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'lk moet van-tyd tot-tyd iemand ten-tonele voeren - ik zal 't zo 
weinig mogelyk doen - die inderdaad een manier van spreken 
had, welke my doet vrezen verdacht te worden van een mislukte 
poging om u te doen lachen, en hierom moet ik u uitdrukkelijk 
verzekeren dat het niet myn schuld is, als de hoogstdeftige 
resident van Bantam, van wie hier de rede is, iets z6 eigenaardigs 
vertoonde in zyn wyze van spreken, dat het me moeielyk valt dat 
weer te geven, zonder de schyn op mete laden dat ik effect van 
geestigheid zoek in een tic. Hy sprak namelyk op een toon, alsof 
achter elk woord een punt stond, of zelfs een lang rustteken, 
en ik kan de ruimte tussen zyn woorden niet beter vergelyken 
dan by de stilte die er volgt op het 'amen' na een lang gebed 
in de kerk, hetwelk zoals ieder weet, een sein is dat men de 
tyd heeft tot verzitten, hoesten of neussnuiten. Wat hy zeide, 
was gewoonlijk goed overdacht, en wanneer hy zich die ontydige 
rustpunten had kunnen afwennen, zouden zyn zinsneden, uit een 
redekunstig oogpunt althans, meestal een gezond aanzien gehad 
hebben. Maar al dat afbrokkelen, dat stotterige en hobbelige, 
maakte het aanhoren lastig. Men viel er dan ook dikwyls over. 
Want gewoonlyk, als men begonnen was te antwoorden in de 
goedige mening dat de zin uit was, en dat hy de aanvulling 
van 't ontbrekende aan de scherpzinnigheid van zyn toehoorder 
overliet, kwamen de nog ontbrekende woorden als trainards van 
een geslagen leger achteraan, en deden u gevoelen dat ge hem 
in de rede waart gevallen, wat altyd onaangenaam is.' 

(Multatuli, Max Havelaar) 



Voorwoord 

H ET in dit proefschrift beschreven onderzoek is, in opdracht van 
de Universiteit van Antwerpen (UIA), uitgevoerd op het Insti

tuut voor Perceptie Onderzoek (IPO) in de periode tussen 1 augustus 
1991 en 31 oktober 1993. Het onderzoek werd gedeeltelijk gesponsord 
door het Nationaal Fonds voor Wetenschappelijk Onderzoek (NFWO) 
van Belgie. De volgende mensen hen ik erkentelijk voor hun hulp bij 
de totstandkoming van dit werk: Rene Collier, Jacques Terken, Her
man Bouma, Don Bouwhuis, Ronald Geluykens, Georges de Schutter, 
Berry Eggen, Hugo van Leeuwen, Angelien Sanderman, mijn collega's 
van de Nederlandse prosodie-club en alle medewerkers van het IPO voor 
de ongelooflijk goeie werksfeer op dit instituut. 

Mijn ouders bedank ik omdat ze altijd in mij zijn blijven geloven en 
mij hebben leren leren. 

Bieke bedank ik voor al haar begrip en steun en omdat ze me op de 
juiste tijdstippen het relatieve van deze dissertatie heeft doen inzien. 

Eindhoven, december 1993 

Marc Swerts 



List of Figures 
List of Tables 

1 General introduction 
1.1 General scope 

1.1.1 Discourse 
1.1.2 Sound ... 

Contents 

1.1.3 Discourse and sound 
1.2 Previous studies . . . . . . . 

1.2.1 Studies of spontaneous speech 
1.2.2 Studies of read-aloud speech 
1.2.3 Conclusion . . . . . 

1.3 Outline of this dissertation 

2 Methodology 
2.1 Introduction . . . . . . . . ... 
2.2 Problems of experimental control 

2.2.1 Control over the speaker 
2.2.2 Control over the listener 

2.3 Prosodic cues to 'finality': an experiment 
2.3.1 Introduction . 
2.3.2 The speaker . . . 
2.3.3 The listener 
2.3.4 Speaker and listener 

2.4 Discussion and conclusion 

3 Melodic cues for unit-final utterance position 
3.1 Introduction . 
3.2 Experiment I . . . . . . ... 

x 
XI 

1 
2 
2 
3 
4 
5 
6 
9 

11 
12 

15 
16 
17 
17 
19 
20 
20 
21 
22 
23 
25 

29 
30 
32 



Vlll Contents 

3.2.1 Experiment la: pairwise comparisons technique 35 
3.2.2 Experiment lb: absolute rating method 39 
3.2.3 Discussion . 43 

3.3 Experiment II 44 
3.3.1 Experiment Ila: pairwise comparisons technique 46 
3.3.2 Experiment Ilb: absolute rating method 49 
3.3.3 Discussion . 51 

3.4 Experiment III .. 52 
3.4.1 Experiment Illa: pairwise comparison technique 54 
3.4.2 Experiment Illb: absolute rating method 57 
3.4.3 Discussion . 58 

3.5 General discussion and conclusion . 59 

4 Melody and pause between and within discourse units 63 
4.1 Introduction . 64 
4.2 The speech data . .. 65 

4.2.1 Segmentation .. 65 
4.2.2 Additional evidence for discourse structure 67 

4.3 Acoustic analysis of speech melody and pause 69 
4.3.1 Speech melody: boundary tones 69 
4.3.2 Speech melody: F0 maxima 74 
4.3.3 Speech melody: global use of F0 values 77 
4.3.4 Pauses 78 

4.4 Prosodic features as perceptual cues . 84 
4.5 General discussion and conclusion . 88 

5 Melody and duration as cues for consecutive utterance 
positions 91 

92 
93 
94 
96 
96 
96 
97 
97 

5.1 Introduction ... 
5.2 Methodology 

5.2.1 Elicitation 
5.2.2 Perceptual method 

5.3 Experiment I . . . . . . . 
5.3.1 Purpose ..... . 
5.3.2 Experimental procedure 
5.3.3 Results and discussion 
5.3.4 Conclusion . 

5.4 Experiment II . . . . . . . . . 
. 104 
. 105 



Contents 

5.5 

5.4.1 Purpose ........ . 
5.4.2 Experimental procedure 
5.4.3 Results and discussion . 
5.4.4 Conclusion . . . . . . . . 
General discussion and conclusion 

ix 

. 105 

. 105 

. 107 

. 108 

. 110 

6 General conclusion 113 
6.1 Introduction . . 114 
6.2 Methodology . . . 114 
6.3 Main findings . . . 116 

6.3.1 The speaker . 116 
6.3.2 The listener . 117 

6.4 Limitations . . . . . 118 
6.4.1 A descriptive approach . 118 
6.4.2 Analysis of speech melody and duration . 119 
6.4.3 Investigation of neutral monologues . 120 

References 121 
Summary 129 
Samenvatting 132 
Curriculum Vitae 135 



2.1 

3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 

4.1 

5.1 
5.2 
5.3 
5.4 
5.5 
5.6 

List of Figures 

A spatial grid-like network 

Contours experiment I . . 
Parameter value estimates Experiment Ia . 
Mean ratings Experiment lb . . . . . . . . 
Parameter value estimates Experiment lb . 
Contours experiment II . . . . . . . . . . . 
Parameter value estimates Experiment Ila 
Mean ratings Experiment Ilb . . . . . . . 
Parameter value estimates Experiment Ilb 
Contours experiment III . . . . . . . . . . 
Parameter value estimates Experiment Illa . 
Mean ratings Experiment Illb . . . . . . . . 
Parameter value estimates Experiment Illb . 

Mean F0 of successive clauses within instructions 

Example of a city plan 
Mean end frequencies . 
Mean durations . . . . 
Comparison of two measurements of speech rate 
Stylized representation of two stimulus parameters . 
Parameter value estimates . . . . . . . . . . . . . . 

21 

34 
38 
41 
43 
47 
49 
50 
51 
54 
56 
57 
58 

79 

95 
99 

. 103 

. 104 

. 106 

. 109 



List of Tables 

2.1 Listeners' classifications of circle positions . . . . . . . 23 
2.II Relation between circle positions and contour type . . 24 
2.111 Relation between circle positions and register variation 25 
2.IV Relation between circle positions and range variation . 26 

3.1 

3.11 

3.111 

4.1 
4.11 

4.111 
4.IV 
4.V 

Order of stimuli with respect to degree of finality in 
experiment Ia . . . . . . . . . . . . . . . . . . . . . 
Order of stimuli with respect to degree of finality in 
experiment Ila . . . . . . . . . . . . . . . . . . . . . 
Order of stimuli with respect to degree of finality in 
experiment Illa . . . . . . . . . . . . . . . . . 

Frequencies of low and non- low boundary tones 
Frequencies of F0 peaks as a function of discourse po-
sition ......................... . 
Mean peak height of accents . . . . . . . . . . . . . 
Mean pause durations at various discourse locations 
Results of perception test . . . . . . . . . . . . . . . 

5.1 Listeners' classifications of the utterances of the route 

5.11 
5.III 

descriptions . . . . . . . . . . . . . . . . . 
Distribution of different types of contours 
Mean finality ratings . . . . . . . . . . . . 

36 

48 

55 

71 

75 
77 
82 
86 

97 
. 101 
. 108 



Chapter 1 

General introduction 

Abstract 

Chapter one introduces the topic of this thesis: the study of poten
tial prosodic correlates of discourse units. In the first section of this 
chapter it is argued that prosody, defined as the set of supraseg
mental features, is the most likely candidate to be used for marking 
the boundaries and the internal structure of these units. Section 
two focuses on previous work dealing with discourse prosody and is 
subdivided into a discussion of studies of spontaneous speech and of 
read-aloud speech. Against the background provided by the results 
of previous investigations and the problems associated with them, 
section three presents the principal aims of the present study: {i) to 
look at speaker and listener behavior, {ii) to approach characteristics 
of spontaneous speech in an experimental way, (iii) to concentrate 
on monologues rather than dialogues and (iv) to restrict the inves
tigation to the analysis of melody and duration. 
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1.1 General scope 

1.1.1 Discourse 

T HE text you have started to read is intended to be a well-composed 
whole with a clear structure. This would appear, for instance, from 

the fact that it can be partitioned in increasingly smaller units, like 
sentences, clauses, words and syllables, among which hierarchical rela
tionships hold. Part of this organization is highlighted by typographical 
means, as components such as letters, words and sentences can easily 
be discerned. 

One can also distinguish segments at a higher level. That is, an 
attempt has been made to present the contents of this dissertation in 
digestible chunks of information: sentences dealing with some common 
aspect are put together in a logical order. A piece of text, consisting 
of a sequence of sentences on the same topic, is generally referred to as 
a discourse unit. Such a unit can have a correlate in the layout of the 
text in the form of a 'paragraph', so that a first glance at the text can 
give one already a hint about larger blocks of information. Visual cues, 
signalling which sentences build a macro-unit, are to some extent re
dundant, as one can perhaps infer the textual structure from the actual 
wording. But these cues are not superfluous because in highlighting the 
informational makeup of the text, they probably facilitate the reading 
process. 

Comparably to written texts, spoken messages are more than mere 
concatenations of isolated utterances. A relevant question is whether 
in this language modality, too, a language user can employ particular 
(non-lexical) devices to clarify which stretches in the stream of speech 
form coherent segments. This issue is all the more relevant since the 
need for extra information about discourse organization may be greater 
in spoken language than in its written counterpart, due to the evasive 
character of the former. Speech sounds immediately die away the mo
ment they are uttered, so that signals that support the structure of 
the spoken discourse are very helpful in order to get across a message 
felicitously. In face-to-face interaction, a listener can also extract in
formation from cues like gaze, body gestures and facial expressions a 
speaker supplements his utterances with. 
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However, such non-verbal cues are of no use in types of speech com
munication where the dialogue partners cannot see each other. Yet, two 
people who are conversing over the telephone generally do not have spe
cific problems with understanding what is being said. This leads one 
to expect that cues about larger-scale discourse structure (other than 
the actual words and the syntax) may also be encoded in the speech 
signal itself. In order to come up with hypotheses about which aspects 
of speech are the most likely to have such signalling function, one has 
to consider in greater detail the 'substance' of spoken language, 1.e., 
the speech sounds. 

1.1.2 Sound 

In describing the sound shape of a language, it is common practice to 
distinguish between a segmental and a supra-segmental (or prosodic) 
level. The former refers to the individual speech sounds seen as the ba
sic units into which a continuous stream of speech can be (sub )divided. 
The latter comprises vocal features such as speech melody, tempo, loud
ness, pause, that are no typical attributes of the single segments, but 
are characteristic of longer stretches of speech. There are both similar
ities and differences between these two dimensions. 

The segmental and the supra-segmental level are alike, in that the 
range of permissible variation within both domains is language-specific. 
When talking, human beings make only limited use of their vocal capa
bilities, as they articulate merely a subset of the sounds they are able 
to utter. The sound shape of an utterance is to a large extent dictated 
by a linguistic code, i.e., a specific ensemble of conventions the speaker 
shares with the members of the same language community. Thus, at 
the segmental level, it appears that the sound / s / is part of the Dutch 
phonetic inventory, but / (J / is not. Similarly, prosodic variation is also 
restricted within language-specific bounds: a foreign speaker who has 
not mastered the rules for Dutch prosody can sometimes be recognized 
as speaking with a foreign accent, while his pronunciation of the indi
vidual words may be faultless. In other words, both the segmental and 
supra-segmental aspects of the sound shape of a. language are conven
tionalized, though a. speaker is generally not a.ware of that fact when 
producing speech. 
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The two levels of sound structure are different in the role they play in 
verbal communication. On the one hand, the individual speech sounds 
serve as basic building blocks out of which meaningful units are con
structed. Though they have no intrinsic meaning of their own, they may 
change meaning in a discrete way, as the replacement of one phoneme 
by another creates a completely new word. On the other hand, prosodic 
variation is usually not distinctive in this structural linguistic sense, but 
rather has expressive power: it adds something to the content of the 
message which is not already conveyed by the meaning of lexical items 
or syntax. 

This extra information is multifarious. At a lower level, for in
stance, prosodic characteristics partly explain the so-called cocktail
party phenomenon, namely the fact that one can keep track of the 
voice of one particular talker, in the context of competing noise (like 
the speech of other people; Brokx, 1979). At a linguistic level, prosody 
may be used to make words more prominent by providing them with 
an accent, so that they stand out from their environment (Bolinger, 
1958; Terken, 1984, 1991 ). Also, particular emotions, such as anger, 
happiness, and the like, can be conveyed by appropriate prosodic pat
terns (Murray and Arnott, 1993; Vroomen, Collier and Mozziconacci, 
1993). Research by Cooper and Paccia-Cooper (1980), Price, Osten
dorf, Shattuck-Hufnagel and Fong (1991) and de Pijper and Sanderman 
(1993) has demonstrated that melodic and durational variables are ex
ploited to subdivide a sentence into successive phrases. Prosody can 
also signal whether a speaker wants to continue or rather finish his 
speaking turn in a conversation (Cutler and Pearson, 1986). In other 
words, prosody appears to be a multi-functional phenomenon. 

1.1.3 Discourse and sound 

The previous section has shown that prosody is a flexible structur
ing device in spoken language. Speakers modulate it to provide their 
utterances with extra information in order to secure successful commu
nication. Therefore, it is legitimate to ask whether some of the added 
information also concerns larger-scale discourse units. This will be ex
plored in this dissertation. 

Firstly, it is investigated whether prosody can have a demarcative 
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function, i.e., whether it is used to partition a spoken text into discourse 
units. Both local and global prosodic features may be exploited for this 
segmentation. The former refer to those characteristics that occur at 
or between the boundaries of consecutive units, the latter have to do 
with overall properties having the whole discourse unit as their domain. 
Evidence for both local and global prosodic demarcation has already 
been found with respect to the segmentation of phrasal units. It has 
been shown that utterances can be chunked into successive phrases by 
the use of typical melodic and durational features at the initial and ter
minal edges of these phrases (Cooper and Paccia-Cooper, 1980; Price, 
Ostendorf, Shattuck-Hufnagel and Fong, 1991; Wightman, Shattuck
Hufnagel, Ostendorf and Price, 1992; de Pijper and Sanderman, 1993). 
Additionally, it has been observed (see, e.g., 't Hart, Collier and Cohen, 
1990) that such phrases are often also provided with a global compo
nent in the form of declination, being defined as a gradual decrease in 
pitch over a prosodic domain. 

Next to the issue of segmentation, it can be studied whether prosody 
may provide signals about the content of a given discourse unit. If 
a sequence of sentences is devoted to one particular topic, prosodic 
features may highlight words which give an indication of what this unit 
is all about. In written language, this would correspond to the use of 
underlining or italics to emphasize important words in a discourse unit. 

The research questions mentioned above will be tackled in this thesis 
with the main emphasis on aspects of segmentation. They will be 
approached from the perspectives of the two primary participants in the 
communication chain, i.e., the speaker and the listener. The underlying 
reason for doing so is that, in order to be communicatively relevant, 
prosodic features of discourse units should not only be encoded by the 
speaker, but should also be retrieved and used by listeners in their 
interpretation of a spoken message. 

1.2 Previous studies 

This section gives an overview of earlier investigations dealing with re
lations between prosody and information structure, in order to present 
a background against which the present study has to be situated. It 
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should make clear what knowledge is still lacking in this particular 
research area. 

Only those studies that have prosody as their central research topic 
will be dealt with, though there is an abundance of articles which in
cidentally refer to prosodic characteristics of discourse. The treatment 
of the literature will be divided into studies of spontaneous speech, 
and those of read-aloud speech. The two types of studies are totally 
different in nature, and situated in different research traditions. The 
former are mostly linguistically oriented, whereas the latter are gener
ally experimental-phonetic. More importantly, the focus of attention 
appears to be distinct: the studies of spontaneous speech mainly con
centrate on local boundary phenomena, whereas the studies of read
aloud speech primarily look at global correlates of discourse units. 

1.2.1 Studies of spontaneous speech 

Database studies 

Database oriented studies that look at relations between larger-scale 
discourse structure and prosody are rather scarce. 

Brown, Currie and Kenworthy (1980) have based their study on 
speech data drawn from a series of over 100 interviews with speakers 
of Edinburgh Scottish English. According to the authors, coherent 
discourse segments are marked by the distribution of utterance-final 
pitch characteristics, i.e., low and non-low boundary tones. The former 
are used to signal that there is more to come on the same topic, whereas 
the latter serve to indicate the end of a topical unit. The authors 
also found that these tones are not exclusively employed for signalling 
information structure, but also to regulate the turn-taking mechanism. 
Further prosodic indications of topic structure are: a shift-up in pitch 
register to mark the introduction of a new topic, low unstressed syllables 
at the end and long pauses between units. 

In Yule (1980) and in chapter three of Brown and Yule (1983) the 
concept of the 'paratone' is introduced, analogous to the orthographic 
notion of paragraph in written language. This 'speech paragraph' is 
identified by its boundary markers, its starting utterance being marked 
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by raised pitch, its closing one by low pitch, decrease of amplitude and 
followed by lengthy pause. In other words, it is shown that especially 
the onset and offset of a topical unit are intonationally marked, and 
not so much its internal structure. 

Menn and Boyce (1982) try to correlate discourse structure with 
fundamental frequency (F0 ) and find a very direct relationship. In a 
corpus of parent-child conversations, they restricted measurements of 
F0 to one single point per clause, at its highest peak. Then, they looked 
at the change in the pitch parameter from the first to the second of a 
pair of successive utterances. The general outcome was that the degree 
of 'disturbance in discourse flow' (like a change in topic) was reflected 
in a conspicuous upward shift in pitch. 

Experimental studies 

Three studies are described that are based on perceptual experiments 
using both natural speech and speech which was made unintelligible, 
using a technique of bandpass-filtering. 

Lehiste {1979) studied perceptual differences between sentence and 
paragraph boundaries, and concentrated on unit-terminal cues. Sub
jects were presented with unintelligible versions of a spoken monologue, 
and were asked to push a button once when they perceived a sentence 
ending, and twice if they thought to hear a paragraph ending. A para
graph boundary was perceived, if a sufficient amount of lengthening 
was present and if the ending was followed by a long pause. A para
graph boundary was also perceived before a short pause, if the sentence 
terminal was laryngealized and sufficiently lengthened. 

Kreiman ( 198 2) did similar research on perceived sentence and par a
gr aph boundaries, using roughly the same paradigm with the push
buttons, but concentrating on dialogues. The author also widened the 
scope by looking not only at unit-terminal, but also unit-initial cues and 
cues that occur across boundaries. Paragraph boundaries appeared to 
differ from sentence boundaries in that they end in a longer pause, 
fall deeper in pitch and have longer stretches of creaky voice. Abrupt 
increases in pitch and loudness were clear paragraph-initial cues. 

In contrast with the two previous studies, Schaffer (1984) ascribes a 
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relatively minor role to prosody for signalling topic structure, and ar
gues that most information about discourse structure can be extracted 
from semantic and syntactic information. Subjects were asked to listen 
to fragments, both natural and unintelligible, of spontaneous conversa
tions and tell whether they thought a particular topic was finished or 
not. Results showed that there was no clear-cut relationship between 
listeners' answers and acoustic measurements of fundamental frequency, 
except for high-ending F0 signalling topic continuation. 

Evaluation of studies of spontaneous speech 

Though the database studies are rather congruent in their findings, 
there are some problems associated with them. Firstly, the transcrip
tions of prosodic features are often hard to interpret. Prosodic charac
terizations are often impressionistic and only minimally supported by 
instrumental measurements. Also, the transcriptions are generally nar
rowly focused, in that they only deal with utterance-final pitch move
ments. Secondly, the investigations are solely speaker-oriented, and it 
is not investigated whether the prosodic phenomena have perceptual 
relevance. 

The experimental studies discussed above do tackle macro-prosody 
from a listener's point of view. However, they only concentrate on 
which acoustic variables lead to the perception of paragraph bound
aries, without considering whether these features actually coincide with 
the boundaries of the units in the text. In other words, no comparison 
is made of the responses of the listeners to actual discourse structure in 
an attempt to establish independently the relations between perceived 
paragraph boundaries and real textual breaks. 

This brings one to one of the fundamental methodological problems 
associated with research on spontaneous speech in general. In order to 
adequately study prosodic correlates of discourse units, one is in need 
of an independent criterion for text structure assignment, that is more 
than a purely intuitive notion of what constitutes a topic. Most of the 
studies described lack such an explicit criterion, so that no guarantee 
is given that textual structure is defined in a non-circular way, i.e., 
independently of prosody. 
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1.2.2 Studies of read-aloud speech 

Perceptual-acoustic studies 

This section deals with a few articles on prosodic investigations of read
aloud, specially constructed (small-sized) paragraphs. 

Brubaker (1972) carried out a study of rate and pause in oral reading 
and found that sentences near the end of a paragraph are pronounced 
at a significantly higher rate than are those occurring earlier (a finding 
partly replicated by Grosz and Hirschberg (1992)). This outcome is 
explained as being consistent with a "reduction of uncertainty-hypoth
esis", i.e., that rate increases and pause decreases as uncertainty about 
the remaining content of the paragraph decreases. 

In a pilot study by Lehiste (1975) acoustic observations on read
aloud paragraphs were combined with the results of a perception test. 
It was shown that listeners were, to some extent, able to tell which posi
tion in a paragraph a sentence, isolated from its context, had occupied. 
Measurements brought to light that high fundamental frequency was 
strongly associated with judgments that the sentence was produced in 
the beginning of the paragraph. It could also be observed that "the in
tonation contour on the beginning of an isolated sentence had a consid
erably lower fundamental frequency than was found when the sentence 
occurred in first position within the paragraph [ ... ] as if knowledge of 
the length of the stretch of speech to be produced prompts the speaker 
to start at a higher fundamental frequency level" (p. 199). 

Bruce (1982) found that, in Swedish, a sequence of sentences can 
be marked as internally coherent by means of prosody. One expres
sion for this prosodic coupling is a lowering of successive F0 peaks and 
valleys, which is maintained through a text unit. The boundary be
tween two textual units is marked by terminating one and beginning 
another downdrift ramp (reset). It is also reported that F0 values are 
adjusted to the length of the textual unit in that "a speaker anticipates 
a greater number of accentual downsteps by reaching a higher F0 for 
the downstepping [ ... ]" (p. 285). 

Similar results were obtained by Thorsen ( 1985) for read-aloud para
graphs in Danish. She reports that "a text composed of two or three 
simple declarative sentences [ ... ] will be associated with a superordinate 
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F0 declination [ ... ]" (p. 1208). More specifically: "[ ... ] each declarative 
sentence in a read text is associated with its own declining intonation 
contour, but together two or three such contours describe an overall 
falling slope" (p. 1205). In contrast with the previous studies, she did 
not find a systematic correspondence between variation in F0 onset and 
unit length. 

Implementation in text-to-speech 

In this section, two studies will be discussed which have implemented 
paragraph intonation in a text-to-speech system in order to try and 
improve the prosodic quality of the resulting speech. 

Silverman (1987) implemented paragraph intonation by an upstep in 
F0 range at the start of the paragraph, which then gradually decreases 
by a fixed proportion; during the final two seconds of the paragraph, 
pitch range is extra narrowed. The pauses between sentences were 
set to 1100 ms at paragraph boundaries, and 580 ms when they were 
paragraph-medial. It turned out that multi-paragraph texts could be 
disambiguated by means of this recipe for paragraph prosody. 

In agreement with the results of Bruce (1982) and Thorsen (1985), 
Sluijter and Terken (1992) found that, in Dutch, spoken paragraphs 
were provided with supra-declination, and that, on the basis of this in
formation, listeners could assign sentences to paragraph-initial, -medial 
or -final positions. When the melodic regularities were incorporated 
into a text-to-speech algorithm, the naturalness of the resulting speech 
improved (as judged by listeners). 

Evaluation of studies of read-aloud speech 

On the whole, the investigations on prosodic correlates of read-aloud 
paragraphs are experimentally well conducted. A major limitation, 
however, is that reading aloud is a rather special speech mode, and 
it may be risky to generalize from the results of this type of speech to 
spontaneous discourse. Blaauw (1991), for instance, has shown that the 
two speech types are phonetically very distinct, both from an acoustic 
and a perceptual point of view. Esser (1988) argues that it is a typical 
aspect of spontaneous speech, but not of read-aloud speech, to provide 
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sentence endings with a rising pitch, which is so typical for signalling 
topic continuation according to Brown, Currie and Kenworthy (1980). 

The major difference in the results of the studies of spontaneous 
and read-aloud speech, lies in the 'globality' of the prosodic structure. 
Most of the investigations of small-sized, read-aloud speech paragraphs 
agree in finding an overall prosodic pattern, extending over the whole 
discourse unit; they do not look at the existence of more local prosodic 
boundary phenomena. Bruce (1982) and Thorsen (1985) expect that 
the picture may be different for non-monitored, spontaneous speech. In 
the latter, speakers probably will not have an immediate overview of 
the number of sentences they will spend on a particular topic, which 
prohibits the pre-planning of an overall prosodic structure. Indeed, 
Yule (1980) remarks that his so-called 'para.tones' do not have a global 
internal structure. 

1.2.3 Conclusion 

Summarizing the overview of past research, it can he concluded that 
there has been a moderate interest in prosodic correlates of discourse 
structure and that the analysis strategies of the two research traditions 
discussed are very different. On the one hand, it appears that the 
studies of spontaneous speech have investigated a speaking style which 
is very representative of daily life communication, but there are defi
ciencies in the way prosodic form is transcribed and there is a danger 
of circularity in the specification of discourse structure. On the other 
hand, the studies of read-aloud speech deal with discourse prosody in 
a more controlled way, hut the question remains how generalizeahle 
their results are, as reading-aloud is a rather specific speaking style. It 
is unclear whether the somewhat divergent results of the two types of 
studies (e.g., local versus global discourse structure) are mainly due to 
differences in analysis strategy, or caused by differences in the choice of 
the speech materials. 

Consequently, there is need for an investigation which combines the 
merits of both research traditions into one integrated approach, while 
minimizing their inadequacies. The study presented in this dissertation 
tries to fill this gap: an attempt is made to analyze the prosody of 
spontaneous discourse in an experimental way. 
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1.3 Outline of this dissertation 

The general question of this dissertation is whether discourse units in 
spontaneous speech have specific prosodic correlates. This research ob
jective is treated from the perspective of the two partners in the com
munication chain, the speaker and the listener. First, it will be explored 
whether speakers encode these units in the prosodic characteristics of 
their speech. Secondly, it will be investigated whether such properties 
have perceptual relevance to listeners. Against the background outlined 
above, i.e., the results of previous studies and the problems associated 
with them, this section will be devoted to the motivation of certain 
choices made in the present study. 

In chapter two, the specific methodology is outlined which is applied 
throughout this thesis. It amounts to an experimental approach to the 
prosodic characteristics of spontaneous speech in order to have control 
over both the speaker and the listener. It consists of the elicitation 
and acoustic analysis of different forms of descriptive language use, 
combined with various perceptual tests. The technique is exemplified 
with a pilot test, based on descriptions of spatial grid-like networks, 
which investigates whether melody can contain cues to signal that an 
utterance is likely to be the last one in a sequence of statements that 
build a discourse unit. 

Inspired by the perception results of the pilot experiment described 
in chapter two, chapter three, "Melodic cues for unit-final utterance 
position", presents a series of three experiments with controlled manip
ulations of synthesized intonation to further explore melodic features 
to finality. In a series of three experiments, it is tested what the percep
tual effect is of specific variations in register, range and pitch contour 
(direction of the contour-final pitch change, converging versus diverging 
contours, hat pattern type, timing of last fall), using both a pairwise
comparison technique and an absolute-rating method. 

In chapter four, "Melody and pause between and within discourse 
units", it is investigated whether such melodic indications of finality are 
actually exploited in natural speech as cues that a discourse unit has 
been rounded off. The scope of the research is also widened to include 
an investigation of melodic indications of initial boundaries and of more 
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global melodic features that extend over the whole 'body' of a unit. Fi
nally, it is also explored in what ways melodic indications of discourse 
unit interact with another important prosodic structuring device, i.e., 
pause. The study combines an acoustic analysis of these prosodic fea
tures with their perceptual evaluation, using bandpass-filtered speech. 

Chapter five, "Melody and duration as cues for consecutive utter
ance positions", reports on a study of the capacity of prosody to predict 
upcoming discourse boundaries. First, it is explored, in a set of route 
descriptions, whether speakers adjust melodic and durational properties 
of utterances to pre-signal the end of the description, so that listeners 
can anticipate it some time before it actually occurs. Then, a second 
experiment is run in order to explore systematically, by means of a test 
with synthetic speech, to what extent melodic and durational proper
ties are sufficient to signal the serial position of an utterance within a 
discourse unit. 

Chapter six, finally, contains a summary and a general discussion of 
the main findings of the study and offers some perspectives on further 
research. 
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Chapter 2 

Methodology 1 

Abstract 

This chapter introduces the methodology which is applied through
out this thesis. It amounts to an experimental analysis of discourse 
prosody in spontaneous types of speech which allows to have control 
over both the speaker and the listener. The methodology consists of 
two parts. First, an elicitation procedure is used by means of which 
a speaker is constrained by the experimenter with respect to what 
he will say, while keeping his speech output spontaneous. Second, 
different forms of perceptual analysis are employed to find out to 
what extent prosodic regularities in spontaneous discourse are rele
vant to listeners. As an example of the potential of this technique, 
a pilot study is presented on prosodic cues to ':finality'. The pur
pose of this small experiment was to find out whether the endings of 
large-scale units in spontaneous discourse have particular melodic 
correlates that are communicatively relevant. 

1 Extended version of a paper, written together with Rene Collier, which appeared in 
Speech Communication 11 (1992), 463-468. 
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2.1 Introduction 

M UCH of our knowledge of speech production and perception is 
based on the results of studies that are experimental-phonetic in 

nature. Generally, such approaches are characterized by the application 
of rigorous methods of analysis or synthesis. For instance, use is made 
of advanced equipment to allow for precise and verifiable measurements 
on audio recordings. Also, in order to study speech in a controllable and 
manageable way, the data are restricted with respect to their nature and 
quantity. A first limitation concerns the focus on read-aloud speech: 
informants are instructed to read aloud a set of properly selected mate
rials of which some formal properties are systematically varied, whereas 
others are kept constant. Secondly, one usually opts to concentrate on 
the analysis of units of speech that are relatively small, usually having 
the size of, at most, an isolated sentence. The study of larger-scale 
units is largely disregarded, in part because of the complications that 
may come into play when whole texts are produced: indeed, the vast 
amount of potentially relevant variables in read-aloud texts prevents 
accurate experimental control. 

Thus, the choice to analyze instrumentally short, read-aloud speech 
utterances is to a large extent dictated by methodological considera
tions. One may question, however, whether inferences based on this 
kind of 'lab' speech may be generalized to 'real' speech, the kind of 
spoken language used as a vehicle of human communication. Indeed, 
read-aloud utterances without context may not be very representative 
of natural speech production. Reading aloud is a specialized speaking 
style, which can be best performed by professionals such as radio an
nouncers. Moreover, people do not normally communicate using single 
sentences: often, an idea is so elaborate that a sequence of utterances 
is needed to convey it well. Therefore, there is a growing need to study 
spontaneous speech, which is a more natural speaking style. Along 
the same lines of reasoning, many researchers want to widen the scope 
of attention to speech characteristics of a whole discourse (as in daily 
conversations), such that individual utterances are studied in their spe
cific contexts (Brown, Currie and Kenworthy, 1980; Bruce and Touati, 
1990). 

However, many linguistically oriented studies of spontaneous dis-
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course have struggled with considerable methodological problems that 
have not yet been solved. For instance, numerous approaches to sponta
neous speech might be criticized for not being rigorous enough, because 
their techniques of observation and analysis are impressionistic and ir
reproducible. Indeed, stretches of speech are often analyzed auditorily 
without a physical verification of the perceptual transcriptions. There
fore, though the underlying questions may be very interesting as such, 
the reliability of the empirical data resulting from these studies remains 
questionable. This is especially true for the description of prosodic fea
tures, which are central to the present thesis. 

The inadequate prosodic transcription, though, is not an inherent 
problem of studies of spontaneous speech alone. More fundamentally, 
if one wants to test specific hypotheses concerning links between dis
course structure and prosodic features in this speaking mode, one also 
encounters drawbacks which cannot easily be solved through corpus
based research and which have to do with a lack of experimental con
trol. 

2.2 Problems of experimental control 

2.2.1 Control over the speaker 

Problems 

Though the notion of discourse unit may be intuitively clear, it is in 
practice often very difficult to specify in exact terms which sequences of 
sentences constitute such a unit. Discourse theories usually do not come 
up with useable criteria to segment a given discourse into consecutive 
units. Since there are no easy guidelines to identify discourse structure 
unambiguously, especially in uncontrolled spontaneous speech materi
als, it is tempting to let segmentation be guided by prosodic features. 
Such an approach ultimately leads to circularity, since it begs the ques
tion of the role of prosody in demarcating discourse units. Brown, Cur
rie and Kenworthy (1980) are conscious of this when they write: "We 
are uncomfortably aware that, until an independent theory of topic
structure is formulated, much of our argument in this area. is in danger 
if circularity" (p. 27). As a consequence, some of the claims put for-



18 Chapter 2 Methodology 

ward in database-oriented approaches to spontaneous speech on links 
between discourse and prosodic structure are inconclusive, since there is 
no guarantee that the ascribed discourse structure is specified separate 
from the prosodic analysis (see also Passonneau and Litman, 1993). 

Even if it were possible to specify the discourse units, one would 
still like to have lexically and syntactically comparable (fragments of) 
discourse units, since this would facilitate prosodic comparisons within 
and across speakers. To ease perceptual testing, it would also be conve
nient to have similar utterances that vary with respect to their position 
in the unit, hut do not contain clear lexical cues to discourse struc
ture. It is not likely that many examples of truly spontaneous speech 
fragments will meet these requirements. 

Finally, if one is interested in the effect of one variable on prosodic 
features, one would like to exclude the influence of other potential de
terminants. As indicated in chapter one, the prosody of natural dis
course is likely to be influenced by a whole set of factors that may be 
interactive, attitudinal, emotional, ... in nature. This makes it almost 
impossible to single out the contribution of one particular factor, such 
as the highlighting of discourse unit, in unrestricted discourse. 

Solution 

In this thesis, the problem mentioned above is circumvented by em
ploying speech data of a very specific type: inspired by the work of 
Grosz (1978) and Terken (1984), this study concentrates on different 
forms of descriptive language use, i.e., different types of instruction 
monologues. A very useful property of these is, that the experimenter 
can have explicit control over both the coritent of spoken messages and 
the order in which information is dealt with by a speaker. Addition
ally, the resulting speech constitutes spontaneous discourse in which 
textual boundaries can be assigned on independent grounds, using re
producible criteria which are based on the non-linguistic structure of 
the task. Finally, the elicited monologues make up neutral discourse so 
that potential influences of other dimensions (interactive, emotional, ... ) 
on prosodic structure are suppressed. 
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2.2.2 Control over the listener 

Problems 

A major limitation of many studies of discourse prosody is that they are 
mainly acoustic in nature. However, a purely speaker-oriented approach 
does not allow one to draw strong conclusions about the communicative 
relevance of prosodic properties. These can only be considered to be 
meaningful if they are perceptually important to listeners. So far, as 
mentioned in chapter one, research combining acoustic measurements 
and perceptual evaluation of prosodic macro-structures has generally 
been limited to analyses of read-aloud speech. Nothing comparable 
has been done for spontaneous speech. This is mainly due to the fact 
that it is difficult to use truly spontaneous speech materials to evaluate 
the single contribution of particular prosodic variables as markers of 
discourse units. A listener's interpretation of spontaneous discourse 
structure may be influenced by quite a number of potentially relevant 
factors that may be prosodic, lexical or syntactic in nature. 

Therefore, in a perceptual test, one has to make sure that listeners 
can not rely on lexical or syntactic cues to discourse structure. But 
even if non-prosodic signals are excluded, it may still be difficult to 
assess to which of the whole set of prosodic variables a listener has paid 
attention to or to establish whether there are specific interactions in 
cue value between various prosodic features. 

Solution 

This thesis explicitly attempts to find out how discourse prosody of 
spontaneous speech is being perceived, using different techniques which 
should allow one to focus on the effect of one or more particular 
suprasegmental features without interference of other factors. 

In one set of studies use is made of natural speech data which do 
not contain clear non-prosodic (lexical) cues to discourse structure (see 
section three of this chapter and chapter five). 

If the discourse does contain non-prosodic cues to information struc
ture, a technique of band-pass filtering is employed which makes the 
speech unintelligible without being disruptive to its prosodic features. 



20 Chapter 2 Methodology 

The results of the previous two types of studies have also served 
as input for perceptual tests with synthetic speech using systematically 
manipulated prosody (chapters three, four and five). This technique 
is more suitable to shed light on the perceptual interactions between 
different parameters. Moreover, in chapter three, a specific scaling 
procedure is introduced which explicitly tries to estimate the effect of 
specific prosodic parameters on the listeners' perception. 

2.3 Prosodic cues to 'finality': an experiment 

2.3.1 Introduction 

In the following, as an illustration of the general method outlined above, 
a pilot study is presented which combines an acoustic analysis of dis
course prosody with a perceptual evaluation. Firstly, an experiment 
was run, in which spontaneous but 'predictable' speech was elicited. 
Excerpts of this discourse served as materials for a listening experi
ment. Finally, the speech data were analyzed acoustically, in support 
of the perceptual results. 

The basis for this study is one form of content-controlled discourse, 
namely descriptions of so-called spatial gridlike networks, such as the 
one in Figure 2.1. Levelt (1989) has shown that such a network can 
be described in a predictable way, using as a linearization model that 
explains on the basis of some process-oriented determinants how infor
mation will be ordered by a speaker when he has to express a multi
dimensional structure (see below). 

The modest purpose of this study was to find out whether the 
endings of large-scale units in spontaneous discourse have particular 
melodic correlates that are communicatively relevant. More specifi
cally, the question was whether speakers signal by means of prosodic 
cues that a sentence is the last one in a sequence of statements that 
form a (large-scale) discourse unit. If speakers do so, it can be asked 
whether listeners can identify speech fragments that occurred in the 
last position of a unit. 
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2.3.2 The speaker 

Eighteen subjects were instructed to describe the network of Figure 2.1 
in such a way as to enable a listener to reconstruct it on the basis of a 
tape-recorded description. The network used consisted of geometrical 
figures, differing in shape and color, which were connected by horizontal 
and vertical lines. 

Figure 2.1: A spatial grid-like network that consists of geomet
rical figures differing in shape and color, which speakers had to 
describe. The different colors are represented by the different 
textures. 

As an example, part of a description of this network is reproduced 
below: 

(1) we beginnen met het blauwe vierkant, een naar boven, daar hebben 
we een gele driehoek, vervolgens krijgen we een bruine cirkel, ... 
(we start with the blue square, one upward,there we have a yellow 
triangle, next, we get a brown circle, ... ) 

Of the eighteen subjects, fifteen followed a path through the network 
in accordance with the predictions of the linearization model (Levelt, 
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1989). For the particular network of Figure 2.1, the model predicts that 
a speaker, when asked to start his description at the square indicated 
by the arrow, will walk up to the T-crossing (i.e., the triangle). At this 
branching node, he will proceed to the left, because that string is both 
shorter and less complex than the one to the right. At the end of the 
left branch, the speaker will 'move' or 'jump' back to the T-crossing 
to start describing the right string and complete the whole description. 
As can be seen in Figure 2.1, one target figure, i.e., a 'brown circle', 
had been placed in three positions in the network, differing in degree 
of 'finality'. That is, circle A is located in the middle of a string, circle 
Bis at the end of a non-terminal branch of the network, whereas circle 
C is really at the end of the whole network (i.e., for those speakers who 
described the network as predicted by the model). 

The brown circles differed from their 'neighbors' in color as well 
as in shape. As a consequence, in order to be sufficiently distinct for 
a listener, the speakers had to mention both these attributes, when 
referring to them. Therefore, in describing the brown circles, they all 
produced very similar adjective-noun combinations. Of course, there 
was considerable variation in syntactic structure and lexical materials 
in the sentences that introduced the different geometrical figures (e.g. 
we beginnen met ... ('we start with ... '), daar hebben we ... ('there we 
have ... ')). However, the adjective-noun sequences referring to the color 
and the shape of the target figures (viz. 'brown circle') were always 
nearly the same and situated at the end of the whole stretch of speech 
dealing with a target figure. 

Thus, spontaneous utterances were elicited that were lexically and 
syntactically similar, but differed with respect to degree of finality in 
a discourse unit. In this way, the prosody of the selected productions 
could be studied fairly easily in relation to 'finality' cuing, both from 
an acoustic and a perceptual point of view. These descriptions formed 
the input for further experimentation. 

2.3.3 The listener 

The expressions referring to the target figures (the 'brown circle' parts 
in the discourse) were isolated from their context and presented to 
twenty subjects in an individually performed test. Firstly, the subject 
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was told that the selected pieces had been extracted from descriptions 
of the same network by fifteen speakers and he was shown where in the 
network the different brown circles could be situated. Then, he was 
presented with the three referring expressions of one particular speaker 
and was asked to indicate which fragment referred to which position in 
the network. The subject was allowed to listen interactively to each of 
the three versions of a speaker as many times as necessary. In this way, 
the listener could base his judgment both on the relative strength of 
prosodic cues and on their absolute values. After a decision had been 
made on a particular triplet, the three fragments of another speaker 
were presented, and so on. Three lists of randomly ordered triplets of 
speech samples were constructed. The listeners' answers were filled in 
on an answer sheet. 

The results of the perception experiment are summarized in Ta
ble 2.I. Looking at the percentage values along the diagonal, one can 
see that listeners were able to correctly associate the speech fragments 
with the corresponding brown circles in a majority of cases. Notice, 
also, that there is also a pattern in the way listeners confound dis
course positions: 'A' is more often classified as 'B' than as 'C', and 
vice versa. Circle position 'B', in is turn, is equally often confused with 
either of the other two positions. 

Table 2.I: Listeners' classifications (percentages) of the descrip
tions of the circles in positions A, B and C: overall score 

B 
c 

A 

27 
8 

Perceived as 
B 

49 
29 

2.8.4 Speaker and listener 

c 

24 
62 

In order to find out which prosodic characteristics of the speech frag
ments could have served as cues to the listeners in identifying the ut-
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terances in accordance with their original position in the network, some 
acoustic measurements were performed on the speech materials. The fo
cus was on melodic regularities in the speech fragments: pitch contour, 
register and range. The fundamental frequency (F0 ) of the utterances 
was determined by means of a method of subharmonic summation (Her
mes, 1986). Below, the data for the differences in pitch contour, register 
and range will be presented in succession. 

Pitch contour type 

For each fragment, the pitch contour extending from the last accent to 
the end was labelled in terms of three categories: rising, falling-rising 
and falling. In Table 2.II it can be seen that the distribution of these 
contours is not random: the preferred occurrence of the rising contour 
is on the A circle, while all three falling-rising ones occurred on the 
B circle; the falling contour is primarily associated with the B and C 
circle. 

Table 2.II: Relation between the circle positions A, B and C 
and contour type 

Rising Falling-rising Falling 

__;- \_} \_ 
A 11 0 4 
B 1 3 11 
c 1 0 14 

Pitch register variation 

Register has to do with the frequency region in which a pitch contour 
is situated between the lowest and the highest pitch a speaker produces 
in his speech (Terken, 1993a). In order to gain insight into variation 
within this para.meter, the mean F0 of a speech fragment was measured 
in Hertz (Hz). Once this value had been calculated, the three utterances 
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were ordered in rank by determining for each speaker which of the 
fragments had the higher, the middle and the lower position in the 
register. The distribution of these is depicted in Table 2.III. From this 
table, it can be deduced that there is a strong correlation between the 
position of the circle and the height of the register: 'A' mostly has the 
higher, 'B' the middle and 'C' the lower register. 

Table 2.III: Relation between the circle positions A, B and C 
and register variation 

A 
B 
c 

Highest 
12 
1 
2 

Pitch range variation 

Middle 
3 
8 
4 

Lowest 
0 
6 
9 

Range refers to the distance between pitch peaks and pitch valleys 
(Terken, 1993a). To calculate range variation, the standard deviation 
from the mean F0 in a speech fragment (expressed in semitones (st)) was 
taken. As with the register data, the utterances were ordered in rank by 
determining for each speaker which of the fragments had the smaller, 
the middle and the larger range. The data for the range variation 
are presented in Table 2JV. Again, there appears to be considerable 
regularity in the data, as 'A' generally has the larger, 'B' the middle 
and 'C' the smaller range of a triplet. 

2.4 Discussion and conclusion 

The methodology proposed in this chapter is a useful one to investi
gate prosodic characteristics of discourse prosody, since it meets two 
important requirements, (i) that of 'representativeness' (in the sense of 
being more typical of daily-life speech than read-aloud sentences out of 
context) and (ii) that of 'reliability'. As to the first criterion, it can be 
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concluded that the kind of speech material that is elicited in this way 
is really spontaneous: the utterances are generated on the fly and they 
show properties typical of unprepared speech, such as self-corrections. 
These elucidate problems in the formulation process of the speaker, and 
they can be seen as one indication that the descriptions of the spatial 
networks do indeed constitute spontaneous discourse (Levelt, 1983). 
On the other hand, one can have control over the speaker because very 
predictable speech fragments can be obtained by means of such an elic
itation. These excerpts, in their turn, prove to be suitable data for the 
perceptual testing of the prosody of discourse units. 

Admittedly, this type of discourse is still somewhat remote from 
real-life speech which shows much more variation in lexical materials 
and syntax. To this end, in the remainder of this thesis other types 
of descriptive language use will be studied, i.e., instruction monologues 
(chapter four) and route descriptions (chapter five). These are more 
typical of daily speech, as they exhibit a greater diversity in linguistic 
structures than do the network descriptions. While they may be less 
controlled, their discourse structure can still be determined on the basis 
of criteria that are independent of prosody. Moreover, there is enough 
resemblance between discourse fragments to make them suitable for 
adequate prosodic comparisons and for perceptual testing. 

As to the concrete findings of the pilot study, they give a first indi
cation that speakers and listeners can use intonation for the clarifica
tion of discourse structure. Speakers appear to provide utterances with 
different speech melodies depending on their position in a particular 
discourse unit: differences were found in pitch contour type, register 
and range. For their part, listeners appear to be sensitive to this kind 

( 

Table 2.IV: Relation between the circle positions A, B and C 
and range variation 

A 
B 
c 

Largest 
13 
0 
2 

Middle 
1 

13 
1 

Smallest 
1 
2 
12 
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of prosodic information and use these intonational cues for their classifi
cation of the referring expressions. It cannot be excluded that listeners 
have not paid attention to each of these variables, nor that they have 
exploited other than melodic features. Therefore, the results of this 
preliminary investigation have been a source of inspiration for a series 
of formal perception experiments (chapter three) in which utterances 
were given synthesized intonation patterns with all other features kept 
constant, in order to investigate in a more controlled way the commu
nicative relevance of melodic finality cues. 
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Chapter 3 

Melodic cues for unit-final utterance position 1 

Abstract 

The outcome of the pilot experiment in chapter two suggested that 
speech melody may indicate that a sentence is likely to be the last 
one in a sequence of statements that build a discourse unit. In 
order to further investigate the perception of melodic cues to 'fi
nality', a series of three listening experiments was performed with 
short sentences, the intonation of which was manipulated with re
spect to different melodic dimensions. The actual testing was done 
in two ways: (1) by pairwise comparison and (2) by absolute rating. 
A linear least~squares estimation method brought to light that in 
both tests finality judgments were influenced significantly by differ
ences in pitch register (experiment I), pitch range (experiment I) and 
shape of the pitch contour (experiments I, II and III). The results 
strongly suggest that these different variables primarily combine in 
an additive way, though the effect of one is sometimes conditional 
on the value of another. 

1 Based on a paper, written together with Don G. Bouwhuis and Rene Collier, which 
has been submitted to the Journal of the Acoustical Society of America. Part of the work 
presented here appeared in !PO Annual Progress Repo1·t 27 (1992), 19-28. 
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3.1 Introduction 

T HE pilot experiment discussed in the previous chapter suggested 
that speech melody may contain cues to signal that a discourse unit 

has been completed. Acoustically, it was found that utterances situated 
at the terminal boundary of a network description are intonationally 
distinct from utterances in less final positions. The former differ from 
the latter in terms of pitch contour, register and range. A perceptual 
experiment brought to light that listeners may be sensitive to these 

"'melodic features as subjects were able to hear which position in a larger
scale unit a particular discourse fragment, isolated from its context, had 
occupied. However, this simple perceptual test did not allow to draw 
too strong conclusions about the pure signalling capacity of the melodic 
features studied. 

The correspondence between discourse position and intonational 
properties does not necessarily imply that each of these characteris
tics was paid attention to by the listeners for the classification of the 
utterances. Subjects may not have attended to all of them and if they 
did, it is difficult to establish whether the contribution of one character
istic is additive to that of another and whether there are differences in 
cue strength between the different melodic parameters. Listeners may 
also have exploited variables other than intonation, such as prosodic 
duration, pauses, loudness, laryngealization, which were not investi
gated. Moreover, from the literature discussed below, there are reasons 
to believe that there may also be other melodic features relevant for 
signalling finality which did not become apparent from the analysis of 
the small database in the pilot experiment. Therefore, this chapter in
troduces a series of formal experiments in'~which the melodic signalling 
of finality is further explored on the basis of controlled manipulations 
of some potentially relevant intonational parameters. 

The tests presented here differ from most of the previous studies of 
prosodic demarcation in that they are based on a phonetically explicit 
formal description of Dutch intonation. A few decades of experimen
tal research at the Institute for Perception Research (IPO) has led to 
the definition of the so-called 'intonation grammar' of Dutch, which 
is a perceptually based description of Dutch speech melody. It con
tains an inventory of elementary descriptive units, namely perceptually 
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relevant pitch movements that are specified with respect to a number 
of variables, such as direction (rising, falling), rate of change (abrupt, 
gradual), position in the syllable (early, late, very late), and so on. The 
grammar also contains rules that specify all and only the well-formed 
combinations of Dutch pitch movements. These sequences of pitch 
movements are superimposed on a baseline that gradually slopes down
ward, the so-called declination line. By means of sorting and matching 
experiments, it was shown that the numerous 'concrete' pitch contours 
can be related to only a few 'abstract' intonation patterns. Though 
it is not known on what criteria listeners base such classifications, the 
contours are likely to be felt as 'the same' (partly) because they have 
the same 'meaning'. To summarize, a pitch contour is seen as the com
posite result of a rule-based combination of pitch movements and a 
somewhat tilted reference line (further details can be found in 't Hart, 
Collier and Cohen, 1990). 

In languages such as Dutch, for which the formal characteristics of 
intonation are known in reasonable detail, specific melodic functions 
can now be investigated adequately. In the following, a series of ex
periments on melodic cues to 'finality' is presented and the formal de
scription sketched above is used as a starting point for this functional 
investigation. First, the parametric representation of speech melody 
advocated by 't Hart, Collier and Cohen (1990) is very suitable for the 
purposes of this study as such features as range, register, timing, can 
easily be adjusted in accordance with the hypotheses one is interested 
in. Second, to avoid making invalid comparisons, all the melodic varia
tions introduced below stay within the same intonational category: the 
contours tested in the following experiments have been shown to be 
tokens of the same underlying type, i.e., the 'hat pattern', which is the 
most common intonation pattern in Dutch. 

Different hypotheses on the effect of melodic variables on the per
ception of finality were tested in experiments with synthesized speech 
melody which was systematically manipulated with respect to different 
melodic variables. The actual testing in the series of experiments was 
always done in two ways: (1) by means of a comparison technique, in 
which listeners were instructed to choose the 'most final sounding' of 
a pair of utterances; (2) by means of an absolute rating method, in 
which subjects had to express on a ten-point scale the 'degree of final-
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ity' of an utterance presented in isolation. Data from both experiments 
were analyzed in the same way, using a linear least-squares estimation 
method. 

3.2 Experiment I 

Introduction 

,~nspired by the observations of the pilot experiment of the previous 
chapter, it is explored here whether melodic differences in register, 
range and pitch contour type can influence a listener's perception of 
finality. 

Hypotheses 

Our hypotheses concerning the influence of the three different melodic 
variables are the following: 

• Contour differences. Utterance-final portions of intonation con
tours are believed to be crucially important from a communicative 
point of view. It is often observed that there is a functional dif
ference between contours that - phonologically speaking - 'end in 
high pitch' and those that 'end in low pitch', i.e., high-ending 
contours are said to signal that there is 'more to come', whereas 
low-ending contours would indicate that a discourse unit has been 
rounded off (e.g. Brown, Currie and Kenworthy, 1980; Crutten
den, 1981). Therefore, the predictio~ is that high-ending contours 
will sound less final then low-ending ones. 

• Register variation. Register variation, having to do with the fre
quency region in which a pitch contour is situated, can be ex
pressed as the raising or lowering of the baseline of an intonation 
contour. There are claims to the effect that there is a correla
tion between register variation and the informational structure of 
the discourse. In particular, an upward shift in register is said to 
signal the introduction of a new topic (Brown, Currie and Ken
worthy, 1980; Cruttenden, 1986). In other words, high register is 
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used to mark the left boundary of a discourse unit. Conversely, 
low-register contours are perceived as more final than high-register 
ones. 

• Range variation. Range has to do with the excursion size of the 
pitch movements in a contour: these can vary from just a few 
semitones (st) to more than an octave. Cruttenden ( 1986) states 
that one often finds a general narrowing in the size of the pitch 
movements in the course of a discourse unit. Therefore, contours 
with small-sized movements will be perceived as better fitting the 
end of a discourse unit then contours with large-sized movements. 

The stimuli 

As a test sentence we used the Dutch utterance 'een gele driehoek' 
(a yellow triangle), produced by a male speaker. This speech frag
ment was digitally recorded with a 10 kHz sampling frequency at 16 
bits. After scaling to 12 bits, the pitch was determined by means of a 
method of subharmonic summation (Hermes, 1988). Using a waveform
manipulation technique (Charpentier and Moulines, 1989), pitch was 
varied with respect to contour type, register and range: 

• Contour type. Two variants of the hat pattern were used: (a) a 
'flat hat' without end rise and (b) the same contour with an end 
rise. The flat hat is composed of two pitch movements of 120 
ms superimposed on the declination line: an accent-lending rise 
on the syllable 'gel-', starting 70 ms before vowel onset and an 
accent-lending fall on the syllable 'drie- ', starting 20 ms before 
vowel onset. In between these two movements there is a high 
pitch plateau; after the fall the pitch remains low. The flat hat 
with an end rise is identical to the former contour, but it has 
an additional continuation rise on the syllable '-hoek'. This rise 
has an excursion size of 6 st, a duration of 120 ms and its peak 
coincides with the end of voicing. This 'late' rise does not lend 
prommence. 

• Register. Low versus high register, i.e., the lower declination line 
ends at 7,5 or 8.5 Hz, respectively; in the case of the contours with 
a.n end rise the baseline virtually ends at 7.5 or 85 Hz. 
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REGISTER 

CONTOUR RANGE Low High 

~ 
- Rise Small ~ --------- ----------

__r-\_ 
__r-\_ 

- Rise Large ---------· -----------
_r-\._/ 

+Rise Small _r-\._/ ---------- ---------· 

__/\_/ 
__/\_/ 

+Rise Large --------- ----------

Figure 3.1: Intonation contours used in experiment I, which 
are varied with respect to contour type, register and range. The 
dashed line is meant as a reference to clarify the register differ
ences. (Declination is omitted in this visualization.) 

• Range. Narrow versus wide range, i.e., the excursion size of the 
accent-lending pitch movements is 4~or 6 st, respectively; the ex
cursion size of the continuation rise is always 6 st. 

All the utterances have a standard declination rate of -3.5 st/s. The 
melodic variables were combined in all possible ways resulting in eight 
different contours, as shown in Figure 3.1. 
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3.2.1 Experiment la: pairwise comparisons technique 

Subjects 

Fourteen staff members of IPO volunteered as subjects, none of whom 
was an expert on Dutch intonation. 

Procedure 

The 8 utterances were combined in such a way that 56 pairs resulted, 
viz. 28 in A/B- and 28 in B/ A-order. The interval between two mem
bers of a pair was 0.75 s, and the interval between the pairs was 4 s, 
in which time period subjects had to respond. After every 20th pair, 3 
warning tones were given. Three lists of randomly ordered pairs were 
made. List 1 was presented to 4 subjects, list 2 to 5 subjects and list 3 
to 5 subjects. 

Subjects were first shown a drawing of a string of geometrical figures, 
which was represented from left to right on a sheet. At the right end of 
this string a yellow triangle was shown. Subjects were told to imagine 
someone describing this string. For each given pair, they had to decide 
which of the two utterances fitted best the end of the description of the 
string. The actual experiment was preceded by a short training session 
(without feedback) with 5 pairs of utterances that were similar to the 
ones used in the actual experiment. Listeners' answers had to be filled 
out on an answer sheet. 

Data analysis 

An intercorrelation matrix, using Pearson correlation coefficients, re
vealed that for two out of the 14 subjects, the choice frequencies did 
not correlate significantly with the results of any of the other subjects. 
The data of these two subjects were therefore not taken into account 
in the further analysis. The responses of the other 12 subjects were 
uniformly and significantly correlated and were therefore pooled. It 
appeared that the stimuli could be ranked consistently with respect to 
the degree of finality judged by the subjects. This ordering is depicted 
in Table 3.L 
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For choice probabilities in a pairwise comparison paradigm, as ob
tained here, the standard method of description follows Thurstone's 
Law of Comparative Judgment (Torgerson, 1963). This model holds 
that every stimulus presented has a particular scale value expressing 
the response strength of the variable on the basis of which the stimuli 
are compared. The fundamental equation of the Thurstone model is: 

(3.1) 

in which s denotes the stimulus scale values and d the difference. 
By considering d as normal deviates this leads naturally to choice prob
abilities. Thurstone also proposed a simple solution for obtaining the 
scale values from a pairwise comparison matrix. This method, how
ever, requires that choice probabilities for all possible pairs are known 

Table 3.1: Order of stimuli with respect to degree of finality 
judged by the subjects in experiment Ia 

Contour Register Range 

Order Most final 1 low small 

2 -rise low large 

3 -nse high small 

4 +rise low small 

5 +rise low large 

6 -nse high large 

7 +rise high small 

Least final 8 +rise high large 
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and that they are not equal to 0% or 100%. Choice probabilities of 
100% occur frequently in our data, however. Furthermore, the aim of 
this study is not so much to obtain scale values for every stimulus, but 
rather to explore how the three variables, contour type, register and 
range that define them, interact. In a variation on the basic Thurstone 
model it is assumed here that the subjective 'finality' strength of any 
stimulus is the sum of the strengths of the three component variables: 
contour type, register and range. Next, the strength of each of these 
component variables is taken to have a single value that is either pos
itive or negative, depending on whether the variable has a positive or 
negative effect on the finality judgment. This means that there will 
be only three parameters for all eight stimuli, rather than eight. The 
fundamental equation of the choice model can then be written as: 

(3.2) 

where c, g and r denote contour, register and range respectively, 
and the subscripts indicate whether the c, g and r of that stimulus are 
positive or negative. The set of theoretical differences dij is an overde
termined set of linear equations that can be solved by a least-squares 
minimization analysis, which will result in the three scale values of con
tour type, register and range. This method of analysis is based on the 
same principles as Thurstone's proposal, but is of a much more gen
eral nature, in that it will predict results already when only four choice 
probabilities are known, rather than all 28. In addition, the standard 
deviation of the estimated parameters can be directly obtained. Un
derstandably, the reliability of the parameter estimates increases with 
the number of filled cells. 

Results 

The linear least-squares estimation method yields the three parameter 
value estimates shown in Figure 3.2. 

It can be seen that register and contour are equally effective and 
that both are stronger than range, which on its own still contributes 
significantly to the finality judgments. The correlation between the 
observed data and the predictions of the model is rather high ( r=O .846), 
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Figure 3.2: Parameter value estimates and their standard de
viations for the data from pairwise comparison test Ia for the 
variables contour type, register and range. 

which actually means that the three-parameter model can account for 
71.3% of the variance. 

The three-parameter additive model allows no interaction between 
the three variables; in general, context effects are excluded. By allowing 
a fourth parameter, however, it is possible to model a simple context 
effect as well. This fourth parameter models the effect that the presence 
of one variable, say its positive property, has on the remaining ones. 
Considering the large number of observations that is available, the ad
dition of one parameter is quite acceptable. But the additive nature of 
such an extended model precludes establishing the directionality of the 
context effect. It is not possible to assess which variable affects which, 
the only thing that can be established is whether they interact. 
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Applying this approach to our data, not much is gained in terms of 
explained variance if an interaction between contour and range (71.5%) 
or between range and register (72.1 %) is introduced, meaning that these 
effects can be considered to be independent of each other. However, 
adding an interaction between register and contour does yield some 
increase in explained variance (76.5%), with a correlation of r=0.875. 
Looking at the choice frequencies, it appears that the effect of register 
is more important when the contour has no rise at the end, but only 
minor in the other case. The alternative interpretation is that the 
contour variation is somewhat more effective when register is low, than 
when it is high. The current model does not allow us to choose between 
those two interpretations. 

3.2.2 Experiment lb: absolute rating method 

Next to the test based on comparisons, a rating experiment was run. 
Intuitively, this seems to approximate the 'real-life' situation somewhat 
better since in actual communication a listener usually does not judge 
the finality strength of a given utterance on the basis of a pairwise 
comparison, but rather on its isolated presentation 2 • 

Subjects 

Nine staff members of IPO participated in this experiment, none of 
whom was an expert on Dutch intonation. Five of them had already 
participated in the first experiment. 

Procedure 

In this test, subjects had to rate the finality strength of a given intona
tion contour on a ten-point scale, in which 10 was meant to represent 
"sounds very final" and 1 "does not sound final at all". Two lists of 

2 Actually, the stimuli of Experiment I were mixed with those of Experiments II and III 
and tested in one single rating experiment, run after the three pairwise-comparison exper
iments (la, Ila, IIIa). For the sake of presentation, the results of this rating experiment 
will be discussed in relation to the findings of the corresponding pairwise-comparison tests. 
The calculation of the Spearman correlation coefficient (see text) is based on the total of 
responses of experiments lb, Ilb and IIIb. 
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randomly ordered items were constructed: list 1 was presented to 5 sub
jects, list 2 to 4 subjects. The interval between two successive items 
was 4 s, in which time period subjects had to respond. After every 20th 
item, three warning signals were given. 

The instruction to the listeners was the same as in the pairwise 
comparison experiment, except that their finality judgments now had 
to be expressed on a ten-point scale. The actual experiment was again 
preceded by a short training session with five items. 

Data analysis 

An intercorrelation matrix with Spearman correlation coefficients re
vealed that the responses of one subject did not correlate significantly 
with those of any of the other subjects, whereas the results of the re
maining subjects were uniformly and significantly correlated. The data 
of this one outlier are therefore left out. The mean ratings (averaged 
over the remaining 8 subjects) and their standard deviations are de
picted in Figure 3.3. 

The rating procedure can be considered to be a category scaling ex
periment for which Thurstone (Torgerson, 1963) also proposed a model 
and an estimation method. The model is based on the Law of Categori
cal Judgment, holding that stimuli are compared, not with themselves, 
but with category boundaries. A stimulus is assigned to a category 
when its scale values lie between the scale values of its lower and upper 
boundaries of that category. The fundamental equation of this model 
is then: 

z·· - s· - b· i] - i Jl (3.3) 

in which s is the scale value of the stimulus, b that of the category 
boundary and z the measure of the difference between them. For this 
model Thurstone has also proposed a solution method for the scale 
values, that may accept some empty cells in the rating matrices, but 
does not handle well empty categories lying between filled categories. 
As it turned out, quite a number of categories were not used by subjects 
and another solution method was required. Again, we assume that the 
scale values of the stimuli can be represented by the sum of the scale 
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Figure 3.3: Mean ratings and their standard deviations for the 
contours presented in rating experiment lb, which are speci
fied with respect to contour type (CT), register (RG) and range 
(RA). 
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values of the component variables, which then leads to the following 
model equation: 

(3.4) 

where c, g and r represent the variables contour type, register and 
range respectively, exactly as in the pairwise comparison model. In 
the most general case this model would have 3 + 9 = 12 parameters; 
three for the eight stimuli and nine for the boundaries (between 10 cate
gories), as opposed to 8 + 9 = 17 for the Thurstone model. However, by 
taking the categories to be equally wide, the boundary parameters can 
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be reduced to only two: one for width, and one for location, leading to 
only five parameters for this model. The parameters can be estimated 
by the same linear least-squares minimization method as before. In 
the ideal case, the parameter values of the three component variables 
should be the same (up to a linear transformation) as those obtained 
in the pairwise comparison study. Also, as the underlying representa
tion of the three variables is identical in both studies, interactions and 
dependencies between them can be explored in exactly the same way 
as before. 

Results 

The simplest model (without interactions) yields a picture that is very 
similar to that for the pairwise comparison data (see Figure 3.4): 

As can be seen in Figure 3.4, the effect of contour is stronger than 
that of register and both are more important than the range-variable. 
This simple model can account for 86.3% of the variance (r=0.929). 
Comparing this outcome with the one of the pairwise comparison test, 
it appears that the register contribution has become somewhat less 
important than the contour effect. Range remains the weakest cue. 
This diminished cue value may be due to the fact that both register and 
range are relative notions, i.e., related to the individual speaker's voice, 
and therefore more difficult to judge in an absolute rating experiment. 
Conversely, no comparison stimulus is needed to determine whether a 
contour has an end rise or not. 

Adding an additional parameter to explore interactions between 
the parameters, only produces a strong increase in explained variance 
when the dependency between register arid contour type is introduced 
(94.3%) (r=0.971 ). Inspection of the mean ratings reveals that, as with 
the pairwise comparisons data, register contributes more when the con
tour has no rise at the end, than when it has or - alternatively - that 
the contour effect is stronger when register is low than when register 
is high. The interaction is equally important in both directions, which 
result is different from the one of the pairwise comparisons test, where 
register seemed to depend more on contour than vice versa. Not much 
is gained by adding an interaction between register and range (86.3%) 
or contour and range (86.7%). This result is comparable to the outcome 
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Figure 3.4: Parameter value estimates and their standard devi
ations for the data from rating experiment lb for the variables 
contour type, register and range. 

with pairwise comparisons. 

3.2.3 Discussion 

43 

Experiments Ia and lb have demonstrated that three different parame
ters of speech melody may indeed contain perceptually relevant cues to 
signal that a particular discourse unit has been rounded off. Using two 
different techniques, a pairwise comparison technique and an absolute 
rating method, it was found that the relatively global variations in reg
ister and range on the one hand and the more local distinction in the 
shape of the intonation contour (i.e., with or without end rise) on the 
other, all contribute significantly to the finality judgments of the listen-
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ers. There are, however, differences in the strength of the cues. Register 
and contour differences are about equally effective, which means that 
a local difference in the shape of the pitch contour can have the same 
impact as a relatively gross register variation. Both variables are more 
important than range, which still contributes significantly. 

Finally, when compared to contour type, the effects of register and 
range are less important in the absolute rating experiment than in the 
pairwise comparison test, which may be due to the relative nature of the 
latter variables. Some anchor point is needed to judge adequately where 
in a speaker's register a contour is situated. For the factor range, on 
the other hand, a speaker dependent reference is less necessary, since 
it is to a large extent language-specific; Willems (1982) showed, for 
instance, that speakers of British English use a much wider range than 
speakers of Dutch. 

3.3 Experiment II 

Introduction 

Experiments Ia and lb have revealed that differences in the shape of an 
intonation contour can influence a listener's finality judgment. One of 
the differences in contour shape involved only the last part of a contour. 
In experiment II, it was checked whether different variations in the 
part that precedes the low versus high ending can also be influential 
on finality-judgments. This extension is motivated by our expectation 
that intonation may also contain more global indications of finality. 

Hypotheses 

In experiment II, the following hypotheses are tested: 

• Hat pattern variation. First of all, the influence is assessed of the 
kind of 'hat pattern'-variant that is used. There is evidence that, 
in Dutch, a so-called 'fiat hat' is distributionally much more lim
ited than a 'pointed hat': it can only be contour-final and can 
only span the last two accents of a prosodic phrase. No such re
striction holds for the pointed hat ('t Hart, Collier and Cohen, 
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1991 ). Mallant (1992) (see also Terken, 1993b) has observed that, 
in Dutch, there is a strong association of 'flat hat' -configurations 
with sentence-final position. This leads to the expectation that 
'flat hats' are perceived as more final than a sequence of two 
'pointed hats'. 

• Peak relation. Differences in the excursion size of successive pitch 
movements may also be important for 'finality'-cuing. Acoustic 
observations by Liberman and Pierrehumbert (1984) have brought 
to light that the final peak in an intonation contour typically 
undershoots a topline which connects all the preceding peaks (a 
phenomenon called 'final lowering'). In an algorithm that auto
matically synthesizes natural-sounding intonation, Terken (1993a, 
1993b) implemented a rule that regulates for each phrase a left
to-right decrement of the size of pitch movements, so that the last 
pitch accent has a smaller excursion than the preceding one(s). 
Cutler and Pearson (1986) found that listeners judged downstep
ping contours to be good cues for a speaker to signal in a conver
sation that he wants to yield the turn at talk to his interlocutor, 
whereas upstepping contours were good turn-holding cues. Wich
mann {1991) observed, for British English, that if the last accent 
of a contour is smaller in excursion size than a preceding one, the 
contour sounds more final. Accordingly, we predict that in Dutch, 
too, intonation contours with a 'converging' baseline and topline 
(so that accents that are later in the utterance are also smaller) are 
perceived as 'more final' than contours with diverging declination 
lines. 

Stimuli 

Once more the test sentence "een gele driehoek" was used. In this 
experiment the synthesized speech melody was varied in the following 
manner: 

• Contour type. Contour with or without a continuation rise which 
has the same standard specifications to allow comparison with the 
results of the previous experiment; 
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• Hat pattern variation. Two types of hat pattern: (a) the 'flat 
hat'-pattern is structurally the same as the one in the previous 
experiment, but the excursion size of the movements may differ 
(see below); (b) the other contour consists of two pointed hats on 
the syllables 'gel-' and 'drie- '; such a pointed hat is composed of 
an accent-lending rise starting 70 ms before vowel onset and with 
a duration of 120 ms; this rise is followed by a fall with the same 
duration that starts 80 ms after vowel onset. In between these 
two movements there is a short, level plateau of 30 ms; 

• Peak relation. The pitch accent on 'gel-' always has an excursion 
size of 6 st. The excursion size of the movement on 'drie-' is 4 st 
in the converging contour and 8 st in the diverging contour. 

All the utterances have the same standard declination slope as in 
the previous experiment. 

Varying these parameters orthogonally, one obtains the eight con
tours that are depicted in Figure 3.5. 

3.3.1 Experiment Ila: pairwise comparisons technique 

Subjects 

Thirteen colleagues of IPO served as subjects. They were no experts on 
Dutch intonation. Four of them had already participated in experiment 
Ia. 

Procedure 

Two lists of the 56 randomly ordered pairs of stimuli (28 in A/B and 
28 in B /A order) were constructed. List 1 was presented to 7 subjects, 
list 2 to 6 subjects. For the rest, the whole experimental procedure was 
identical to that of experiment Ia. 

Results 

The data analysis for experiment Ila proceeded in the same way as 
for experiment Ia. An intercorrelation matrix revealed that all the 13 
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Figure 3.5: Intonation contours used in experiment II, which 
are varied with respect to contour type, hat pattern and peak 
relation. (Declination is omitted in this visualization.) 
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subjects constituted a homogeneous group whose data could be pooled. 
The rank order of the stimuli with respect to the perceived degree of 
finality is depicted in Table 3.II. 

The three-parameter model produces the results as shown in Fig
ure 3.6. 

All the variables have significantly influenced the :finality judgments. 
The strongest effect is due to the presence or absence of the end rise, 
followed by the variation in hat pattern type. The contribution of the 
peak relation differences was small (certainly when compared to the 
effects of the other variables), but significant. The correlation between 
the observed data and the predictions is very high ( r=0.896); the simple 
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three-parameter model can explain 80% of the variance. 

Adding a fourth parameter to account for potential interactions be
tween the different variables does not yield a strong increase in ex
plained variance when a dependency between peak relations and con
tour type (80.2%) or peak relations and hat pattern type (80.4%) is 
introduced. However, introducing an interaction between contour type 
and hat pattern variation has an important effect on the explained vari
ance (86.3%). From the raw data it can be seen that the contribution 
of the variation in hat pattern type only really matters when there is 
no end rise. 

Table 3.11: Order of stimuli with respect to degree of finality 
judged by the subjects in experiment Ila 

Contour Hat Peak rel. 

Order Most final 1 -rise flat conv. 

2 -nse flat div. 

3 -nse pointed conv. 

4 -rise pointed div. 

5 +rise flat conv. 

6 +rise flat div. 

7 +rise pointed conv. 

Least final 8 +rise pointed div. 
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Figure 3.6: Parameter value estimates and their standard de
viations for the data from pairwise comparison test Ila for the 
variables contour type, hat pattern and peak relation. 

3.3.2 Experiment Ilb: absolute rating method 

49 

From the eight subjects that constituted a homogeneous group (see 
description of experiment lb and footnote 2), six had already partici
pated in one of the previous pairwise-comparison tests (Ia, Ila), or in 
both. The mean ratings (averaged over these eight subjects) and their 
standard deviations are shown in Figure 3.7. 

The simplest estimation model (without interactions) yields the fol
lowing picture, which deviates somewhat from that of the pairwise com
parison test (see, Figure 3.8) and which explains 89.8% (r=0.948) of the 
variance. 
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Figure 3.7: Mean ratings and their standard deviations for the 
contours presented in rating experiment Ilb, which are specified 
with respect to contour type (CT), hat pattern (HP) and peak 
relation (PR). 

As with the pairwise comparison data, the presence versus absence 
of an encl rise is a very strong parameter and considerably more ef
fective than the other two. In contrast with the outcome of pairwise 
comparison data, however, the variation in the peak height relation has 
a stronger influence than the hat pattern variation, but the latter still 
contributes significantly. 

As with experiment Ila, an increase in explained variance can be 
obtained by the introduction of a parameter accounting for the depen
dency between contour type and hat pattern variation. This increase 
is not really considerable (91.5%). A fourth parameter regarding the 
interaction either between hat pattern variation and peak relation or 
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Figure 3.8: Parameter value estimates and their standard devi
ations for the data from rating experiment Ilb for the variables 
contour type, hat pattern and peak relation. 

51 

between contour type and peak relation contributes even less (90.3% 
and 89.9%, respectively). 

3.3.3 Discussion 

In experiment I it was found that a difference in the terminal por
tion of a contour can be of importance from a functional perspective: 
high-ending contours sound less final than low-ending contours. This 
general outcome is replicated in experiment IL However, contour prop
erties that precede this terminal part are also relevant. First of all, it 
matters whether the contour consists of a "flat hat" or a sequence of 
two "pointed hats", since the former appears to sound more final than 
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the latter (see, however, the results of experiment III). Moreover, in 
agreement with the findings of Wichmann (1991), it was found that 
the peak relation based on the excursion size of the pitch accents is sig
nificant, too: converging contours are perceived systematically as more 
final than diverging contours, though this is only a small effect. 

In both experiments Ila and IIb, an interaction between contour 
type and hat pattern variation was found, though this interaction was 
less outspoken in the absolute rating test. It seems that the occurrence 
of an end rise 'overrides' the effect of hat pattern variation; apparently, 
the rise yields such a definite non-final impression, that listeners do not 
pay any further attention with respect to finality to the type of hat 
pattern that precedes that rise. It remairis unexplained, however, why 
then no such interaction could be established between the variation in 
contour type and peak relation differences. 

Another puzzling point is that the outcome of the absolute rating 
test differs from that of the pairwise comparison test with respect to 
the relative effect of the hat pattern factor and the peak-relation fac
tor: in the pairwise comparison test, the hat pattern contribution is 
the stronger one of the two, whereas in the rating experiment the op
posite holds. Both factors, however, are small in both experiments, as 
compared to the contribution of the variation in contour ending ( +/
end rise). 

3.4 Experiment III 

Introduction 

A closer examination of the variables introduced in experiment II re
veals that the hat pattern distinction implies a difference in the position 
of the fall in the syllable '-drie': in the 'flat hat '-contour, the fall is timed 
100 ms earlier in the syllable than the fall in the 'pointed hats'-contour. 
These contours were automatically generated by a synthesis program 
which prescribes these timing differences of the fall in the two 'hat' 
types. Consequently, it is not clear whether listeners have based their 
finality judgments on differences in hat-contour type, on the timing dif
ferences of the final fall, or on a combination of these variables. The 
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literature shows that there may be a relation between 'finality' and the 
timing of pitch movements. According to Silverman and Pierrehumbert 
(1990), there is a consistent tendency for nuclear peaks (these are, by 
definition, the last peaks of an utterance) to be aligned much earlier in 
their syllables than prenuclear peaks. Terken (1987) made some similar 
observations on the read-aloud speech of a professional reader: the 'fi
nal' pointed hats of this speaker were timed much earlier in the syllable 
than the non-final ones. Therefore, the perceptual hypothesis is that 
contours with an 'early' final fall will sound more final than contours 
with a 'late' final fall, so that in experiment 3 hat pattern type was 
varied independently from the timing of the last fall. 

Stimuli 

The utterance "een gele driehoek" was again taken as the test sentence. 
Pitch was varied with respect to contour type and timing of the last 
fall in the following manner: 

• Hat pattern variation. The shape of the flat versus pointed hat 
is structurally the same as in the previous experiment, but the 
timing of the last fall differs (see next point); moreover, in this 
experiment, all the pitch movements have identical excursion sizes 
of 6 st and durations of 120 ms; 

• Timing differences. The 'early' fall on 'drie-' starts 20 ms before 
vowel onset and the 'late' fall starts 80 ms after vowel onset; in the 
pointed hat on 'drie- ', the rise starts 150 ms before vowel onset 
when the fall after that rise is early. 

The rate of declination was the same as in the previous experiments. 

In this experiment, we thus got the four intonation contours of Fig
ure 3.9. 
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Figure 3.9: Intonation contours used in experiment III, which 
are varied with respect to hat pattern and timing of the last fall. 
The dashed line indicates the vowel onset in the last accented 
syllable. (Declination is omitted in this visualization.) 

3.4.1 Experiment Illa: pairwise comparison technique 

Subjects 

Thirteen colleagues of IPO served as subjects for our listening experi
ment; nine of them had already participated in one or two of the pre
vious pairwise comparison experiments. 
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Procedure 

The experimental set-up was the same as in the previous listening ex
periments (instruction, presentation, ... ). Only this time, the listeners 
heard the 6 pairs 4 times, namely 2 times in A/B- order and 2 times 
in B/ A-order, and there were warning tones after every 10th pair. We 
made 2 lists of randomly ordered pairs: list 1 was presented to 5 sub
jects, list 2 to 8 subjects. 

Results 

In experiments Ia and Ila, the homogeneity of the subjects population 
was explicitly tested. In this case, however, the between-subject vari
ation could not so easily be checked by means of an intercorrelation 
matrix, because there were too few data points per subject. But since 
9 out of the 13 listeners had already participated in 1 or 2 of the pre
vious experiments, and since the task still was the same as before, it 
is reasonable to assume that the subjects had behaved as an homoge
neous group and their data were therefore pooled. The order of the 
stimuli with respect to the degree of finality as judged by the listeners 
is depicted in Table 3.III. . 

The two parameter value estimates are shown in Figure 3.10. 

Table 3.111: Order of stimuli with respect to degree of finality 
judged by the subjects in experiment Illa 

Hat Timing 

Order Most final 1 pointed early 

2 flat early 

3 pointed late. 

Least final 4 flat late 
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Figure 3.10: Parameter value estimates and their standard de
viations for the data from pairwise comparison test Illa for the 
variables hat pattern and timing. 

A strong effect was found for the variation in the timing of the 
last fall; contradictory to the expectation, pointed hats are perceived 
as being more final than flat hats, though this is only a small (but 
significant) effect. The simplest, two-parameter model explains 94.8% 
of the variance (r=0.974). Adding a fourth parameter to account for 
a potential dependency between the two variables introduced does not 
yield a strong increase in explained variance (96.6%), so that the two 
factors can be considered to be independent of each other. 
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Figure 3.11: Mean ratings and their standard deviations for the 
contours presented in rating experiment IIIb, which are specified 
with respect to hat pattern (HP) and timing (TI). 

3.4-2 Experiment Illb: absolute rating method 
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From the eight subjects that constituted a homogeneous group (see de
scription of experiment lb and footnote 2), six had already participated 
in one or more of the previous pairwise comparison experiments (la, Ila 
and Illa). The mean ratings (averaged over these eight subjects) for 
the different contours and their standard deviations are depicted in 
Figure 3 .11. 

The simplest model (without interactions), which can account for 
93.9% of the variance (r=0.969), yields the picture visualized in Fig
ure 3.12. 
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Figure 3.12: Parameter value estimates and their standard devi
ations for the data from rating experiment Illb for the variables 
hat pattern and timing. 

Clearly, this means that there is no effect of hat pattern variation, 
whereas the timing-differences do significantly contribute to the final
ity judgments. Adding a fourth parameter to account for a poten
tial dependency between the two variables introduced does not yield a 
strong increase in explained variance (94.2%), indicating that there is 
no strong interaction between the two factors. 

3.4.3 Discussion 

On the basis of the results of experiment II, it was concluded that 
a difference in hat pattern type is of importance to the listener, when 
judging an utterance as to its finality value: a fiat hat, it was concluded, 
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sounds more final than a pointed hat. The results of experiment III 
bring to light that this is probably not true. It is not so much the hat 
shape in itself, but rather the difference in the timing of the fall that 
matters: early falls are stronger finality cues than late ones. 

This observation reminds one of earlier remarks by Gussenhoven 
(1988) that in Dutch two kinds of accent-lending falls seem to exist, 
viz. an early and late one. The IPO-description only distinguishes one 
type. The perceptual results seem to support Gussenhoven's statement, 
as listeners clearly ascribe different finality impressions to the two types 
of movements. In other words, if the difference in timing of final accent
lending falls is meaningful, the inventory of perceptually relevant pitch 
movements has to be extended with one more fall in order to keep the 
intonation grammar observationally adequate. 

3.5 General discussion and conclusion 

This chapter has reported on a study of possible melodic cues that 
signal the boundaries of discourse units. The research has concentrated 
on melodic indications of 'finality'. It was found that pitch contours 
may indeed contain a variety of relevant cues in this respect: some 
contours are perceived as fitting the end of a discourse unit better, 
depending on their register (experiment I), range (experiment I) and/ or 
various differences in their shape (experiments I, II and III). All the 
manipulations shown to be relevant for the perception of finality, appear 
to have an effect on mean pitch, since converging contours are, on 
average, lower than diverging ones, contours with early falls are lower 
than those with late falls, and so on. The perceptual results can then 
be summarized as follows: the lower the average pitch of a contour, the 
more it is likely to get a final interpretation. 

The perceived finality of the different pitch contours was tested by 
means of two different techniques, by pairwise comparison and by ab
solute rating, which yielded nearly the same results. The application 
of two different judgment models (to account for the data of the pair
wise comparison test and the absolute rating test, respectively) suggests 
strongly that the variables that are introduced in each of the three ex
periments combine additively in producing finality judgments. Though 
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full additivity requires that all variables be independent, it could be 
established that some of them interact. The interaction was of a sim
ple type, however; the effect of one variable was conditional on the 
value of the other. In this way the strength of the finality judgment 
was changed by a constant amount and for each of two variable values 
additivity still held. 

The outcome of this study has provided insight into which param
eters are likely to be influential on finality judgments. However, on 
the basis of these results one cannot draw strong conclusions about 
the strength of a given cue. To learn more about strength relations 
between stimulus parameters, one would have to secure that (i) the 
stepsizes applied to the parameters are of equal perceptual magnitude 
(e.g. consisting of the same amount of j.n.d.'s) and that (ii) these vary 
within some realistic extremes (which may be dependent on speaker 
and genre). To date, for most of the melodic parameters introduced 
above, knowledge about both these factors is still lacking. Therefore, 
the parameter values in the experiments of this study were chosen such 
that they are above threshold, without being too extreme (e.g. a differ
ence in range of more than an octave would be exaggerated for Dutch). 
Furthermore, the absolute settings, such as the 75 Hz endfrequency for 
low register or the contour with a rise as an example of a non-low tone, 
are not important in themselves, but must be contrasted with the other 
parameter settings in minimal-pair comparisons. 

The results obtained so far are relevant for practical applications 
such as text-to-speech systems. The first algorithms developed at IPO 
to generate melodic contours in synthetic speech, made use of pitch 
movements with standardized acoustic specifications. Though these 
standard recipes worked well to generate pitch contours on isolated 
sentences, listeners turned out to dislike them in longer spoken texts 
(Collier and Terken, 1987). In order to make the speech intonation 
sound less predictable, specific sorts of melodic variation have to be 
generated by the synthesis algorithm. However, in many cases, some 
form of linguistic knowledge has to motivate departures from the stan
dard recipes. For instance, much of the variation in pitch movement 
size is probably dependent on the amount of emphasis a word has to 
receive. To implement such differences in prominence, a synthesis al
gorithm would have to take into account contextual and semantic in-
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formation of a given input text. While it may be a difficult task to 
find rules that can predict degrees of accentuation, prosodic parameter 
values having to do with demarcation or position, such as the cues to 
finality, may be less difficult to implement since the synthesis algorithm 
can rely on typographical information, which generally provides specific 
indications of macro-structure. 

Now that is has been found that the end of a major discourse unit 
can be highlighted by melodic properties, it needs to be investigated 
whether such cues are actually exploited by speakers and listeners in 
more natural discourse. The network descriptions of chapter two, which 
were the source of inspiration for the listening experiments here, already 
revealed that speakers indeed use intonational features to indicate that 
the description is completed and that these are picked up by the listen
ers as markers of finality. In the next chapter, it will be investigated 
whether comparable melodic cues are used in types of descriptive lan
guage that are more representative of a natural behavior than the net
work descriptions of chapter two. The scope of the research will also 
be widened to explore whether prosody may contain other structuring 
devices than the 'finality' cues to mark the informational make-up of a 
given discourse. 
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Chapter 4 

Melody and pause between and within discourse 
units 1 

Abstract 

This chapter reports on an investigation of the role of prosody in 
structuring the information in monologue discourse, from the point 
of view of production as well as perception. Two prosodic variables 
were investigated: speech melody and pauses. As to speech melody, 
it was found - in agreement with the outcome of the previous two 
chapters - that local intonation features are employed to indicate 
the end of a discourse unit. Initial boundaries are marked by a 
conspicuous pitch accent situated high in the speaker's pitch regis
ter. Moreover, some speakers provide larger-scale information units 
with a global melodic feature. Also, speakers manipulate both the 
distribution of pauses and their relative length to mark information 
flow. A perception experiment was carried out to evaluate the com
municative impact of both speech melody and pauses . It was found 
that, in the absence of semantic cues, both melodic and pausal in
formation is used by listeners to interpret the incoming signal in 
terms of discourse structure. 

1 Based on a paper, written together with Ronald Geluykens, which has been accepted 
for publication in Language and Speech. A preliminary study of the work presented here 
appeared in Phonetica 50 (1993), 189-196. 
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4.1 Introduction 

T HE two previous chapters brought to light that speech melody may 
function as an important structuring device in spoken language 

since it can be used to indicate that a major discourse unit has been 
rounded off. Chapter two revealed that intonation may covary with 
the serial position of an utterance in a larger description. It appeared 
that speech fragments situated at the end of such a unit are melodically 
distinct from fragments in other positions. A listening experiment sug
gested that listeners were sensitive to this type of information as they 
could distinguish final utterances from those in other positions in a 
discourse unit on the basis of this melodic variation. The perceptual 
validity of melodic indications of finality was further investigated in a 
series of formal experiments in chapter three, which confirmed that lis
teners are very sensitive to particular differences in pitch to judge how 
well a given sentence fits the end of major discourse unit. 

However, the sort of discourse investigated in chapter two which was 
the source of inspiration for the tests of chapter three, was relatively 
simple: the utterances produced were lexically and syntactically very 
constrained. For this reason, the elicited speech is different from the 
real-life situation where it generally shows much more variation. There
fore, this chapter investigates to what extent intonational markers of 
finality are used to signal information structure in a more complex type 
of discourse, i.e., instruction monologues (see below). These exhibit 
much more variation in lexical materials and syntactic structures than 
did the network descriptions of chapter two, but are still sufficiently 
content-controlled to be useful for an experimental study. 

The scope of the study is also widened to investigate whether in
tonation may contain some more cues, other than the indications of 
finality, to highlight discourse structure. First of all, it will be explored 
whether speech melody may serve as an indicator of initiality, too, for 
which some evidence can be found in the literature (e.g. Wichmann, 
1991), though it has been suggested by Bolinger (1989) that such ini
tial cues are less important than final ones. If the end of a particular 
discourse unit is clearly signalled by appropriate mdodic features, the 
potentia.! indicators of the beginning of a subsequent unit may be some
what redundant. They must then be seen as mere confirmation that a 
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new unit has begun. 

Apart from the initial and final boundary phenomena, more global 
melodic correlates of discourse segments will also be taken into account. 
Till now, as was already indicated in chapter one, overall character
istics have mainly been reported to occur on small-sized, read-aloud 
paragraphs. Usually, the database-oriented approaches to discourse 
prosody only focus on local prosodic structuring devices, such as bound
ary tones. 

The local and global melodic cues of information flow may inter
act with other prosodic cues to discourse structure. To shed light on 
such potential interdependencies between prosodic properties, pause 
will also be included, as this has often been claimed to be another 
important structuring device. Additionally, it will also be explored 
whether speakers vary with respect to their prosodic strategies to mark 
information flow, e.g. differing as to their preference for either the 
melodic or the pausal variable. 

4.2 The speech data 

In order to solve the methodological problems mentioned in chapter 
two, this study uses a specific type of descriptive language use, i.e., the 
instruction monologue, which allows the controlled analysis of discourse 
prosody from the perspective of both the speaker and the listener. 

f 2.1 Segmentation 

The data used in this study consist of three different, Dutch instruc
tion monologues; these are data originally collected by Terken ( 1984) 
for research into accent distribution, but which are employed here for 
different purposes. 2 These monologues consist of a series of instructions 
from a speaker to a listener whose task it is to assemble the front view 
of a house from a set of ready-made pieces of cardboard (e.g. a roof, a 
front door, etc.). From Terken's (1984) original eleven recorded speak
ers, three (one male (HZ) and two females (SK, NE)) were selected for 

2 Thanks are due to Jacques Terken for allowing us to make use of the speech materials 
used in Terken (1984). 



66 Chapter 4 Melody and pause between and within discourse units 

further analysis, as they produced the most fluent stretches of speech, 
i.e., produced without metacomments on the task itself and without 
elaborate repair sequences). Speakers SK, HZ and NE produced 13, 12 
and 10 instructions overall, respectively. 

Instructions in the monologues are generally of the following form 
(English glosses are approximations rather than literal translations): 

( 1) A 1. dan hebben we het zwarte vierkant 
then we have the black square 

B 2. daar gaan we nu een dak opzetten <lat is het groene driehoek 
now let's put a roof on it that is the green triangle 

3. de grote groene driehoek die zetten we er boven op 
the large green triangle we place that on top of it 

C 4. dan pakken we het woonkamerraam dat draaien we met de 
then we take the living room window we turn its 

5. kleurzijde om en leggen het links onderin met wat ruimte 
coloured side up and put it left at the bottom with some space 

6. eronder zodat de lange kant evenwijdig ligt aan de onderkant 
underneath it so that the long side is parallel to the bottom 

7. van het huis 
of the house 

D 8. dan pakken we de voordeur en die zetten we een eindje 
then we take the front door and we put that a little to the 

9. rechts van het raam met de korte zijde naar onder 
right of the window with the short side down 

First of all, a referent (e.g., het zwarte vierkant ('the black square')) 
is introduced, which constitutes the topic of the instruction, and on 



4.2 The speech data 67 

which some action has to be performed. As an (optional) second com
ponent, the speaker may then give some additional information to facil
itate referent-identification for the listener; this will be labelled elabo
rative material (e.g. de grote groene driehoek ('the large green triangle') 
in line 3 of (1 ), which is an elaboration on een dak ('a roof') mentioned 
in line 2). Next comes the actual instruction, which may be spread out 
over several clauses (e.g. C in ( 1)), but which can also be quite short 
(e.g. Bin (1)), depending of course on the level of difficulty of the task 
which has to be performed. Finally, the speaker sometimes provides a 
kind of summing-up statement to make it clear that an instruction has 
now been completed. In other words, each instruction can be seen as a 
coherent group of sentences dealing with one particular topic, viz. the 
building block at hand. 

The great advantages of this type of speech are that it is (i) spon
taneous, i.e., being generated on the fly, and without any specific lim
itations on the structure to be used, and (ii) controlled, in that the 
semantic content and the order of the instructions is pre-determined by 
the task properties. The three speakers thus produced speech which 
shows a lot of variety as to syntax, etc., but which has enough similar
ities to allow for inter-speaker comparisons. 

4.2.2 Additional evidence for discourse structure 

The previous section has shown that the monologues have some in
ternal organization reflecting the different instructions, which are easy 
to identify. It would be preferable, however, to have some additional 
textual motivation for the structural analysis. This is desirable for 
two reasons. First of all, it provides supplementary evidence for the 
macro-structure assigned to the text. Secondly, this should permit to 
generalize over different types of texts, and thus extend the analysis to 
spoken materials other than the instruction monologues analyzed here. 

It appears that the instructions can truly be seen as information 
units as they follow some general linguistic principles found in the 
discourse-analytic literature (e.g. Givon, 1983). To illustrate this, use 
is made of the concepts developed by Geluykens (1988, 1992a, 1992b, 
in press). In Geluykens ( l 992a, 1992b ), new discourse topics are de
fined as non-recoverable pieces of information which have some degree 
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of persistence. Non-recoverable information (see Geluykens, 1988) is 
information which 'cannot be retrieved from the preceding context', 
i.e., which does not actually occur in the previous discourse record. 
(See also the discussion of 'newness' in Halliday (1967), Chafe (1976) 
and Prince (1981).) Persistent elements are those which recur, in what
ever surface form, in the subsequent discourse. A distinction is made 
between direct persistence (recurrence of a coreferential form of the 
same entity) and indirect persistence (through a semantically closely 
related referent, e.g. one which has a part-whole relationship with the 
referent). 

If these notions are applied to the excerpt presented in (1), for 
instance, the following entities qualify as non-recoverable information: 
het zwarle vierkant ('the black square'; line 1 ), een dak ('a roof'; line 
2), het woonkamerraam ('the living room window'; line 4); de voordeur 
('the front door'; line 8). The result obviously corresponds with the 
list of building blocks which were at the speaker's disposal for the task. 
Furthermore, all referents mentioned are persistent. If one of them is 
examined in detail, for instance het woonkamerraam (instruction C), 
the following evidence is obtained of direct persistence: dat ('that'; line 
4) 1 het ('it'; line 5), and eronder ('underneath it'; line 6). Instances 
of indirect persistence are: de kleurzijde ('the coloured side'; line 5); 
de lange kant ('the long side; line 6). It appears that persistence is 
generally limited to the instruction in which the referent first occurs 
(though it may crop up again later, in relation to another referent). 
This linguistically motivated topical structure thus confirms the non
linguistic task structure. 

Occasionally, there are some clues present which give further sup
port to the task-dependent segmentation, in the form of particles which 
function as 'discourse markers' (Schiffrin, 1987) indicating the start of 
a new topical unit. Concentrating on excerpt (1) again, the marker 
dan ('then') occurs in several unit-initial locations (lines 1, 4, and 8), 
and the marker nu ('now') in another (line 2). Other speakers employ 
other markers (e.g. speaker SK very consistently uses the voiced pause 
'uhm' before each new unit). Once again, independent confirmation of 
the topical structure can be obtained. 

Summing up: the definition of instructions as topical units can 
also be motivated linguistically. It remains to be seen to what extent 



4.3 Acoustic analysis of speech melody and pause 69 

prosodic information reinforces the discourse structure, but at least 
this can be investigated independently without any recourse to circular 
arguments based on prosodic organization. 

4.3 Acoustic analysis of speech melody and pause 

As already indicated above, this study concentrates on the communica
tive effect of two prosodic variables: (i) the intonation or speech melody 
(melodic boundary markers, scaling of pitch maxima, and mean pitch 
of subsequent clauses) and (ii) the temporal structure, more specifi
cally the distribution and relative duration of pauses. Other prosodic 
features, such as laryngealisation and loudness, were not investigated, 
though it cannot be excluded that they are potentially relevant for high
lighting discourse structure. Final lengthening was not studied because 
it has been claimed (Lehiste, 1979, p.195) that there is no obvious dif
ference in length between sentence-final and paragraph-final syllables. 
Moreover, the determination of lengthening would require comparisons 
of identical syllables in different discourse contexts, which were not 
available in the monologues. 

The monologues were digitized with a 10 kHz sampling frequency 
at 12 bits, with low-pass filtering (cut-off frequency: 4.8 kHz; slope: 
90 dB/Octave); fundamental frequency (F0 ) was then determined by 
means of the method of subharmonic summation (Hermes, 1986). 

4.3.1 Speech melody: boundary tones 

Hypothesis 

Brown, Currie and Kenworthy (1980), among others, have argued 
that intonation is often exploited to signal topic continuity or final
ity through the use of different melodic boundary tones. Their claim 
is that so-called low terminals are regularly associated with the end of 
a topic, whereas non-low terminals would serve to indicate that there 
is more to come on the same topic. Therefore, in the present study, 
the hypothesis was that low-ending contours would occur at the end of 
instructions, whereas non-low contours would not. 
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Measurements 

At the end of each clause in the monologues, the course of F0 was exam
ined from the last accent till the beginning of the next clause, the latter 
being operationally defined as a syntactic entity containing a finite verb 
(sometimes implicitly). Clauses rather than intonational phrases were 
taken as the basic units of analysis to ensure that melodic boundary 
tones could be assessed in a non-circular manner. A classification was 
made into low-ending contours and high-ending contours on the basis 
of two melodic transcriptions carried out by two experienced intonation 
researchers for the study of Terken (1984). Transcriptions were made 
using the IPO transcription method (see 't Hart, Collier and Cohen, 
1990). Contours of type /10/ accent-lending rise, followed by high 
continuation), /IE/ ( = same rise, followed by half-fall), /12/ ( = same 
rise, followed by continuation rise) and / A2/ ( = accent-lending fall, 
followed by continuation rise) were phonologically interpreted as high 
tones (H%); contours of type /AO/ accent-lending fall, followed by 
low continuation) were interpreted as low tones (1%). The distribution 
of these is depicted in Table 4.I. 

Results and discussion 

Table 4.I shows that there is a significant association of low-ending 
contours with instruction-finality on the one hand, and of high-ending 
contours with non-finality on the other hand (SK:x2 =38.5, p<0.001; 
HZ: x 2 =13.l, p<0.001; NE: x 2=18.8, p<0.001). These findings appear 
to confirm the earlier claims by Brown, Currie and Kenworthy (1980). 
There is thus indeed a correspondence between the topical structure of 
the discourse and the use of boundary tones. The majority of the low
ending contours are located at the end of the final clauses of the various 
instructions: their function seems to be to signal that an informational 
unit has been completed. Most of the non-low contours occur within 
instructions; they signal that there is still more to come on the same 
topic. A typical example of this general tendency is instruction (2) 
below by speaker SK: 

(2) 1. clan pakken we de plant (H%) 
then we take the plant 
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2. en die plant die zetten we naast de voor deur (H%) 
and that plant we put next to the front door 

3. links naast de voordeur op de grond (H%) 
to the left of the front door on the ground 

4. dus gelijk met de onderkant van de voorgevel (H%) 
so it is parallel to the bottom side of the facade 
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5. midden tussen de voordeur en het woonkamerraam (L%) 
midway between the front door and the living room window 

Table 4.I: Frequencies of low and non-low boundary tones as a 
function of discourse position in the monologues of speakers SK, 
HZ and NE 

Speaker Boundary tones 
Low Non-low 

SK 
End of instruction 12 5 
Elsewhere 5 38 

HZ 
End of instruction 9 3 
Elsewhere 7 18 

NE 
End of instruction 9 3 
Elsewhere 3 12 
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In this instance, all instruction-internal clauses end in a high con
tour, while the instruction itself ends in a low one. 

It should also be pointed out that there is some variation among 
speakers. Speaker HZ, for instance (cf. Table 4.I), appears to be slightly 
less consistent in his use of low contours than the other two speakers, 
as only 9 out of 16 (56%) of his low contours are instruction-final, 
compared to 12 out of 17 (71 %) and 9 out of 12 (75%) for SK and NE, 
respectively. 

Note that, quantitatively speaking, the exceptions occur mostly in 
one direction: There are only 7 (out of 79 instances; 13%) high-ending 
contours in final position, whereas there are 15 (out of 45 instances; 
33.3%) low-ending ones in non-final position. In other words, while a 
high-ending contour almost invariably signals that an instruction has 
not ended, it is not the case that a low-ending <?ne automatically implies 
instruction-finality. 

Though this is difficult to determine on independent grounds, some 
instances of non-final low contours turn out not to be real counter
evidence; looking at specific discourse contexts sometimes reveals that 
some of the apparent exceptions might be functionally motivated. For 
instance, some low boundary tones occur at points where the infor
mation conveyed can be considered 'complete' from an informational 
point of view, i.e., sufficient to enable a listener to successfully exe
cute the instruction of the speaker. However, as a sort of afterthought, 
there is a subsequent clause providing some details that are redundant 
from a purely informational point of view or that are so obvious or de
ducible from the previous discourse that they are not really necessary 
to be communicated. In (3), which is instruction 3 of speaker SK, an 
example is presented as an illustration of what is meant: 

(3) 1. dan pakken we de voordeur (H%) 
then we take the front door 

2. en die zetten we rechts in het zwarte vierkant (H%) 
and we put that right in the black square 

3. rechtsonder (H%) 
at the bottom right 
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4. zodat de smalle kant van de voordeur 
so that the small side of the front door 

5. tegen de onderkant van het zwarte vierkant aanzit (H%) 
sits on the bottom side of the black square 

6. en een klein stukje een centimeter of twee 
and a little bit, about two centimeters, 

7. vanaf de rechterzijkant van het zwarte vierkant (L%) 
from the right side of the black square 

8. dus de onderkant van de voordeur loopt gelijk met 
so the bottom side of the front door runs parallel with 
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9. de onderkant van het zwarte vierkant van de voorgevel (L%) 
the bottom side of the black square of the front view 

In (3), it can be observed that the first occurring low boundary 
(line 7) is located at a position where the instruction is informationally 
complete. The subsequent utterance only paraphrases the semantic 
content of the previous part of the instruction. Of course, this non
essential information may facilitate the communication between speaker 
and listener, as it confirms what has been said in earlier utterances. 

In the three monologues, 5 instances were found of low boundary 
tones that occurred at the end of an informationally complete unit, i.e., 
one in which all the relevant information appears to have been conveyed 
already, but nevertheless does not coincide with the end of the total 
instruction. Of course, it is not always straightforward to decide when 
an instruction can be considered 'informationally complete', and one 
risks running into circularity; we have mainly used our own intuitions 
as a criterion here, and have only considered very clear-cut cases of 
redundant information as afterthoughts. 
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The data of this section leads one to hypothesize that local pitch 
cues may indeed be used by the speaker to signal discourse structure. 
As expected, low-ending contours are associated with finality, while 
high-ending contour are associated with continuation. 

4.3.2 Speech melody: F0 maxima 

Hypothesis 

Another melodic variable is the height of the F0 maxima in accent
lending pitch movements. Terken (1984) already observed in these 
speech materials that nouns introducing a new topic into the discourse 
were always accented. This finding can be interpreted to mean that by 
accentuation the speaker gives an indication of the non-recoverability 
of the information conveyed. As all referents introduced are non
recoverable, they always get an accent. Moreover, these new items 
constitute the topics of the subsequent discourse and are therefore made 
prominent in order to signal that the referent must be given preferential 
status in the listener's discourse model. As the new topics correspond 
to major changes in the information flow, and as they are very salient 
points in the instruction task, it is predicted that they are made even 
more prominent than other accented words by giving them a higher 
than average pitch peak. 

Measurements 

The two independent intonation transcriptions mentioned earlier were 
taken as the basis for the measurements, considering only the positions 
where a pitch accent had been heard. F0 maxima were defined as the 
end of an accent-lending rise (type 1) or the beginning of an accent
lending fall (type A). There were some difficult cases, namely the abrupt 
pitch rises that occurred relatively late in one-syllable words and that 
seemed to consist of an accent-lending and a non-accent-lending part. 
It was difficult to locate the exact transition point between these two 
parts, as they present themselves as one fluent, complete F0 movement. 
Therefore, the F0 maximum of the entire movement is taken as a mea
surement point. 
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In order to compare topic with non-topic peaks, the F0 peak on the 
noun introducing the referent into the discourse was regarded as the 
relevant 'topic peak' (see the discussion of example (1) above). 

Table 4.II: Frequencies of F0 peaks (is or is not highest within 
instruction) on topic NPs as a function of position within in
struction in the monologues of speakers SK, HZ, and NE 

speaker topic NP is highest F0 peak 
yes no 

SK 
first accent 5 2 

non-first accent 4 2 

HZ 
first accent 5 2 

non-first accent 3 2 

NE 
first accent 3 3 

non-first accent 2 2 

Results and discussion 

Table 4.II gives the data (i) on the correlation between highest F0-

maxima and topic NPs and (ii) on the position of these accents in 
an instruction, i.e., whether they were the first or not. These data 
support the hypothesis that topic-peaks are more prominent than non
topic peaks, as the accents on the topic-introducing noun phrases indeed 
appear to differ from other peaks, since they are located higher in the 
speaker's register. However, this only seems to hold for two of the 
three speakers. Indeed, NE does not provide the topic-introducing noun 
phrase with the highest F0-maximum quite as consistently as HZ and 
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SK do (50% versus 67% and 69%, respectively). With respect to the 
position of the accent in an instruction, it has to be remarked that, if an 
accent was not the first one, it was still situated at the beginning of the 
discourse unit (which is not indicated in Table 4.II): for speakers SK 
and NE, all the non-first accents were the second ones in an instruction; 
for speaker HZ, three non-first accents were second, two were third in 
an instruction. In other words, topic peaks tend to be higher in register 
and tend to occur at the beginning of a discourse unit. 

Table 4.111 gives the average height of Fa peaks in different dis
course contexts. One-way ANOVA's on these data gave overall sig
nificant effects for all three speakers (SK: F(4,145)=29.119, p<0.001; 
HZ: F(4,78)=5.246, p<0.001; NE: F(4,77)=3.114, p<0.05). It can be 
observed that Fa peaks on the topic-introducing NP are the highest, 
irrespective of whether this NP has the first accent within an instruc
tion or not. Student-Newman-Keuls post-hoc analyses revealed that 
differences between peak height of topic-NP accents in first position 
and those not in first position are not significant. Conversely, accents 
which are not on the topic-introducing NP do not get the highest peak, 
even if they are in the first position in the instruction. The difference 
in peak height between topic NPs on the one hand and non-topic NPs 
on the other hand is only significant for speaker SK and non-significant 
for speakers HZ and NE, though there is a clear trend in their data, 
similar to the effect in the data of SK. This means that, on average, the 
highest peak is still on the topic-NP, irrespective of whether this is the 
first Fa-maximum or not. It is precisely these cases which show clearly 
that the occurrence of the highest Fa-maximum is not just a matter of 
linear order, but is indeed exploited by the speaker to co-occur with 
the new topical referent, which thus gets the most salient Fa peak in 
the discourse stretch. 

It should also be stressed here (as is also shown by Table 4.111) that 
the first peak of the topical unit is always far higher than the final peak 
of the preceding unit. These differ significantly if this first peak is on 
the topic-NP for all three speakers; if this peak is not the topic-NP, 
the same trend can be observed, though significantly so only for SK. In 
other words, there is always a significant upward shift in peak height 
at the boundary between two topical units, especially if the topic-NP 
peak is at the very beginning of the instruction. It would appear, 
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Table 4.III: Mean peak height (and standard deviations) of ac
cents (in Hz) as a function of topic status and serial position in 
instruction in monologues of speakers SK, HZ and NE 

speaker accent 
first non-first last 

topic non-topic topic non-topic non-topic 

SK 332 ( 49) 269 (26) 334 (34) 252 (23) 210 (37) 

HZ 190 (17) 153 (17) 181 (27) 154 (21) 116 (11) 

NE 314 (35) 290 (28) 308 ( 45) 297 (29) 268 (27) 
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therefore, that the relative heights of F0 peaks serve a dual function: 
(i) demarcating the topical units themselves, by an upgrade in peak 
height; (ii) highlighting the new topic, by giving it the highest F0 peak 
within a topical unit. This points to a sophisticated use of global F0 

features by the speaker, and shows that one should also look beyond 
the local level when studying the discourse functions of F0 variation. 
This is even more true for the F0 variation studied in the following 
section. 

4.3.3 Speech melody: global use of F0 values 

Hypothesis 

The analysis of the relative heights of F0 peaks in the preceding section 
has already shown that speakers can make subtle use of F0 features 
over longer stretches of speech. It would therefore be reasonable to 
assume that speakers also use F0 on a more global level. Therefore, it 
is hypothesized that in the monologues there is overall declination of 
F0 over an instruction, followed by a reset on the following instruction. 
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Measurements 

To test this hypothesis, some more global calculations of the funda
mental frequency were performed. As a way of determining the supra
clausal declination just mentioned, the average Fa was determined over 
the duration of one clause. If there was a large pause (i.e., longer than 
1000 ms), the clause was split up into two separate units. The measured 
means of Fa of subsequent clauses for the three speakers are shown in 
Figure 4.1. 

Results and discussion 

It can be seen that the larger-scale informational units of speakers SK 
and HZ exhibit a global phonetic characteristic: Fa is, on average, 
relatively high at the beginning of a unit, and it then slowly decreases 
over the course of the instruction; at the beginning of a new topical 
entity, Fa is again shifted up (though this is not visible in figure 4.1 ). 
However, the macro-units of speaker NE, which were on average much 
shorter, do not have this global prosodic feature. 

At this point, it is not yet clear how the global decrease in mean 
Fa (that is, in the data of HZ and SK) should be interpreted. It might 
be that it is the composite result of two mechanisms: a general low
ering of Fa register and a global decrease in the excursion size of the 
movements (see also chapter three). No fur ther attempt was made to 
seperate these two potential factors. For the purposes of this study, 
it suffices to notice that relatively global correlates can be observed in 
spontaneous discourse (a claim which has been questioned a few times 
in the literature). Of course, this does not imply that the same finding 
also holds for conversational, non-monitored speaking style. 

4.3.4 Pauses 

Hypothesis 

A second major prosodic dimension which speakers may manipulate to 
structure their information flow is the temporal one, more particularly 
the use of pauses in discourse. First of all, pauses will probably be 
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Figure 4.1: Mean Fa (in Hz) of successive clauses in the instruc
tions of speakers SK, HZ, and NE; identical symbols connected 
with lines represent means within same instruction 
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dependent - to some extent - on discourse structure, in that topic shifts 
are accompanied by long pauses. Secondly, such pauses can be expected 
to be more pronounced, i.e., longer, than topic-internal pauses. 

Measurements 

Pauses were operationally defined as periods of silence, equal to or 
longer than 100 ms (except for the silent intervals associated with oc
clusions); they were measured directly on the digitized speech wave
form. 

Results and discussion 

The likelihood of occurrence of a clause-final pause appears to be very 
high at two important discourse locations. Firstly, pauses are present 
at all transitions between instructions, i.e., between all topical units, 
as expected. Secondly, pauses also consistently occur right after the 
topic-introducing phrase or clause; sometimes the pause is after the 
elaborative material rather than on the introduction proper, but always 
before the beginning of the actual instruction part. These two locations 
constitute crucial information flow positions, as will be shown below. 

This already indicates that it would be a mistake to interpret pause 
structure purely in syntactic terms. Indeed , some of the pauses are 
present at shallow structural breaks, and not at a clause boundary at 
all, e.g. in between preposition and noun, as in ( 4): 

(4) 1. dan brengen we een rood gordijn aan met (0.39 sec) 
then we apply one red curtain with 

2. afgeknipte scherpe puntjes 
sharply cut-off edges 

In other words, not all pauses are at clause boundaries (as was to be 
expected). Secondly, it is a.lso the case that not all clause boundaries are 
marked by a. period of silence. This is clearly exemplified by (5) below, 
where a. major clause boundary does not coincide with the presence of 
a. pause, after dan heb ik nog een groen fmtje over: 
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(5) 1. dan heb ik nog een klein groen frotje over (no pause) 
then I have another small green thingie left 

2. dat zal wei een bloempotje zijn (0.43 sec) 
that will probably be a flowerpot 

3. dat zetten we bij het voorraam onder (7.18 sec) 
that we put by the front window below 
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The respective lengths of the pauses have also been looked at in 
various discourse locations, i.e., (i) between instructions, (ii) after the 
clause or phrase introducing a new topic, and (iii) in other positions. 
Results can be found in Table 4.IV 

This table shows that, in these three monologues, pause duration is 
dependent on the topical structure of the discourse: the longest silent 
intervals are found between instructions (differing significantly from 
pauses within instructions for all three speakers: SK: t=5.93, p<O.OOl; 
HZ: t=4.08, p<O.OOl; NE: t=l0.54, p<O.OOl); within a topical unit, 
the pauses after the topic-introduction are consistently longer than in 
other locations, though this difference is only significant for speakers 
SK (t=4.96, p<O.Ol) and NE (t=3.23, p<O.OOl). Though the three 
speakers differ considerably in their absolute pause lengths, they all 
share this same pattern of varying pause duration as a function of 
discourse location. 

Having established that there is a strong correlation between pause 
structure and the topical organization of the discourse, it remains to 
be explained what cognitive or communicative factors might account 
for this regularity. In the following, a few tentative hypotheses will 
be presented that need further experimental verification. First of all, 
one can argue that pausal structure is a result of cognitive processing 
by the speaker. In this view, the silent intervals between instructions 
could reflect the planning carried out by speakers before they embark 
on the next instruction. Similarly, reasoning along the lines of theories 
of incremental speech production (Levelt, 1989), the pause after the 
referent-introduction could be caused by the speaker's planning of how 
to develop the newly introduced topic in the subsequent discourse. The 
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subsequent utterances within the same topical unit would then require 
less processing, and pauses are consequently shorter. However, since the 
experimental task seems to be a very simple one, which does not need 
considerable mental effort, the cognitive explanation does not appear 
to be very likely as the major factor governing pause length. 

An alternative hypothesis (which is not mutually exclusive with the 
previous one) concerns the communicative goals of the speaker, and his 
accommodation to the needs of the listener. By manipulating pause 
length, one could argue, speakers are trying to make it easier for their 
interlocutor to process discourse. In such a way, they are not only 
marking which major chunks of the discourse (the instructions) be
long together, but are also drawing attention to the newly introduced 

Table 4.1V: Mean pause durations (in sec.) (and their standard 
deviations) at various discourse locations in the monologues of 
speakers SK, HZ and NE 

Speaker Discourse position 
Between instructions Within instructions 

SK 2.89 (1.21) 1.11 (1.00) 

HZ 1.82 (0.88) 0.84 (0.81) 

NE 7.60 (1.64) 1.38 (1.55) 

Posttopic Elsewhere 

SK 2.21 (0.98) 0.92 (0.88) 

HZ 1.04 (0.98) 0.78 (0.76) 

NE 2.65 (1.80) 0.81 (1.05) 
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referents by making them prosodically more salient, and hence more 
easily identifiable as new discourse topics. This outcome is compatible 
with the finding that two out of three speakers generally provided the 
topic-introducing NPs with the highest F0-maxima. 

This latter view (and, especially, the discussion about the pauses 
in post-referent-introduction position) is also compatible with a third, 
more interactional explanation. Although the speech material under 
investigation consist of monologues, the test setting really was a com
municative one: speakers had to give instructions to listeners who were 
physically present. There is thus an interactive dimension to this dis
course, despite the fact that no verbal or visual feedback was possible, 
unlike real conversation (see Terken, 1984, for the experimental design). 
In Geluykens ( l 992b) it is argued that referents in conversation are in
troduced in a collaborative manner, through a three-stage interaction 
between a speaker and a listener. These stages are, respectively, in
troduction by the speaker of a new referent, acknowledgement by the 
listener of this new referent, and establishment of the new referent by 
the speaker, by developing it as a discourse topic (see (6), simplified 
from Geluykens, 1992b ): 

(6) C: Professor Worth asked me to get some books for him 

B: oh yes yes 

C: I've just arranged for those to be sent over by taxi 

Acknowledgment, it is claimed, can be either verbal, as in (6), (usually 
through a short acceptance signal such as yeah, mhm, and the like), 
or implicit, without an overt linguistic signal. In the latter case, the 
speaker pauses long enough to give the listener the opportunity to take 
in the new referent cognitively, but also to enable him to reject the new 
referent if he should feel that way inclined. Given the normal politeness 
principles operative in conversation (see Brown and Levinson, 1987), 
such rejection is not very likely. In the vast majority of the corpus-data 
analyzed by Geluy kens ( l 992b) it was found that referent-introductions 
were followed by an overt acknowledgment signal, but also often by a 
pause. 
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The long post-referent-introduction pauses in the instructions could 
therefore be argued to reflect this interactive dimension;, giving the lis
tener the chance to process the new referent, but also, theoretically, 
giving him the opportunity to intervene if necessary, either to request 
more information or to short-circuit the referent. In other words, some 
of these pauses would thus be quasi-conversational and essentially in
teractive. As it is impossible to verify this unequivocally in the data, 
such a statement needs further experimental testing. 

4.4 Prosodic features as perceptual cues 

In the preceding section, it has been shown that speakers do structure 
the information flow of a spontaneously produced monologue by means 
of particular melodic variables and by pausal structure; it remains to 
be examined to what extent this prosodic information is relevant to a 
listener. The communicative import of both speech melody and pausal 
structure for the clarification of the discourse structure needs to be 
evaluated, as it is not self-evident that all prosodic aspects of speech 
production are necessarily vital for speech understanding. But, poten
tially, they may help the listener in his decoding of an incoming speech 
signal. 

Hypothesis 

More specifically, two questions are tackled in the perceptual approach. 
First of all, the intention is to shed some light on the independent con
tribution of the prosodic layer separate from the lexical and syntactic 
information conveyed. To address this question, a listening experiment 
was performed, using band-pass filtered speech, i.e., speech which is 
unintelligible but which has an identifiable prosodic shape. 

Secondly, a perceptual approach also creates an opportunity to eval
uate the perceptual relevance of the melodic and pausal variable and 
to ascertain whether either of the two is more crucial from the lis
tener's point of view. As the speakers appeared to make use of dif
ferent prosodic strategies to structure their discourse (with different 
emphases on different prosodic variables), there was a chance to inves-
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tigate this by systematically eliminating prosodic information from the 
speech presented to the listeners. 

Material 

An excerpt was taken from the monologues of each of the three speakers 
investigated (SK, HZ, and NE), consisting of five successive instructions 
of varying length (starting with instruction 2 of each speaker), plus the 
beginning of a sixth. This resulted in five actual instruction boundaries. 
Following a method already applied by Lehiste (1979), Kreiman (1982) 
and Schaffer {1983, 1984), these excerpts were then band-pass filtered 
with a low-pass cut-off value of 310 Hz and a high-pass cut-off value 
of 260 Hz, resulting in unintelligible speech, without any lexical or 
syntactic cues remaining. This 50-Hz band, based on Schaffer (1983, 
1984), ensured minimal intelligibility while at the same time being the 
least disruptive to prosodic structure. 

Next, four different prosodic conditions for all three excerpts (thus 
resulting in 12 chunks of speech in all) were created. In condition 1, all 
the prosodic information, including melody and pause durations, was 
kept intact. In condition 2, all pauses had equal length, namely the 
average 'unmarked' duration (i.e., occurring neither between instruc
tions nor after a topic-introduction) for that particular speaker (0.92 
sec for SK, 0.78 sec for HZ, and 0.81 sec for NE). Naturally, only pauses 
which existed in the original version were manipulated. Speech melody 
was left unchanged. Condition 3 had the original pause durations, but, 
using a waveform-manipulation technique (Charpentier and Moulines, 
1989), pitch variation was eliminated by making F0 monotonous at a 
level of 200 Hz for SK, 150 Hz for HZ, and 250 Hz for NE, these val
ues approximating the average pitch levels of the respective speakers. 
Condition 4, finally, involved both manipulation of pause lengths (as in 
condition 2) and monotone pitch (as in condition 3). 

Subjects and procedure 

Eight subjects (all students and staff at IPO) were presented with all 
12 versions of the manipulated speech. They were seated in a sound
proof studio, hearing the filtered speech through loudspeakers. Order 
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of presentation of the different versions was randomized, to compensate 
for potential learning effects. Subjects were instructed to say "yes" as 
quickly as possible, whenever they thought that a major discourse unit 
had ended (the targets being, of course, the five instruction endings). 
Subject responses were recorded together with the filtered speech, to 
determine the degree of correspondence between actual boundaries and 
response locations. 

Table 4.V: Mean number of "hits" (maximum=5) and "false 
alarms" in the four conditions of the monologues of speakers 
SK, HZ and NE. Speech melody (Mel.) and Pause (Pau.) were 
either Original (Orig.) or Constant (Con.) 

Speaker Conditions 
1 2 3 4 

Orig.Mel. Orig.Mel. Con.Mel. Con.Mel. 
Orig.Pau. Con.Pau. Orig.Pau. Con.Pau. 

SK 

Hits 4.9 3.9 3.8 1.9 
False alarms 2.8 2.8 6.0 6.4 

HZ 

Hits 4.1 3.1 3.3 1.3 
False alarms 1.5 1.4 1.6 1.8 

NE 

Hits 4.3 2.5 3.8 1.4 
False alarms 1.0 1.4 0.4 2.5 
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Results and discussion 

Table 4.V gives the perceptual results for each of the conditions of 
the three speakers with the following two computations: (a) the mean 
number of "hits", i.e., the "yes" responses that occurred at end-of
instruction locations and (b) the mean number of "false alarms", i.e., 
the "yes" responses that did not occur at end-of-instruction locations. 
Looking at the number of hits, it can be observed that, for all three 
speakers, listeners score best when confronted with condition 1, and 
worst when responding to condition 4. The responses to conditions 
2 and 3 lie somewhat in between these two extremes. With respect 
to the false alarms, it can be seen that there is much more variation 
between conditions for the monologues of speaker SK than for the other 
two speakers, in the sense that the number of false alarms increases 
considerably in the case of constant speech melody. Probably, this is 
partly due to the fact that the instructions of SK were generally longer 
than those of the other two speakers, so that the chance of an occurrence 
of a false alarm is intrinsically higher. 

Two-way ANOVAs (F'o variation by pause duration variation) on the 
number of correct "yes" responses expressed as a percentage of the total 
number of "yes" responses in each condition gave a significant effect of 
melody for SK (F(l,28)=61.470, p<0.001) and a marginally significant 
effect for NE (F(l,28)=3.748, p=0.063), whereas this effect was non
significant for HZ (F(l,28)=1.194, n.s.). The effect of duration is signif
icant both for SK (F(l,28)=11.891, p<0.01) and NE (F(l,28)=22.197, 
p<0.001), but non-significant for HZ (F(l,28)=10.820, n.s.). Moreover, 
for speaker NE, there was a significant interaction between the two 
factors (F(l,28)=10.820, p<0.01): it appears that melody only con
tributes when pause variation is absent. From this perspective, the 
analysis shows that there is speaker-dependent variation. 

It can be concluded unequivocally that listeners are able to deduce 
discourse structure from prosody. Both pause duration and pitch vari
ation appear to be important perceptual cues. 

Interestingly, however, these results do not apply to the same extent 
for each speaker. This is understandable if one takes the speech pro
duction of the three speakers into account. In the production analysis, 
it could be observed that speaker NE gave the clearest pause duration 
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cues, in the sense of making the largest variations in pause duration; 
with regard to speech melody, however, she was less clear , especially 
as far as global use of F0 values was concerned. Given these production 
factors, the perception results can be interpreted more easily: It turns 
out that, if one removes the clearer production signal for this speaker, 
i.e., pause duration (condition 2), perception suffers more than if one 
removes the less clear signal, i.e., pitch variation (condition 3). Speaker 
SK, on the other hand, gave the clearest speech melody signals, in the 
sense of being the most consistent with regard to its local and global 
melodic supra-structure, while at the same time being less clear about 
pausal signals, in the sense of not differentiating very clearly in pause 
length. Not surprisingly, then, given these production characteristics, 
perception suffers more than it does for NE if one removes pitch vari
ation (condition 3). Speaker HZ lies somewhat in between these two 
extremes, in the sense that the results, for both measures (a) and (b), 
are similar for condition 2 and 3. 

To round off this section, a few words have to be said about con
dition 4, in which both pitch melody and pause duration were kept 
constant. Not very surprisingly, listeners consistently performed worse 
in this condition than they did in all of the other ones. This was to be 
expected, given the very minimal nature of the potential cues offered. 
Of course, this does not necessarily imply that there are no relevant cues 
present in some of the remaining supra-segmental information, such as 
speech tempo, relative loudness, etc. 

4.5 General discussion and conclusion 

This chapter has dealt with the analysis of prosody in spontaneous dis
course, both from an acoustic and perceptual point of view. With re
gard to the speaker, it was found that larger-scale information units are 
phonetically encoded in pausal and melodic properties, though speak
ers differ in their respective preferences and/or habits for one or the 
other prosodic structuring device. On a local level, it appears that 
these supra-segmental features are used for demarcative purposes. A 
speaker may separate two successive units by the use of a long pause. 
Melodically, he can provide the edges of the units with conspicuous 
pitch features. First of all, the ends of the instructions are generally 
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provided with a low boundary tone, whereas non-low tones are used 
within instructions. Secondly, at the beginning of a unit, one often finds 
a high-pitched accent on a topic NP, presumably serving as a warning 
signal to the listener that a new information unit has started. It would 
appear that finality cues and the subsequent long pauses are more im
portant than initial cues, which are somewhat redundant and merely 
serve as confirmations that a new unit has started, since in the per
ception test listeners were usually able to respond before a new topical 
unit had actually started. At any rate, we can conclude that speakers 
use local prosodic devices to signal the boundaries of a discourse unit. 

These findings are compatible with some of the results of Brown, 
Currie and Kenworthy (1980) and Yule (1980). The latter, more specif
ically, introduces the concept of a 'paratone', which is "frequently iden
tifiable in spontaneous speech, not by its internal structure, but by its 
boundaries" (p. 47). These authors thus seem to imply that the inter
nal body of the topical unit has no particular prosodic correlates (at 
least not in spontaneous discourse), apart from the fact that 'topic
continuation' is signalled throughout the unit by non-low boundary 
tones. 

However, the acoustic observations of the study reported upon in 
this chapter brought to light that the internal structure of a topical 
unit, too, can be reflected in melodic features, since speakers can pro
vide a coherent stretch of discourse with a gradually varying, global 
melodic supra-structure. Comparable global trends have previously 
been reported for spoken paragraphs in read-aloud speech {Bruce, 1982; 
Thorsen, 1985, 1986; Sluijter and Terken, 1992). In this speech mode, 
the observation concerning global features is not surprising, given the 
fact that speakers are -quite literally- able to have an overview of the 
sentences constituting a paragraph. 

Similarly, speakers may be able to provide the instructions with a 
gradually varying melodic feature because they can foresee to some 
extent the amount of speech they will devote to a particular building 
block. The situation may be very different in daily, non-monitored 
small-talk (Umeda, 1982; Ayers, 1992). Moreover, unlike the mono
logues studied here, in which the transfer of information is predomi
nant, the prosodic structure in informal conversations is likely to be 
influenced by many other features: these may be interactional, attitu-
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dinal and/or emotional in nature. 

From the listener's point of view, global melodic features that have a 
whole discourse unit as their domain, are very useful, since they enable 
him to predict an upcoming discourse boundary. Indeed, when listening 
to the instruction monologues, it appears that one can sometimes hear 
the end of a discourse unit coming up. This phenomenon might be 
explained by the observation of, for instance, Menn and Boyce (1982) 
and Liberman and Pierrehumbert (1984) that the bottom of a speaker's 
pitch range is fairly constant. If a listener can estimate this bottom, 
he may be able to anticipate an approaching boundary when he hears 
that the speaker is reaching the bottom of his range near the end of 
a discourse unit. The predictive value of prosody is treated in more 
detail in the next chapter, which will mainly look at local, rather than 
global, predictors of 'finality'. 



Chapter 5 

Melody and duration as cues for consecutive 
utterance positions 1 

Abstract 

A major focus in the previous chapters was on how prosody can be 
exploited to indicate that a discourse unit has ended. It was found 
that speakers can signal 'finality' by the use oflocal boundary tones 
situated at the terminal edge of a discourse unit. This chapter 
deals with a study of the capacity of prosody to presignal upcoming 
discourse boundaries. More specifically, it is investigated how the 
approaching end of a discourse unit can be pre-signalled by melodic 
and temporal characteristics. Experiment I brings to light that lis
teners are able to estimate on the basis of prosodic properties how 
far a given utterance is situated from the end of a unit. However, 
the scope of this prosodic prediction is relatively restricted as listen
ers can only estimate the absolute discourse position of the last two 
utterances of a monologue. Experiment II explores systematically, 
by means of a test with synthetic speech, to what extent melodic 
and durational properties are sufficient to influence the perceived 
serial position of an utterance within a discourse unit. 

1 Based on a paper, written together with Rene Collier and Jacques Terken, which has 
been submitted to Speech Communication 
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5.1 Introduction 

A major focus in the previous chapters was on the melodic signalling 
of the end of discourse segments. It appears that final boundaries 

are clearly highlighted by means of low boundary tones. Although 
these melodic structuring devices may be conspicuous, they are also 
rather local in the sense of being positioned right before or at the actual 
discourse boundary. However, during the analysis of the instruction 
monologues in the previous chapter, the impression arose that a speaker 
can also presignal important breaks in the flow of information, i.e., 
announce them some time before they actually occur. The validity 
of this impression is reinforced by anecdotal evidence from political 
speeches in which often only a short delay occurs between the end of 
discourse fragments and the onset of applause or from enumerations 
where one can usually hear the end of the list coming up. 

As already mentioned in the discussion of the previous chapter, it 
may be that a listener can extract information from the global prosodic 
component some speakers provide their discourse units with. A listener 
may, for instance, be able to anticipate the upcoming discourse bound
ary on the basis of supra-declination, which is an overall decline of pitch 
over the course of a whole unit. 

That the instructions appeared to exhibit a form of supradeclination 
is probably not representative of all kinds of spontaneous speech. In this 
type of elicited discourse, speakers probably have a considerable amount 
of overview over the number of utterances they want to spend on a given 
topic. This, in turn, would make it easier for them to preplan larger
scale prosodic features. As a matter of fact, overall properties have been 
documented primarily for read-aloud speech. Analyses of short, read
aloud paragraphs indicate that suprasegmental features may have the 
whole paragraph as their domain: successive sentences building such 
a discourse unit are provided with an overall melodic feature such as 
supradeclination (Thorsen, 1985) or the sequential lowering of sentence 
onsets (Bruce, 1982). 

Most database-oriented studies of spontaneous speech (e.g. Brown, 
Currie and Kenworthy, 1980; Yule, 1980) also find that larger-scale 
units may have specific prosodic correlates, but that these are rather 
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local. For instance, it is observed that there is a close correspondence 
between discourse structure and the different distribution of two types 
of boundary tones (which was also apparent in the studies of the pre
vious chapters): low boundary tones are situated in unit-final position, 
whereas non-low tones generally occur inside the discourse segment. 
On the basis of these distributional differences, the investigators assign 
different 'meanings' to the two types of tones: the non-low contours 
signal that there is 'more to come', while the low ones indicate that the 
discourse segment is completed (see also Cruttenden, 1986). 

Nevertheless, there are claims that prosody can be used to predict 
the end of a larger unit in daily-life conversations, too. Looking at 
the tum-taking mechanism, Levinson (1983) remarked that less than 
5 per cent of the speech stream is delivered in overlap (two speakers 
talking simultaneously), yet gaps between one person stopping to talk 
and another starting are frequently limited to just a few centiseconds. 
This suggests an anticipation of each unit's end "for it is this alone that 
can account for the recurrent marvels of split-second speaker transition" 
(p. 297). 

Since the database studies only make a distinction between 'continu
ation' and 'finality' without further differentiation, they do not provide 
an elegant explanation for the premonitory value of prosody. The aim 
of the present investigation is to find out whether speakers and listen
ers, when using spontaneous speech, can make a finer distinction than 
just in terms of continuation and finality. If they are able to do so, 
it will be explored which prosodic characteristics contribute to such a 
finer-grained interpretation. 

5.2 Methodology 

The main question calls for an acoustic analysis of spontaneous speech 
in combination with a perceptual analysis of the features found. The 
next two subsections describe the methods employed for the collection 
of the spontaneous speech and the perceptual study. 



94 Chapter 5 Melody and duration in consecutive utterance positions 

5.2.1 Elicitation 

The study reported upon here continues the line of acoustic-perceptual 
research of discourse prosody advocated in chapter two, employing yet 
another type of descriptive language, namely route descriptions. A 
Dutch speaker was asked to describe different routes on the basis of 
different city plans such as the one shown in figure 5.1. 

For further research, four of these descriptions were retained that 
did not contain lexical cues to discourse position. The last seven clauses 
of each description were isolated from their contexts (which resulted in 
a total of 28 to be used in the listening experiment). 

By way of example, the seven last clauses of one such route descrip
tion are given in example (1 ): 

( 1) bij de kruising gaan we rechtsaf de stationsstraat op 
at the crossing we take a right turn into the stationsstraat 

aan de rechterkant zien we het station 
at the right side we see the station 

bij de eerste kruising gaan we linksaf de lodewijklaan in 
at the first crossing we take a left turn into the lodewijklaan 

bij het postkantoor gaan we rechtsaf 
at the post office we take a right turn 

deze straat is de bosdreef 
this street is the bosdreef 

en bij de eerste kruising gaan we linksaf de bloemstraat op 
and at the first crossing we take a left turn into the bloemstraat 

en aan de rechterkant zien we de school 
and at the right side we see the school 

As can be seen in ( 1), the city plans are designed such that the 
resulting monologues are likely to be concatenations of lexically and 
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Figure 5.1: Example of one city plan used for the elicitation of 
the route descriptions 

95 



96 Chapter 5 Melody and duration in consecutive utterance positions 

syntactically comparable utterances that contain no clear non-prosodic 
cues to discourse position and are therefore useful for the perceptual 
testing of discourse prosody. 

5.2.2 Perceptual method 

The route descriptions introduced in the previous section form the basis 
of the listening experiments which were inspired by work of Grosjean 
(1983). He presented subjects with the first part of a read-aloud sen
tence that could originally have been followed by zero, three, six or 
nine words. Subjects had to indicate on an answer sheet from which of 
these sentences (varying in length) the fragment presented had been ex
tracted. It was found that listeners are quite able to estimate how much 
longer a given utterance will last on the basis of prosodic properties. 

Below, two experiments are described investigating the premonitory 
value of prosody in the elicited route descriptions. Experiment I uses 
a procedure similar to Grosjean's, but applied to our elicited sponta
neous speech data: listeners were asked to estimate on the basis of 
prosodic cues how far a given utterance, isolated from its context, is 
situated from the end of the original description. The outcomes of the 
perceptual test are then analyzed in combination with the examination 
of acoustical data. Experiment II employs a method which was already 
used in chapter three and investigates the relative cue strength of two 
prosodic parameters, i.e., speech melody and duration, as indicators of 
discourse (pre- )finality. This is explored by means of utterances with a 
synthetic, i.e., systematically controlled prosody. 

5.3 Experiment I 

5.3.1 Purpose 

Experiment I is set up to test whether listeners can exploit the prosodic 
cues of a.n utterance to estimate how far it is situated from the end of 
a sponta.neously produced route description. 
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5.3.2 Experimental procedure 

Twenty subjects, students and staff of the Institute for Perception Re
search (IPO), served as listeners in this experiment. Two random lists 
of the 28 isolated clauses were created, each of which was played to ten 
listeners. The listeners were explained to estimate for each stimulus 
how many clauses (0 to 6), similar in length and nature to the one 
presented, followed in the original context. The interval between two 
utterances was 4 sec., in which interval listeners had to respond. The 
actual experiment was preceded by the presentation of a short fragment 
of a route description (which was not used in the actual experiment) for 
the subjects to familiarize themselves with the task, and the speaker's 
voice and speech register. 

5.3.3 Results and discussion 

Perceptual data 

The perceptual judgments for different positions are given in the con
fusion matrix of Table 5.I. 

Table 5.I: Number of classification of the utterances in terms of 
their position within a route description (in % ) 

Actual number of Estimated number of utterances following 
utterances follow. 6 5 4 3 2 1 0 

6 1 15 14 30 29 10 1 
5 11 18 18 18 20 15 1 
4 4 16 21 31 24 4 0 
3 5 6 24 25 30 10 0 
2 6 13 28 20 23 11 0 
1 0 13 11 11 24 41 0 
0 4 0 5 4 9 8 71 
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First inspection reveals that the scores for the clauses which are in 
the 6th to the 2nd position from the end are similarly distributed around 
the middle of the scale, which means that they cannot be differentiated 
as to their position. The picture for the prefinal clause is different in 
that there is a manifest preference of the listeners to label it correctly 
as the penultimate one. It is also interesting to see that this clause 
is never confounded with the final one: apparently, there is still some 
strong continuative aspect· in its cues to discourse position, indicating 
that there is 'more to come'. Finally, the last clauses of the route de
scription are very often labelled as 'final'. In other words, the finality 
cues present are - perceptually speaking - very conspicuous. Summariz
ing: Table 5.I shows that in this speaker's performance listeners begin 
to hear in the penultimate clause that the end of the route descrip
tion is approaching. These observations are supported statistically by 
a Kolmogorov-Smirnov two-sample test which reveals that the distri
butions of the answers for the clauses in the 6th to the 2nd position 
from the end do not differ significantly, whereas the distributions for 
the answers to the last two clauses differ from any of the other, and 
from each other (p<0.01). In other words, this suggests that the penul
timate clause has a special status from a listener's point of view, as it 
differs perceptually from the preceding and the following ones. 

Acoustic observations 

In the next stage, it was investigated which acoustic features of the 
different clauses can help explain the perceptual results. Instead of 
measuring acoustic correlates of all or most prosodic properties, it was 
decided to first listen analytically in order to guide the acoustic analysis. 
The analytic listening suggested that the pitch and duration of the last 
word in a clause might be important cues for classification. These 
two prosodic variables will be discussed in more detail in the following 
sections. 

Pitch All clauses but the last one appeared to end in a non-low bound
ary tone; that is, the pitch clearly did not reach the floor of the speaker's 
pitch range, whereas it did so at the end of the last clause. The prefinal 
clause distinguished itself from the previous ones in that it ended lower 
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in pitch, but still showed some undershoot to the bottom range, thus 
set ting it apart from the final clause. 

In order to supplement these auditory observations with data from 
instrumental analyses, pitch was determined by a method of subhar
monic summation (Hermes, 1986) at the end of each clause, i.e., in its 
last frame, skipping pitch values which were unreliable due to laryn
gealization or minimal intensity. Average end frequencies are shown in 
fi,e;ure 5.2. 
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Figure 5.2: Mean end frequencies with s.d.'s (expressed in Hz) 
of the utterances at different positions in the route descriptions 

A one-way ANOVA on the end frequencies gave a significant over
all effect (F(6,18)=9.834, p<0.001).2 Post-hoc analysis (Fisher PLSD) 
revealed that the clauses in the 6th to the 2nd position from the end 

2The differences in standard deviations in figure 5.2 seem to indicate that one of the 
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do not differ significantly (except for the difference between the clauses 
in the 5th and 4th position from the end), whereas the last two clauses 
differ from all the others (again with one exception: the difference in 
end frequency between the clause in the 4th position from the end and 
the prefinal clause is not significant). From the antepenultimate clause 
onwards, it can he observed that end frequency gets lower stepwise. 

Looking at the standard deviations, the end frequencies in the final 
clause appear not to vary as much as those in the preceding clauses. 
This result is compatible with earlier observations by Menn and Boyce 
(1982) that there is a remarkable constancy in end frequency in those 
sentences that are judged as complete by listeners, meaning that there 
is an effective pitch floor to which a fully falling contour returns. Simi
larly, Liberman and Pierrehumhert (1984) report that the F0 values at 
the end of utterance-final falling movements are nearly constant for a 
given speaker. In other words, it seems as if the low 'target', signalling 
complete finality, is very specifically determined for a given speaker, 
whereas there is much more freedom in high-ending contours. 

The tendency for the average end frequency to be progressively lower 
as a function of discourse position can to a large extent he accounted for 
by the distribution of different contour types, as transcribed auditorily. 
As the number of observations is very small, an additional set of route 
descriptions was collected for five other speakers (2 female, 3 male) 
each of which described two routes on the basis of given city plans. 
The last seven clauses of each of these monologues were selected for 
further analysis. The distribution of the different contour types for all 
speakers is shown in Table 5.II (with the data for the original speaker 
given between brackets). 

This table suggests that the occurrence of a given contour type is - to 
some extent - determined by discourse position. Most clearly, contours 
of type (a), (b) and ( c) are predominantly reserved for clauses in non
final position. Contours of type (e) and (f) are typical for clauses in 
final position. The melodic configuration which occurs most frequently 
in prefinal position is the half fall ( d). 

assumptions of an ANOVA, i.e., that of homogeneous variances, is violated. However, 
according to Hays (1981, p. 347), tliis assumption can be violated without serious risk, 
provided that t.he number of cases in each sample is the same, which is the case in these 
data. 
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Table 5.II: Frequencies of types of contours in the route de
scriptions of 6 speakers: (a) early rise on last accent followed by 
continuation rise; (b) early rise on last accent followed by high 
declination; ( c) fall on last accent followed by continuation rise; 
( d} early rise on last accent followed by half-fall; ( e) fall on last 
accent followed by low declination; (f) late rise on last accent 
followed by late fall. The data for the speaker whose speech was 
used in the perception experiment are given between brackets 
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In other words, speakers tend to produce specific contour types at 
particular discourse positions. Central to the topic of this chapter, it 
appears that the set of non-low boundary tones should be distinguished 
into those that are 'really' high and those which end closer to the floor 
of the speaker's pitch range, as these two types of boundary tones occur 
at different discourse locations. 

Duration With respect to duration, auditory analysis suggested that 
clause-final words were lengthened in all but the prefinal utterances of 
the route descriptions. In the prefinal clause this lengthening seemed to 
be suppressed, yielding the impression that it forms a (prosodic) whole 
with the last clause of the route description. The presence or absence 
of this lengthening could not be accounted for by the effect of +/
prominence (Fowler, 1988; Eefting, 1991) as almost every utterance
final word was accented. 

In order to support these observations acoustically, the duration of 
the last word of each clause was measured and compared to a reference 
duration, being the average length of four different realizations of the 
same word read in isolation by the same speaker who produced the route 
descriptions. Average relative durations are shown in figure 5.3. As 
can be seen, the clause-final word of the last utterance turns out to have 
an even shorter relative duration than that of the prefinal utterance. 

A one-way ANOVA on the durations gave an overall significant ef
fect (F(6,18)=4.24, p<0.01). Post-hoc analysis (Fisher PLSD) brought 
to light that the clauses in the 6th to the 2nd position from the end 
do not differ significantly, whereas the last two clauses differ from all 
the others. From the antepenultimate clause onwards, the last word 
becomes increasingly shorter. 

One possible explanation for these observations might be that there 
is variation in speech rate for different discourse positions. In order to 
take this potential effect into account, the speech rate of the clauses in 
each discourse position was computed in two conditions, i.e., with the 
last word included or not. If the last word of a clause is lengthened, 
the calculations of speech rate would yield different results for the two 
conditions, because the lengthening of the la.st word would lead to a 
decrease of overall speech rate, expressed in phonemes/sec. If there 
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Figure 5.3: Mean durations withs.d's of the clause-final words 
(measured relative to a reference realization) at different posi
tions in the route descriptions 
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is no lengthening present, the two conditions would not produce clear 
differences in rate. The result of such comparisons is visualized in 
figure 5.4. 

Figure 5.4 reveals that (i) there is a tendency for speech rate to 
increase progressively over the last two clauses and (ii) the two ways 
of calculating speech rate give different outcomes for the final and the 
non-final clauses, but not for the prefinal one. The latter observation 
confirms the auditory impression that preboundary lengthening is sup
pressed in the prefinal clause. 
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Figure 5.4: Mean speech rates (with s.d. 's expressed in 
phones/sec.) with and without the last word of the utterance 
included, of the different utterances at different positions in the 
route description 

5. 3.4 Conclusion 

Experiment I revealed that, both acoustically and perceptually, the ut
terances in the route descriptions analyzed could be divided into three 
positional classes, viz. non-final, prefinal and final. Acoustically, this 
difference could be expressed in terms of speech melody and duration: 
most clearly, speakers provide utterances in different discourse posi
tions with different pitch contours and there is absence of preboundary 
lengthening in the penultimate clause. In other words, the listeners' 
responses appear to correspond well with the acoustic data for melody 
and relative duration of the clause-final word. 
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However, this correspondence does not necessarily imply that these 
prosodic variables function as cues to the listeners. For instance, lis
teners may have employed not all of these cues or they may have at
tended also to other kinds of prosodic information such as amplitude 
(Grosjean, 1983) and amount of laryngealization (Lehiste, 1979; Huber, 
1989) or lexical indications, such as the sentence-initial en ('and') at 
the beginning of the last utterance. These issues are addressed more 
systematically in Experiment IL 

5.4 Experiment II 

5.4.1 Purpose 

Experiment II is set up to independently test the perceptual relevance 
of choice of pitch contour variation and absence of lengthening of the 
last word in an utterance as these seemed to be the most prominent 
cues for classification when listening analytically to the spontaneous 
utterances. With respect to intonation, the experiment was limited to 
the contours used in 'non-final' and 'prefinal' utterances because the 
perceptual relevance of melodic variation typical for the last position of 
an utterance within a discourse unit has already been investigated in 
chapter three. The test was based on synthesized prosody, which was 
varied with respect to the relevant parameters. Instead of asking for 
categorical judgments of 'number of utterances still to follow', listeners 
were now asked to, judge 'finality' on a ten-point scale, which has been 
proven in chapter three to be an effective way of gathering detailed 
information about the relative importance of different cues. 

5.f2 Experimental procedure 

The Dutch sentence "en dan gaan we rechtsaf' (and then we take a right 
turn), with a sentence accent on the syllable "rechts-", was uttered by 
a male speaker at a normal speaking rate and recorded with a 10 kHz 
sampling frequency at 16 bits. After scaling to 12 bits, melody and 
duration were varied by means of a wave-form manipulation technique 
(Charpentier and Moulines, 1989). 
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Figure 5.5: Stylized representation of two stimulus parameters 
(melody and duration) defining the contours used in Experi
ment II 

Different melodic contours were constructed on the basis of the rules 
of the Dutch intonation grammar developed by 't Hart, Collier and 
Cohen (1990). Three contours were used for further experimentation, 
all of which can be labelled as non-low since neither of them reaches 
the lower declination line at their respective ends (see figure 5.5). 

The contours were identical from the beginning of the utterance up 
to and including the pitch accent in the syllable "rechts-". From that 
point onward, pitch could either rise on the syllable "-af'' (ending at 
129 Hz) (in the IPO transcription system, this melodic configuration 
is labelled as a /12/), remain at the higher declination line (ending at 
115 Hz) (/10/), or fall (ending at 103 Hz) (/IE/). Contours /12/ and 
/ 10 / occurred predominantly in non-final position in Experiment I; 
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contour /lE/ was typical for prefinal position. The difference between 
two successive end frequencies was 2 st. The duration of the word 
"rechtsaf' was either the original one (i.e., 870 ms), or reduced to 90% 
(780 ms) or 80% (690 ms), respectively. 

Fourteen subjects, students and staff of IPO, served as listeners in 
this experiment. Seven of them had already participated in the pre
vious experiment. Two lists of randomized utterances were created, 
containing four repetitions of each utterance, giving 36 stimuli in to
tal. Each list was played to seven listeners. The interval between two 
successive utterances was 4 sec., in which time period subjects had to 
respond: after heaving heard a particular sentence, listeners had to say 
how close to the end of a route description the sentence had been ut
tered. They had to express their answer on a ten-point scale (with 10 
meaning 'very close to the end' and 1 'far from the end') because this 
procedure would allow the estimation of the relative strengths of the 
melodic and durational parameter on finality judgments (see chapter 
three). After 18 sentences, three warning tones were given. 

The actual experiment was preceded by a random presentation of 
five of the utterances to give the listeners an impression of the stimuli. 

5.4.3 Results and discussion 

Raw data 

The mean ratings, averaged over 14 listeners, are given in Table 5.llI, 
together with their standard deviations. 

Data analysis 

In order to estimate the strength of the contributions of pitch and dura
tion, the raw data were submitted to the linear least-squares estimation 
method introduced in chapter three. Again it is assumed that the sub
jective finality strength of any stimulus is the sum of the strengths of 
the two component variables, melody and duration. This leads to the 
following model equation: 

(5.1) 
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where m and d represent the variables melody and duration defining 
the different stimuli, b stands for the category boundary and z for the 
measure of the distance between the scale values of the stimuli and that 
of the category boundary. The results of this parameter estimation 
method are shown in figure 5.6. 

Considering the parameter value estimates together with their stan
dard deviations, it appears that both the melodic and durational vari
able contribute considerably to the listeners' judgments, but that the 
effect of melody is stronger than that of duration. The model fits the 
data very well, as it can explain 94.4% of the variance. Summarizing 
the results: a given utterance sounds 'closer to the end' the lower its 
end frequency and the faster the last word of the utterance is spoken. 
Both effects work additively. 

5.4.4 Conclusion 

Experiment II was based on a test with synthesized prosody, comprising 
variation with respect to melodic contour and to the relative duration 
of the last syllable of the utterance and showed that listeners employ 
both cues to make finality judgments. 

The result of Experiment II is compatible with the outcome of Ex-

Table 5.111: Mean 'finality'-ratings (with s.d.'s) of 14 listeners 
for the contours of Experiment II 

Durational variation Melodic variation 
103 Hz 115 Hz 129 Hz 

690 ms 7.3 (2.1) 6.6 (2.1) 5.4 (2.5) 

780 ms 7.0 (2.5) 6.1 (2.2) 4.9 (2.5) 

870 ms 6.3 (2.7) 5.5 (2.4) 4.3 (2.4) 
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Figure 5.6: Parameter value estimates and their s.d.'s for the 
data of Experiment II 
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periment I. In the route descriptions analyzed, the clauses preceding the 
penultimate ones tend to be provided with prosodic features that have 
been shown here to function as clear indications of non-finality, i.e., a 
typical high-ending melodic contour together with a pronounced length
ening in the last word of the utterance. In the penultimate clauses, 
speakers use features, proven to have a relatively more final connota
tion, i.e., a non-low contour which ends closer to the speaker's bottom 
range and the absence of preboundary lengthening. Perceptually, the 
speakers' change in prosodic strategy in the penultimate clause leads 
to the expectation (on the part of the listener) that the end of the 
discourse unit is approaching. 

The melodic variation of Experiment II has been restricted to the 
distinction of pitch contours which have been demonstrated to be cat-
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egorically different by 't Hart, Collier and Cohen (1990). This choice 
was inspired by the acoustic observations of Experiment I, namely that 
the melodic variation in the route descriptions could - for a large part -
be accounted for by the distribution of different melodic configurations. 
This is why the perceptual import of melodic differences within a spe
cific category of a non-low boundary tone (e.g. the effect of different 
instances of a contour of type /12/ varied with respect to end fre
quency) was not investigated in Experiment IL This does not exclude 
the possibility that melodic differences within the same intonational 
category are also functionally important. In chapter three, it was al
ready indicated that, e.g., differences in range and register, which do 
not affect the melodic identity of a given contour, can provide listeners 
with information on 'finality'. 

5.5 General discussion and conclusion 

Summarizing the results of this chapter: Experiments I and II have 
demonstrated that speech melody (type of boundary tone) and dura
tion (relative length of the utterance-final word) can function as cues 
to signal to a listener that a larger-scale discourse unit is soon to be 
rounded off. In other words, it has been shown that prosody has pre
dictive power in spontaneous types of discourse. Not surprisingly, the 
scope of this prediction turns out to be restricted: listeners are able 
to distinguish between only three discourse positions, namely they can 
estimate whether (a) "there is much more information to come", (b) 
"there is one more utterance to come" and ( c) "the description is com
pleted". These findings thus suggest that the distinction generally made 
in database oriented approaches to spontaneous discourse (e.g. Brown, 
Currie and Kenworthy, 1980; Yule, 1980) between 'continuation' and 
'finality' is too crude. The experiments reported upon in this chapter 
have brought evidence that the penultimate clause has unique melodic 
and durational features that pre-signal the end of the discourse unit. In 
this respect, they cue something in between 'continuity' and 'finality': 
the clause a.t hand is not the last one, but very near to the end. 

It is not to be excluded that in other types of monologues the pre
signa.lling of a discourse boundary starts at an earlier point than was 
the case in the route descriptions investigated here. The scope of this 
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prosodic prediction may depend on such factors as degree of prepared
ness (e.g. a formal lecture versus non-monitored daily language use), 
the amount of overview available (e.g. short versus long paragraphs), 
the status of the speaker (e.g. an unexperienced speaker versus a pro
fessional one), and so on. 

Two further comments have to be made about the melodic and dura
tional variables, respectively. As already indicated in the introduction, 
many linguistic studies of intonation (e.g. Brown, Currie and Ken
worthy, 1980; Cruttenden, 1986) usually distinguish between just two 
types of boundary tones: the low contours, ending at the bottom of the 
speaker's pitch range, and the non-low contours, ending relatively high. 
The acoustic and perceptual results of this study indicate that the set 
of non-low tones shows the following gradation: the farther they are 
removed from the bottom of the speaker's pitch range, the more they 
have a non-final connotation. 

Regarding duration, both in the phonetic (Klatt, 1975; Lehiste, 
1979; Terken and Collier, 1992) and the phonological (Nespor and Vo
gel, 1986) literature, the phenomenon of preboundary lengthening is 
said to function as a break indication. Moreover, there are observa
tions that the sentence-internal hierarchical structure is reflected in 
this durational parameter: the more important a break is, the more a 
pre-boundary syllable is lengthened (Cooper and Paccia-Cooper, 1980; 
Wightman, Shattuck-Hufnagel, Ostendorf and Fong, 1992). The exper
iments of this study contain a preliminary indication that this length
ening can sometimes be suppressed, in particular at the end of clauses 
in prefinal position. The absence of lengthening is communicatively 
relevant to a listener as he can derive information from it about dis
course position, namely the suggestion that the end of a discourse unit 
is approaching. 
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Chapter 6 

General conclusion 

Abstract 

The general conclusion is subdivided into three main sections. First, 
after a short introduction, the methodology applied throughout this 
thesis is evaluated. Then, a summary is given of the main results 
of the investigations reported upon in the previous chapters, both 
with respect to the speaker and the listener. The final section dis
cusses the major limitations of the different studies of this thesis: 
the investigation was restricted in the sense that it was (i) a de
scriptive approach to (ii) speech melody and duration (of pauses 
and segments) in (iii) neutral monologues. 
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6.1 Introduction 

T HE general question underlying this thesis was whether discourse 
units in spontaneous speech have specific prosodic correlates that 

are communicatively relevant. This research objective was approached 
from the perspectives of the two principal participants in the com
munication chain, the speaker and the listener. Firstly, it was explored 
whether speakers encode discourse units in the prosodic features of their 
speech. Secondly, it was investigated whether such acoustic properties 
are perceptually relevant to listeners. 

The general conclusion starts with an evaluation of the methodology 
applied throughout this thesis to gather the acoustic and perceptual 
data (6.2). Then, a summary is given of the main findings of this 
thesis, both with respect to the speaker and to the listener (6.3). The 
final section will be devoted to a discussion of the limitations of the 
different studies (6.4). 

6.2 Methodology 

The central topic of the investigation was to gain insight into poten
tial correspondences between discourse units and prosodic features in 
spontaneous speech, from the perspectives of the speaker and the lis
tener. As it was intended to test specific hypotheses regarding such a 
relationship, it seemed unwise to start immediately with the analysis 
of real-life conversations. In the literature, it has been argued that 
prosody is a multi-functional phenomenon (Brown, Currie and Ken
worthy, 1980; Johns-Lewis, 1986; Bolinger, 1989). This may make it 
impossible to uniquely recover in unrestricted discourse those prosodic 
features determined by information structure. On the other hand, the 
study of read-aloud speech, the prosody of which is more easy to ap
proach, was thought not to be a good alternative, since reading aloud 
is a rather special speaking style, which may not be representative of 
most other types of verbal communication. Instead, a particular elici
tation procedure was used combined with different sorts of perceptual 
testing. 

To study suprasegmental features of discourse units experimentally 
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from the point of the speaker, it is desirable to have three types of 
control over his performance. Firstly, one would like to look at types 
of discourse in which the transfer of information is so dominant that 
influences of interactive, attitudinal and emotional factors on prosodic 
structure are minimized or excluded. Secondly, the discourse elicited 
should be easily segmentable on independent grounds, i.e., without ac
cess to melody, pause, ... , to guarantee that prosodic correlates of dis
course units are investigated in a non-circular way. Finally, to facilitate 
prosodic comparisons within and across speakers, it is handy to obtain 
speech fragments which are (nearly) identical with respect to lexical 
content. 

In order to meet these requirements, the different studies of this 
thesis have concentrated on specific types of descriptive language use. 
In trying to minimize potential influences of dimensions other than the 
informational one, it was decided to look at instruction monologues. 
These resulted in concatenations of declarative sentences that could be 
considered to be relatively neutral, since they did not presuppose too 
much involvement by the speakers. Interaction was limited, as listeners 
did not interrupt the speaker, and the latter did not ask questions to 
the listener. As the state-of-affairs to be described was always prede
termined by the experimenter, there was also control over the semantic 
content of the discourse. The materials to be produced orally were 
constructed such that the boundaries of discourse units could easily be 
determined in the resulting speech without relying on prosodic features. 
Finally, the experimental tasks given to the speaker were such that the 
order in which information would be presented was very predictable 
(e.g. in a description of a route with a given origin and destination). 

The experimental goal with respect to the listener was to focus on 
the perceptual effect of one or more particular variables of discourse 
prosody, excluding cues of lexico-syntactic nature. This has led to 
three types of tests: (i) using speech fragments, extracted from elicited 
discourse, which did not contain clear lexical cues to discourse structure, 
(ii) using natural speech which was made unintelligible by a method of 
bandpass-filtering and (iii) using synthetic speech the prosody of which 
was manipulated on the basis of regularities observed in spontaneous 
speech. 
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6.3 Main findings 

Using the methodology sketched above, the general questions of this 
thesis could be approached more easily. In the following, it will be 
summarized what this study has brought to light with respect to the 
two main questions of this thesis: (i) whether speakers encode discourse 
units in the prosodic characteristics of their speech and (ii) whether 
listeners are sensitive to such properties. 

6.3.1 The speaker 

The speaker-oriented part of this dissertation consisted of an acoustic 
analysis of speech melody and duration (of segments and pauses) in a 
variety of spontaneous monologues. In the following, a discussion will 
be given of both the local and global features of discourse units in these 
speech data. 

Firstly, speakers provide the end of discourse units with low bound
ary tones, which are positioned at the terminal edge of a unit. These 
tones are categorically distinct from the non-low tones, e.g. contours 
with a rise at the end, that occur within discourse units. The set of 
non-low tones can be differentiated into those which are really high and 
those which are closer to the bottom of a speaker's pitch range. The 
latter are reserved for utterance positions near (but not at) the end of 
a discourse unit. It also appears that such tones are accompanied by 
a unique durational feature: the utterance-final lengthening, typical of 
utterances in other discourse positions, is absent. 

The onset of the next information unit is signalled prosodically by 
means of a higher pitch peak on the first accent of the unit, especially 
if the accented word refers to the topic of the next sequence of utter
ances. The topic-introduction at the onset of the following unit can be 
followed by a long pause, which is longer than other pauses within a 
discourse unit. It is, however, shorter than the silent intervals between 
two successive units which speakers insert after the final boundary tone 
of a discourse unit. 

Next to these local prosodic features within or at the boundaries of a 
discourse unit, such a unit can also have a more global melodic correlate 
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in the form of supradeclination. This is a gradual lowering off in pitch 
over the course of a whole unit. The beginning of a new unit may 
coincide with the start of a new declination ramp. The general decline 
in pitch is probably the composite result of a speaker's modulation of 
two melodic features, register and range. Variations within register and 
range do not affect the identity of a given contour: e.g. a flat hat in 
low register is essentially the same as a fl.at hat in higher register. 

Summarizing the speaker-data: it appears that discourse prosody 
may serve a dual function in the types of monologues investigated. It is 
exploited (i) to segment the spoken messages into successive discourse 
units and (ii) to focus the attention to an informationally important 
word in highlighting the topic of a new discourse unit. An important 
remark with respect to these findings is that the picture presented is 
somewhat 'ideal', because it neglects the fact that prosodic structure 
imposed upon the discourse is generally not obligatory and that there 
may be considerable inter-speaker variation. 

6.3.2 The listener 

This study has also investigated to what extent the prosodic features 
observed in the data of the speakers are used by the listeners as cues 
of macro-structure. Listeners are sensitive to prosodic features in a 
number of ways: (i) they are able to assign different interpretations 
to differently modulated prosodic patterns since particular changes in 
melody and duration affect their perception of finality; (ii) they can use 
prosody to infer the informational make-up of a spoken text, as they 
exploit it to deduce major breaks in the fl.ow of information; (iii) they 
are able to roughly estimate, on the basis of melodic and durational 
variation, the amount of speech there is still to come within the same 
discourse unit. 

In principle, listeners may pay attention to a whole set of cues. 
Prosody is a helpful structuring device which is very rich because it 
contains a lot of redundancy. The experiments of chapter three showed 
that various melodic variables (register, range, contour type, timing) 
can be put to use for signalling discourse finality. The instruction mono
logues of chapter four revealed that listeners can exploit both intonation 
and pause to deduce information structure. In the route descriptions of 
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chapter five, it was found that listeners can focus on both melodic and 
durational variables to estimate how far a given utterance is situated 
from the end of a discourse unit. 

Still, from a listener's point of view, the various prosodic structuring 
devices are not equally powerful. The tests with synthesized prosody 
of chapters three and five suggested that listeners are more sensitive to 
some parameters than to other ones and that one parameter may over
ride the effect of another one. For instance, Experiment I of chapter 
three gave a stronger effect of register than of range for the signalling 
of finality. However, to gain full insight into such strength relations be
tween prosodic variables, one would have to secure that (i) the stepsizes 
within the parameters are of equal perceptual magnitude (e.g. consist
ing of the same amount of j.n.d.'s) and that (ii) they vary within some 
realistic extremes. To date, sufficient knowledge about both these fac
tors is still lacking. 

6.4 Limitations 

Given the main results mentioned above, this section now discusses the 
most important limitations of this thesis. The research was restricted 
in that it was (i) a descriptive approach to (ii) speech melody and 
duration (of pauses and segments) in (iii) neutral monologues. 

6.4.1 A descriptive approach 

The objective of this thesis was to come up with a systematic descrip
tion of observed speaker- and listener-behaviour. In this respect, the 
research presented is only a modest contribution to a functional ap
proach to prosody. That is, the acoustic analysis has only concentrated 
on distributional differences of various prosodic features and the percep
tual experiments have been limited to tests of the listener's sensitivity 
to these properties. In other words, the notion of function was taken 
in a rather peripheral sense. In the future, the data gathered here may 
serve as input or a source of inspiration for research of more central 
processes in the speaker and the listener, underlying the generation 
and the comprehension of speech. 
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An important research objective with respect to the speaker is to 
shed light on the precise cognitive factors that influence his encoding 
of discourse units in suprasegmental correlates. Experimental research 
will have to look for ways to unravel which features are the result of 
a speaker's cognitive constraints, i.e., on what he is able to preplan, 
and which of his communicative intentions, i.e., on what he thinks is 
essential to be transmitted. 

Given the observation that listeners are sensitive to prosodic fea
tures, it needs to be investigated whether such properties also help the 
listener to process incoming speech. Logically, particular prosodic fea
tures that are shown to be highly perceptually relevant are good candi
dates to serve such particular communicative purpose. Prosodic corre
lates of discourse units may ease or influence a listener's interpretation 
of a given spoken text, since they may support a semantic-pragmatic 
analysis of the informational make-up of the messages conveyed. For 
instance, prosodic features of discourse units may give a hint on major 
domains of interpretation, relevant, for instance, for the resolution of 
anaphoric expressions. 

6.4.2 Analysis of speech melody and duration 

The investigation was also limited in that just two prosodic variables, 
namely speech melody and duration (of pauses and segments), were an
alyzed. This choice was partly inspired by the literature, since these two 
features are often said to have communicative import for signalling dis
course structure and since they are relatively easy to determine and ma
nipulate instrumentally (when compared to other characteristics such 
as laryngealization and loudness). 

Moreover, this study of melodic function could rely on a phonetically 
explicit, formal description of Dutch intonation, as described in great 
detail in 't Hart, Collier and Cohen (1990). As such, this description 
is a very useful starting point for a functional approach, because it 
sets the limits within which melodic variation in Dutch is possible. 
Additionally, it offers a metalanguage to express most of the relevant 
intonational features in a given discourse. 
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6.4,3 Investigation of neutral monologues 

In the studies described in the previous chapters, the attention was 
focused on one function of prosody, namely its capacity to highlight 
the boundaries and the internal structure of discourse units. Of course, 
a more complete theory of prosodic function will have to capture the use 
of prosody for other purposes as well. In particular, one would have to 
examine influences on prosody that may be interactive, attitudinal and 
emotional in nature, which implies new challenges to the methodology. 

In Geluykens and Swerts (1992, 1993, submitted), an example is 
given of explorative experimental research into interdependencies be
tween informational and interactive influences on prosodic structure, 
using a similar combination of controlled elicitation with perceptual 
testing as used in this thesis. In a dialogue, there are at least two sorts 
of boundaries between discourse units, namely between topical units 
and between turns at talk. These two do not necessarily coincide since 
a speaker may wish to round off one topical unit and switch to the next 
without being interrupted by his interlocutor. The question then arises 
whether prosodic cues can differentiate unambiguously between topic 
and turn boundaries. 

In a series of production experiments, speakers had to perform de
scriptive tasks implying a change from one topic to the next. In the 
most complex condition they had to signal the topical boundaries and at 
the same time indicate when their description was finished, so that their 
dialogue partner could take over with his or her own description. The 
actual challenge for the speaker was to give clear cues for topic finality, 
while not prematurely losing the floor. In this task condition, speakers 
avoided to use low tones at the topical boundary, which they did in 
half of the cases in a condition where they could not be interrupted. 
\h/hen listeners were confronted with portions of the descriptions taken 
out of their context, they could very reliably differentiate between top
ical units which had occurred in turn-final position and those which 
had not. Interestingly, when the last utterance of a topical unit was 
removed (together with its typical pitch cue to ( non-)finality ), listeners 
could still discriminate between turn-final and non-turn-final descrip
tions, apparently basing themselves on other, more global prosodic or 
other cues. 



References 

Ayers, G.M. (1992). "Discourse functions of pitch range in sponta
neous and read speech", Paper presented at the Linguistic Society 
of America Meeting, Philadelphia, PA, January 1992. 

Blaauw, N. (1991). "Phonetic characteristics of spontaneous and 
read-aloud speech", Proceedings of the ESCA Workshop on the 
Phonetics and Phonology of Speaking Styles: Reduction and Elab
oration in Speech Communication, Barcelona, Spain, September
October 1991, 12/1 - 12/5. 

Bolinger, D.L. (1958). "A theory of pitch accent in English", Word 
14, 109-149. 

Bolinger, D.L. (1989). Intonation and Its Uses: Melody in Grammar 
and Discourse (Stanford University Press, Stanford). 

Brokx, J.P.L. (1979). "Waargenomen continu!teit in spraak: het 
belang van toonhoogte", Unpublished PhD Thesis, Universjty of 
Eindhoven. 

Brown, G., Currie, K. & Kenworthy, J. (1980). Questions of Intona
tion (Croom Helm, London). 

Brown, G. & Yule, G. (1983). Discourse Analysis (Cambridge Uni
versity Press, Cambridge) 

Brown, P. & Levinson, S.C. (1987). Politeness: Some Universals in 
Language Usage (Cambridge University Press, Cambridge). 

Brubaker, R.S. (1972). "Rate and pause characteristics of oral read
ing", Journal of Psycholinguistic Research 1, 141-147. 

Bruce, G. (1982). "Textual aspects of prosody in Swedish'', Phonetica 
39, 274-287. 

Bruce, G. & Touati, P. (1990). "On the analysis of prosody in sponta-



122 References 

neons dialogue", Working Papers 36, University of Lund, Sweden, 
37-55. 

Chafe, W.L. (1976). "Givenness, contrastiveness, definiteness, sub
jects, topics, and points of view", in Subject and Topic, edited by 
C.N. Li (Academic Press, New York), 25-55. 

Chafe, W .L. (1987). "Cognitive constraints on information fl.ow", 
in Coherence and Grounding in Discourse, edited by R. Tomlin 
(Benjamins, Amsterdam), 21-55. 

Charpentier, F. & Moulines, E. (1989). "Pitch-synchronous wave-
form manipulation techniques for text-to-speech systems using 
diphones", Proceedings Eurospeech '89, Paris, 1989, 13-19. 

Cohen, A., Collier, R. & 't Hart, J. (1982). "Declination: construct 
or intrinsic feature of speech?", Phonetica 39, 254-273. 

Collier, R. & Terken, J.M.B. (1987). "Intonation by rule in text-
to-speech applications", Proceedings Eurospeech '87, Edinburgh, 
1987, 165-168. 

Cooper, W.E. & Paccia-Cooper, J. (1980). Syntax and Speech (Har
vard University Press, Cambridge) 

Cooper, W.E. & Sorensen, J.M. (1981). Fundamental Frequency in 
Sentence Production (Springer, New York/Heidelberg/Berlin) 

Cruttenden, A. (1981 ). "Falls and rises: Meanings and universals", 
Journal of Linguistics 17, 221-231. 

Cruttenden, A (1986). Intonation (Cambridge University Press, 
Cambridge). 

Cutler, A. & Pearson, M. (1986). "On the analysis of prosodic turn
taking cues", in Intonation in Discourse, edited by C. Johns-Lewis 
(Croom Helm, London), 139-155. 

Eefting, W. (1991). "The effect of 'information value' and 'accentu
ation' on the duration of Dutch words, syllables and segments", 
Journal of the Acoustical Society of America 89, 412-424. 

Esser, J. (1988). Comparing Reading and Speaking Intonation 
(Rodopi, Amsterdam). 

Fowler, C.A. (1988). "Differential shortening of repeated content 
words produced in various communicative contexts", Language 
and Speech 31, 307-319. 



References 123 

Geluykens, R. (1988). "Five types of clefting in English discourse", 
Linguistics 26, 823-841. 

Geluykens, R (1992a). From Discourse Process to Grammatical Con
struction: On Left-Dislocation in English (Benjamins, Amster
dam/Philadelphia). 

Geluykens, R. ( 1992b). Topics in English conversation: On topic-
introduction in conversational discourse. Ms. 

Geluykens, R. (in press). The Pragmatics of Discourse Anaphora 
in English: Evidence from Conversational Repair (Mouton de 
Gruyter, Berlin). 

Geluykens, R. & Swerts, M. (1992). "Prosodic topic- and turn-finality 
cues", Proceedings of the Workshop on Prosody in Natural Speech, 
University of Pennsylvania, August 1992, 63-70. 

Geluykens, R. & Swerts, M. (1993). "Local and global prosodic cues 
to discourse organization in dialogues", Proceedings of the ESCA 
Workshop on Prosody, Lund University, September 1993, 108-111. 

Geluykens, R. & Swerts, M. (Submitted). "Prosodic cues to dis-
course boundaries in experimental dialogues", submitted to Speech 
Communication. 

Givon, T. (1983). Topic Continuity in Discourse: A Quantitative 
Cross-Language Study (Benjamins, Amsterdam/Philadelphia). 

Gr~nnum, N. (1992). The Groundworks of Danish Intonation (Mu
seum Tusculanum Press, Copenhagen). 

Grosjean, F. (1983). "How long is the sentence? Prediction and 
prosody in the on-line processing of language", Linguistics 21, 
501-529. 

Grosz, B.J. (1978). "Discourse knowledge", in Understanding Spoken 
Language, edited by D.E. Walker (New York), 227-344. 

Grosz, B. & Hirschberg, J. ( 1992). "Some intonational characteris
tics of discourse structure", Proceedings of the International Con
ference on Spoken Language Processing, Ban.ff, Canada, October 
1992, 429-432. 

Gussenhoven, C. (1988). "Adequacy in intonation analysis: the case 
of Dutch", in A utosegmental Studies on Pitch Accent, edited by 
N. Smith and H. van der Hulst (Foris, Dordrecht), 95-121. 



124 References 

Halliday, M.A.K. (1967). "Notes on transitivity and theme in English, 
part 2", Journal of Linguistics 3, 199-244. 

Hays, W.L. (1981). Statistics (CBS College Publishing, New York). 

't Hart, J., Collier, R. & Cohen, A. (1990). A Perceptual Study of 
Intonation (Cambridge University Press, Cambridge). 

Hermes, D.J. (1986). "Measurement of pitch by subharmonic sum
mation", Journal of the Acoustic Society of America 83, 257-264. 

Huber, D. (1989). "Voive characteristics of female speech and their 
representation in computer speech synthesis and recognition", 
Proceedings Eurospeech '89, Paris 1989, 477-480. 

Johns-Lewis, C. (ed.) (1986). Intonation in Discourse (Croom Helm, 
London). 

Klatt, D. (1976). "Vowel lengthening is syntactically determined in 
a connected discourse", Journal of Phonetics 3, 129-140. 

Kreiman, J. (1982). "Perception of sentence and paragraph bound
aries in natural conversation", Journal of Phonetics 10, 163-175. 

Lehiste, I. (1975). "The phonetic structure of paragraphs", in Struc
ture and Process in Speech Perception, edited by S. Nooteboom 
and A. Cohen (Springer-Verlag, Berlin), 195-206. 

Lehiste, I. (1979). "Perception of sentence and paragraph bound-
aries", in, Frontiers of Speech Communication Research, edited by 
B. Lindblom and S. Ohman (Academic Press, London), 191-201. 

Lehiste, I. (1980). "Phonetic characteristics of discourse", Acoustical 
Society of Japan, Transactions of the Committee on Speech, April 
1980, 25-38. 

Leroy, L. (1984). "The psychological reality of fundamental fre-
quency declination", Antwerp Paper in Linguistics 40, University 
of Antwerp, Belgium. 

Levelt, W.J.M. (1983). "Monitoring and self-repair in speech", Cog
nition 14, 41-104. 

Levelt, W.J.M. (1989). Speaking: From Intention to Articulation 
(MIT Press, Cambridge). 

Levinson, S.C. (1983). Pragmatics (Cambridge University Press, 
Cambridge) 

Liberman, M. & Pierrehumbert, J. (1984). "Intonational invariance 



References 125 

under changes in pitch range and length", in Language and Sound 
Structure: Studies in Phonology Presented to Moris Halle by his 
Teacher and Students, edited by M. Aronoff and R.T. Oehrle (MIT 
Press, Cambridge), 157-233. 

Mallant, M.E. (1992). "Een bolhoed of een platte hoed?", Internal 
report 854, Institute for Perception Research (IPO). 

Menn, L. & Boyce, S. (1982). "Fundamental frequency and discourse 
structure", Language and Speech 25, 341-383. 

Murray, LR. & Arnott, J.L. (1993). "Toward the simulation of emo
tion in synthetic speech: A review of the literature on human 
vocal emotion", Journal of the Acoustic Society of America 93, 
1097-1108. 

Nespor, M. & Vogel, I. (1986). Prosodic Phonology (Foris, Dordrecht) 
O'Shaughnessy, D. & Allen, J. (1983). "Linguistic modality effects 

on fundamental frequency in speech", Journal of the Acoustical 
Society of America 74, 1155-1171. 

Passonneau, R.J. & Litman, D.J. (1993). "Intention-based segmen
tation: human reliability and correlation with linguistic cues", 
Proceedings of ACL-93, Ohio State University, Association for 
Computational Linguistics, no pages. 

de Pijper, J.R. & Sanderman, A.A. (1993). "Prosodic cues to the per
ception of constituent boundaries", Proceedings Eurospeech '93, 
Berlin 1993, 1211-1214. 

Price, P., Ostendorf, M., Shattuck-Hufnagel, S. & Fong, C. (1991). 
"The use of prosody in syntactic disambiguation", Journal of the 
Acoustical Society of America 90, 2956-2970. 

Prince, E.F. (1981). "Toward a taxonomy of given-new information", 
in Radical Pragmatics, edited by P. Cole (Academic Press, New 
York), 233-255. 

Sacks, H., Schegloff, E.A. & Jefferson, G. (1974). "A simplest sys
tematics for the organization of turn-taking in conversation", Lan
guage 50, 696-735. 

Schaffer, D. (1983). "The role of intonation as a cue to turn taking 
in conversation", Journal of Phonetics 11, 243-257. 

Schaffer, D. (1984). "The role of intonation as a cue to topic man
agement in conversation", Journal of Phonetics 12, 327-344. 



126 References 

Schiffrin, D. (1987). Discourse Markers (Cambridge University Press, 
Cambridge). 

Silverman, K. (1987). "The structure of fundamental frequency 
contours", Unpublished doctoral dissertation, University of Cam
bridge. 

Silverman, K.E.A. & Pierrehumbert, J.B. (1990). "The timing 
of prenuclear high accents in English", in Papers in Laboratory 
Phonology [: Between the Grammar and Physics of Speech, edited 
by J. Kingston and M.E. Beckman (Cambridge University Press, 
Cambridge), 72-106. 

Sluijter, A. & Terken, J.M.B. (1992). " The development and per
ceptive evaluation of a model for paragraph intonation in Dutch", 
Proceedings of the International Conference on Spoken Language 
Processing1 Banfj, Canada1 October 1992, 353-356. 

Streeter, L.A. (1978). "Acoustic determinants of phrase boundary 
perception", Journal of the Acoustical Society of America 64, 
1582-1592. 

Swerts, M. (1991). "An experimental approach to the study of 
prosody in spontaneous speech", Proceedings of the ESCA Work
shop on the Phonetics and Phonology of Speaking Styles: Reduc
tion and Elaboration in Speech Communication1 Barcelona1 Spain1 

September-October 1991, 51/1 - 51/5. 
Swerts, M. (1993). "On the prosodic prediction of discourse finality", 

Proceedings of the ESCA Workshop on Prosody, Lund1 Sweden1 

September 1993, 96-99. 

Swerts, M., Bouwhuis, D.G. & Collier, R. (1993). "A perceptual 
study of melodic cues to 'finality' ", /PO Annual Progress Report 
27, 19-28. 

Swerts, M., Bouwhuis, D.G. & Collier, R. (Submitted). "Melodic 
cues to the perceived 'finality' of utterances", submitted to the 
Journal of the Acoustical Society of America. 

Swerts, M. & Collier, R. (1991). "Melodic cues to 'finality' in dis
course units", Journal of the Acoustical Society of America 90, 
2344 (Abstract). 

Swerts, M. & Collier, R. (1992). "On the controlled elicitation of 
spontaneous speech", Speech Communication 11, 463-468. 



References 127 

Swerts, M. & Collier, R. (1993). "On the perceived serial position 
of discourse units", Proceedings Eurospeech '93, Berlin 1993, 999-
1002. 

Swerts, M., Collier, R. & Terken, J.M.B. (Submitted). "On the 
prosodic prediction of discourse finality in spontaneous mono
logues", submitted to Speech Communication. 

Swerts, M. & Geluykens, R. (1992). "The prosodic structuring of in
formation flow in spoken discourse", Proceedings of the Workshop 
on Prosody in Natural Speech Data, University of Pennsylvania, 
August 1992, 221-230. 

Swerts, M. & Geluykens, R. (1993). "The prosody of information 
units in spontaneous monologue", Phonetica 50, 189-196. 

Swerts, M. & Geluykens, R. (forthcoming). "Prosody as a marker of 
information flow in spoken discourse", Accepted for publication 
in Language and Speech. 

Swerts, M., Geluykens, R. & Terken, J.M.B. (1992). "Prosodic corre
lates of discourse units in spontaneous speech", Proceedings of the 
International Conference on Spoken Language Processing, Banff, 
Canada, October 1992, 421-424. 

Terken, J .M.B. ( 1984). "The distribution of pitch accents in instruc
tions as a function of discourse structure", Language and Speech 
27, 269-289. 

Terken, J.M.B. (1987). "Oplijning van toonhoogtebewegingen en 
segmenten. Onderzoek aan tekst D27 (Doven), ingesproken door 
Ph. Bloemendal", Internal Report 680, Institute for Perception 
Research (IPO). 

Terken, J .M.B. ( 1991). "Fundamental frequency and perceived 
prominence of accented syllables", Journal of the Acoustical Soci
ety of America 89, 1768-1776. 

Terken, J.M.B. (1993a). "Synthesizing natural-sounding intonation 
for Dutch: rules and perceptual evaluation", Computer Speech 
and Language 7, 27-48. 

Terken, J.M.B. (1993b). "Human and synthetic intonation: A case 
study", in Analysis and Synthesis of Speech. Strategy Research 
towards High-Quality Text-to-Speech Generation, edited by V.J. 
van Reuven and L.C.W. Pols (Mouton de Gruyter, Berlin/New 



128 References 

York), 241-260. 
Terken, J.M.B. & Collier, R. (1992). "Syntactic influences 

on prosody", in Speech Perception, Production and Linguis
tic Structure, edited by Y. Tokhura, E. Vatikiotis-Bateson and 
Y. Sagisaki (Ohmsha, Tokyo/Osaka/Kyoto and IOS, Amster
dam/Washington/Oxford), 427-438. 

Thorsen, N.G. (1985). "Intonation and text in Standard Danish", 
Journal of the Acoustic Society of America 77, 1205-1216. 

Thorsen, N.G. (1986). "Sentence intonation in textual context Sup
plementary data", Journal of the Acoustical Society of America 
80, 1041-1047. 

Torgerson, W.S. (1963). Theory and Methods of Scaling (John Wiley, 
New York). 

Umeda, N. (1982). "'Fo declination' is situation dependent", Journal 
of Phonetics 10, 297-290. 

Vroomen, J., Collier, R. & Mozziconacci, S. (1993). "Duration and in
tonation in emotional speech", Proceedings Eurospeech '93, Berlin 
1993, 577-582. 

Wichmann, A. (1991). "Beginnings, Middles and Ends: A Study 
of lnitiality and Finality in the Spoken English Corpus", Unpub
lished PhD Thesis, Lancaster University. 

Wightman, C., Shattuck-Hufnagel, S., Ostendorf, M. & Price, P. 
(1992). "Segmental durations in the vicinity of prosodic phrase 
boundaries", Journal of the Acoustical Society of America 91, 
1707-1717. 

Willems, N. (1982). English from a Dutch Point of View (Foris, 
Dordrecht) 

Yule, G. (1980). "Speaker's topics and major paratones", Lingua 52, 
33-47. 



Summary 

SPOKEN messages are generally more than mere concatenations of 
isolated utterances. This appears, for instance, from the fact that 

some sequences of sentences dealing with some common topic can be 
said to form discourse units. In written texts, such a unit can have a 
correlate in the layout of the printed script in the form of a paragraph. 
In this thesis, it is explored whether discourse units in spoken language 
can be reflected in prosody, defined as the set of suprasegmental features 
such as speech melody, duration and pause. 

In chapter one, the general introduction, it is first argued why 
prosody is the most likely candidate to be used for marking the bound
aries and the internal structure of discourse units. The next section 
focuses on previous work dealing with discourse prosody and is subdi
vided into a discussion of studies of spontaneous speech and of read
aloud speech. Against the background provided by the results of pre
vious investigations and the problems associated with them, section 
three presents the principal aims of the present study: (i) to look at 
speaker and listener behaviour, (ii) to approach characteristics of spon
taneous speech in an experimental way, (iii) to concentrate on mono
logues rather than dialogues and (iv) to restrict the investigation to the 
analysis of melody and duration. 

Chapter two introduces the methodology applied throughout this 
thesis. It amounts to an experimental analysis of discourse prosody 
in spontaneous types of speech and allows to have control over both 
the speaker and the listener. The methodology consists of two parts. 
Firstly, an elicitation procedure is used by means of which a speaker 
is constrained by the experimenter with respect to what he will say, 
while keeping his speech output spontaneous. Secondly, different forms 
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of perceptual analysis are employed to find out to what extent prosodic 
regularities in spontaneous discourse are relevant to listeners. As an 
example of this methodology, a pilot study is presented on prosodic 
cues to 'finality'. The purpose of this small experiment was to find out 
whether the last utterance of a discourse unit in spontaneous speech 
can have particular melodic features that signal its final position. 

The perception of melodic cues to finality is further explored in chap
ter three, "Melodic cues for unit-final utterance position". A series of 
three listening experiments was performed with short sentences, the 
intonation of which was manipulated with respect to different melodic 
dimensions. The actual testing was done in two ways: ( 1) by pairwise 
comparison and (2) by absolute rating. A linear least-squares estima
tion method brought to light that in both tests finality judgments were 
influenced significantly by differences in pitch register (experiment I), 
pitch range (experiment I) and shape of the pitch contour ( experi
ments I, II and III). The results strongly suggest that these different 
variables primarily combine in an additive way, though the effect of one 
is sometimes conditional on the value of another. 

Chapter four, "Melody and pause between and within discourse 
units", reports on an investigation of the role of prosody in structuring 
the information in monologue discourse, from the point of view of pro
duction as well as perception. It is observed that melodic indications 
of finality are exploited in natural speech as cues that a discourse unit 
has been rounded off. Moreover, initial boundaries are marked by a 
conspicuous pitch accent situated high in the speaker's pitch register. 
Next to these melodic boundary markers, some speakers provide dis
course units with supradeclination, i.e. a global decline in pitch over 
the course of the whole unit. Also, speakers manipulate both the distri
bution of pauses and their relative length to mark information flow. A 
perception experiment with bandpass-filtered speech brought to light 
that both melodic and pausal information is used by listeners to deduce 
the boundaries of discourse units. 

A major focus in the previous chapters was on how prosody can 
be exploited to indicate that a discourse unit has ended. It was found 
that speakers can signal 'finality' by the use of local boundary tones 
situated at the terminal edge of a discourse unit. Chapter five, "Melody 
and duration as cues for consecutive utterance positions", deals with 
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a study of the capacity of prosody to presignal upcoming discourse 
boundaries. Experiment I brings to light that listeners are able to 
estimate on the basis of melodic and durational properties how far a 
given utterance is situated from the end of a unit. However, the scope 
of this prosodic prediction is relatively restricted as listeners can only 
estimate the absolute discourse position of the last two utterances of a 
monologue. Experiment II explores systematically, by means of a test 
with synthetic speech, to what extent prosodic features are sufficient 
to influence judgments about the serial position of an utterance in a 
discourse unit. 

Chapter six, the general conclusion, contains an evaluation of the 
methodology applied throughout this thesis. Then, a summary is given 
of the main results of the investigations reported upon in the previous 
chapters both with respect to the speaker and the listener. The final 
section discusses the major limitations of this thesis, which was (i) a 
descriptive approach to (ii) speech melody and duration (of pauses and 
segments) in (iii) neutral monologues. 

De vorige hoofdstukken handelden in hoofdzaak over prosodische 
indicaties van het einde van een discourse eenheid. Het bleek dat fi-
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G ESPROKEN berichten zijn vaak meer dan louter aaneenschakelin
gen van gelsoleerde zinnen. Dat blijkt ondermeer uit het feit dat 

sommige opeenvolgingen van ui~ingen, die samen over een onderwerp 
handelen, een grotere ·Biscourse~eenheid vormen. In geschreven taal 
kan zo'n eenheid gevisualiseerd worden in de layout van de tekst in de 
vorm van een alinea. In deze dissertatie is gekeken of discourse een
heden in gesproken taal een correlaat kunnen hebben in de prosodie, 
gedefinieerd als het geheel van suprasegmentele spraakkenmerken, zoals 
spraakmelodie, duur en pauze. 

In hoofdstuk een, de algemene inleiding, wordt eerst beargu
menteerd waarom het waarschijnlijk is dat vooral de prosodie wordt 
gebruikt voor het markeren van de grenzen en de interne structuur 
van discourse eenheden. Vervolgens wordt er een sectie gewijd aan 
vroeger onderzoek aan discourse prosodie, met aandacht voor studies 
aan voorgelezen en spontane spraak. Tegen de achtergrond van vroegere 
studies en hun typische problemen worden vervolgens de belangrijkste 
doelstellingen van het huidige onderzoek gepresenteerd, namelijk om 
(i) te kijken zowel naar spreker- als luisteraargedrag, (ii) eigenschap
pen van spontane spraak experimenteel te bestuderen, (iii) monologen 
eerder dan dialogen te bekijken en (iv) het onderzoek te beperken tot 
een analyse van spraakmelodie en duur . 

Hoofdstuk twee introduceert de methodologie die is toegepast in 
dcze dissertatie. Die komt neer op een experimentele benadering van 
discourse prosodie in verschillende soorten spontane spraak, waarbij er 
controle is over zowel de spreker als de luisteraar. De methodologie 
besta.a.t uit twee onderdelen. Allereerst wordt er een elicitatietechniek 
gebruikt die de spreker beperkt in hetgeen hij zal zeggen, terwijl toch 
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zijn spraakoutput spontaan blijft. Daarnaast worden er verschillende 
perceptieproefjes uitgevoerd om te onderzoeken in hoeverre prosodische 
regulariteiten in spontane spraak relevant zijn voor luisteraars. Bij 
wijze van voorbeeld wordt een pilootproefje behandeld dat ging over 
prosodische cues voor 'finaliteit'. Het doel van dit kleine experiment 
was nate gaan of de laatste uiting van een discourse eenheid in spontane 
spraak typische melodische karakteristieken kan hebben die zijn laatste 
posi tie signaleren. 

De perceptie van melodische cues voor finaliteit wordt verder 
bestudeerd in hoofdstuk drie. Die behandelt een serie van drie luis
terproefjes met korte zinnetjes waarvan de intonatie systematisch was 
gemanipuleerd met betrekking tot verschillende melodische dimensies. 
Er werden twee soorten proefjes uitgevoerd, namelijk op basis van 
(1) paarsgewijze vergelijking en (2) absolute schaling. Een lineaire 
kleinste-kwadraten analyse laat zien dat oordelen over finaliteit in beide 
soorten tests systematisch kunnen worden be"invloed door verschillen in 
toonhoogte register (experiment I), toonhoogte bereik (experiment II) 
en vorm van de toonhoogtecontour ( experimenten I, II en III). De resul
taten suggereren dat de effecten van deze variabelen over het algemeen 
bij elkaar kunnen worden opgeteld, alhoewel het effect van een para
meter soms dat van een ander belnvloedt. 

Hoofdstuk vier gaat over onderzoek naar de rol van prosodie in 
het structureren van informatie in monologen, zowel vanuit het stand
punt van de spreker als van de luisteraar. Het laat zien dat melodi
sche cues voor finaliteit in natuurlijke spraak worden gebruikt om 
aan te geven dat een discourse eenheid is afgerond. Daarnaast wor
den ook initie!e grenzen gemarkeerd, door middel van een opvallend 
toonhoogteaccent aan het begin van een eenheid. Naast deze lokale 
grensmarkeerders voorzien sommige sprekers hun discourse eenheden 
soms ook van supradeclinatie, namelijk een geleidelijke afname van de 
toonhoogte over het bereik van een hele eenheid. Bovendien manipu
leren sprekers de plaats en de duur van pauzes om discourse eenheden 
te markeren. Een luisterproefje met onverstaanbaar gemaakte spraak 
toont aan dat luisteraars op basis van melodische informatie en pauzes 
de grenzen van discourse eenheden kunnen detecteren. 

De vorige hoofdstukken handelden in hoofdzaak over prosodische 
indicaties van het einde van een discourse eenheid. Het bleek dat fi-
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naliteit kon worden gesignaleerd door middel van lokale grenstonen die 
voorkwamen aan het eind van een discourse eenheid . Hoofdstuk vijf 
onderzoekt of prosodie ook kan worden gebruikt om het einde van een 
discourse eenheid te voorspellen. Experiment I laat zien dat luisteraars 
kunnen bepalen op basis van variatie in melodie en duur hoe ver een 
uiting aftigt van het einde van een discourse eenheid . Het bereik van 
die prosodische voorspelling is wei enigszins beperkt, aangezien luiste
raars alleen maar de juiste positie van de laatste twee uitingen van een 
monoloog goed kunnen inschatten. Experiment II bestudeert systema
tisch of prosodische informatie alleen het oordeel van luisteraars over de 
seriele positie van een uiting in een discourse eenheid kan be!nvloeden. 

Hoofdstuk zes, een algemene conclusie, bevat allereerst een evaluatie 
van de methodologie die in deze dissertatie is gebruikt. Dan volgt een 
samenvatting van de belangrijkste resultaten van de verschillende stu
dies uit deze dissertatie, zowel met betrekking tot de spreker als tot de 
luisteraar. In de laatste sectie worden de beperkingen van dit onderzoek 
gepresenteerd: de studie bestond uit (i) een descriptieve benadering van 
(ii) spraakmelodie en duur (van pauze en segmenten) in (iii) neutrale 
monologen. 
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Stellingen 

hehorende hij het proefschrift 
Prosodic features of discourse units 

van M.G.J. Swerts 

1. Binnen de experimentele fonetiek is er nog steeds een helangrijke 
discrepantie tussen de overmatige aandacht voor voorgelezen spraak 
en het geringe helang van deze spraaksoort in het dagelijkse leven. 

2. Hoewel Umeda (1982) in principe gelijk kan hehhen dat declinatie 
voor een groot stuk een situatie-afhankelijk verschijnsel is, mist haar 
heargumentering hiervoor overtuigingskracht omdat zij nergens het 
hegrip declinatie adequaat operationaliseert. 

Umeda, N. (1982). "'Fo declination' is situation dependent", Journal 

of Phonetics 10, 279-290. 

3. Het TOBI-transcriptiesysteem maakt veel kans om hinnen de angel
saksische traditie van .prosodie-onderzoek .de standaard te worden, 
maar vertoont nog een aantal tekortkomingen, zoals het onvermo
gen om hepaalde fonetisch interessante ohservaties uit te drukken en 
het vermengen van melodische en structurele criteria hij het tran
scriheren van prosodie. 

Silverman, K., Beckman, M., Pitrelli, J ., Ostendorf, M., Wight
man, C., Price, P., Pierrehumhert, J. & Hirschberg, J. (1992). "ToBi: 
A standard for labelling English prosody", Proceedings of the Inter

national Conference on Spoken Language Processing, Banfj, Canada, 

October 1992, 867-870. 

4. Er is een groot gevaar van circulariteit in de argumenten die Yule 
(1980) aandraagt voor zijn claim dat topicale eenheden een correlaat 
hehhen in 'major paratones' omdat hij in de analyse van zijn data 
geen garantie geeft dat de prosodie is hekeken onafhankelijk van 
inhoudelijke aspecten. 

Yule, G. (1980). " Speakers' topics and major paratones", Lingua 

52, 33-47. 

5. De randvoorwaarden waarhinnen aio's en oio's hun onderzoek 
moeten doen, leiden ertoe <lat zij hoofdzakelijk risicoloze projecten 



uitvoeren die eerder leiden tot voorspelba.re dan tot verrassende re
sultaten. 

6. Dat over smaken en kleuren niet te twisten valt, is een zeer wijze 
gedachte die ondermeer inhoudt dat er geen algemeen geldende, es
thetische gronden bestaan om bijvoorbeeld een aria van Bach als 
hogere kunst te beschouwen dan een levenslied van de Zangeres zon
der Naam. 

7. Aan jonge Belgische wetenschappers die aan Nederlandse insti
tuten beginnen te werken zou expliciet duidelijk gemaakt moeten 
worden dat de voorrang-van-rechts regel in Nederland heel anders 
~einterpreteerd wordt dan in Belgie. 

8. Met name op een fonetisch congres over prosodie is de zin "I like 
your contours" misschien goed bedoeld, maar toch ambigu. 


