Intonation in Spoken Language Generation

Intonation in Spoken Language Generation

Een wetenschappelijke proeve op het gebied van de Letteren

Proefschrift

ter verkrijging van de graad van doctor aan de Katholieke Universiteit Nijmegen, volgens besluit van het College van Decanen in het openbaar te verdedigen op woensdag 4 juli 2001 des namiddags om 3.30 uur precies

door

Erwin Christian Marsi

geboren op 27 november 1968 te Deventer

Promotor: Prof. Dr. C.H.M. Gussenhoven

Co-promotores: Dr. P.A.J.M. Coppen Dr. A.C.M. Rietveld

Manuscriptcommissie: Prof. Dr. L.W.J. Boves Prof. Dr. J. Nerbonne (RUG) Dr. J.M.B. Terken (TUE)

Cover illustration: view from Monte Perdido (3355 m) in the north of Spain, by M. van Beekvelt.

Published by phone: +31 30 253 6006 LOT fax: +31 30 253 6000 Trans 10 e-mail: lot@let.uu.nl 3512 JK Utrecht http://www.let.uu.nl/LOT/ The Netherlands

ISBN 90-76864-07-1 NUGI 941

© 2001 by Erwin Marsi. All rights reserved. Printed in The Netherlands.

Contents

List of Abbreviations xii

Acknowledgements xvii

1 Introduction 1 1.1 Intonation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1.1.1 Pitch accent, intonational phrase, and tune . . . . . . . 2 1.1.2 Acceptability of intonation . . . . . . . . . . . . . . . . 3 1.1.3 Variance in acceptability . . . . . . . . . . . . . . . . . . 6 1.1.4 Acoustic versus symbolic assessment of

acceptability . . . . . . . . . . . . . . . . . . . . . . . . 7 1.2 Spoken language generation . . . . . . . . . . . . . . . . . . . . 9 1.3 Research objective . . . . . . . . . . . . . . . . . . . . . . . . . 11 1.4 Outline of thesis . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2 Theoretical Framework 17 2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 2.2 Prosodic phonology . . . . . . . . . . . . . . . . . . . . . . . . . 17 2.2.1 Prosody . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 2.2.2 A phonological account of prosody . . . . . . . . . . . . 18 2.3 Intonational Phonology of Dutch . . . . . . . . . . . . . . . . . 21 2.3.1 Intonational phonology . . . . . . . . . . . . . . . . . . 21 2.3.2 Pitch accents . . . . . . . . . . . . . . . . . . . . . . . . 22 2.3.3 Boundary tones . . . . . . . . . . . . . . . . . . . . . . . 23 2.3.4 Intonation contours . . . . . . . . . . . . . . . . . . . . 23 2.3.5 Tonal rules . . . . . . . . . . . . . . . . . . . . . . . . . 24 2.3.6 Downstep . . . . . . . . . . . . . . . . . . . . . . . . . . 27 2.3.7 Association Domain . . . . . . . . . . . . . . . . . . . . 27 2.3.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . 30 2.4 Generating intonation . . . . . . . . . . . . . . . . . . . . . . . 31 2.5 Pitch accent placement . . . . . . . . . . . . . . . . . . . . . . . 34 2.5.1 Focus . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 2.5.2 Argument structure . . . . . . . . . . . . . . . . . . . . 39 2.5.3 Rhythm . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

2.5.4 A grammar for pitch accent placement . . . . . . . . . . 42 2.6 Dutch syntax . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 2.6.1 S/VP structure . . . . . . . . . . . . . . . . . . . . . . . 43 2.6.2 NP structure . . . . . . . . . . . . . . . . . . . . . . . . 44 2.6.3 Pronouns are determiners . . . . . . . . . . . . . . . . . 45 2.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

3 Phonological Phrasing 49 3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 3.2 A review of phonological phrase definitions . . . . . . . . . . . 50 3.2.1 Preliminaries . . . . . . . . . . . . . . . . . . . . . . . . 50 3.2.2 Phonological phrasing according to Nespor & Vogel . . 52 3.2.3 Phonological phrasing according to Hayes . . . . . . . . 55 3.3 The phonological phrase in Dutch . . . . . . . . . . . . . . . . . 59 3.3.1 Preliminary algorithm . . . . . . . . . . . . . . . . . . . 59 3.3.2 Phonological phrasing in NP, AP and AdvP . . . . . . . 61 3.3.2.1 Adjacent modifiers preventing a φ-boundary . 61 3.3.2.2 Non-adjacent modifiers triggering a φ-boundary 64 3.3.3 Phonological phrasing in VP and S . . . . . . . . . . . . 66 3.3.3.1 Revised algorithm . . . . . . . . . . . . . . . . 69 3.4 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 3.4.1 Method . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 3.4.2 Corpus . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 3.4.2.1 Text . . . . . . . . . . . . . . . . . . . . . . . . 72 3.4.2.2 Accent distribution . . . . . . . . . . . . . . . 73 3.4.2.3 Syntactic structure . . . . . . . . . . . . . . . 73 3.4.3 Accentuation algorithm . . . . . . . . . . . . . . . . . . 75 3.4.4 Results and discussion . . . . . . . . . . . . . . . . . . . 75 3.4.4.1 RR overshoot errors . . . . . . . . . . . . . . . 76 3.4.4.2 RR undershoot errors . . . . . . . . . . . . . . 78 3.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

4 Intonational Phrasing 81 4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 4.2 Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 4.3 Corpus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 4.3.1 Text . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 4.3.2 Intonational structure . . . . . . . . . . . . . . . . . . . 84 4.3.3 Syntactic structure . . . . . . . . . . . . . . . . . . . . . 84 4.3.4 Prosodic structure . . . . . . . . . . . . . . . . . . . . . 85 4.4 Intonational phrasing according to Nespor & Vogel . . . . . . . 85 4.4.1 N &V algorithm . . . . . . . . . . . . . . . . . . . . . . 85 4.4.2 N &V results . . . . . . . . . . . . . . . . . . . . . . . . 88 4.4.2.1 General . . . . . . . . . . . . . . . . . . . . . . 88 4.4.2.2 Obligatory in the reference,

but none according to N &V ( #/ ∅ ) . . . . . 89

4.4.2.3 Obligatory in the reference,

but optional according to N &V ( #/ | ) . . . . 91 4.4.2.4 None in the reference,

but optional according to N &V ( ∅/ | ) . . . . 93 4.5 Intonational phrasing according to Caspers . . . . . . . . . . . 94 4.5.1 CAS algorithm . . . . . . . . . . . . . . . . . . . . . . . 94 4.5.2 CAS results . . . . . . . . . . . . . . . . . . . . . . . . . 95 4.5.2.1 General . . . . . . . . . . . . . . . . . . . . . . 95 4.5.2.2 Obligatory in the reference,

but none according to CAS ( #/ ∅ ) . . . . . . 96 4.5.2.3 Obligatory in the reference,

but optional according to CAS ( #/ | ) . . . . 96 4.5.2.4 None in the reference,

but optional according to CAS ( ∅/ | ) . . . . . 98 4.6 Intonational phrasing according to Gussenhoven . . . . . . . . 98 4.6.1 GUS algorithm . . . . . . . . . . . . . . . . . . . . . . . 98 4.6.2 GUS results . . . . . . . . . . . . . . . . . . . . . . . . . 100 4.6.2.1 General . . . . . . . . . . . . . . . . . . . . . . 100 4.6.2.2 Obligatory in the reference,

but none according to GUS ( #/ ∅ ) . . . . . . 101 4.6.2.3 Obligatory in the reference,

but optional according to GUS ( #/ | ) . . . . 102 4.6.2.4 None in the reference,

but obligatory according to GUS ( ∅/# ) . . . 103 4.6.2.5 None in the reference,

but optional according to GUS ( ∅/ | ) . . . . . 106 4.7 Intermediary discussion and summary . . . . . . . . . . . . . . 107 4.8 A new approach to intonational phrasing . . . . . . . . . . . . 110 4.8.1 N EW algorithm . . . . . . . . . . . . . . . . . . . . . . 110 4.8.1.1 Appositions . . . . . . . . . . . . . . . . . . . . 111 4.8.1.2 Sentences . . . . . . . . . . . . . . . . . . . . . 113 4.8.1.3 Verb Phrases . . . . . . . . . . . . . . . . . . . 116 4.8.1.4 Noun Phrases . . . . . . . . . . . . . . . . . . 118 4.8.1.5 Coordinations . . . . . . . . . . . . . . . . . . 120 4.8.2 N EW results . . . . . . . . . . . . . . . . . . . . . . . . 122 4.8.2.1 General . . . . . . . . . . . . . . . . . . . . . . 122 4.8.2.2 Discussion . . . . . . . . . . . . . . . . . . . . 124 4.9 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

5 Spoken Language Generation 127 5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 5.2 The architecture of an SLG system . . . . . . . . . . . . . . . . 128 5.2.1 Natural language generation . . . . . . . . . . . . . . . . 128 5.2.2 Speech synthesis . . . . . . . . . . . . . . . . . . . . . . 131 5.2.3 Combining NLG and SS . . . . . . . . . . . . . . . . . . 132

5.2.4 Where to generate prosody . . . . . . . . . . . . . . . . 133 5.2.5 A reusable content-to-speech system . . . . . . . . . . . 134 5.3 Text Planning . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 5.3.1 Application domains . . . . . . . . . . . . . . . . . . . . 137 5.3.2 On the approach to text planning . . . . . . . . . . . . 138 5.3.3 Abstract Phrase Specifications . . . . . . . . . . . . . . 140 5.3.4 Text planning in PTD . . . . . . . . . . . . . . . . . . . 142 5.3.5 Text planning in WFD . . . . . . . . . . . . . . . . . . . 147 5.4 Syntactic realization . . . . . . . . . . . . . . . . . . . . . . . . 151 5.5 Prosodic realization . . . . . . . . . . . . . . . . . . . . . . . . 155 5.6 Speech synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . 155 5.6.1 Phonology . . . . . . . . . . . . . . . . . . . . . . . . . . 155 5.6.2 Phonetics . . . . . . . . . . . . . . . . . . . . . . . . . . 160 5.6.2.1 Duration . . . . . . . . . . . . . . . . . . . . . 160 5.6.2.2 Intonation . . . . . . . . . . . . . . . . . . . . 161 5.6.3 Synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . 165 5.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

6 Syntactic Realization 169 6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169 6.2 The Base component . . . . . . . . . . . . . . . . . . . . . . . . 171 6.2.1 The format of Abstract Phrase Specifications . . . . . . 171 6.2.2 The AGFL system . . . . . . . . . . . . . . . . . . . . . 172 6.2.3 The tasks of Base . . . . . . . . . . . . . . . . . . . . . 174 6.2.3.1 Projecting the basic syntactic structure . . . . 174 6.2.3.2 Adding purely syntactic information . . . . . . 175 6.2.3.3 Adding the structure of compound words . . . 177 6.2.3.4 Expanding numbers and times . . . . . . . . . 178 6.3 The Trans component . . . . . . . . . . . . . . . . . . . . . . . 180 6.3.1 GRAMTSY . . . . . . . . . . . . . . . . . . . . . . . . . 180 6.3.2 Focus distribution . . . . . . . . . . . . . . . . . . . . . 181 6.3.3 Linking arguments to syntactic functions . . . . . . . . 182 6.3.3.1 Voice . . . . . . . . . . . . . . . . . . . . . . . 182 6.3.3.2 Dative shift . . . . . . . . . . . . . . . . . . . . 183 6.3.3.3 Imperative and non-finite clauses . . . . . . . . 183 6.3.4 Auxiliaries . . . . . . . . . . . . . . . . . . . . . . . . . 184 6.3.5 Sentence projection . . . . . . . . . . . . . . . . . . . . 185 6.3.6 Agreement . . . . . . . . . . . . . . . . . . . . . . . . . 188 6.3.7 Word order . . . . . . . . . . . . . . . . . . . . . . . . . 191 6.3.7.1 Verb second . . . . . . . . . . . . . . . . . . . 191 6.3.7.2 Topicalisation . . . . . . . . . . . . . . . . . . 191 6.3.7.3 Extraposition . . . . . . . . . . . . . . . . . . . 192 6.3.7.4 Scrambling . . . . . . . . . . . . . . . . . . . . 193 6.3.7.5 Word order in NP’s . . . . . . . . . . . . . . . 195 6.4 The Flex component . . . . . . . . . . . . . . . . . . . . . . . . 196

6.4.1 Inflection of content words . . . . . . . . . . . . . . . . . 196 6.4.2 Insertion of function words . . . . . . . . . . . . . . . . 198 6.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201 6.5.1 APS’s versus templates . . . . . . . . . . . . . . . . . . 201 6.5.2 Syntactic realization and focus . . . . . . . . . . . . . . 204 6.5.3 Comparison with other systems . . . . . . . . . . . . . . 205 6.5.4 Orthography . . . . . . . . . . . . . . . . . . . . . . . . 206 6.5.5 Coverage . . . . . . . . . . . . . . . . . . . . . . . . . . 207 6.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207

7 Prosodic Realization 209 7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209 7.2 Prosodic phrasing . . . . . . . . . . . . . . . . . . . . . . . . . . 210 7.2.1 Phonological phrase . . . . . . . . . . . . . . . . . . . . 210 7.2.2 Intonational phrase (π) . . . . . . . . . . . . . . . . . . 212 7.3 Pitch accent placement . . . . . . . . . . . . . . . . . . . . . . . 212 7.3.1 Sentence Accent Assignment Rule . . . . . . . . . . . . 212 7.3.1.1 Accenting focused constituents . . . . . . . . . 213 7.3.1.2 Deaccenting the predicate . . . . . . . . . . . . 215 7.3.2 Deaccentuation of NP premodifiers . . . . . . . . . . . . 219 7.3.3 Rhythm Rule . . . . . . . . . . . . . . . . . . . . . . . . 220 7.3.4 Lexical rhythm . . . . . . . . . . . . . . . . . . . . . . . 220 7.3.5 Accentuation of Numerals . . . . . . . . . . . . . . . . . 221 7.3.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 229 7.3.6.1 Distribution of focus over words . . . . . . . . 229 7.3.6.2 Argument or modifier . . . . . . . . . . . . . . 230 7.3.6.3 Accentuation of adverbs . . . . . . . . . . . . . 232 7.3.6.4 Interaction between pitch accent placement and intonational phrasing . . . . . . . . . . . . . . 233 7.4 Tune choice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234 7.4.1 Type of pitch accent . . . . . . . . . . . . . . . . . . . . 234 7.4.2 Boundary tones . . . . . . . . . . . . . . . . . . . . . . . 235 7.4.3 Tone morphemes . . . . . . . . . . . . . . . . . . . . . . 236 7.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238

8 Evaluation 241 8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241 8.2 Method and material . . . . . . . . . . . . . . . . . . . . . . . . 242 8.2.1 Text material . . . . . . . . . . . . . . . . . . . . . . . . 242 8.2.2 Intonation by the human experts . . . . . . . . . . . . . 243 8.2.3 Intonation by the SLG system . . . . . . . . . . . . . . 244 8.2.4 Intonation by the TTS system . . . . . . . . . . . . . . 244 8.3 Results for pitch accent placement . . . . . . . . . . . . . . . . 245 8.3.1 Agreement in accentuation . . . . . . . . . . . . . . . . 245 8.3.2 Disagreement in accentuation . . . . . . . . . . . . . . . 247 8.3.2.1 Too few accents . . . . . . . . . . . . . . . . . 250

8.3.2.2 Too many accents . . . . . . . . . . . . . . . . 251 8.4 Results for intonational phrasing . . . . . . . . . . . . . . . . . 253 8.4.1 Agreement in phrasing . . . . . . . . . . . . . . . . . . . 253 8.4.2 Disagreement in phrasing . . . . . . . . . . . . . . . . . 257 8.4.2.1 Too few boundaries . . . . . . . . . . . . . . . 257 8.4.2.2 Too many boundaries . . . . . . . . . . . . . . 259 8.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259 8.5.1 General remarks . . . . . . . . . . . . . . . . . . . . . . 259 8.5.2 Comparison with other approaches to accentuation . . . 262 8.5.3 Comparison with other approaches to phrasing . . . . . 265 8.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272

9 General Discussion 273 9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273 9.2 The architecture of an SLG system . . . . . . . . . . . . . . . . 274 9.2.1 Combining NLG and speech synthesis . . . . . . . . . . 274 9.2.2 The contribution of the text planner . . . . . . . . . . . 276 9.2.3 The contribution of the syntactic realizer . . . . . . . . 280 9.3 The linguistic theory . . . . . . . . . . . . . . . . . . . . . . . . 282 9.3.1 Phonological phrasing . . . . . . . . . . . . . . . . . . . 283 9.3.2 Pitch accent placement . . . . . . . . . . . . . . . . . . 284 9.3.2.1 SAAR . . . . . . . . . . . . . . . . . . . . . . . 284 9.3.2.2 Additional deaccentuation rules . . . . . . . . 285 9.3.3 Intonational phrasing . . . . . . . . . . . . . . . . . . . 286 9.3.4 Tune Choice . . . . . . . . . . . . . . . . . . . . . . . . 287 9.4 Practical implications . . . . . . . . . . . . . . . . . . . . . . . 288

A Phonological Phrasing in WFD 291 A.1 Aarmunt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291

B Intonational Phrasing in WFD 297 B.1 Aangebrande Orchis . . . . . . . . . . . . . . . . . . . . . . . . 297 B.2 Heggerank . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299

C Pitch Accent Placement and Intonational Phrasing in TD 301 C.1 Ptd-1x-elaborate . . . . . . . . . . . . . . . . . . . . . . . . . . 301 C.2 Ptd-3x-brief . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303

D Pitch Accent Placement and Intonational Phrasing in NR 305 D.1 Num-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 305

E Samples of SLG output 311 E.1 Public Transport Domain . . . . . . . . . . . . . . . . . . . . . 311 E.1.1 Example 1: brief travel description . . . . . . . . . . . . 311 E.1.2 Example 2: elaborate travel description . . . . . . . . . 313 E.2 Wild Flower Domain . . . . . . . . . . . . . . . . . . . . . . . . 316

E.2.1 Example 1: Knikkend Kattekruid . . . . . . . . . . . . . 316 E.2.2 Example 2: Koolmunt . . . . . . . . . . . . . . . . . . . 318 References 321 Samenvatting 339 Curriculum Vitae 347 xii List of Abbreviations

List of Abbreviations

A,AP the syntactic categories Adjective and Adjective Phrase (p. 44) σ the prosodic category Syllable (p. 18) Σ the prosodic category Foot (p. 18) ω the prosodic category Prosodic Word (p. 18) φ the prosodic category Phonological Phrase (p. 18) π the prosodic category Intonational Phrase (p. 18) AD Association Domain (p. 23) Adv,AdvP the syntactic categories Adverb and Adverb Phrase (p. 44) AGFL Affix Grammars over Finite Lattices; a type of attribute grammar (p. 174) APS Abstract Phrase Specification (p. 142) Aux the syntactic category Auxiliary verb (p. 44) Base the base component of SynR (p. 172) C the syntactic category Complementizer (p. 44) CAS the intonational phrasing algorithm by Caspers (p. 96) CONPAS CONtent to Prosodically Adequate Speech; the reusable content-to-speech module of our SLG system (p. 137) Det the syntactic category Determiner (p. 44) F_0 Fundamental frequency (p. 2) Flex the inflection component of SynR (p. 172) GRAMTSY GRAMmaticaal Transformationeel Systeem ‘Grammatical Transformational System’ (p. 182)

GUS the intonational phrasing algorithm by Gussenhoven (p. 100) H high tone (p. 21) %H initial high boundary tone (p. 23) H% final high boundary tone (p. 23) H^∗L High-Low pitch accent (p. 22) H^∗LH High-Low-High pitch accent (p. 22) KUNTTS the TTS system for Dutch developed at the University of Nijmegen (p. 157) L low tone (p. 21) %L initial low boundary tone (p. 23) L% final low boundary tone (p. 23) L^∗H Low-High pitch accent (p. 22) LRR Lexical Rhythm Rule (p. 223) MBROLA MultiBand Resynthesis OverLap-Add; a diphone speech synthesis system (p. 167) N,NP the syntactic categories Noun and Noun Phrase (p. 44) N EW the intonational phrasing algorithm for Dutch proposed in the current work (p. 112) NLG Natural Language Generation (p. 9) NR the text material consisting of Numbers (p. 245) Num,NumP the syntactic categories Numeral and Numeral Phrase (p. 44) N &V the intonational phrasing algorithm by Nespor & Vogel (p. 87) P,PP the syntactic category Preposition and Prepositional Phrase (p. 44) PlanR the text planner of our SLG system (p. 137) ProsR the prosodic realization module of our SLG system (p. 157) PTD Public Transport Domain; the application domain involving travel descriptions (p. 139) PTDGen the SLG system for the public transport domain (p. 139)

PTDPlanR the text planner of our SLG system for the public transport domain (p. 144) Q the syntactic category Quantifier (p. 44) RR Rhythm Rule (p. 41) S the syntactic category Sentence (p. 43) SAAR Sentence Accent Assignment Rule (p. 41) SLG Spoken Language Generation (p. 9) SLH Strict Layer Hypothesis (p. 19) SpeechS the speech synthesis module of our SLG system (p. 157) SS Speech Synthesis (p. 133) SynR the syntactic realization module of our SLG system (p. 153) TD the text material consisting of Travel Descriptions (p. 245) Trans the transformational component of SynR (p. 172) U the prosodic category Utterance (p. 18) URR Unit Rhythm Rule (p. 228) V, VP the syntactic categories Verb and Verb Phrase (p. 43) WFD Wild Flower Domain; the application domain involving botanical descriptions of wild flowers (p. 139) WFDGen the SLG system for the wild flower domain (p. 139) WFDPlanR the text planner of our SLG system for the wild flower domain (p. 149) xvi List of Abbreviations

Acknowledgements

I would like to take the opportunity to thank all the people who have helped me to complete this thesis. To begin with, there are three people who initially started this project, supervised my work, and provided invaluable support all the way. My promotor, Carlos Gussenhoven, has been my primary source of knowledge with regard to the phonology and phonetics of intonation. He also managed to gently correct my English into something readers may actually understand. Peter-Arno Coppen, my first co-promotor, has been largely responsible for my education in generative grammar, and Dutch syntax in particular. His system for interpreting transformational grammars (Gramtsy) has proved to be essential during this project. Toni Rietveld, my second copromotor, has contributed his extensive knowledge of phonetics and speech synthesis, and offered great assistance in all statistical matters. In general, all three of them have always been very involved and supportive.

Thanks to all my colleagues at the Department of Language and Speech, who offered me a room, a computer, and coffee, even when it took some time to finish my thesis. Thanks also to Esther Grabe, Judith Haan, Brechtje Post and the others members of the prosody group for the interesting collaboration. Joop Kerkhoff provided support for the KUNTTS speech synthesizer, and compiled special versions for use in my SLG system. Lisanne Theunissen read parts of this thesis and provided useful comments. My former roommate, Simon van Dreumel, managed to read almost all of the text, and provided so many suggestions and critical questions that I could easily fill ten more PhD projects.

I am grateful to the students of the course on Natural Language Generation for showing me all the things I did not yet know about this topic. Frouke Hermens made an initial implementation of the text planner for generating flower descriptions.

I also indebted to Johanneke Casper, Judith Haan, Cecilia Odé, and Marc Swerts for their intonational annotations, which formed an essential contribution to the final evaluation experiment. Jaques Terken, as a member of the manuscript commission, made many useful corrections and suggestions.

Finally, I would like to thank my friends for keeping me in touch with everyday life, my parents for supporting and encouraging me all these years, and Mireille for all her help and love (and who is probably even more happy than I am that this project is finished).

xviii List of Abbreviations