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At liquidas avium voces imitarier ore
ante fuit multo quam levia carmina cantu
concelebrare homines possent aurisque iuvare.
et zephyri, cava per calamorum, sibila primum
agrestis docuere cavas inflare cicutas.
inde minutatim dulcis didicere querellas,
tibia quas fundit digitis pulsata canentum,
avia per nemora ac silvas saltusque reperta,
per loca pastorum deserta atque otia dia.
[sic unumquicquid paulatim protrahit aetas
in medium ratioque in luminis erigit oras.]
haec animos ollis mulcebant atque iuvabant
cum satiate cibi; nam tum sunt omnia cordi.

- Titus Lucretius Carus (.98 - ¢.55B.C.), De
Rerum Naturam, Liber V [1379-1391]
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Many reasons can be cited for resorting to motor behaviour science in psychology as a departure point
for investigating piano technique. This study compares the merits of the motor and action systems
approaches to motor control and learning in order to assess which approach could be most valuable

in addressing problems of piano playing.

The study commences with an investigation into the traditional motor systems perspective of motor
control. Discussions are rather general and multi-faceted in order to enhance understanding of action
theorists’ criticisms of the motor view - an approach also necessitated by the lack of research

involving piano playing.

Three stages of human information-processing and the way they are influenced by interference are
examined. In the final, i.e. response-programming stage, movements can only be launched in discrete
bursts; this, however, does not influence fluency and continuity in piano playing, because a response
can consist of many subsidiary movements controlled by a motor program. In the response-execution
stage following information-processing, movements are organized with a powerful underlying
temporal structure. Only one such structure can be sustained by the motor program at a time,
explaining the difficulty of executing polyrhythms in piano playing. The generalized motor program
concept can account for certain easily coordinated technical constructs in piano playing. Also,
grounds exist for postulating that rhythm and timing in piano playing are regulated by an internal

clock.

Following discussions on the relative importance of three types of intrinsic feedback for piano
playing and the pointing out of techniques for giving extrinsic feedback, Adams’s closed-loop theory
and Schmidt’s schema theories for motor learning under the motor systems approach are critically
examined. Methods are described for applying schema theory concepts to musical instrument

practice. Motor memory, apparently, is not well understood.

Action theorists regard the motor systems application of the computer metaphor to human motor
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behaviour and the motor programming notion as incorrect. The concept of functionally-defined
actions consisting of postures and movements, which in themselves are actions, is presented. The
ecological view, based on Gibson, that human information-pickup from the environment is direct,
without elaborate central processing, is discussed. Apparent common denominators between two

prominent "methods" for piano playing and action systems theory are pointed out.

Most aspects of action systems theory still need to be tested; much uncertainty is also prevalent

on action learning.

Under the motor systems approach, various scientifically-based premises exist for structuring piano
practice, applying to inter alia massed vs. distributed practice, blocked vs. random practice,
variability in practice, slow practising of rapid passages, and practising “in rhythms". If action theory
is correct in that the motor programming notion is wrong, most of these premises could lose their
scientifically-based claims to validity; so will schema theory. Unfortunately, action theory apparently

cannot offer any scientifically verified alternatives yet.

Much more research will be necessary for either choosing a particular theory or establishing a

fusion between theories as a basis for piano-technical learning.

i
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Verskeie redes kan aangevoer word vir die keuse van motor behaviour science in die psigologie as
vertrekpunt vir 'n ondersoek na klaviertegniek. Hierdie studie vergelyk die motor systems- en die
action systems-benaderings tot motoriese beheer en leer ten einde te bepaal watter benadering van die

meeste nut sal wees vir ’'n ondersoek na klaviertegniese vraagstukke.

Eerstens word die tradisionele motor systems-perspektief van motoriese beheer ondersoek.
Besprekings is van ’n betreklik algemene aard en dek verskeie fasette om begrip van die action-
teoretici se kritiek van die motor-perspektief te bevorder. Hierdie benadering word voorts genoodsaak

deur ’n tekort aan navorsing met betrekking tot klavierspel.

Drie fases van menslike inligtingverwerking en die invloed daarop van interferensie word
ondersoek. Tydens die laaste -, of responsprogrammeringsfase, kan bewegings slegs in diskrete
sarsies geinisieer word. Vloeiendheid en kontinuiteit in klavierspel word egter nie geraak nie
aangesien ’n bewegingsrespons uit verskeie ondergeskikte bewegings, beheer deur deur 'n motoriese
program, kan bestaan. Gedurende die responsuitvoeringsfase na inligtingsverwerking word bewegings
georganiseer met 'n sterk onderliggende tydstruktuur. Slegs een tydstruktuur kan op ’n keer deur die
motoriese stelsel hanteer word, wat verklaar waarom dit moeilik is om poli-ritmes in klavierspel uit
te voer. Die veralgemeende motoriese program kan bepaalde maklik-uitvoerbare tegniese konstruksies
in klavierspel verklaar. Gronde bestaan vir die stelling dat ritme en tydsberekening in klavierspel

deur ’n interne klok gereguleer word.

Die relatiewe belangrikheid vir klavierspel van drie tipes intrinsieke terugvoer word bespreek en
tegnieke vir ekstrinsieke terugvoer word uitgewys. Hierna word Adams se geslotelus-teorie en
Schmidt se schema-teorie vir motoriese leer in die konteks van die moror systems-benadering krities

ondersoek. Wyses vir die toepassing van schema-konsepte ten opsigte van musiekinstrument-oefening

word uitgelig. Klaarblyklik is nie veel bekend oor die motoriese geheue nie.
Action-teoretici beskou die motor systems-toepassing van die rekenaarmetafoor op die mens as

iii
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onjuis. Voorts ontken hulle die bestaan van motoriese programme. Die konsep van funsioneel-
gedefinieerde actions bestaande uit postures en movements, wat actions in eie reg is, word uitgelig.
Gibson se ekologiese perspektief dat die mens direk inligting uit die omgewing opneem, sonder
uitgebreide inligtingverwerking, word bespreek. Faktore in gemeen tussen twee "metodes” vir

klavierspel en action systems-teorie word uitgewys.

Die meeste aspekte van action systems-teorie moet nog aan toetsing onderwerp word; heelwat

onsekerheid bestaan ook rondom action motoriese leer.

Die motor systems-benadering huisves verskeie wetenskaplik-gebaseerde veronderstellings
waarvolgens klavieroefen gestruktureer kan word; hierdie veronderstellings het onder andere
betrekking op massed vs. verspreide oefen, blocked vs. willekeurige oefen, veranderlikheid in oefen,
stadige oefen van vinnige passasies en oefen in "ritmes". As action-teorie korrek is omtrent die
verkeerdheid van die motor-benadering, kan die wetenskaplik-teoretiese verantwoordbaarheid van die
meeste veronderstellings daarmee heen wees. Ongelukkig kan action-teorie klaarblyklik nie

wetenskaplik-bewese alternatiewe verskaf nie ten spyte van bepaalde belowende insigte.

Heelwat meer navorsing word benodig ten einde ’n bepaalde teorie of samesmelting van teorieé

te kies as ’n grondslag vir klaviertegniese leer.

v

Digitised by the University of Pretoria, Library Services, 2012



.
&
UNIVERSITEIT VAN PRETORIA

I-.I UNIVERSITY OF PRETORIA
A 4

YUNIBESITHI YA PRETORIA

CONTENTS

SUMIMALY . . . . e e e e e i
Samevatting . . . .. ... e e e e e e e iii
1 Introduction . ... ... ... ... e e e 1
1.1 A brief survey of thought concerning piano technique since 1750 . .. .......... 1
1.2 Statement of problem and purpose of study . ........ ... . ... ... ... ... 4
1.3 Perspectives from which the present investigationis conducted ... ........... 6
1.4 Research strategy and delimitation of subject material . . .................. 8
1.5 Sidnell’s issues on motor learning in mMUSIC . . . v v v v v i i it e e 11
1.6 Overviewofthe thesis . ... .. ... ... .. iy 14

2 The motor systems approach to motor control with special reference to piano

technique . ... ... . L e e e, 19
2.1 Introduction . . . . o . o L e e e e e e e e e e e e 19
2.1.1 The concept of movement . . . . . . . .t i vt i ittt it et e e e 19
2.1.2 The study area of motorcontrol .. ....... ... ... . . 19
2.1.3 Classification of motor behaviour . . ... .. e e e e e e e e e e 20
2.1.3.1 The continuous/discrete/serial dimension . . . . ............. 21

2.1.3.2 The open/closed dimension . .. ........c..oiveuueeen... 21

2.2 The measurement of MOVemMENts . . ... . ...t i ittt ieeennnnen.. 23
2.2.1 Describing movement characteristics . . .. ... ..o v vttt 23
2.2.2 Describing movement OULCOIME « « « « ¢ v v v v v v vt v e et e e e e e e 24
2.2.2.1 Measures Of IT0r . . . . v v i ittt et e e 24

2.2.2.2 Measures of speed . . .. ... e e 24

2.2.2.3 Measures of response magnitude . . . ... ... L L., 26

2.2.2.4 Measuring speed and response magnitude in piano

Playing . . . . e 26
2.3 Information-processing theory and memory systems . .. ...........00.... 27
2.3.1 The stages of information-processing . . . ... .. ... 28
2.3.1.1 The stimulus-identificationstage . .. ................... 29
2.3.1.2 The response-selection stage . ... ...... ..., 30
2.3.1.3 The response-programming Stage . . . . . ... vt v v v it 31
2.3.2 Memory SYSteIMS . . . v v vt e e e e e e e e e e e e e e e 32
v

Digitised by the University of Pretoria, Library Services, 2012



ﬂ UNIVERSITEIT VAN PRETORIA
\. UNIVERSITY OF PRETORIA
Cutd

YUNIBESITHI YA PRETORIA

2.4 AMENtION . . .t ittt e e e e e e e e e e e 33
2.4.1 The concepts of attention and interference . . ... ... .. ... ... ... .. 33
2.4.2 Theories of attention . . . . . v v o v v ittt e e 34
2.4.3 Attention and interference during and after information-processing . . . . . . . 35

2.4.3.1 Interference in the stages of stimulus-identification
and response-selection . .. ........ ... . . oL, 35
2.4.3.2 Interference and the response-production stage . ............ 36

2.4.3.3 Attention and interference during movements

following information-processing . . ....... ... 37

2.4.3.4 Automatic and controlled processing . ........... ... ..., 39

2.5 ADHCIPALION .« « 4 v v e e i e e e e e e e e e e e e e e e e e e e e e e e 39
2.5.1 Spatial, or event, anticipation . .. ... . ... ...t e 40

2.5.2 Temporal anticipation and the preparation phase in voluntary motor

COmtrol o . o i e e 40

2.5.3 Benefits and costs of anticipation . .. ...... ...t 41

2.6 The influence of stress and arousal on attention . . . ... .... ... .......... 42

2.7 Cybemetics . . v vttt e e e e e e e e e e e e e e e e e e e e e e e 43

2.7.1 Some concepts from control system theory explained . .............. 44

2.7.2 Closed-loop SYStem . . o v« v v v v i i e e e e e e 44

2.7.3 Open-loop System . . . . . . . e e e e e e 48

2.7.4 Feedforward control . . ... ... ... ... e 48

2.8 MOOT PIOZIAIMNS « v« 4 v v v v e v e e et et e et e et et e e e e e 49

2.8.1 Definitionand functions . . . . .. ... .. e e 49

2.8.2 Evidence for the existence of motor programs . . ................. 49

2.8.3 Motor programs and feedback . ........... ... ... . . ... 50

2.8.4 The generalized motor program . . . . . ... ... ittt 51
2.8.5 A motor programming approach to aspects of co-ordination in piano

Playing . . . oo e e 53

2.8.5.1 The concept of coordination . . .. ... .. viv .. 53

2.8.5.2 Coordination between the hands in piano

Playing . . . i e e e e 55
2.8.6 On the extent to which movement is specified by motor programs . ...... 57
2.8.7 A motor programming approach to rhythm and timing .. ............ 58

2.8.7.1 Demands posed by rhythmical organization in

music on the motor system . . ... ... ..., 58
2.8.7.2 The concept of an internal timekeeper or clock .. ........... 59
vi

Digitised by the University of Pretoria, Library Services, 2012



"’V‘
&b
ﬂ UNIVERSITEIT VAN PRETORIA
\. UNIVERSITY OF PRETORIA
Cutd

YUNIBESITHI YA PRETORIA

2.9 Limitations of the motor systems approach as seen from the action systems

PEISPECHIVE . . v v it i e e e e e e e e

2.10 Summary and conclusions . ... ..... ...ttt

3 The motor systems approach to motor learning with special reference to piano

technique . ........ ... . .. .. . e e
3.1 Introduction . . . . . v vttt i e e e e e e
3.1.1 Theconceptof motorskill ....................
3.1.1.1 Definitionof motorskill . . ..............

3.1.2 The concept of motor learning . . . . ..............
3.1.2.1 Definition of motor learning . ............
3.1.2.2 Transfer of motor learning ..............

3.2 Feedback and knowledge of results (KR) .. ..............

3.2.1 Intrinsic feedback .. .. ... ...... ... ... . ...

3.2.2.1 Temporal aspects of KR ... .............
3.2.2.2 Precisionof KR . ........... e
3223 Typesof KP . .. .. o ii i,
3.3 Stagesof motorlearning .. ......... ...
3.4 Two motor learning theories from motor systems theory ... ...

3.4.1 Closed-loop theory of Adams . .................

3.4.1.1 Adams’s closed-loop emphasis vs. the

behaviouristic open-loop emphasis .. .......

3.4.1.2 Feedback . .......... ... .. .........
3.4.1.3 Limitations of the theory . ..............

3.4.2 Schematheory . . .. ... ... i e .
3.4.2.1 Two states of memory: recall and recognition . . .

3.4.2.2 Two types of schema: recall and recognition . . .

3.4.2.3 Recall and recognition schema incorporated into

the global organization for motor learning . . . . .

3.4.2.4 Variable practice . ....... [

3.4.2.5 Motor learning may be primarily rule learning and

not learning of responses . .. ............

vil

Digitised by the University of Pretoria, Library Services, 2012



"'V_
&b
W UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
Cutd

YUNIBESITHI YA PRETORIA

3.4.2.6 Limitationsof thetheory . .......... ..., 92

3.4.2.7 Application of schema theory to musical
instrument performance . .. .. ... ... e .. 92
3.5 Motor retention and MEMOTY .« « v v v v v v vt ittt et te e e e 94
3.5.1 On theories of forgetting . ... ... ittt ittt innnennns 95
3.5.2 Long-term motor MEMOIY . « v v v v vttt et et e it e e v nena s o 96
3.5.3 Short-term mOtOr MEMOTY .+ . v v v v v ittt e ettt et e o nne e 96
3.5.4 Warm-up decrement . . ... ... ittt it e e 97
3.6 Summary and conClusions . . . .. .. .. il e e e e 98

4 The action systems approach to motor control and learning with special reference

to piano technique . . . . ... . . ... . e e e e 101
4.1 Introduction . . . . v vttt i e e e i e s 101
4.2 The action systems approach tomotorcontrol . .. ..... ... ... .. ... ... 104

4.2.1 Degrees of freedom as a common point of departure for the action

and mOtor VIEWPOIIES + « v v v v v vt it ittt e e e 104
4.2.2 Actions VS. MOVEINENLS &+ + v v v v v v v v oot v ot oot ao o e s anaean 104
4.22.1 PoStUIes . . . . oo it e e e e 105
4.2.22 MoOvements . . . . .o v v vt ittt e 106
4.2.2.3 Posture as the principal catalyst in piano

technique: the method of Taylor . ... . . ... ... ... .. ..., 107
4.2.3 Postural precedence effects . . . ... ... .. i i e 110
4.2.4 Action systems and actioncycles . ... ..o e 111
4.2.5 BasiC 8CtONS « « v v v v vt i e e e e e e 112
4.2.6 Tool use with specific reference tothe hand .. ... ............... 113
4.2.7 The dynamical systems approach . . .. .. ... .. vttt eenn. 115
4.2.8 The action approach to information assimilation . ................. 117
4.2.8.1 Sensation, perception and proprioception . . . . . ... ... .. 117
4.2.8.2 Perceptual systems . ........ ... ... 119

4.2.9 Piano playing as a goal-directed activity in the action systems theory
SEISE v v v i e e e e e e e e e e e 123
4.2.9.1 Technique and the aesthetic goal . . . ... ................ 123
4.2.9.2 Whiteside’s approach to piano playing . ................. 126
4.3 The action systems approach to motor learning . . ........... ... ..., 128

4.4 Limitations of the action systems approach as seen from the motor systems
PEISPECLIVE .« o v v i ittt e e e e e e e 129

4.5 Summary and conclusions . . ... ... ... . . i e 130

viii

Digitised by the University of Pretoria, Library Services, 2012



.
&
UNIVERSITEIT VAN PRETORIA

I-.I UNIVERSITY OF PRETORIA
A 4

YUNIBESITHI YA PRETORIA

5 Concepts from motor control and learning as a basis for practising the piano . . .. .. 134
5.1 Introduction . . . . .o o i e e 134
5.2 Prepractice conditions . . . ¢« v v ittt e e e e e e e e e e 136

5.2.1 Motivational aspects . . . .. ...l e 136
5.2.2 Developingaconcept of thetask ... ....... ... ... ... ... ..., 137
5.2.2.1 Verbalized instruction . . .. ... .. ... ... i 137
5.2.2.2 Modelling of the task and observational learning . . ... ....... 138
5.2.2.3 Verbal pretraining . . . . . . . ..ttt e e 140

5.2.2.4 Knowledge of principles from physics and
physiology .. ... ... .. . . . e e, 141

5.2.2.5 Establishing a reference of correctness before
PractiCe COMIMEICES . .« ¢ v v v v v v v v e e v et ee e e e e e una 142
5.3 Structuring of practice . . . . . o i e e 143
5.3.1 On the number of practice trials . . .. ... ... ... ... ... ... 143
5.3.2 Massed vs. distributed practice .. .. ... ... e e 144
5.3.3 The time involved in massed practice . . . ... .. ... .. 144
5.3.4 Variability in practice . . . . .. ot ittt e 145
5.3.5 Blocked vs. random practising . . . . . ... .o e 146

5.3.6 Resemblance between the conditions of practice and conditions of

performance . . .. ... ... e 147
5.3.7 Slow vs. fast practice for acquiring piano-technical skills . ... ... ..... 148
5.3.8 On practising in varied rhythmical patterns . . . . .. ... ... ... ...... 150
5.4 Conditions of practice and transfer . . . . ... ... ... ... .. ... ... . ..... 151
5.4.1 Basic principlesof transfer . ... ... . ... ... .. L L o i 151
5.4.1.1 "Motor transfer issmall" .. ... ... ... ... . . . . . 0., 151
5.4.1.2 "Transfer depends on similarity" . . . ... ... ... ... ... ..., 152
5.4.1.3 Negative transfer . ... .. ... .. ... 153
5.4.2 Practising the whole vs. practising inparts . . ... ... ... .......... 153
5.5 Mental Ppractice . . v o v v i e e e e e e 155
5.6 GuUIdanCe . ..o v i e e e e e e e e e e 156
5.7 Summary and conclusions . ... .. ... e 157

6 General conclusions . ..... ... ... ... .. 160

Bibliography . . . . . .. e e 164

1 Listofcited literature . . . . . . .. oottt e e e e 164

2 List of consulted literature . . . . . . . . .. e 172

1X

Digitised by the University of Pretoria, Library Services, 2012



	FRONT
	Acknowledgement
	Title page
	Quotation
	Summary
	Samevatting (Afrikaans)
	Contents

	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Bibliography



