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Prosodie characteristics of 
discourse boundaries" 

Abstract 

The present chapter discusses the prosodie characteristics of discourse 
boundaries in spontaneous discourse. Twelve naive listeners marked perceived 
discourse boundaries in the eight spoken versions of the retold stories. The 
location of boundary marking pitch movements in the same stories was 
determined on an auditory basis. The verbatim transcriptions of these stories 
had previously been analyzed on prosody-independent grounds for discourse 
structure, using the framework Information Structure In Discourse (ISID). 

The aim of the study was to find out what acoustic-prosodic means speakers 
use to mark discourse boundaries: how are clause, sentence, and paragraph 
boundaries realized by speakers in spontaneous unrestricted speech? Do all 
speakers use the same means? And, how do listeners use these cues to perceive 
discourse boundaries? 

Results show that discourse boundaries are marked by the speakers 
predominantly with high boundary tones, also at places where low boundary 
tones would be expected on the basis of the discourse analysis, and that heavier 
boundaries are marked with longer pauses. Listeners used pausing as well as 
boundary tones as a cue for boundary perception, but with different degrees of 
importance for different types of boundaries. 

Parts of this chapter appeared in Van Donzel (1997) and in Van Donzel & Koopmans-van 

Beinum (1996a, 1996b, 1997a, and 1998). 
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4.1. Introduction 

4.1.1. Discourse boundaries 

It is generally assumed that in spoken discourse speakers may use various 
acoustic means to assign structure to the text. They may do this, for instance, by 
dividing the text into smaller parts using pauses or intonation movements, and/or 
by marking highly important words as more prominent. Listeners are also able to 
detect these structures: they usually have ideas about the structure of the 
incoming text. When listening to someone telling a story, for example, one 
realizes when the speaker has finished one part of his/her story, and also when 
the speaker is starting on a new topic within that story (e.g. Lehiste, 1979; 
Swerts, 1994; Chafe, 1994; Nakatani, 1995). 

Within spoken discourse, as used in normal, communicative situations, 
speakers introduce concepts at various points in the discourse. Depending on the 
kind of information to be expressed in these concepts, the speaker will mark 
some concepts as more prominent than others. Concepts introducing 'new' 
information will generally be more prominent, from both the speaker's and the 
listener's point of view, than concepts expressing information that has already 
been mentioned previously. A concept introduced earlier can be referred to by 
the speaker at later points in the discourse, for instance by the use of pronouns 
and anaphora (the given/new distinction, cf. Prince, 1981, 1992; Home, 1990, 
1991a, 1991b). Listeners usually can trace the referent of such a pronoun without 
much difficulty. This means that they keep track of the information status of 
objects, expressed in earlier stages of the discourse. This also means that it is 
necessary to do so, otherwise it would not be possible to process the pronouns in 
a meaningful way. 

At some points in the discourse, however, pronominalization is no longer an 
available option to refer to items introduced earlier. When the referent is too far 
back in the discourse, the use of a pronoun may lead to ambiguity. In such cases, 
the speaker needs to repeat (a variant of) the full noun. Thus, apparently, there 
has been some kind of discourse boundary across which pronominalization is not 
possible (cf. also Home et ai, 1993). This indicates that listeners also have to 
keep track of more 'global' structures. See chapter 2 for a more elaborate 
discussion. 

Listeners are able to tell when new discourse units begin, and when they end, 
and they are also able to tell which information is of less importance. This has 
convincingly been shown, at least for structured discourse tasks in Dutch, by e.g. 
Swerts (1994) and Blaauw (1995). This chapter will deal with the question where 
and how speakers mark discourse boundaries in a less restricted type of 
spontaneous speech, namely, retold stories. 

The study described in this chapter thus focuses on boundary marking 
discourse features ('phrasing'); features such as the prosodie marking of 
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different types of information status ('focal structure') will be discussed in 
chapter 5. 

4.1.2. Boundary marking pitch movements 

The prosodic organization of texts read aloud has been investigated widely (e.g. 
Bruce, 1982). Boundaries can be prosodically marked by the speaker with, for 
instance, a pause, with a boundary-marking pitch movement, or with both. A 
boundary is always at least marked by pre-boundary lengthening (De Rooij, 
1979: Blaauw, 1995). Full prosodic boundaries are said to include both melodic 
and pausal cues, while less heavy boundaries are marked with only a pitch 
movement or a pause (Blaauw, 1995). In Dutch, melodic means to mark 
boundaries include rising and level tones, generally associated with non-finality 
or continuation, and falling tones, associated with finality (cf. Wichman, House 
& Rietveld, 1997). This leads to the general expectation that in spoken discourse 
and in text read aloud, phrases and main and subordinate clauses are marked as 
non-final, while sentences and paragraphs are marked as final by the speaker. 
This enables the listener to keep track of the global structure of the discourse. 
Sanderman (1996) showed that listeners are indeed able to distinguish between 
boundaries of different 'depths'. She mainly concentrated on sentence-initial 
word boundaries (i.e. boundaries after the first few words in a sentence). Swerts 
(1997) showed similar results for unrestricted spontaneous Dutch monologues. 

Spontaneous discourse, even if it is less strictly structured and 
characteristically contains more disfluencies and hesitations, will have a structure 
along the same general lines as more carefully structured (or prepared) material. 
The same global build-up into phrases, clauses, sentences, and paragraphs 
applies. In spontaneous discourse, listeners also keep track of the information 
status of concepts introduced earlier (cf. the frequent use of pronouns). 

4.1.3. Pausing strategies 

Apart from boundary marking pitch movements, speakers may also use pausing 
to assign structure to their speech. In spontaneous speech, as well as in more 
prepared types of speech, speakers use pausing strategies to structure the 
continuation of their discourse. At certain points in their discourse, speakers will 
have to pause, in order to determine the way in which they want to continue their 
telling. The exact content of the message in spontaneous speech is not fixed as it 
is in texts read aloud. A speaker may also introduce a pause for more functional 
reasons, for instance to build up the tension or to make listeners have specific 
expectations about the rest of the telling. Furthermore, speakers may pause 
before important words so as to draw the listener's attention. These functional 
pauses should be distinguished from 'hesitation pauses': hesitation pauses are 
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characteristically a part of spontaneous speech and indicate where the speaker is 
confused or not sure about how to continue. These pauses also have some 
'function', of course, in that they give a clear signal to the listener as to where 
he/she can expect disfluencies or hesitations in the speaker's formulation. 
Speakers may differ in the way they achieve pausing: some will just introduce a 
silent interval, while others prefer to pause using 'fillers'. 

A difference in pausing may also depend on the kind of speech material. In a 
monologue a speaker will use pauses to give the listener time to process the 
message. Since the speaker is usually not interrupted in a monologue, it will then 
be sufficient to just introduce a silent pause. In dialogues, the different 
participants can use pausing for various purposes. They may want to signal the 
end of their contribution, and give the floor to the other participants. In such a 
case, the speaker can just use a silent pause. They may also wish to continue, but 
need a pause to plan the follow-up of their contribution. In this case, one can 
imagine the speaker using all kinds of fillers in order to make sure that he/she 
doesn't lose his/her turn. 

The relation between pausing and discourse structure is often investigated for 
fairly structured material, for instance instruction monologues (Swerts, 1994; 
Blaauw, 1995), or for more restricted types of texts such as news bulletins 
(Home et ai, 1993; Strängen, 1991). Pauses are said to coincide with prosodie 
discourse boundaries on both the clause/sentence and the paragraph level, and to 
occur before highly important words (cf. Goldman Eisler, 1968). So far, 
however, little research has been done for Dutch using unrestricted spontaneous 
speech of the type we use in this study. Even the spontaneous instruction 
monologues, a very specific task in the communication between speaker and 
listener, used by Swerts and Blaauw represent a different, but also 'less' 
spontaneous speech type or speech style than our material. Results obtained so 
far are not necessarily the same as for unrestricted speech. 

4.1.4. Other prosodic-acoustic cues 

Boundary marking pitch movements and pausing strategies are obviously not the 
only prosodic-acoustic cues available to the speaker to mark discourse structure. 
Other means include pre-boundary lengthening, variations in spectral quality 
(sloppy vs. clear articulation), and variations in intensity or spectral tilt. Earlier 
work by De Rooij (1979) has revealed that for Dutch pre-boundary lengthening 
alone is a sufficient cue in the perception of prosodically marked boundaries. 
Moreover, if a boundary is marked with a boundary marking pitch movement, 
but without pre-boundary lengthening, the boundary is not clearly perceived as a 
prosodie one (cf. also Blaauw, 1995). 

Differences in spectral quality between spontaneous and read speaking styles 
have been investigated for Dutch by, among others, Koopmans-van Beinum 
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(1980, 1992a, 1992b), Van Son (1993), Van Son & Pols (1996), and Laan 
(1997). These results are related to the distinction between different speaking 
styles. The relation between variations in spectral quality and discourse structure 
has not been investigated in detail for spontaneous speech. The results from the 
factor analysis in chapter 3, however, suggest that this would be worthwhile 
investigating. Unfortunately, this lies outside the scope of the present study. 
Here, we will concentrate on temporal and international phenomena in relation to 
the structuring of discourse. 

4.1.5. Research questions 

Our goal in this chapter, as mentioned above, is to investigate how discourse 
structure, and more specifically discourse boundaries, are realized and perceived 
in spontaneous speech. When listening to spontaneous speech, one has to infer 
the intended global structure from the acoustic aspects, on the assumption that 
speakers mark the different chunks of the discourse acoustically, for instance by 
using pauses and boundary marking pitch movements. Other cues also play a 
role, such as visual and gestural cues, and syntactic and pragmatic cues. The 
listener needs this information to process the discourse in a coherent and 
meaningful way, and to know where to expect new discourse units. 

The questions to be answered, then, are: 

• What acoustic-prosodic means are used by the speakers to mark the 
discourse structure of a spontaneously spoken discourse? 

• How may the various means be used and combined in terms of (speaker-
dependent) strategies? 

• What acoustic-prosodic cues, as given by the speaker, do listeners use to 
detect the discourse structure of a spontaneously spoken discourse? 

The perceived structure, as indicated by the listeners in the listening experiment 
will be related on the one hand to the objective prosody-independent structure as 
obtained from the textual discourse analysis by the experts, and on the other 
hand to acoustic measurements performed on the speech signal (cf. the work by 
Bruce and colleagues, for instance Bruce et ai, 1996). 

At some points in the discourse, boundaries are more likely to occur than at other 
points. We expect the speaker to have acoustically realized some of the 
boundaries on the basis of the discourse structure to be transferred to the listener. 

On the basis of findings in the literature and of our own ideas, we have 
formulated the following hypotheses: 
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• We expect boundaries to be realized and perceived at the major transition 
points in the discourse: between clauses, sentences, and paragraphs. At such 
transition points the speaker may signal either non-finality or finality. 

• A speaker may signal non-finality, by means of (shorter) pauses and/or 
boundary marking pitch movements, to plan or to indicate the intention of 
the continuation of his/her retelling, or to give the listener time to process 
the relation between the preceding clause and the one he/she is about to 
utter. 

• The speaker may also signal finality, by means of (longer) pauses and/or 
pitch movements, to indicate the end of a paragraph or discourse unit. 

• Internal boundaries, not occurring on any discourse boundary but within a 
clause, will be perceived as non-final. Clause boundaries will be perceived 
as non-final if they are not the last one in a sentence or a paragraph. 
Otherwise we expect them to be perceived as final: sentence final if they are 
the last one in a (textually defined) sentence, and paragraph final if they 
close a discourse paragraph. Boundaries between paragraphs will be 
perceived as paragraph final. 

The scheme below (Table 4.1) summarizes the hypotheses about the realized and 
perceived discourse structures. Exactly how temporal and intonational cues are 
used by the speaker and the listener is, of course, the subject of our investigation. 
This table shows that we consider the various discourse structures to be potential 
anchor points for temporal and/or intonational phenomena. 

Table 4.1 Hypothesized relation between textual discourse boundaries (Internal, Clause, 
Sentence. Paragraph), their acoustic realization (Boundary tone and Pause), and 
type of perceived discourse boundaries (Non-final, Sentence final, and Paragraph 
final). 

Non-final Sentence final Paragraph final 

Bnd Tone Pause Bnd Tone Pause Bnd Tone Pause 

Internal high short 

Clause high short low longer low longest 

Sentence low longer low longest 

Paragraph low longest 

The outline of this chapter is as follows: The experimental design is given in 
section 4.2. Section 4.3 presents the results of a listening experiment with regard 
to the perception of prosodie discourse boundaries, and section 4.4 gives the 
results of the acoustic measurements of the realization of discourse boundaries in 



P R O S O D I C CHARACTERISTICS OF DISCOURSE B O U N D A R I E S 73 

terms of pitch movements and pausing. Discussion and conclusions are given in 
section 4.5. 

4.2. Experimental design 

4.2.1. Speech material 

In this study we used the 'spontaneous' part of the larger database recorded 
within this research project. A full description of the whole database is presented 
in chapter 3. Below, we will briefly summarize how we obtained the 
spontaneous versions. As for discourse structure, we will concentrate here on the 
•phrasing' level, i.e. clause, sentence, and paragraph boundaries. We will also 
give the definitions of the labels used in the method of discourse analysis applied 
to obtain these structures. The material is the same as described in chapter 3. 
Since it is important to know how we obtained the material, we will repeat here 
the exact procedure. 

Eight speakers of standard Dutch, four male and four female, were selected. 
They were all students or staff members of the Institute of Phonetic Sciences at 
the University of Amsterdam. The speakers were asked to read aloud a short 
story in Dutch ('Een triomf by Simon Carmiggelt, 1966). After a short break, 
they were asked to retell the same story in their own words, with as many details 
as possible (the 'retold version'). During the retelling a listener was present in 
the recording room to create a more natural narrative situation. All recordings 
were made in a sound-treated room on DAT-tape, using a Sennheiser MKH105 
high frequency condenser microphone. 

The retold versions (between 3 and 5 minutes of speech per speaker) were 
stored as digitized audio files (sampling frequency 48 kHz, 16-bit precision). 

4.2.2. Discourse analysis 

A framework for discourse analysis was developed (see chapter 2), in which the 
information structure of a discourse is based on pragmatic grounds rather than on 
acoustic features. This method of analysis 'Information Structure In Discourse' 
(ISID) is inspired by the work of Mann & Thompson (1988), Prince (1981, 
1992), Chafe (1987, 1994), and Redeker (1996). Here, we will discuss only the 
'global' level, i.e. the division of the discourse into smaller parts such as clauses, 
sentences, and paragraphs. The more 'local' level of focal structure (i.e. the 
given/new distinction) will be discussed in chapter 5. 

A 'clause' is defined as a unit containing words or word groups, which are 
grouped together on semantic, syntactic, or functional grounds. A 'sentence' may 
contain several clauses, which together form a functional unity. A 'paragraph' 
consists of one or more sentences dealing with the same topic. 
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A verbatim transcription was made of each of the eight retold versions by the 
author of this study. These versions were then analyzed for discourse structure 
by the author, following the conventions and the method proposed by the 
discourse analysts, as described in chapter 2. 

4.2.3. Listening experiment 

Thirteen students at the Free University of Amsterdam and three students at the 
University of Amsterdam were selected as listeners in the perception experiment. 
They were all familiar with theories on written discourse structures; they had all 
followed an introductory course in discourse analysis. However, they were 
neither discourse experts nor phonetically trained listeners. 

The material consisted of the eight retold versions of the same story, as 
described above. In total, this was about 30 minutes of speech, including a 
version used for practice. The eight retold versions were copied from the original 
DAT-tapes on audio tape, and sent to the listeners, with detailed information 
about and instructions for the task. This take-home procedure was chosen in 
order to avoid too lengthy listening sessions, and to enable the listeners to work 
on the task in several shorter periods as accurately as possible. 

The listeners were asked to evaluate the retold versions in terms of 
prominence (cf. chapter 5) ana phrasing (this chapter), on the basis of the speech 
signal only. They were asked to assign structure to the text, using conventional 
punctuation, on the assumption that in a written text, commas correspond to non-
final boundaries and periods correspond to final boundaries. To mark 
paragraphs, a double slash was used. The relation between punctuation and the 
discourse boundaries was not mentioned explicitly in the instructions in order not 
to influence the listeners in any way, but will be interpreted as such in the 
processing of the data. Furthermore, the listeners were asked to indicate 
prominence by underlining those words or word groups they perceived as being 
emphasized by the speaker. 

The verbatim transcription of each text without punctuation, paragraph 
indents, and capitals was used as an answer sheet. The listeners were asked 
explicitly to base their judgements on what they heard, rather than on the text in 
front of them. The listeners were paid for their participation, but only after a 
careful check by the author of this study as to the accuracy of the evaluation (in 
following the instructions). This resulted in the elimination of four evaluations, 
leaving twelve valid ones. The four eliminated evaluations were excluded 
because the listener either did not evaluate all eight speakers, or he/she did not 
fulfill all parts of the task (omitting prominence judgements and/or boundary 
marking), or he/she marked too few judgements to give reliable measurements. 

This method of evaluation was tested in a pilot-experiment; for details, see 
chapter 2. 



P R O S O D I C CHARACTERISTICS OF DISCOURSE BOUNDARIES 75 

4.2.4. Statistical analyses 

The data are presented in terms of number of occurrences, and are tested using 
analyses of variance. Since we are dealing with spontaneous speech, not all 
speakers produced an equal number of structures. Expected numbers are thus not 
equal for all categories, and statistical results should be interpreted with care. We 
do, however, want to be able to compare across speakers in order to make 
generalizations. Therefore, all data will also be presented as percentages or ratios 
relative to total numbers, to enable this comparison. 

4.3. Results of the listening experiment 

4.3.1. Listeners' judgements 

Each of the spoken versions, as produced by the eight speakers, was evaluated by 
all of the twelve listeners who participated in the listening experiment. For the 
processing of the results, the prosody-independent text-based discourse analysis 
(ISID, see chapter 2) of each of the eight retold versions was taken as a reference 
point. The perceptual judgements of the listeners were marked, specifying the 
exact place and type of each boundary, as well as the judgements for 
prominence. This resulted in one overview per speaker, in which it became clear 
which places in the discourse were marked with a certain kind of boundary, the 
type of boundary (boundaries) marked by the listeners, the number of listeners 
who marked the boundary, as well as which words were perceived as prominent 
by one or more listeners. For example, a marked boundary could have the 
following label: 5C;3S;1P, indicating that five listeners marked that point as a 
non-final clause boundary (C), three marked it as a sentence boundary (S), and 
one marked it as a paragraph boundary (P). The remaining three listeners 
apparently did not mark that boundary at all. The results thus obtained were used 
for further examination. 

Not all of the listeners marked paragraph boundaries in a systematic way. 
Only eight out of the total of twelve listeners marked paragraph boundaries at all. 
This means that for the 'non-final' and 'sentence final' boundaries the maximum 
number of judgements is twelve, whereas the maximum number of judgements 
for 'paragraph final' boundaries is only eight. 

4.3.2. Agreement among listeners 

An indication of how well the listeners agree in marking a certain boundary in 
the discourse can be obtained in the following way: For each perceived 
boundary, we checked the number of listeners, as well as the type of boundary 
perceived. We expected much more variance in the number of 'light' boundaries 
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(fewer listeners per boundary) than in the number of 'heavy' boundaries (more 
listeners per boundary; cf. also Swerts, 1997). In other words, we expected that 
the majority of the judgements would consist of judgements with lower values 
for 'non-final' boundaries, and with higher values for 'final' boundaries. 

In Table 4.2 frequency counts are given for the three types of boundaries 
"non-final', 'sentence final', and 'paragraph final'. The frequency shows how 
many listeners agree on a specific type of boundary, in other words, how many 
times a number of listeners marked a boundary as such. 'Value' refers to the 
number of listeners. We will take the judgements where at least ten (out of 12) 
listeners agree as the majority reference point. It should be noted, of course, that 
not every boundary is uniquely marked by the listeners as either 'non-final' or 
"sentence final' or "paragraph final'. Each boundary can be perceived as 'non-
final' by some listeners, while others judge it 'sentence final' or 'paragraph 
final'. This means that if a boundary is marked, for instance, by only two 
listeners as 'non-final', it can potentially have been perceived as 'sentence final' 
or 'paragraph final' by the other listeners (the majority). Each boundary is given 
a value corresponding to the number of listeners who marked that boundary. For 
instance, a value '5 ' and a percentage of '8.5' (see Table 4.2) for non-final 
boundaries means that 8.5% of all judgements is accounted for by judgements 
where five listeners (out of twelve) marked that boundary as non-final. 

Table 4.2 Frequency counts in percentage and cumulative percentage, broken down for 
discourse boundary ('Non-final', 'Sentence final', "Paragraph final') and for 
number of listeners per judgement ("Value'). 

Non-final (.) Sentence final (.) Paragraph final (II) 

Value Percentage Cumulative Percentage Cumulative Percentage Cumulative 

1 30.9 30.9 21.6 21.6 49.2 49.2 

2 19.1 50.0 13.3 34.9 19.0 68.3 

3 14.3 64.3 6.3 41.2 7.9 76.2 

4 11.2 75.5 8.0 49.2 3.2 79.4 

5 8.5 84.0 

5.6 89.6 

8.6 57.8 

5.3 63.1 

12.7 92.1 

6 

8.5 84.0 

5.6 89.6 

8.6 57.8 

5.3 63.1 3.2 95.2 

7 3.0 92.7 5.0 68.1 1.6 96.8 

8 2.6 95.3 3.7 71.8 3.2 100 

9 2.8 98.2 5.3 77.1 .. 
10 1.2 99.4 9.6 86.7 .. 

11 0.4 99.8 7.0 93.7 -
12 0.2 100 6.3 100 .. 

100% 100% 100% 
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The data clearly show that variability is high. A look at the 'non-final' 
boundaries (marked as commas by the listeners) reveals that about a third of all 
judgements concerns cases where only one listener marked a boundary. Cases 
where all 12 listeners agree are very rare: only 0.2%. Seventy-five percent of all 
judgements are covered by the cases where at most four listeners agreed. Cases 
where the majority of the listeners (here defined as ten out of 12) agree, do not 
even cover 2% of all judgements. This indicates that agreement is rather low (cf. 
also Bannert, 1993, 1995 for comparable results in a similar experimental setup). 

As for the 'sentence final' boundaries (marked as full stops), a somewhat 
different picture appears. Still, most judgements concern cases where only one 
listener is involved (21.6%). However, those cases where the majority of the 
listeners agree (at least ten) explains almost a quarter of all judgements (22.9%), 
which is considerably higher than for the 'non-final' boundaries. The 75% point 
lies where at most eight listeners agreed. These figures indicate a much higher 
agreement. 

Only eight listeners marked paragraph boundaries at all, the other four not 
even marking one single paragraph boundary. Therefore, the judgements as 
given by the eight listeners was counted as 100%, the majority reference point 
being taken where at least six listeners agree. Again, almost half of all cases 
concern judgements from only one listener. Only 8% of all judgements is 
explained by at least six listeners. The 75% point lies where at most three 
listeners agree. These figures indicate that variability is rather high for 
'paragraph final' boundaries. It is not clear why four listeners did not mark 
paragraph boundaries. The instructions were clear enough: an annotated sample 
was given in which was clearly indicated what they were expected to do. This 
suggests that the notion of 'paragraph' is related to written rather than to spoken 
text. One should recall that the part in the ISID-model that accounts for the 
location boundaries is taken mainly from RST (Mann & Thompson, 1988), a 
theory which is based on written text. 

In summary, the data indicate that variability among listeners is rather high, 
especially for the 'non-final' and the 'paragraph final' judgements. There is less 
variability for 'sentence final' judgements. 

4.3.3. Perceived discourse boundaries 

Information about the 'ambiguity' of certain boundaries shows how listeners 
perceive discourse boundaries. It also gives additional information about 
agreement among listeners. Boundaries where listeners marked 'non-finality' as 
well as 'sentence finality' and 'paragraph finality' are obviously more 
unanimous than boundaries where all listeners (who marked some kind of 
boundary) marked, for instance, 'sentence finality'. Each perceived boundary 
was classified as either 'non-unanimous' (i.e. not all listeners marked the same 
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type of perceived boundary) or "unanimous' (i.e. all listeners marked the same 
type of perceived boundary), and in the latter case the types of perceived finality 
was indicated. Table 4.3 presents the distribution of perceptually unanimous and 
non-unanimous boundaries, broken down for speaker. The term 'N&S' refers to 
the cases where both 'non-final' and 'sentence final' judgements were given, 
'S&P" to "sentence final' and 'paragraph final'judgements, and 'N&S&P' to all 
three types of perceived finality, 'N', 'S ' , and 'P ' refering to 'non-final', 
"sentence-final', and 'paragraph final' only, respectively. The combination 
'N&P' did not occur in our data. The last two columns present the total number 
of perceived boundaries compared to the total number of structural boundaries, 
ratios in parentheses. The number of structural boundaries per speaker here 
equals the total number of clause boundaries as determined by the discourse 
analysis. 

Table 4.3 Distribution of perceptually unanimous and non-unanimous boundaries, as well as 
total number of perceived and structural boundaries (ratio in parentheses), broken 
down for speaker (1-8) and for type of perceived finality. N&S = non-final and 
sentence final, S&P = sentence and paragraph final, N&S&P = non-final, sentence 
final, and paragraph final, N = non-final only, S = sentence final only, P = 
paragraph final only. 

Type Non-unanimous Unanimous Total 

Spkr N&S S&P N&S&P Total N S P Total Perceived Structural 

1 23 1 11 35 86 2 0 88 123(1.68) 73 
2 18 1 11 30 78 1 0 79 109(1.53) 71 
3 40 2 7 49 87 1 0 88 137(1.80) 76 
4 38 1 5 44 91 1 0 92 136(1.94) 70 
5 32 0 6 38 75 0 0 75 113(1.76) 64 

6 18 1 9 28 56 0 0 56 84(1.83) 46 
7 24 1 4 29 74 2 0 76 105(1.72) 61 

8 27 1 10 38 93 2 0 95 133(1.98) 67 

Total 220 8 63 291 640 9 0 649 940(1.78) 528 

As can be seen from Table 4.3, the total number of unanimous boundaries is 
always higher than the total number of non-unanimous ones. Furthermore, we 
see that within the group of non-unanimous boundaries, most cases concern the 
situation where listeners judged both non-final and sentence final boundaries 
(N&S). Fewer cases are concerned with judgements of all three types of finality 
('N&S&P'), and even fewer with judgements of both 'sentence finality' and 
'paragraph finality'. Within the group of unanimous boundaries, we see that 
there are no boundaries where only 'paragraph finality' is perceived, and only a 
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few with only 'sentence finality'. The majority of the cases concern judgements 
of'non-finality' only. In general, mostly non-final boundaries are perceived; one 
should note that there is of course a 'hierarchy' in the relative number of 
boundaries: more clause than sentence boundaries, and more sentence than 
paragraph boundaries, since paragraphs consist of sentences, which consist in 
turn of clauses. Comparing the total number of perceived boundaries to the total 
number of structural boundaries, we see that more boundaries are perceived than 
was expected on the basis of the discourse analysis (ratios above 1). This 
indicates that listeners also perceived boundaries clause internally, thus at places 
where on the basis of the discourse analysis no boundary is expected. 

These data, however, do not give any information about the relation between 
perceived and structural discourse boundaries. For those cases in the discourse 
where a perceived boundary coincides with a structural one (see Table 4.4), we 
are interested in finding out whether the perceived boundary is of the same type 
as the structural one. This can obviously not be checked in the cases where the 
perceived and structural boundaries do not coincide, as is the case for internal 
boundaries. We selected the places in the discourse where a perceived boundary 
coincided with a structural boundary. For each type of structural boundary 
(clause, sentence, or paragraph) we counted the number of times a non-final, 
sentence final, or paragraph final boundary was marked by the listeners. For 
example, if a structural clause boundary was marked by four listeners as 'non-
final', by two as 'sentence final', and by 1 as 'paragraph final', all seven 
judgements were taken into account. Table 4.4 shows the results. Ratios are 
given in relation to the total number of judgements per speaker. Note that Table 
4.3 presents the data for all structural and perceived boundaries, whereas Table 
4.4 presents a selection, i.e. only those cases where a perceived boundary 
coincides with a structural one (as far as place is concerned, not necessarily 
type). 

The data show that clause boundaries are mostly associated with 'non-finality'. 
Occasionally, clause boundaries are perceived as 'sentence final', but virtually 
never as 'paragraph final'. The situation for sentence boundaries is less clear. 
The listeners tend to perceive here both 'non-finality' and 'sentence finality'. 
'Paragraph finality' is perceived in relatively few cases. At the end of 
paragraphs, listeners perceive all three types of finality, but there is a slight 
preference for 'sentence finality'. One should recall that only few listeners 
marked this paragraph structure altogether. 

If we compare speakers, we see that some are more 'confusing' than others; 
this also depends on the type of boundary: the higher the number is in each 
column per boundary, the more different the judgements are that are given by the 
listeners, and boundaries become more confusing the heavier they are. Speaker 7, 
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for instance, is very clearly perceived as non-final for the clause boundaries 
(.27), but almost as often as non-final (.25) or sentence final (.21) for sentence 
boundaries, and also almost as as non-final (.09), sentence final (.09), or 
paragraph final (.06) for paragraph boundaries. The listeners were less certain 
about speaker 2, all three types of discourse boundaries being virtually always 
perceived as non-final and sentence final. However, across speakers, the same 
picture appears: mostly non-final boundaries were perceived, also on discourse 
boundaries where sentence or paragraph finality was the expected type of 
perceived boundary. 

Table 4.4 Number of occurrences of coinciding perceived and structural discourse boundaries 
(ratios in parentheses), broken down for perceived type of discourse boundary, and 
for speaker. N = non-final, S = sentence final, P = paragraph final. 

Clause Sentence 

Speaker N S P N S P 

1 38 (.36) 9 (.8) 0 14 (.13) 13 (.12) 2 (.02) 

2 37 (.33) 14 (.12) 0 17 (.15) 17 (.15) 5 (.04) 

3 36(32) 13 (.12) 0 20 (.18) 17 (.15) 2 (.02) 

4 39 (.36) 13 (.12) 0 18 (.17) 16 (.15) 3 (.03) 

5 36 (.34) 14 (.13) l(-) 15 (.14) 14 (.13) 1(.01) 

6 23 (.29) 6 (.08) 0 11 (.14) 11 (.14) 3 (.04) 

7 24 (.27) 2 (.02) 0 22 (.25) 19 (.21) 1 (.01) 

8 34 (.37) 3 (.03) 0 18 (.20) 11 (.12) 0(-) 

Total 267 (.33) 74 (.09) l(-) 135 (.17) 118(15) 17 (.02) 

Paragraph 
1 

Total Total 

Speaker N S P Judgements Boundaries 

1 8 (.08) 13 (.12) 10 (.09) 107 67 

2 8 (.07) 11 (.10) 4 (.04) 113 68 

3 7 (.06) 11 (.10) 6 (.05) 112 68 

4 4 (.04) 9 (.08) 6 (.05) 108 66 

5 10 (.10) 11 (.10) 4 (.04) 106 62 

6 7 (.09) 10 (.13) 7 (.09) 78 45 

7 8 (.09) 8 (.09) 5 (.06) 89 1 57 

8 11 (.12) 12 (.13) 3 (.03) 92 65 

Total 63 (.08) 85(11) 45 (.05) 805 498 
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The questions to be asked now are: On the basis of which acoustic cues did the 
listeners make their judgements? What made some listeners decide to mark a 
boundary as non-final, whereas this same boundary was marked as sentence final 
or paragraph final by others? This will be checked by looking at the acoustic 
details of both the waveform and the FO-contour. We will concentrate in this 
respect on boundary marking pitch movements and pauses, as presented in the 
hypotheses (section 4.1.5), while neglecting other aspects like (sentence) final 
lengthening. But first we will investigate how speakers make use of pausing and 
boundary tones to structure their message. 

4.4. Results of the acoustic measurements 

4.4.1. Introduction 

Speakers may use FO-variations to divide their discourse into smaller parts, and 
to indicate what the relation is between those parts. For this purpose boundary 
tones can be used: falling tones generally indicate finality, whereas rising or 
level tones indicate non-finality or continuation, at least for Dutch (cf. Swerts, 
1994; Blaauw, 1995). One of the complications is that a rising boundary tone 
may also coincide with a pitch accent, resulting in a word being acoustically and 
perceptually prominent, for instance in (monosyllabic) words with final lexical 
stress carrying a pitch accent on that stressed syllable and occurring at the end of 
a clause, but not at the end of a sentence. Thus, the rise of a pitch accent is 
followed by a rising tone instead of a fall. In such a case, we could speak of an 
'accent lending boundary tone', which would count as both a pitch accent and a 
boundary tone. This phenomenon is also described by Swerts (1994). Variations 
in FO need not necessarily be the only means available to the speaker to mark 
information structure (Ten Bosch, 1993a, 1993b; Streefkerk & Pols, 1996). 
Other means include, among others, durational variation, pausing, variations in 
intensity and in vowel quality. This section will focus on the FO-variations and 
on pausing. 

The location of boundary marking pitch movements and of acoustic pauses 
measured in the speech signal were related to the actual and perceived discourse 
structure on the one hand, and analyzed for specific acoustic details on the other 
hand. We will here present the data for the boundary marking pitch movements; 
the data for pitch accents will be presented in chapter 5. 

4.4.2. Locating boundary marking pitch movements 

It is not a straightforward task to locate boundary tones and pitch accents 
objectively in the speech signal, as it is, for instance, for acoustic pauses. In the 
latter case, one can simply look at the waveform and measure the pause durations 
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pretty much objectively, i.e. almost independent of any interpretation. In the 
former case, however, one has to do with changes in fundamental frequency, 
which are much more dependent on the interpretation of the transcriber. Ideally, 
one would like to have some computer algorithm which detects changes in the 
fundamental frequency of some sort and decides subsequently whether it is 
dealing with a boundary tone or an accent or not. If such an algorithm had 
existed, we would have used it in the present research. Since such a self 
operating algorithm does not (yet) exist for spontaneous speech (and the 
development of one lies outside the scope of the present research), the next best 
thing to do is to use intonation experts as a measuring instrument, since they also 
represent the knowledge on which such an algorithm could possibly be built (but 
see, for instance, Kießling et ai, 1994, 1996; Strom, 1995, for German). In the 
present research, we will use the judgements of Dutch intonation experts to 
obtain the location of pitch movements in our speech signal in an objective way. 
With all due respect, these intonation experts are 'reduced' to being a measuring 
tool. 

The location of boundary marking and accent lending pitch movements was 
obtained by presenting the spoken versions of the retold stories to eight Dutch 
intonation experts, and having them indicate FO-movements in the matching 
verbatim transcriptions. They were asked to determine where in the discourse the 
speaker had realized pitch accents and boundary marking pitch movements. They 
furthermore had to indicate whether the boundary marking movement was a high 
or a low tone. It was stated that they should pay attention to pitch movements 
specifically, leaving durational aspects out of consideration, for instance when 
marking realized boundaries. The eight retold versions were randomly ordered 
and distributed over the experts in such a way that each speaker was evaluated by 
three different experts. 

Six of the eight experts had a traditional IPO background. The two others had 
an autosegmental background. We do not think that this difference in 
background presents a problem for the present task, since in both approaches, the 
decision of whether a pitch accent (the general term) is realized can be made just 
by listening. The major difference between the two approaches is the issue 
whether a pitch accent is realized by means of (a combination of) movements 
(IPO approach) or as a tonal target (autosegmental approach). This issue will not 
be dealt with in this study. 

Since our main concern is not the strategies used by the intonation experts in 
determining pitch accents and boundary tones, we will 'summarize' the 
judgements in the following way: In order for a word to count as being accented, 
two out of three experts had to agree. The same criterion was set for boundaries, 
the type of boundary ('high' or 'low') being determined by the majority (at least 
two identical judgements on type). Expert judgements were consistent, in the 
sense that in the majority of the judgements for one speaker, all three experts 
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agreed on the location of a pitch accent or a boundary tone. In the event of a 
boundary being marked by two experts, but no decision could be made on the 
exact type of boundary (one marked it as "high' and one as 'low'), it was labeled 
'ambiguous'.' This resulted in one overview per speaker indicating the location 
of pitch accents and boundary tones.2 In this chapter we will focus on the 
boundary tones; pitch accents are discussed in chapter 5. 

4.4.3. Measuring procedures 

The speech files were digitized at a sampling rate of 48 kHz with 16-bit 
precision on a Silicon Graphics workstation and subsequently analyzed, using 
the speech editing program 'Praat' (Boersma, 1997). Pitch extraction was done 
automatically; default parameters as suggested by the algorithm were used (time 
step 0.01 sec, range 75-600 Hz, silence threshold 0.03). 

The original F0-contours were semi-automatically stylized, using both visual 
and auditory cues, in such a way that the original and the stylized version were 
as similar as possible (cf. 't Hart, Collier & Cohen, 1990). This was done by 
replacing the F0-contour with straight lines, which interpolate the labeled pitch 
points (the 'bend-points') in the contour. This stylization was done to correct 
octave jumps and to 'smooth' the contour, and does not pretend to actually be a 
'close copy stylization' in the sense that't Hart, Collier & Cohen would require. 
See chapter 3 for an example of a stylization. 

All boundary marking pitch movements occurring in the speech material 
were measured directly in the (stylized) F0-contour. Durational measurements 
were performed directly in the speech waveform. A description of the procedure 
of pause measurements can be found in chapter 3. The same measurements and 
data were used here. 

Information about the relation between structural and perceived discourse 
boundaries and the presence of acoustic pauses and boundary marking pitch 
movements was obtained in the following way: For each discourse boundary, 

1 Not all experts assigned high and low boundary tones using the same reference. In order to make 

the judgements comparable, a high boundary tone was defined as covering all instances of'high' or 

'non-low' boundaries, all instances of 'low' or 'non-high' boundaries were defined as low boundary 

tones. 
2 After performing the task, some experts commented that it was a difficult one to fulfill, 

especially those cases where a pitch accent and a boundary tone coincided on phrase final 

monosyllabic words. This confirms the experience by the author in an earlier 'pilot measuring 

session', on the basis of which it was decided to have intonation experts indicate the location of pitch 

accents and boundaries, and thus using them as a measuring instrument. The comments by the 

experts again confirm the difficulty of transcribing, or even interpreting, intonational features in 

spontaneous speech. 
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structural or perceived, we checked whether it was accompanied by a pause 
and/or a boundary tone. If so, we marked what type of pause (no pause, silent 
pause, including silences after lengthening, or filled pause) and/or boundary tone 
(none, high, low, ambiguous) occurred on what type of boundary (structural: 
clause, sentence, or paragraph; perceived: type of perceived finality, see below). 
The labeling thus obtained gave us the following information: 

• Type of discourse boundary at a specific point in the discourse: clause, 
sentence, and paragraph; 

• Type of perceived boundary at a specific point in the discourse: non-final 
(','), sentence final ('.'), or paragraph final ('//'); 

• Type and endpoint frequency of boundary tones, and type and duration of 
pauses on structural and on perceived discourse boundaries. 

The data will be presented both as number of occurrences and as mean 
frequencies or durations with standard deviations. The number of occurrences 
are intended as descriptions. Since the expected numbers per cell are not equal 
for all categories, statistical analyses are difficult to interpret for these data. 
Therefore, statistical analyses will be done on the raw data for frequencies and 
durations rather than on the observed numbers of occurrence. Analyses of 
variance are used, with frequency or duration as dependent variable, and speaker, 
boundary tone, pause type, perceived boundary, or discourse boundary type as 
fixed factors. Post hoc tests will be performed using Tukey's multiple 
comparisons, since in this procedure all the variance is taken into account. 

Section 4.4.4 will present the prosodie features of discourse boundaries 
determined in the discourse analysis, while section 4.4.5 will deal with the 
relation between perceived discourse boundaries and acoustic-prosodic features. 

4.4.4. Prosodie discourse boundaries 

4.4.4.1 Boundary tones 
First of all, we will look at the relation between the discourse structure and the 
boundary marking pitch movements. 

Table 4.5 shows the number of boundary marking pitch movements, broken 
down for speaker and for structural discourse boundary. 'H%' refers to high 
boundary tones ('continuation rises'), 'L%' refers to low boundary tones, and 
'B ' to ambiguous boundary tones (for 'boundary', i.e. no consensus about the 
type of boundary, only on the location of the boundary). 'Internal' boundaries 
cover the cases where a boundary tone was indicated in other places than at 
discourse boundaries, thus within a clause. The total number of expected internal 
boundaries cannot be given, since they can in principle occur between every two 
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adjacent words. For the other discourse boundary types, ratios are given of the 
number of realized boundaries relative to the number of structural boundaries. 
The number of structural (or expected) boundaries per speaker equals the total 
number of clause, sentence, and paragraph boundaries as determined by the 
discourse analysis. 

The data in table 4.5 show that, looking at the total numbers both across and 
within speakers, high boundary tones (H%) dominate. They are realized mostly 
at clause boundaries, less at sentence boundaries, and almost equally often at 
paragraph boundaries and clause-internally. Low boundary tones (L%) are 
almost equally often realized at sentence and at paragraph boundaries, and only 
occasionally at clause boundaries or clause-internally. 'Unidentified' boundaries 
('B', i.e. experts agreed only on the location of a boundary, not on its identity) 
occur mostly at sentence and at clause boundaries, and again only occasionally at 
paragraph boundaries or clause-internally. Relative to the total number of 
possible discourse boundaries that can be marked by a boundary tone ('N'), we 
see that 51% of all clause boundaries, 91% of all sentence boundaries, and 80% 
of all paragraph boundaries are marked by some kind of prosodic boundary tone. 
In total, 77% of all boundaries are marked. 

These findings are partially in accordance with our hypotheses. With respect 
to the low boundary tones, we predicted that they would occur at sentence and at 
paragraph boundaries, as is the case. High boundary tones, however, occur at all 
boundary types, thus also at sentence and paragraph boundaries. But, they are 
realized most often at clause boundaries, as was predicted. The fact that many 
high boundary tones also occur at sentence and at paragraph boundaries indicates 
that in the spontaneous retelling task, speakers do not mark finality as much as 
would be expected on the basis of the discourse structure. In a spontaneous 
monologue, a speaker might well produce high end tones at the end of each 
(sub)utterance, just to make sure that the listener keeps following the story, or 
simply as a form of feedback ('do you understand what I'm saying?'). 

Speaker differences were apparent. Looking at the total absolute number of 
boundaries realized through boundary tones per speaker, we see that speaker 2 
realized only 37 boundaries out of 71, whereas speaker 1 realized 66 out of 73. 
Comparing speakers relative to the ratio of realized boundaries, the data show 
that speaker 6 realized as many boundaries (46) as expected (47). Speakers 1 and 
5 also scored extremely high (around 90%). Speaker 2 realized only about half of 
all boundaries (52%) via boundary tones, whereas the other speakers all ranged 
between 64% and 86%. 

The data also show some striking aspects for the three types of discourse 
boundaries: clause, sentence, and paragraph. As stated above, clause boundaries 
were marked in 51% of the cases by means of a boundary tone. Speaker 6 scored 
extremely high in relation to this average (83%). The relative number of realized 
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sentence boundaries was much higher overall for all speakers (at least 70%, 
speaker 2). Some speakers realized at least as many boundaries as expected 
(speakers 1, 5, 6, and 8). For the paragraph boundaries, we see again high 
relative numbers, except for speaker 2 (not even 50%). 

A second element in the relation between boundary marking pitch movements 
and discourse structure is the question how exactly the boundary movements are 
realized in terms of acoustic features. For each boundary marking pitch 
movement, we measured the end point frequency directly in the intonation 
contour. Table 4.6 presents the mean end point frequency (ST, zero ST=100 Hz), 
broken down for boundary type and for speaker. Empty cells ('-') correspond to 
the cells with no observations in Table 4.5. 
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Table 4.5 Total number of discourse boundaries realized with a boundary tone (H%, L%, B; 
ratios in parentheses), broken down for speaker (1-8), and for type of discourse 
boundary (Internal, Clause, Sentence, and Paragraph). 

Internal N Clause N 

Speaker H% L% B Total H% L% B Total 

1 10 2 2 14 - 18 2 3 23 (.53) 43 

2 2 0 0 2 - 15 0 1 16 (.40) 40 

3 4 0 0 4 - 17 1 2 20 (.45) 44 

4 6 1 1 8 - 19 2 0 21 (.51) 41 

5 6 0 4 10 - 22 2 0 24 (.63) 38 

6 5 0 1 6 - 18 1 1 20 (.83) 24 

7 5 2 2 9 - 13 1 1 15 (.54) 28 

8 2 0 0 2 - 7 0 5 12 (.32) 37 

Total 40 5 10 55 - 129 9 13 151 (.51) 295 

Sentence N Paragraph N 

Speaker H% L% B Total H% L% B Total 

1 11 7 1 19(1.1) 17 2 8 0 10 (.77) 13 

2 11 0 3 14 (.70) 20 2 0 3 5 (.45) 11 

3 10 5 3 18 (.86) 21 4 4 0 8 (.73) 11 

4 10 4 2 16 (.84) 19 3 5 1 9 (.90) 10 

5 14 1 0 15(1.0) 15 9 1 0 10 (.91) 11 

6 11 1 0 12(1.0) 12 5 4 0 9 (.90) 10 

7 14 6 1 21 (.88) 24 5 3 0 8 (.89) .9 

8 11 0 7 18(1.0) 18 9 1 1 11 (.92) 12 

Total 92 24 17 133 (.91) 146 39 26 5 70 (.80) 87 

Total 

Speaker Realized Structural 

1 66 (.90) 73 

2 37 (.52) 71 

3 50 (.65) 76 

4 54 (.77) 70 

5 59 (.92) 64 

6 47(1.02) 46 

7 53 (.86) 61 

8 43 (.64) 67 

Total 409 (.77) 528 
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Table 4.6 Mean end point frequency as well as mean fundamental frequency (ST; standard 
deviations in parentheses), broken down for type of discourse boundary (Internal, 
Clause, Sentence, and Paragraph), for type of boundary tone (H%, L%, and B), and 
for speaker (1-8). 

Mean FO Internal Clause Sentence Paragraph All 

Speaker High boundary tone (H%) 

1 11.4(3.0) 18.8(3.7) 16.7(2.8) 17.5(4.1) 14.1 (7.0) 17.3(3.6) 

2 -2.2 (2.4) -0.1(1.3) 0.64(3.7) -1.2(3.2) -0.1(2.7) -0.1 (3.3) 

3 5.3(2.1) 8.0 (4.0) 8.9(3.6) 8.7(3.9) 8.6(5.8) 8.7(3.8) 

4 -0.5 (2.7) 1.8(3.8) 2.7 (3.4) 4.6(3.1) 4.2 (4.0) 3.2(3.4) 

5 11.2(2.0) 12.0(1.4) 14.0 (4.0) 15.0(2.6) 15.7(2.6) 14.3(3.3) 

6 2.5 (2.3) 5.1(4.1) 6.8 (4.2) 7.1 (4.3) 6.0(3.2) 6.6 (4.0) 

7 12.9(1.9) 16.4(2.9) 14.3 (2.3) 14.6(2.6) 15.0(3.1) 14.8(2.6) 

8 -2.2(1.5) -0.2(1.5) -0.3(1.6) 0.09(2.1) 0.1 (2.7) 0.0(2.1) 

Speaker Low boundary tone (L%) 

1 11.4(3.0) 7.5(0.7) 8.0(0.3) 6.4(5.3) 7.9(1.1) 7.3 (3.2) 

2 -2.2 (2.4) - - - - -
3 5.3(2.1) - 0.1 (-) 2.5 (2.8) 1.7(2.1) 1.9(2.3) 

4 -0.5 (2.7) -3.4 (-) -4.1 (0.1) -2.8(0.9) -0.9 (2.6) -2.3(2.1) 

5 11.2(2.0) - 8.3 (.01) 8.1 (-) 8.0 (-) 8.1 (0.1) 

6 2.5 (2.3) - 1.5 (-) 0.4 (-) -0.5 (0.4) 0.0 (0.9) 

7 12.9(1.9) 12.5 (2.4) 10.5 (-) 10.2(2.2) 9.0(1.0) 10.3 (2.0) 

8 -2.2(1.5) - - - -4.2 (-) -4.2 (-) 

Speaker Ambiguous boundary tone (B) 

1 11.4(3.0) 14.5(3.9) 7.8 (8.8) 12.1 (-) - 10.7(6.7) 

2 -2.2 (2.4) - -5.2 (-) -3.0(1.2) -4.1 (0.5) -3.8(1.1) 

3 5.3(2.1) - 2.9(0.2) 5.2 (0.6) - 4.3(1.3) 

4 -0.5 (2.7) -3.6 (-) - -2.4 (0.6) 0.8 (-) -1.9(1.9) 

5 11.2(2.0) 9.7(1.5) - - - 9.7(1.5) 

6 2.5 (2.3) 2.4 (-) 1.3 (-) - - 1.9(0.7) 

7 12.9(1.9) 13.1 (0.5) 12.8 (-) 12.4 (-) 12.8 (0.4) 

8 -2.2(1.5) - -2.8(1.3) -1.3(2.3) -0.8 (-) -1.8(2.0) 

These values can best be interpreted in relation to the average pitch level per 
speaker, as based on the stylized intonation contours. Taking the last column in 
table 4.6 as a reference point (value across boundaries), we see that high 
boundary tones are realized at a significantly higher pitch level than low 
boundary tones for each speaker. Standard deviations are on the whole higher for 
the high boundary tones. Ambiguous boundary tones ('B') are realized 
somewhere between the high and low boundary tones. Differences in realization 
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of the boundary tones were statistically significant (F(2,406)=55.6, p<0.01); post 
hoc tests showed that this is only true for high and low boundary tones, low 
boundary tones did differing from ambiguous boundary tones. Speakers also 
appeared to be statistically different in the realization of boundary tones 
(F(7,401)=57.6, p<0.01). The realizations of different discourse boundaries with 
a specific boundary tone (for instance, clause, sentence, and paragraph 
boundaries marked with a high tone) did not differ significantly (F(3,405)=0.441, 
p=.724). 

Post-hoc tests for the 'speakers' showed no significant differences between 
speakers I, 5, and 7 (all female), and between speakers 2, 4, and 8 (all male), and 
between speaker 3 (female) and 6 (male). This indicates a difference in sex of 
speaker, as was, of course, to be expected. The fact that no difference in acoustic 
realization was found between speakers 3 and 6 can probably be explained by the 
fact that female speaker 3's pitch was extremely low pitch in general, and was 
thus comparable to the highest speaking male speaker. 

Research by Bruce (1982) for read material in Swedish and Swerts et al. 
(1994) for spontaneous instruction monologues in Dutch suggest that there is a 
constancy in the end point frequency of speakers, which is equal to the bottom of 
the speaker's voice. Contours with high endings may vary much more in terms 
of realization. In our data, we find that low boundary tones are realized a few 
semitones higher than the minimum FO measured in chapter 3. Standard 
deviations for these L% are in general low, although this is not the case for all 
speakers. Our data show the same tendency as suggested by Bruce (1982) and 
Swerts et al. (1994), but more data would be needed to validate the findings. 

4.4.4.2. Pausing 
What is the relation between pauses and the marking of prosodic discourse 
boundaries? How are clause, sentence, and paragraph boundaries in spontaneous 
discourse marked by pauses? Before we answer these questions, we will again 
have a closer look at the structure of the discourse itself. 

Table 4.7 gives the distribution of different types of structural discourse 
boundaries marked with a pause. A distinction is made between silent pauses 
(including silences after lengthening) and filled pauses (hesitation sound plus 
surrounding silent intervals). Again, the number of structural boundaries per 
speaker equals the total number of discourse boundaries as determined by the 
discourse analysis. 

As Table 4.7 shows, discourse boundaries are clearly realized significantly more 
often with silent pauses rather than with filled ones. This is true for all speakers. 
We do see, however, a slight reflection of the pausing strategies per speaker as 
presented in chapter 3: if a boundary is marked by a filled pause, it is done by 
speakers 1 and 6, who were also the ones with a clear preference for filled 
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pauses. For more details on pausing strategies, see chapter 3. The percentage of 
boundaries realized with a pause relative to the total number per type of 
boundary across speakers, shows that clause boundaries are accompanied by a 
pause in 40%, sentence boundaries in 66%, and paragraph boundaries in 85% of 
the cases. This shows that heavier and more important boundaries are marked 
with a pause more often than lighter and less important boundaries, as was 
expected. 

Table 4.7 Total number of boundaries realized with or without a pause (Silent, Filled, or 
None), broken down for speaker (1-8), and for type of discourse boundary (Clause, 
Sentence, Paragraph). 

Clause N Sentence N 
Speaker Silent Filled Total Silent Filled Total 

1 16 1 17 (.40) 43 11 2 13 (.76) 17 
2 21 2 23 (.58) 40 12 0 12 (.60) 20 
3 17 0 17 (.39) 44 15 0 15 (.71) 21 
4 17 0 17 (.41) 41 16 0 16 (.84) 19 
5 15 0 15(39) 38 8 0 8 (.53) 15 
6 15 2 17 (.71) 24 10 1 11 (.92) 12 
7 4 0 4 (.14) 28 16 0 16 (.67) 24 
8 8 0 8 (.22) 37 6 0 6 (.33) 18 

Total 113 5 118(40) 295 94 3 97 (.66) 146 

Paragraph N Total 

Speaker Silent Filled Total Realized Structural 

1 8 3 11 (.85) 13 41 (.56) 73 
2 10 0 10 (.91) 11 45 (.63) 71 
3 10 0 10 (.91) 11 42 (.55) 76 
4 9 0 9 (.90) 10 42 (.60) 70 
5 9 1 10 (.91) 11 33 (.52) 64 

6 6 3 9 (.90) 10 37 (.80) 46 
7 7 0 7 (.78) 9 27 (.44) 61 
8 7 1 8 (.67) 12 22 (.32) 67 

Total 66 8 74 (.85) 87 289 (.55) 528 

Speaker differences within boundaries are apparent. If we compare the relative 
number of clause boundaries marked with a pause, we see that speaker 6 marks 
up to 71% of all boundaries, whereas speaker 7 marks only 14%. This difference 
is considerable. The same goes for the differences on sentence boundaries, which 
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range from marking only 33% of all sentence boundaries for speaker 8 to 92% 
for speaker 6. The marking of paragraph boundaries by means of pauses is 
somewhat less speaker-dependent (around 85%), although speakers 7 and 8 
deviate from the others in having lower ratios (.78 and .67, respectively). 

Table 4.8 below gives the mean durations in seconds for the silent and filled 
pauses realized at the various discourse boundaries, broken down for speaker. 
Standard deviations are given in parentheses. 

Table 4.8 Mean duration of silent and filled pauses in seconds (standard deviations in 
parentheses) realized at discourse boundaries, broken down for speaker. 

CI itise Sentence Paragraph 

Speaker Silent Filled Silent Filled Silent Filled 

1 .992 (.66) 2.657 ( - ) 0.838 (.56) 1.888 (.65) 1.592 (.94) 3.477 (.73) 

2 .903 (.62) 1.179 (.13) 1.507 (.98) 0 1.607 (.78) 0 

3 .685 (.39) 0 1.060 (.41) 0 1.335 (.56) 0 

4 .668 (.25) 0 0.698 (.28) 0 1.146 (.44) 0 

5 .605 (.33) 0 0.839 (.31) 0 1.047 (.55) 0.965 (—) 

6 .824 (.51) 1.629 (.33) 1.202 (.72) 4.839 (--) 1.954 (.61) 5.778(1.0) 

7 .363 (.11) 0 0.619(34) 0 0.627 (.22) 0 

8 .783 (.38) 0 0.796 (.45) 0 0.744 (.24) 1.581 (—) 

Mean .770 (.48) 1.655 (.62) 0.934 (.59) 2.872(1.76) 1.261 (.69) 3.889(1.99) 

The data show first of all that silent pauses are always shorter than filled ones. 
This is not surprising, since the filled pauses contain both silences and fillers 
('eeh'). This effect is significant (F(l,287)=47.66, p<0.01). Thus, pause 
durations for silent pauses are shortest at clause boundaries, a little longer at 
sentence boundaries, and still longer at paragraph boundaries. This effect also 
appeared to be statistically significant (F(2,286)=29.68, p<0.01). The effect of 
the speaker was also significant (F(7,281)=16.52, p<0.01). Interactions were 
significant as well. Post-hoc tests for speakers revealed that almost all speakers 
differed from each other. 

The relation between the strength of boundaries in a hierarchical discourse 
structure and increasing pause durations at those boundaries has been established 
before, see, for instance, Home et al. (1995) for Swedish, or Cahn (1992) for 
American English. 

The next section will look at the combined use of boundary tones and pausing 
in relation to the marking of structural discourse boundaries. 
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4.4.4.3. Boundary tones and pausing 
In this section, the combined use of boundary tones and pausing in relation to the 
prosodie marking of structural discourse boundaries will be investigated. For 
each discourse boundary we checked whether it was accompanied by a boundary 
tone and/or a pause. If so, we marked what type of boundary tone (high, low, 
ambiguous, or none) and/or pause (silent pause, including silences after 
lengthening, filled pause, or none) occurred at what type of discourse boundary 
(clause, sentence, or paragraph). Figures 4.1 and 4.2 below give the distribution 
of temporal and intonational strategies used by the speakers. Four strategies are 
possible to mark discourse boundaries: no tone & no pause, no tone & pause, 
tone & no pause, and tone & pause. The data are first presented for all speakers, 
followed by those for individual speaker strategies. (Table D.l in Appendix D 
gives the total number of discourse boundaries realized with a boundary tone 
and/or a pause, broken down for type of boundary tone and type of pause, for 
speaker, and for clause, sentence, and paragraph boundaries separately. Subtotals 
are given for each boundary type, as well as mean numbers.) 

The overall strategy can be described in the following way: The heavier the 
boundary, the more often both a boundary tone and a pause are used. Clause 
boundaries are in most of the cases not marked with any of the two prosodie 
events (38%; no tone, no pause). If a boundary is marked, it is mostly done by a 
pause (24%) or a tone (24%). Relatively few cases of clause boundaries are 
marked with both a boundary tone and a pause (15%). As for the sentence 
boundaries, only very few cases are not marked by any prosodie event (5%). A 
majority of the cases is marked with both a tone and a pause (38%). If only one 
prosodie cue is used, this is predominantly a tone (35%) rather than a pause 
(22%). Paragraph boundaries are always marked prosodically. That is, 
boundaries are always realized with either a pause (38%) or a boundary tone 
(11%) or both (51%). In most cases, they are marked with both cues. If only one 
cue is used, it is a pause rather than a boundary tone, contrary to what we saw for 
sentence boundaries. 

The strategies used by the individual speakers will now be discussed, in relation 
to this overall view of the prosodie marking of discourse boundaries. 

Figure 4.1 (All speakers) Distribution of prosodie events realized at various types of structural 
discourse boundaries, over speakers. 

Figure 4.2 (Speakers 1-8) Distribution of prosodie events realized at various types of structural 
discourse boundaries, broken down for speaker. 
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Clause boundaries show a rather similar pattern of behavior across speakers, 
except where speaker 7 is concerned. She is the only speaker never to use a 
pause alone to mark a clause boundary. She always uses a tone, occasionally 
accompanied by a pause. However, a majority of the clause boundaries are not 
marked by any prosodic event at all. 

As far as sentence boundaries are concerned, speakers 2, 3, and 7 are closest 
to the overall picture. Speakers 1 and 4 use the same strategies, and always mark 
sentence boundaries with either a boundary tone, a pause, or both. No boundaries 
are left prosodically unmarked. Speakers 5, 6, and 8 also use the same strategies, 
i.e. a boundary tone whether or not accompanied by a pause. 

Speaker 1 is closest to the overall picture for paragraph boundaries. Speakers 
2 and 3 are literally identical in their use of pausing alone or accompanied by a 
boundary tone. Speakers 4 and 6 are also identical in their use of a pause 
combined with a boundary tone as the only strategy to mark paragraph 
boundaries. Speakers 5, 7, and 8 use comparable strategies: boundary tone and 
pause, or only a boundary tone. None of the speakers leaves paragraph 
boundaries unmarked. 

An increasing use of temporal and intonational features can be observed 
across speakers as discourse boundaries become heavier. That is, the use of 
pauses, as the only cue or combined with a boundary tone, are used more often 
as the boundary becomes heavier. 
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Although the results seem to point in a certain direction, they should be 
interpreted with care, since the absolute number of occurrences ('N' at the 
bottom of each bar chart) is rather low for some speakers and for certain 
discourse boundaries. 

In the next section we will look at the relation between perceived discourse 
boundaries and acoustic-prosodic features, to determine what cues were 
important to the listeners in the perception of discourse boundaries. 

4.4.5. Relation with perceptual judgements 

So far, we have looked at the speaker-side, that is, the acoustic realization of 
discourse boundaries. Boundary marking pitch movements and pauses were 
analyzed to see to what extent the realized discourse boundaries matched with 
the structural boundaries as determined in the model of 'Information Structure In 
Discourse' (see chapter 2). We also wanted to know how listeners interpreted 
boundary tones and pauses in the perception of prosodie discourse boundaries. In 
other words, how do the perceived discourse boundaries match the realized 
prosodie cues by the speakers? 

For each perceived discourse boundary marked by at least one of the twelve 
naive listeners, we checked whether it was accompanied by a boundary tone 
and/or a pause, and when this was the case, we marked the type of boundary tone 
(high, low, or ambiguous) as well as the type of pause (silent or filled). 
Furthermore, for each perceived boundary, the perceptual boundary strength 
(PBS) was determined (cf. Sanderman, 1996). In Sanderman (1996) PBS is 
determined by having listeners judge the strength of the boundary between any 
two neighboring words in a sentence on a 10-point scale (cf. ToBI labeling). In 
the present study, we take the judgements by the naive listeners as a reference 
point. Perceptual boundary strength is computed here for each perceived 
discourse boundary, relative to the number of listeners and the type of perceived 
finality. Thus, at places where no discourse boundaries are perceived, no 
boundary strength is computed, or is considered to be zero. Since in this study 
we are mainly concerned with where discourse boundaries are perceived, this 
latter type of information is not necessary. 

The following formula determines PBS in our study: 

PBS = (number of non-final judgements * 1) + (number of non-final judgements * 1) 
(number of sentence final judgements • z.) i 
(number of paragraph final judgements * 3) 

Judgements for non-final boundaries receive 1 point, and sentence final 
boundaries receive 2 points. Sentence boundaries perceived also as paragraph 
boundaries receive an additional 3 points. These values were chosen to reflect 
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the weight of the boundaries: the weaker the boundary, the lower the value. As a 
consequence, given the 12 listeners, the maximum PBS value for non-final 
boundaries is 12, and for sentence final boundaries 24. Only eight out of twelve 
listeners assigned paragraph boundaries at all, so the maximum PBS for a 
paragraph final boundary is 48. PBS values were clustered into three groups: 
Weak (values 1-12, i.e. 12*1), Strong (values 13-24, i.e. 12*2), and Extra Strong 
(values 25-48, i.e. 12*2 + 8*3). 

4.4.5.1 Boundary tones 
Table 4.10 presents the relation between the acoustic realization of discourse 
boundaries in terms of FO-movements and the perceptual boundary strength. 
Since we are looking here at the perceptual side of discourse boundaries, the 
number of expected boundaries per speaker equals the total number of perceived 
discourse boundaries as determined by the naive listeners (as opposed to the 
previous section on the production of discourse boundaries). 

As in the realization of boundary tones (see Tables 4.5 and 4.6), high boundary 
tones also dominate in the relation to perceived discourse boundaries. High 
boundary tones (H%) are mostly realized at perceived weak boundaries 
(241/290=.83), less at perceived strong boundaries (80/114=.70), and only 
occasionally at perceived extra strong boundaries (15/43=.34). Low boundary 
tones (L%) are realized mostly at extra strong boundaries (27/43=.63), and less 
at perceived strong (25/114=22) and weak (21/290=07) boundaries. Ambiguous 
boundary tones (B) are mostly realized at perceived weak boundaries 
(28/290=. 10), less at perceived strong boundaries (9/114=08), and rarely at extra 
strong boundaries (1/43=02). These data confirm the hypothesis that heavier 
boundaries (perceived as 'strong' and as 'extra strong') are realized with low 
boundary tones, whereas shallower boundaries (perceived as 'weak') are realized 
with high boundary tones. 

In relation to the total number of perceived boundaries (see Table 4.3), we see 
that in general few boundaries (47%) are perceived that are realized with a 
boundary marking pitch movement. Apparently, boundary tones are not the main 
cue for listeners in the perception of discourse boundaries. However, speaker 
differences are also apparent. For all speakers less boundaries were perceived 
than were expected, percentages varying from 32% (speaker 2) to 54% (speaker 
6). 
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Table 4.10 Total number of perceived boundaries per boundary tone (H%, L%, B), broken 
down for speaker (1-8) and for perceptual boundary strength (weak, strong, and 

extra strong). 

Weak N Strong N 

Speaker H% L% B Total H% L% B Total 

1 33 6 5 44 (.44) 98 5 7 1 13 (.86) 15 

2 20 0 2 22 (.26) 84 5 0 4 9 (.52) 17 

3 27 1 1 29 (.27) 105 16 4 3 23 (.92) 25 

4 41 5 5 51 (.43) 117 11 3 1 15 (.88) 17 

5 35 2 4 41 (.41) 99 11 1 0 12(1.0) 12 

6 24 1 2 27 (.41) 65 11 0 0 11(1.0) 11 

7 27 3 4 34 (.39) 87 8 6 0 14(1.0) 14 

8 34 3 5 42 (.39) 107 13 4 0 17(1.0) 17 

Total 241 21 28 290 (.38) 762 80 25 9 114 (.89) 128 

Extra strong N Total 

Speaker H% L% B Total Realized Perceived 

1 2 6 0 8 (.80) 10 65 (.52) 123 

2 3 0 1 4 (.50) 8 35 (.32) 109 

3 1 6 0 7(1.0) 7 59 (.43) 137 

4 0 1 0 1 (.50) 2 67 (.49) 136 

5 1 1 0 2(1.0) 2 55 (.48) 113 

6 3 5 0 8(1.0) 8 46 (.54) 84 

7 1 3 0 4(1.0) 4 52 (.49) 105 

8 4 5 0 9(1.0) 9 68 (.51) 133 

Total 15 27 1 43 (.86) 50 447 (.47) 940 

4.4.5.2. Pausing 
What is the influence of pauses on the perception of discourse boundaries? How 
important are pauses in this respect? Previous research has shown that full 
prosodie boundaries include both boundary marking pitch movements and 
pauses (cf. Blaauw, 1995). In this section, we will look at the effect of acoustic 
pauses in spoken discourse on the perception of final and non-final discourse 
boundaries by listeners. 

Table 4.11 presents the total number of pauses in relation to perceptual 
boundary strength, broken down for speaker and for type of pause. The number 
of expected boundaries per speaker equals the total number of perceived 
discourse boundaries as determined by the naive listeners. 
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As for the structural discourse boundaries discussed above, we see that a silent or 
unfilled pause is the predominant type of pausing. In absolute numbers, silent 
pauses are mostly associated with boundaries perceived as weak, less with those 
perceived as strong, and even less with those perceived as extra strong. Relative 
to the total number of pauses, however, silent pauses are mostly realized at 
strong boundaries (109/115=94), less at weak boundaries (286/354=80), and 
even less at extra strong boundaries (37/50=74). Looking at the filled pauses in 
relation to perceived finality, we see that they are mainly realized on boundaries 
perceived as extra strong (13/50=26). Furthermore, if a perceived boundary is 
realized with a filled pause, it is mainly done by speakers 1 and 6. These data 
again reflect the overall pausing strategy per speaker as presented in chapter 3. 
Perceived weak boundaries are in 46% realized with a pause, 'strong' boundaries 
in 89%, and 'extra strong' boundaries in all cases (100%). 

The data presented in this table (4.11) concern the perceived boundaries 
accompanied by a pause. Comparing the selection here to the total number of 
perceived discourse boundaries per speaker (the last two columns, 'realized' vs. 
'perceived'), we see that not all boundaries are accompanied by a pause. 
Percentages range from 45% (speaker 7) to 71% (speaker 6). On the whole, 
around half of all perceived boundaries are realized with a pause (55%). The 
presence of an acoustic pause is thus not in itself decisive for the listeners as a 
cue to the perception of discourse boundaries. As we have seen in the preceding 
section, perceived boundaries were in 47% accompanied by a boundary tone. 

Pausing is thus apparently slightly more important than boundary marking pitch 
movements in the perception of discourse boundaries, but neither of the two is 
highly prominent. Daly-Kelly (1995), in a study on human/machine dialogue, 
finds that pause intervals may code syntactic information, in demarcating 
information bearing units. This strategy may help listeners in distinguishing the 
essential parts in the discourse as well, and is thus an important factor in their 
perception of (heavier) discourse boundaries. 

In the next section, we will look at the combination of boundary tones and 
pausing in relation to perceived discourse boundaries. 
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Table 4.11 Total number of pauses occurring at perceived boundaries, broken down for speaker 
(1-8), for type of pause (Silent or Filled) and for boundary strength (Weak, Strong, 
and Extra strong), as well as total number across speakers. 

Weak N Strong N 

Speaker Silent Filled Total Silent Filled Total 

1 35 15 50 (.51) 98 13 1 14 (.93) 15 
2 44 3 47 (.55) 84 15 1 16 (.94) 17 
3 45 3 48 (.45) 105 22 0 22 (.88) 25 
4 43 3 46(39) 117 15 1 16 (.94) 17 
5 37 1 38(38) 99 11 1 12(1.0) 12 
6 27 14 41 (.63) 65 10 1 11(1.0) 11 
7 28 3 31 (35) 87 13 0 13 (.92) 14 

8 41 14 55(51) 107 16 1 17(1.0) 17 

Total 286 68 354 (.46) 762 109 6 115 (.89) 128 

Extra strong N Total 

Speaker Silent Filled Total Realized Perceived 

1 5 5 10(1) 10 74 (.60) 123 

2 8 0 8(1) 8 71 (.65) 109 

3 7 0 7(1) 7 77 (.56) 137 

4 2 0 2(1) 2 64 (.47) 136 

5 2 0 2(1) 2 52 (.46) 113 

6 4 4 8(1) 8 60 (.71) 84 

7 4 0 4(1) 4 48 (.45) 105 

8 5 4 9(1) 9 81 (.60) 133 

Total 37 13 50(1) 50 521 (.55) 940 

4.4.5.3. Boundary tones and pausing 
As was the case for the structural discourse boundaries, we checked for each 
perceived boundary whether it was accompanied by a boundary tone and/or a 
pause. If so, we marked what type of boundary tone (high, low, ambiguous, or 
none) and/or pause (silent pause, including silences after lengthening, filled 
pause, or none) occurred at what strength of perceived boundary (weak, strong, 
or extra strong). Figures 4.3 and 4.4 below give the distribution of temporal and 
intonational strategies used by the speakers at places where discourse boundaries 
were perceived. Again, four strategies may have been used by the speakers as 
possible cues for the listeners: no tone & no pause, no tone & pause, tone & no 
pause, and tone & pause. As for the discourse boundaries, the data are first 
presented for all speakers combined, followed by those for individual speaker 
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strategies. (Table D.2 in Appendix D gives the total number of perceived 
boundaries realized with a boundary tone and/or a pause, broken down for type 
of boundary tone and type of pause, for speaker, and for weak, strong, and extra 
strong boundaries separately. Subtotals are given in the figures for each type of 
perceived boundary, as well as mean numbers.) 

All speakers 

weak strong 

Perceived boundary 

extra 

Prosodic event 

l ^ T o n e , no Pause 

t= |noTone, no Pause 

fflTone, Pause 

§§noTone, Pause 

Figure 4.3 (All speakers) Distribution of prosodic events realized at various types of perceived 
discourse boundaries, over speakers. 

The general tendency seen in this overall figure is that the heavier the perceived 
boundary, the more cues seem to be used by the speaker, thus the more boundary 
tones as well as pauses are realized. Perceived weak boundaries are in a majority 
of the cases not marked by any prosodic event at all (no boundary tone, no 
pause; 30%). The main prosodic strategy used by the speakers at weak 
boundaries seems to be the realization of only a pause (27%) or a boundary tone 
(28%). The use of both boundary tones and pauses is relatively small (15%). 
Boundaries perceived as strong are in the vast majority realized with both a 
pause and a boundary tone (77%), and virtually never without any prosodic event 
(1%). Perceived strong boundaries are also realized with only a pause (12%) or a 
boundary tone (10%), but this strategy is used rarely. Boundaries perceived as 
extra strong are realized with at least a pause (19% with only a pause). In the 
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majority of the cases, a boundary tone is also realized (81%). No extra strong 
boundaries are perceived where no prosodie event is realized, or where only a 
boundary tone is realized. 

Speaker differences relative to perceived boundaries are presented in Figure 
4.4. The differences will be discussed per boundary type. 

Figure 4.4 (Speakers 1-8) Distribution of prosodie events realized at various types of perceived 
discourse boundaries, broken down for speaker. 
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As for the weak boundaries, we see no important differences between the eight 
speakers. They all have about the same distribution of strategies. Percentages are 
also comparable. 

Much more variation can be seen for the strong boundaries. Speakers 1,3, 
and 4 are closest to the overall picture. Speakers 5, 6, and 8 show identical 
behavior, i.e. all boundaries perceived as strong are realized with both a 
boundary tone and a pause, and this is the only strategy used for this type of 
boundary. Speaker 2 is the only speaker for whom strong boundaries are 
perceived that were not realized with any prosodie event. Speaker 7 is very 
'intonational' in the sense that her boundaries perceived as strong are always 
realized with a tone, and occasionally also with a pause. 

Boundaries perceived as extra strong show less variation than those 
perceived as strong. Speakers 1 and 2 are closest to the overall picture. Speakers 
3, 5, 6, 7, and 8 show identical behavior in that they always prosodically mark 
perceived extra strong boundaries and only with both a boundary tone and a 
pause. Speaker 4 uses mainly pauses, and is in that respect rather 'temporal'. 

Furthermore, we see that speaker 2 shows an increasing use of temporal and 
intonational features as perceived boundaries become heavier. That is, pauses, 
alone or in combination with a boundary tone, are used relatively more and more 
often. This can to a certain extent also be observed for speaker 1. The other 
speakers do not show such a clear picture. 
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As was the case for the structural discourse boundaries, the results show 
some clear speaker strategies in the prosodic cues used for boundary perception. 
However, generalizations should be made with care, since the absolute number 
of occurrences is fairly low, especially for the boundaries perceived as 'extra 
strong'. 

The next section will discuss the data presented so far. 

4.5. Discussion and conclusions 

In this section, we will try to answer the questions posed in the introduction of 
this chapter, and to see to what extent we are able to confirm our hypotheses. 
The research questions were the following, here re-formulated specifically with 
respect to intonational and temporal aspects: 

• How do speakers use boundary marking pitch movements and pausing, or 
the combination of both, to mark discourse structure? 

• How are these cues used and combined in terms of (speaker-dependent) 
strategies? 

• How do listeners use boundary marking pitch movements and pausing, or 
the combination of both, in the perception of discourse structure? 

We hypothesized that boundaries are realized and perceived at the major 
transition points in the discourse, i.e. between clauses, sentences, and 
paragraphs. At these transition points, speakers may signal non-finality or 
finality. We furthermore hypothesized that non-finality is signaled by the speaker 
by means of (shorter) pauses and/or boundary marking pitch movements, and 
that finality is signaled by (longer) pauses and/or pitch movements. As for the 
perception of boundaries, internal boundaries were expected to be perceived as 
non-final; clause boundaries are also perceived as non-final if they are not the 
last one in a sentence or a paragraph, otherwise they are perceived as final: 
sentence final if they close a sentence, and paragraph final if they close a 
paragraph. Boundaries between paragraphs are expected to be perceived as 
paragraph final, also since they are heavier. Our main findings can be 
summarized as follows. 

Structural discourse boundaries are realized at the major transition points in the 
discourse. Boundaries between clauses, sentences, and paragraphs, as indicated 
by the objective discourse analysis, are marked with acoustic-prosodic cues by 
the speaker. However, internal boundaries may be acoustically marked as well, 
mainly by clause internal boundary tones. Discourse boundaries are mostly 
realized as non-final in our material, even if the discourse analysis predicts a 
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final boundary; only occasionally are they realized as final. The pitch excursion 
expressed in ST for high and low boundary tones were statistically significant. 
However, the use of a high boundary tone in the realization of different types of 
discourse boundaries was not significant. 

Clause boundaries are marked by the speakers with silent pauses rather than 
filled pauses, as well as with high boundary marking pitch movements. Half of 
all non-final clause boundaries are marked with a boundary marking pitch 
accent, while only 40% is marked with a pause. These findings are in accordance 
with earlier experiments and results for Dutch (Van Donzel, 1996a; Blaauw, 
1995). Pauses occurring at clause boundaries are significantly shorter than those 
occurring at other types of boundaries, as was expected. High boundary tones are 
realized at a significantly higher pitch level than low boundary tones, as was 
predicted. 

Sentence final boundaries are realized with longer silent pauses, as was 
predicted. However, contrary to the hypothesis that this type of boundary is 
marked with low boundary tones, they are mostly realized with high boundary 
tones. Almost all sentence final boundaries (91%) are marked with some kind of 
boundary tone, while only 66% is marked with a pause. 

This same picture is visible for paragraph final boundaries: pauses occurring 
at this type of boundary are even longer, and high boundary tones are used rather 
than low boundary tones. Eighty percent of all boundaries is marked with a 
boundary tone, 85% being marked with a pause. 

As far as the combined use of pausing and boundary tones is concerned, the 
overall strategy is that the heavier the boundary, the more often both prosodie 
cues are used. For clause boundaries, speakers use either a pause or a boundary 
tone, and only occasionally both cues. A majority of the sentence boundaries, 
however, is marked with both a tone and a pause. If speakers realize sentence 
boundaries with only one prosodie cue, this is more often a boundary tone than a 
pause. Paragraph boundaries are always marked prosodically, in most cases even 
with a pause as well as with a boundary tone. Contrary to sentence boundaries, if 
a paragraph boundary is marked with only one cue, it is a pause rather than a 
boundary tone. 

Speakers may differ in the way they use prosodie means to mark discourse 
boundaries. These differences do not seem to be related to the sex of the speaker, 
and can thus be regarded as individual speaker differences. As boundaries to be 
marked become heavier, differences seem to be larger. Speakers behave rather 
similarly in marking clause boundaries (only one speaker is really 'temporal' in 
that she always uses at least a boundary tone). Three main strategies can be 
observed for marking sentence boundaries: a) boundary tone, pause, or both 
(speakers 1 and 4), b) boundary tone, whether or not accompanied by a pause 
(speakers 5, 6, and 8), and c) boundary tone and pause, i.e. the general picture as 
described above (speakers 2, 3, and 7). For paragraph boundaries, the following 
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strategies are used: a) pause, whether or not accompanied by a boundary tone 
(speakers 2 and 3), b) always and only pause and boundary tone (speakers 4 and 
6), and c) boundary tone and pause, or only boundary tone (speakers 5, 7, and 8). 
Speaker 1 is the 'average speaker', being comparable to the general picture. 

Perceived discourse boundaries are first of all mostly judged as non-final, also at 
places where a sentence finality or paragraph finality is expected on the basis of 
the discourse analysis. If a boundary is perceived as sentence final, it is at a 
structural sentence or paragraph boundary. Paragraph final judgements are 
virtually always perceived at structural sentence or paragraph boundaries. 
Perceived discourse boundaries are realized with a pause more often than with a 
boundary marking pitch movement. Boundaries perceived as weak are in 38% of 
the cases accompanied with a boundary tone, and in 46% with a pause. Strong 
boundaries are realized with both a boundary tone and with a pause in 89% of 
the cases. Extra strong boundaries are 86% of the time realized with a boundary 
tone and in 100% with a pause. Weak and strong boundaries are predominantly 
marked with high boundary tones, whereas extra strong boundaries are marked 
by low boundary tones. All three boundary types are marked with silent pauses 
rather than filled ones. 

The combined use of pauses and boundary tones in relation to perceived 
boundaries showed that the heavier the perceived boundary, the more cues were 
used by the speaker, thus the more both boundary tones and pauses were 
realized. Boundaries perceived as weak boundaries, if prosodically realized at all, 
were realized with only a pause or a boundary tone. In fewer cases both prosodie 
cues were realized at this type of perceived boundary. Perceptually strong 
boundaries were predominantly realized with both a pause and a boundary tone 
by the speakers. Occasionally, they were realized with only a pause or a 
boundary tone. Boundaries perceived as extra strong are always realized with a 
pause, and in the majority of the cases also with a boundary tone. 

The main cues used by the listeners in the perception of discourse boundaries 
can be described as follows: For weak boundaries, no difference in strategy can 
be observed in the acoustic behavior of the speakers. That is, listeners made use 
of the same prosodie cues for all speakers. For perceived strong boundaries, 
however, we do see differences in prosodie strategy used by the speaker: a) 
boundary tone and pause as the only means (speakers 5, 6, and 8), b) always 
boundary tone, occasionally with a pause (speaker 7, i.e. an 'intonational' 
speaker), and c) boundary tone and pause, but also only boundary tone or pause 
(speakers 1, 3, and 4), i.e. the strategy comparable to the average picture. 
Speaker 2 is the only speaker who did not mark prosodically some of the 
perceived strong boundaries. Extra strong boundaries show rather clear 
strategies: a) always and only with both a boundary tone and a pause (speakers 3, 
5, 6, 7, and 8), b) pauses as main cue (speaker 4, i.e. a 'temporal' speaker). 
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Speakers 1 and 2 are comparable to the general picture, in that they use mainly a 
pause and a boundary tone, but not as the only strategy. 

The summary of the intonational and temporal cues used by the speakers to mark 
structural discourse boundaries and by the listeners to detect perceived discourse 
boundaries is given as an overview in Table 4.12. 

Table 4.12 Summary of the intonational and temporal cues used by the speakers to mark 
structural discourse boundaries (Internal, Clause, Sentence, Paragraph) and by the 
listeners to detect perceived discourse boundaries (Weak, Strong, Extra strong). 

Intonational Temporal Combined 

Marked Tone Marked Pause Tone & Pause 

Internal -- high -- --
Structural Clause 51% high 40% short none, tone or pause 

Sentence 91% high 66% longer tone and pause 

Paragraph 80% high 85% longest tone and pause 

Weak 38% high 46% silence none,tone or pause 

Perceived Strong 89% high 89% silence tone and pause 

Extra strong 86% low 100% silence always at least pause 

Going back to our hypotheses, we can conclude for the structural boundaries that 
clause boundaries, if marked at all, are indeed realized with a high boundary tone 
or a pause. However, they are rarely marked with both prosodie cues. Sentence 
boundaries are not usually marked only with a low boundary tone as was 
expected, but mostly with a high boundary tone. The occurrence of a pause at 
this location was as expected. Paragraph boundaries are, contrary to our 
hypothesis, marked with a high boundary tone instead of a low one. The 
presence of a pause was again as expected. 

With regard to the perceived boundaries, we can conclude that in the 
perception of weak boundaries (i.e. 'non-final'), listeners made use mostly of 
other, probably lexical, cues than the ones investigated in the present study, since 
most of these boundaries were not realized with a boundary tone or a pause. This 
issue obviously needs further investigation. But, if they did make use of prosodie 
cues, these were, as expected, a high boundary tone or a pause. For the 
perception of strong boundaries (i.e. 'sentence final'), listeners made use of high 
boundary tones and pauses. We expected low boundary tones, but as has been 
stated above, speakers did not use this type of boundary tone to mark boundaries. 
As for boundaries perceived as extra strong, listeners made use mainly of 
pausing, since all perceived boundaries of this type were realized by the speaker 
with at least a pause. However, if listeners made use of boundary tones, this was 
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in most cases a low boundary tone. This is noteworthy, since paragraph 
boundaries are predominantly realized with high boundary tones. Apparently, the 
occasional presence of a low tone is what influences listeners' perception of 
extra strong boundaries. 

Thus, in spontaneous discourse in Dutch, represented by retold stories in the 
present study, shallower boundaries are marked less often than heavier ones. 
Furthermore, if a boundary is marked, it is predominantly realized with high 
boundary tones, irrespective of the 'weight' of the boundary. Pauses are realized 
mainly on heavier boundaries. Listeners make use of pauses rather than 
boundary tones to detect the structure of a spontaneously spoken discourse. The 
heavier the perceived boundary, the more this pausing cue is important. For the 
perception of extra strong boundaries, low boundary tones are decisive as well. 

The structure of spoken discourse does not consist of boundaries alone. The 
information structure, in terms of given and new information, is a crucial aspect 
as well. The prosodie realization of focal structure will be dealt with in the next 
chapter. 




