 
2-3m gemessen, andererseits die Zeitriiume und Geschwindigkeiten auf definierten 
Teilstrecken ermittelt worden (Treffpunkt Aufschlager - Bodenkontakt Aufschlag­
feld - Treffpunkt Returnspieler).Die Messung der Anfangsgeschwindigkeiten und 
die Ermittlung der Zeiten flir die Teilstrec:;ken beim Aufschlag erfolgte mit einem 
High Speed Video bei 400 bzw: 200 Bildernls. Die Messung der Anfangsge­
schwindigkeiten ergibt fUr aufschlagstarke Spieler (J. Hlasek, M. Rosset, M. Stich) 
Werte von fiber 200km/h beim 1. und etwa 140km/h beim 2. Aufschlag 
(Abbildung 1). 
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Abbildung 1. Geschwindigkeitsmessung 1.12. Aufschlag: Weltklassespieler. 


