
Table of Contents

1. Introduction.................................................................................. 1

2. Tone Semantics............................................................................. 3
2.1 The Problem of Tone Semantics.................................................. 3
2.2 Historical Background.................................................................... 4
2.3 Consonance Theory........................................................................ 10
2.4 Cognitive Structuralism................................................................ 13
2.5 The Static vs. Dynamic Approach.............................................. 17
2.6 Conclusion ...................................................................................... 18

3. Pitch as an Emerging Percept.................................................. 21
3.1 The Two-Component Theory of Revesz .................................... 21
3.2 Attribute Theory Reconsidered.................................................... 23
3.3 The Shepard-Tone..................:.......................   23
3.4 Paradoxes of Pitch Perception...................................................... 25
3.5 The Shepard-Illusion...................................................................... 27
3.6 Ambiguous Stimuli........................................................................ 29
3.7 Conclusion ...................................................................................... 31

4. Defining the Framework . ........................................................... 33
4.1 The Computer Model................................:................................. 33
4.2 Representational Categories.......................................................... 34

4.2.1 Signals.................................................................................. 34
4.2.2 Images.................................................................................. 38
4.2.3 Schemata.............................................................................. 40
4.2.4 Mental Representations.........................   41

4.3 Conclusion ...................................................................................... 41

5. Auditory Models of Pitch Perception........................  43
5.1 The Missing Fundamental............................................................ 43
5.2 Auditory Models............................................................................ 44
5.3 SAM: A Simple Model.................................................................. 44

5.3.1 SAM - The Acoustical Representation.......................... 45
5.3.2 SAM - The Synthetic Part.............................................. 46

http://d-nb.info/944543200


X Table of Contents

5.4 TAM: A Place Model.................................................................... 48
5.4.1 TAM - The Analytic Part................................................
5.4.2 TAM - The Synthetic Part..............................................
5.4.3 TAM - Examples................................................................

5.5 VAM: A Place-Time Model..........................................................
5.5.1 VAM - The Analytic Part................................................
5.5.2 VAM - The Synthetic Part..............................................
5.5.3 VAM - Examples................................................................

5.6 Conclusion ......................................................................................

6. Schema and Learning.................................................................
6.1 Gestalt Perception..........................................................................
6.2 Tone Semantics and Self-Organization........................................

6.2.1 Self-Organization as Learning..........................................
6.2.2 Self-Organization as Association......................................

6.3 SOM: The Self-Organizing Map..................................................
6.3.1 Reduction of Dimensionality............................................
6.3.2 Analogical and Topological Representations..................
6.3.3 Statistical Modeling..........................................................

6.4 Architecture....................................................................................
6.5 Dynamics ........................................................................................
6.6 Implementation.............................................................. ...............
6.7 Conclusion .....................................................................................

7. Learning Images-out-of-Time...................................................
7.1 SAMSOM........................................................................................

7.1.1 Selection of Data................................................................
7.1.2 Preprocessing......................................................................
7.1.3 Network Specifications......................................................
7.1.4 Aspects of Learning ..........................................................
7.1.5 Ordering and Emergence.................................................
7.1.6 Conclusion ..........................................................................

7.2 TAMSOM........................................................................................
7.2.1 Selection of Data and Preprocessing..............................
7.2.2 Network Specifications........................ .............................
7.2.3 Ordering and Emergence..................................................

7.3 VAMSOM........................................................................................
7.3.1 Selection of Data and Preprocessing................ ..............
7.3.2 Network Specifications......................................................
7.3.3 Ordering and Emergence..................................................
7.3.4 Tone Center Relationships................................................

7.4 Conclusion ...................................................................................... (0
00

00
00

00
00

 00
*4

*4
*4

*4
*4

*4
*4

 
*4

*4
00

00
00

0)
00

00
 

O
CH

O
O

O
CH

^t
U

*4
00

0C
H

C
ni

-*i
-*0

00
00

»^
.O

O
G

)h
-*»

-*i
-* 

00
00

*4
*4

00
0^

.»
J^

N3
l-*

i-*
 

O
*1

O
W

C
C

O
O

O



Table of Contents XI

8. Learning Images-in-Time.......................................................... 99
8.1 Temporal Constraints in Tonality Perception....... ................... 99
8.2 Tone Images-in-Time.................................  100
8.3 Tone Context Images......................................................................101
8.4 Determination of the Integration Period..................................... 105
8.5 TAMSOM..........................................................................................107

8.5.1 Selection of Data and Preprocessing................................108
8.5.2 Network Specifications........................................................109
8.5.3 Aspects of Learning ............................................................109
8.5.4 Aspects of Ordering and Emergence................................ 110

8.6 VAMSOM.........................................................................................113
8.6.1 Selection of Data and Preprocessing................................113
8.6.2 Network Specifications and Aspects of Learning........... 113
8.6.3 Aspects of Ordering and Emergence................................113

8.7 Conclusion .......................................................................................116

9. Schema and Control.....................................................................117
9.1 Schema-Based Dynamics.........................................  117
9.2 TCAD: Tone Center Attraction Dynamics................................. 117

9.2.1 Schema Responses as Semantic Images............................. 118
9.2.2 Images as States..................................................................119

9.3 TCAD - Stable States...................................................................121
9.4 TCAD - Recognition .....................................................................123
9.5 TCAD - Interpretation...................................................................126
9.6 The TCAD Model ..........................................................................128

9.6.1 Definitions ............................................................................128
9.6.2 Dynamics..............................................................................130

9.7 TCAD - At Work...........................................................................132
9.8 Conclusion ........................................................................................133

10. Evaluation of the Tone Center Recognition Model.............135
10.1 Overview of Other Models..............................................................135
10.2 TCAD-Based Tone Center Analysis..............................................136
10.3 The Evaluation Method..................................................................137
10.4 Bartdk - Through the Keys............................................................138

10.4.1 Analysis................ ................................................................. 138
10.4.2 Discussion..............................................................................138

10.5 Brahms - Sextet No. 2...................  147
10.5.1 Analysis..................................................................................147
10.5.2 Discussion..............................................................................148

10.6 Chopin - Prelude No. 20................................................................149
10.6.1 Analysis..................................................................................149
10.6.2 Discussion..............................................................................149

10.7 The Effect of Phrase - Re-evaluation of Through the Keys ... 153
10.8 Conclusion ........................................................................... 157



XII Table of Contents

11. Rhythm and Timbre Imagery.....................................................159
11.1 Models of Rhythm Perception.......................................  159
11.2 VRAM: A Rhythm Analysis Model................................................160

11.2.1 Detection of Periodicities.....................................  160
11.2.2 VRAM - Analysis..............................................  165
11.2.3 VRAM - Examples............................................................ 165
11.2.4 VRAM - Discussion...........................................................167

11.3 The Analysis of Timbre.................................................................. 168
11.4 Conclusion ........................................................................................169

12. Epistemological Foundations...................................................... 171
12.1 Epistemological Relevance..............................................................171
12.2 Neurophysiological Foundations.................................................... 172

12.2.1 Foundations of Images........................................................ 172
12.2.2 Foundations of Schemata.................................................... 175

12.3 Modular Organization......................................................................177
12.4 Relevance for a Theory of Meaning.............................................. 178

12.4.1 Expressive Meaning and Analogical Thinking............... 178
12.4.2 Expressive Meaning and Virtual Self-movement.......... 179

12.5 Music Semantics and Meaning Formation.................................... 180
12.6 Epistemological Principles..............................................................181

12.6.1 Atomism vs. Continuity...................................................... 181
12.6.2 Cartesian Dualism vs. Monism.......................................... 182
12.6.3 Computational Formalism 

vs. Complex System Dynamics.............................. 182
12.6.4 Representational Realism vs. Naturalism .........................183
12.6.5 Methodological Solipsism 

vs. Methodological Ecologism..........................  183
12.6.6 Cognitivism vs. Materialism..............................................184

12.7 Conclusion ........................................................................................184

13. Cognitive Foundations of Systematic Musicology ................ 187
13.1 Cognitive Musicology, AI and Music, 

and Systematic Musicology................................................... 187
13.2 Historical-Scientific Background.................................................... 188
13.3 New Developments in the 1960s.................................................... 189
13.4 A Discipline of Musical Imagery.................................................... 190
13.5 A Psycho-morphological Account 

of Musical Imagery.................................................................192
13.6 Interdisciplinary Foundations........................................................ 194
13.7 General Conclusion..........................................................................195



Table of Contents XIII

A. Orchestra Score in CSOUND.................................................... 197
A.l The Orchestra File ......................................................................... 197
A.2 The Score File.................................................................................198

B. Physiological Foundations of the Auditory Periphery....... 201
B.l The Ear.............................................................................................201

B.l.l The Outer Ear..................................................................... 201
B.l.2 The Middle Ear................................................................... 201
B.l.3 The Inner Ear ..................................................................... 202

B.2 The Neuron .....................................................................................203
B.2.1 Architecture.........................................................................203
B.2.2 Analysis of Neuronal Activity........................................... 203

B.3 Coding...............................................................................................203
B.3.1 Spatial Coding.....................................................................204
B.3.2 Temporal Coding.................................................................204
B.3.3 Intensity .:...........................................................................204

B.4 The Brain Stem and Cortex ..........................................................204

C. Normalization and Similarity Measures.................................. 207
C.l Similarity Measures......................................................................... 207
C.2 Towards a Psychoacoustic-Based Similarity Measure..............208

References.............................................................................................. 211

Subject Index .......................................................................................225


