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The influence of text structure on the 
declination of multi-phrase sentences 

CHAPTER 1: Introduction 

A written text usually does not consist of a simple list of isolated sentences. 

Typographically it is divided into paragraphs or even larger units so that the reader can 

easily detect how the text is structured. Structuring reflects division into meaningful, 

internally coherent units. Similarly, when reading out this text, a reader does not simply 

recite a list of isolated utterances. A read-out text is divided into prosodic units at different 

levels. At one level, for example, the text may be divided into large units comparable to the 

typographical paragraph. Or at a different level, the units may be much smaller and cover 

only part of a sentence, like the prosodic phrase in a sentence. 

The prosodic units at different levels are marked in speech by several cues. These cues may 

be intonation, pause durations and speech rate. Intonation, defined by 't Hart, Collier and 

Cohen (1990: p.2) as "the ensemble of pitch variations in speech caused by the varying 

periodicity in the vibration of the vocal cords" is one of the major cues the speaker uses to 

indicate text structure. It follows that modelling this feature might improve the prosody 

generated by text to speech systems. 

A number of studies have already been published on the effects of text structure on 

intonation. Various experiments (e.g. Lehiste 1975; Thorsen 1985; Sluijter 1991; Bruce 

1982) have indicated that the FO of utterances varies with the position of these utterances 

in a text and that this variation is perceptually relevant. These studies on this subject have 

mainly been focused on the influence of text structure on the intonation of single-phrase 

sentences. Other research (e.g. Collier, 1987; Terken, 1993; Thorsen, 1985) has shown that 

the FO contour in multi-phrase sentences differs from that in single-phrase sentences. One 

can therefore not simply assume that text structure influences multi-phrase sentences in the 

same way it influences single phrased sentences. The current research aims to find out how 

text structure affects the intonation of multi-phrase sentences, so that models for text 

intonation can be further refined to include this type of sentences. 



The remainder of this chapter will consist of a clarification of some of the terms to be used 

further in this thesis, an overview of the literature related to this topic, and finally a 

description of the main research questions. 

1. Definition of terms 

Declination refers to the phenomenon of the general downward trend of the FO in a 

sentence. It may be represented by a tilted line through the PO-minima (the baseline) or 

through the FO-peaks (the topline) (see fig 1.1). An advantage of measuring both the top

and baseline is that the range, the distance between the topline and the baseline, can be used 

as an extra unit of measure. Since the topline and baseline in an utterance can diverge or 

converge, the range usually varies throughout an utterance. When comparing different 

declination lines, one can refer to the declination lines in terms of their start and end 

frequencies (these start and end frequencies are virtual, they are not equal to the onset and 

off set of a phrase) and their slope. Figure 1.1 displays the top- and baselines of a single 

utterance. 

Fig 1.1: an example of the topline and baseline in an utterance 

reset 

top line 

baseline 

time 
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As can be seen in fig. I. I, the topline and baseline of a sentence may be interrupted and start 

again at a higher frequency. This phenomenon is called a declination reset and usually takes 

place in longer sentences, between intonational phrases. Comparing the start and end 

frequencies of the declination lines of the two phrases, the size of the reset may be 

determined. 

The influence of text structure on text intonation will be described in terms of declination 

and declination resets. It is important to keep in mind, however, that there are other 

possibilities to describe the influence of text structure on text intonation (e.g. FO peaks, 

speech rate and pause durations). 

2. Previous research 

In general, it is clear that prosody is used for structuring texts into coherent units, at 

different levels (e.g. Swerts I 994; Appels I 985). For instance, Appels studied the position 

of declination resets within sentences. He found that in Dutch resets occur mostly in three 

places. They occur after a lengthened sentence fragment before the finite verb in main 

clauses; after a subordinate clause that is not referring to the constituent immediately before 

that clause, but to an earlier part of the sentence; and immediately before the conjunction 

between clauses or sentences of equal ranking. For larger units, Swerts (I 994) observed 

that speakers use prosodic cues to signal the beginning and end of a discourse unit. He 

found that cues such as conspicuous pitch accents, melodic boundary markings, 

supradeclination (as described below) and pauses could be used to mark discourse units. 

These observations support the hypothesis that prosodic structuring may be relevant to the 

listener, and that therefore it makes sense to model this aspect of prosody for speech 

synthesis. 

We find that much research has been done on the prosodic properties of phrases in complex 

sentences (see Appels, I985; Collier, I987; Cooper and Sorensen, I980; Ladd, I987; 

Terken, I993), but these phrases have only been studied in isolated utterances and not in 

text context. We also find that quite a few studies have been conducted to model the effect 

of text structure on intonation and to determine how these effects are perceived (see for 

instance Bruce, I982; Lehiste, I975; and Sluijter, I99I). These studies were usually done 
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on sentences consisting of only one phrase, or else, no distinction was made between the 

effects of text structure on single-phrase sentences and the effects on complex sentences. 

Thus, although research has been done on the different aspects of the subject, no research 

has yet been done on the influence of text-structure on multi-phrase sentences. 

We shall first briefly summarize the work done on sentence intonation (2.1) and then on 

text intonation (2.2) 

2.1. Sentence intonation: multi-phrase sentences 

An important aspect of multi-phrase sentence intonation is the declination reset. Among the 

first to study this phenomenon were Cooper and Sorensen (1980). They found that in 

utterances containing more than one main clause, the FO peak of the word following a main 

clause boundary was significantly higher than the FO peak of the word prior to the 

boundary. They also were able to make a distinction between partial and complete resets. 

A complete reset occurs when both toplines of the main clauses have the same slope and 

starting frequency values. A partial reset occurs when a new declination line is started at a 

new clause, but with a lower starting frequency than that of the clause before it. 

A study of declination resets in Dutch was first done by Collier (1985). In contrast to 

Cooper and Sorensen, he concentrated on the resets in the baseline. He found both partial 

and complete resets between major clauses. Furthermore, it seemed that a reset could be 

perceived as a complete reset, even when the start frequencies of a phrase did not exactly 

match the start frequency of the previous phrase. Collier (1985: p.412) ventured that "the 

speaker does not actually intend to achieve complete baseline resetting, but rather selects 

the starting pitch level of the second clause independently of that of the first: to start a new 

clause is like starting a new utterance". 

The size of resets varies remarkably in different phrase contexts. The question is which 

factors influence the size of resets. Ladd (1987) hypothesized that the syntactic/semantic 

organization of utterances would affect the declination of phrases. Pitch measurements of 

sentences of the form of "(A and B) but C", and "A but (Band C)", where A, Band C 

represent clauses, indicated that the hierarchical structure has an effect on the size of a reset. 

The amount of reset was greater after a strong boundary than after a weak boundary. 
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Terken (1993) asked experts in the field of intonation research to comment on the 

intonation of a text with synthetic intonation. One particular comment was that the 

declination resets within the sentences were too large. When comparing resets in a 

synthesized text, with the resets in the same text read by a professional speaker, it was 

found that the size of resets was indeed greater for the synthetic version, and that this was 

mainly due to the higher onset frequencies of the synthesized speech. Further inspection of 

the data suggested that the type of syntactic boundary could have been the cause of these 

differences in resets. For instance, the size of a reset between two main clauses is relatively 

large, whereas "resets between the verbal end group and the intonation phrase containing 

extraposed expressions are relatively small" (Terken, 1993:p.249). Since no distinction is 

made between the different types of syntactic boundaries in synthetic speech, these data 

suggest that adjusting the declination rules of a text-to-speech system to the syntactic 

structure of a sentence might improve the acceptability of the prosody of synthesized 

speech. 

2.2. Text intonation 

Indications that text structure influences the acoustic realization of sentences, and that these 

differences in realization are also perceived by subjects, first became apparent in a pilot 

study by Lehiste (1975). For her experiment she constructed three sentences which could 

be placed in different orders to form a paragraph, without changing the meaning. Pitch 

measurements pointed out that the frequency of a peak in a sentence varied with the 

position of that sentence in the paragraph. In the perception experiment, subjects were able 

to discriminate isolated sentences from sentences in context, although they found it most 

difficult to perceive the difference between isolated sentences and sentences spoken in 

initial position. 

Measuring the frequency of a single peak in an utterance is not the only way to describe the 

effect of text structure on intonation. In further research, more attention was paid to the 

effect of text structure on the global declination (or the downdrift) of utterances. Bruce 

(1982), for instance, had subjects listen to three different types of two-sentence units: units 

with sentences in original order, units in which the sentences had been segmented and put 

in a different order, and units with the same sentences spoken in isolation put in the original 
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order. The listeners clearly preferred those units which had the sentences in original order. 

Furthermore, combining isolated sentences into a unit was found to yield more acceptable 

results than putting sentences in a different order. Bruce also did acoustic measurements on 

three sentences which could be combined and read in two- and three-sentence units. He 

concluded from these results that when reading a text, the frequency at the end of a sentence 

determines the frequency at which the next sentence starts. Listeners apparently perceive 

this relationship between the end and start frequency and consider read texts without the 

proper relationship to be less acceptable. 

Another study on the question of how the FO declination varies with the position in a text 

was done by Thorsen (1985). She did pitch measurements on Danish sentences spoken in 

isolation and in different positions in a paragraph. She found that the slopes of the 

declination lines of utterances became less steep as the utterance had been placed nearer to 

the end of the paragraph. On the basis of these results she poses the idea of 

supradeclination. Supradeclination is the overall declination of the whole paragraph against 

which the declination of the sentences making up the paragraph is lined. 

Thorsen's model is constructed in such a way that the production of intonation requires a 

considerable amount oflook-ahead and pre-planning. Silverman (1987) did not agree with 

this implication. He formulated a model for text intonation in which the declination of an 

utterance is only adjusted if it is positioned at the beginning or at the end of a paragraph. At 

the beginning of the paragraph an initial raising is proposed, while at the end of the 

paragraph a final lowering should take place. The model does not support the idea that the 

declination lines of sentences within the paragraph should be aligned to an overall 

paragraph declination. 

Neither study pays specific attention to complex sentences. Thorsen only analysed 

sentences consisting of only one phrase in textual context (e.g. 'Amanda is going away 

camping'). Silverman's model is generalized for all kinds of sentences, but does not give 

consideration to the issue whether phrase boundaries coincide with sentence boundaries or 

not. 
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2.3 Sluijter's model for Dutch 

Sluijter (1991) tried to find out whether declination in Dutch sentences also varied in 

different text positions. She had two speakers read out 10 texts consisting of three 

paragraphs. The middle paragraph consisted of five sentences. One of these sentences (the 

target sentence) occurred as the first, the second, the fourth or the last sentence of the 

paragraph in different versions of each text. This manipulation was performed to control 

the contributions of sentential properties to the prosodic properties of sentences. Listeners 

were then presented with the target sentences read in the different positions in the text, and 

were asked to identify these target sentences according to their position. It turned out that 

they were able to identify the sentences in first, middle and end position. The two middle 

positions (second and fourth position) could not be distinguished from each other. Sluijter 

then made pitch measurements on the sentences, and the same sentences spoken in 

isolation. Statistical analysis showed that her results mostly supported Silverman's model. 

On the basis of her results she then formulated a model for paragraph intonation for Dutch, 

for sentences consisting of a single prosodic phrase. 

A test was done to see if this model for paragraph intonation indeed improved synthetic 

speech. Subjects were presented with texts synthesized in four different ways: 

1) with paragraph intonation 

2) with paragraph intonation and adjustments for prominence and resets 

3) without paragraph intonation and with adjustments for prominence and resets 

4) without paragraph intonation and without adjustments for prominence and resets. 

The result was that subjects preferred the texts synthesized with paragraph intonation and 

with the extra adjustments (2) above all. After that, the third version (no paragraph 

intonation, with adjustments) was found to be the most acceptable. Texts synthesized with 

the model but without these adjustments were rated to be as acceptable as the fourth version 

(no paragraph intonation, no adjustments). 

Sluijter' s research was done only on single-phrase sentences. Furthermore, the extra 

adjustments done for resets and prominence were ad hoc considerations and not based on 

empirical observations. Because of this, the question of what happens exactly in multi

phrase sentences as a function of their position in a text still remains to be answered. 
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3. Questions 

From the studies mentioned above, it is now clear that text structure has an effect on the 

declination of utterances, and that several factors influence the declination of phrases and 

the declination resets in multi-phrase sentences. However, we still do not know what 

adaptations should be made for multi-phrase sentences when modelling text intonation. 

With this in mind, the current research was done. 

The main question to be investigated is: 

1. How does the declination of a phrase, as a function of its position in the sentence, 

vary in different paragraph positions? 

The description of the declination will be in the form of a model, based on acoustic 

measurements done on the declination of phrases in different sentence and paragraph 

positions. Although there are various ways to describe declination, we have chosen to 

characterize the declination by means of the start and end frequencies of the top line and the 

baseline. An example of another approach, the IPO approach for instance ('t Hart et. al., 

1990), is to describe the declination in terms of the slope and declination resets. However, 

since Sluijter found her main effects in the start and end frequencies of the declination lines, 

and was not able to infer much from the measurements of the slopes, preference was given 

to using the start and end frequencies. Likewise, the decision was made to do measurements 

on both the topline and the baseline because this would enable us to study ranges as well. 

Before doing the extensive and time consuming measurements necessary for this 

quantitative analysis, it would be practical to check first if the effects of text intonation and 

sentence intonation are indeed perceptually relevant. If the perceptual relevance cannot be 

demonstrated, extending Sluijter's model would not be very worthwhile. We will attempt 

to demonstrate the perceptual relevance by permuting phrases in a sentence and asking 

subjects to evaluate the sentences on their acceptability. If the effects are relevant, 

permuting phrases should influence subjects' acceptability ratings of these sentences. Thus, 

we will first attempt to answer the following question: 
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2. a. Do listeners judge sentences in which the position of phrases does not 

comply with the original position (although content and grammar are kept 

constant) to be less acceptable than sentences in which the phrases have 

retained their original position? 

b. And does this apply equally if the sentences have been read in different 

positions in the text? 

A problem that arises is that permuting phrases implies permuting other prosodic properties 

(such as speech rate and boundary markings) in addition to the declination. It is not clear to 

what extent these other prosodic properties would influence the results of the perception 

experiment. For this reason, the perception experiment will only serve as a demonstration 

experiment. This means that the results can only give an indication of the perceptual 

relevance of declination, and that the conclusions drawn from these results are only 

preliminary. 

In short, the research to be done will consist of three parts, namely: 

1. A perception experiment, to serve as a demonstration experiment, 

2. Acoustic analysis, 

3. Formulation of a model for paragraph intonation. 
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CHAPTER 2: Speech Corpus 

1. Introduction 

The material used for this research consisted of a number of texts read out by two speakers. 

The texts were designed so that the material could be used for both the perception 

experiment and subsequent acoustic measurements. The material was constructed in such 

a way that the prosodic properties of one phrase could be studied in different positions in a 

sentence and different positions in a paragraph, while the lexical content could be kept 

constant. In this chapter, the speech corpus will be described in more detail. 

2. Text materials 

In total, six different phrases (target phrases) were created, of which the prosodic properties 

were to be studied in different conditions. The six phrases are listed under (1) below. The 

choice was made to have six target phrases so that the number of texts to be read would not 

be excessively large, but would be large enough to ensure that the results would not be too 

dependent on the specific properties of each text. The target phrases were all subordinate 

clauses starting with 'omdat...' ('because'). 

1 a. omdat het woordenboek in totaal tweeentwintig delen zal omvatten 

b. omdat een flinke aanval iemand helemaal op non-actief kan zetten 

c. omdat de fysieke beveiliging achteruit loopt 

d. omdat de bouwstijl in Nederland veel te open is 

e. omdat de vraag naar kinderopvang al twee maal zo groot is als het aanbod 

f. omdat de ongewild ingeademde rook niet gefilterd wordt 

The target phrases were embedded in sentences containing another subordinate clause 

starting with 'omdat .. .', and a main clause. The specific reason for using this syntactic 

construction was that we wanted readers to realize the phrases as a separate prosodic phrase 

(with resets before and after the phrase). In Dutch the occurrence of a reset is very probable 

between two long subordinate clauses and between main clauses and subordinate clauses 

(in either order). Furthermore, both subordinate clauses started with 'omdat' in order to 

keep the clauses syntactically and rhetorically as similar as possible. For example: 
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2. Het zal nog een flinke tijd duren voor bet woordenboek af is, omdat bet 

woordenboek in totaal tweeentwintig delen zal omvatten, en omdat er maar 

weinig spijkerschriftdeskundigen zijn voor bet vertaalwerk. 

translation: 'It will be a long time before the dictionary will be completed, because 

the dictionary will contain twenty-two volumes in total, and because there are 

only a few cuneiform specialists for the translation work.' 

In order to manipulate the position of the target phrase in the sentence (the PHRASE 

position), three different phrase orders were constructed, keeping the sentence 

grammatically correct. Table 2.1 shows the combinations that were used. 

Table 2.1: Combinations of clauses: 

combination # sentence initial position sentence medial position sentence final position 

1 target phrase (and) subordinate clause main clause 

2 main clause target phrase (and) subordinate clause 

3 main clause subordinate clause (and) target phrase 

A small syntactic adjustment was made so that the target phrase could be placed in the three 

different positions while the sentence remained grammatically correct. If the main clause 

did not occur in sentence initial position, the subject and the verb in that clause were 

inverted. The contents of the sentence were not significantly changed by this adjustment. 

Orthogonally to the manipulation of phrase position within the sentence, text position was 

manipulated by putting each combination in three different positions (three SENTENCE 

positions) in a five-sentence paragraph: first, middle or final position. In the remainder of 

this thesis we will identify these as position 1, 2, and 3 respectively. The combination of 

these manipulations gave nine different positions of the target phrase across the paragraph. 

Between the different paragraph versions there were some slight variations in the sentences 

that did not contain the target phrase, in order to keep the paragraph fluent. Each paragraph 

was placed as the medial paragraph in a three-paragraph text. The first and last paragraph 

were the same for the nine different versions of the crucial paragraph. There were 54 texts 

in total for the acoustic measurements. An example of a text may be found in appendix 1. 
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Since the perception experiment served as a demonstration experiment, only one of the six 

target phrases was used for this part of the research. One may recall that the purpose of the 

perception experiment was to find out if manipulating the position of phrases in a sentence 

is perceptually relevant. But, the three possible clause combinations are not symmetrical in 

text structure. There are two combinations with the main clause in initial position, while 

there is only one with the main clause in final position. Because of this asymmetry, textual 

effects may influence the perception of these sentences, and make it impossible to 

determine if the results are due to these textual effects or due to the manipulation of the 

position of phrases .. Therefore, to average out the textual effects, an additional combination 

of clauses was used, in which the main clause is at the end of the utterance .. Table 2.2 shows 

the extra combination that was used. This addition meant that instead of 9 texts (3 clause 

combinations * 3 sentence positions) there were 12 texts (4 clause combinations * 3 

sentence positions) for the specific target phrase used in the perception experiment. 

Table 2.2: The extra combination of clauses for the perception experiment: 

sentence medial sentence final 
combination # sentence initial position position position 

4 subordinate clause (and) target phrase main clause 

Including the extra addition for the perception experiment, the material consisted of 57 

texts (((3 clause combinations * 5 texts) + (4 combinations * 1 text)) * 3 SENTENCE 

positions) in total. 

3. Speakers and recordings 

Next, the 57 texts were read aloud by two native Dutch male speakers, who were chosen 

on the basis of their expected ability to read texts in a newsreader style. The recordings were 

done in several sessions, making sure that in each session all the different versions (9 or 12) 

of one text were read. The native Dutch speakers were instructed to read the texts as if they 

were news items in a radio broadcast. Although there were many similar texts, the speakers 

had to read each text as if it was new to them. They were also asked to keep to the 

orthographic structure of the text as much as possible. In case of mispronunciations or 

breaks in the target paragraph, the text was read again. 
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The recording was done in a soundproof studio, using a microphone and a DAT-recorder. 

From the DAT-tape the sentences containing the target phrases were selected, low-pass 

filtered at 4.8 kHz, digitised at 10 kHz (16 bits) and stored on a computer. 
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CHAPTER 3: The perception experiment 

1. Introduction 

The main purpose of the perception experiment was to demonstrate that the effects of text 

intonation and sentence intonation are perceptually relevant. As mentioned earlier, the 

experiment served only as a demonstration experiment since there would be a problem in 

determining to what extent the results of this experiment are due to the FO variation and not 

due to other factors such as boundary markings and speech rate. 

2. Method 

2.1 Manipulation of the material 

The aim of the experiment was to manipulate a number of sentences and have listeners 

judge whether these manipulated sentences were still acceptable. The material described in 

chapter two was well designed for this experiment. Because the experiment was a 

demonstration experiment, we chose to study the different sentence versions related to only 

one of the six target phrases. To average out the textual effects on the acceptability ratings, 

all four possible clause combinations had to be used in the sentences. Thus, as was 

mentioned in chapter two, twelve text versions ( 4 clause combinations * 3 SENTENCE 

positions) instead of nine (3 clause combinations* 3 SENTENCE positions) were made for 

one specified target phrase. The target sentences in these twelve text versions were used for 

this experiment. 

The sentences that had been read in first and last position in the target paragraph of each 

text were converted into 48kHz soundfiles, using a file conversion program, so that they 

could be used in an audio editing application developed at the IPO. Using this program, 

each soundfile was segmented into four parts: three parts corresponding with the three 

clauses and one part corresponding with the conjunction 'en'. Each of the eight sentences 

(4 clause combinations * 2 SENTENCE positions (first and last position)) was then 

permuted by switching the subordinate clauses and inserting the conjunction 'en' according 

to Tables 2.1 and 2.2. Rough transitions were smoothed out by means of fade-out and fade

in facilities. 
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Besides permuting sentences to find out if the differences in declination for the different 

sentence positions are perceptually relevant, the sentences were also used for substitution. 

The four segments in an utterance were put in original order, but one of the subordinate 

clauses was substituted for a subordinate clause spoken in a different paragraph 

position.The reason for this manipulation was that we wished to find out whether the 

differences in the declination of phrases in similar sentence positions but different 

paragraph positions were perceptually relevant. The manipulation resulted in eight 

substituted sentences. 

Lastly the substituted sentences were permuted by switching the two subordinate clauses, 

creating another eight manipulated sentences, so that in total there were 32 (8 original + 

8 permutations+ 8 substitutions+ 8 permuted substitutions) sentences. Figure 3.1 shows 

the different manipulations that were done to the material. 
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Figure 3.1: Combination of clauses for the different manipulations of the 
material. The ORIGINAL box shows the eight original utterances 
with different combinations of three clauses (MC, SC and..,SQ. The 
other boxes show the resulting combination of clauses for each 
utterance after permutation, substitution or substitution and 
permutation. The number before the clause specifies the position of 
the sentence in the paragraph from which that clause has been taken. 
(MC = main clause, SC = target clause, SC = subordinate clause, 1 or 
3 = initial or final position) 

ORIGINAL 

lSC lSC lMC 

lSC lSC lMC 
lMC lSC lSC 
lMC lSC lSC 

3SC 3SC 3MC 

3SC 3SC 3MC 

3MC 3SC 3SC 

3MC 3SC 3SC 

1' 

SUBSTITUTION 
of corresponding phrases from 
different sentence positions 

3SC lSC lMC 

3SC lSC lMC 
lMC lSC 3SC 

lMC lSC 3SC 

1.S..C 3SC 3MC 

lSC 3SC 3MC 

3MC 3SC lSC 

3MC 3SC lSC 

• 

--

PERMUTATION 
of the position of a 
phrase in a sentence 

lSC lSC lMC 

lSC lSC lMC 

lMC lSC lSC 

lMC lSC lSC 

3SC 3SC 3MC 

3SC 3SC 3MC 

3MC 3SC 3SC 

3MC 3SC 3SC 

SUBSTITUTION & 
PERMUTATION 

lSC 3SC lMC 

lSC 3SC lMC 

lMC 3SC lSC 

lMC 3SC lSC 

3SC lSC 3MC 

3SC lSC 3MC 

3MC lSC 3SC 

3MC lSC 3SC 
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2.2. Subjects and procedure 

Ten undergraduates and employees (seven male and three female) at IPO, served as 

volunteers for the perception experiment. The subjects were native speakers of Dutch and 

did not have any hearing impairment. The sentence material was put in random order and 

presented as isolated sentences to five subjects. 

It would have been more logical to present the sentences in the paragraph context in which 

they had originally been read out. But this would have made the task too difficult for the 

subjects to perform: after hearing an entire paragraph it is hard to determine the 

acceptability of one specific sentence in that paragraph. Thus the sentences were presented 

as isolated sentences. A consequence of this choice is that the listeners' accetability ratings 

may be influenced by the fact that they are expecting isolated sentences, while they are 

actually being presented with sentences spoken in context. 

To the other five subjects the same material was presented, but in a mirrored sequence. The 

sequence was mirrored to average out any effect that the order of presentation might have 

had on the acceptability ratings. Before starting the experiment it was explained to the 

subjects that they would hear both original and manipulated material. An example was 

given of how this material could have been manipulated. Their instructions were to express 

how acceptable they considered each sentence on a ten-point scale. It was emphasized that 

this was a prosodic experiment (concerning intonation), and that they should not rate the 

acceptability of the order of phrases, or the grammar of the sentences, but that they should 

decide how acceptable they would find it if someone would read out a sentence in such a 

way. 

3. Results 

Since the data were actually of ordinal level, there was a problem in processing the data. 

Analysis of variance namely requires the data to be of integer level. Terken (1988) also 

came across this problem in his research when he wanted to process acceptability ratings. 

He suggested that a possible solution would be to convert the raw data to a psyschological 

continuum. A drawback would be that the replication factor (the subjects), would be lost 

after this conversion. Terken then referred to Edwards ( 1957) who studied the relationship 

between the means based on raw acceptability ratings and means based on the data 
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converted to a psyschological continuum, Edwards found that the correlation between these 

means was .98. Based on this correlation Terken decided it was not necessary to convert the 

raw acceptability ratings and processed his raw data as if it were of integer level.. For the 

same reasoning we too, assumed our data to be of integer level. As a result of this 

assumption, the data could be used as input for analyses of variance. 

In the first place, an analysis of variance was conducted on all data with permutation, 

substitution, speakers, the position of the main clause in the sentence (initial/final), and the 

position of the sentence in the paragraph as fixed factors, and the subjects as the replication 

factor. This analysis was done to obtain an answer to the research question: Do listeners 

judge sentences in which the position of phrases does not comply with the original position 

(although content and grammar are kept constant) to be less acceptable than sentences in 

which the phrases have retained their original position? One may observe that the four 

clause combinations were not compared individually, but were grouped into sentences with 

the main clause in sentence initial (combination 1 and 4 (see tables 2.1 and 2.2)), and 

sentences with the main clause in sentence final position (combination 2 and 3). This was 

done in order to determine if boundary markings could have influenced the results. 

Analysis of variance showed that the permuted sentences were considered to be 

significantly less acceptable (F(l,9)=76.3, p < 0.01) than the sentences not permuted. In 

addition, changing the position of a phrase in a paragraph ('substitution') also had a 

significant effect on the acceptability ratings (F(l,9)=5.2, p < 0.05). There was no 

significant interaction between these effects. Looking at the mean acceptability ratings for 

the different manipulations (see table 3.1), we find that the difference in acceptability 

between permuted and non-permuted sentences is much greater than the difference 

between substituted and non-substituted sentences. 
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Table 3.1: The mean acceptability ratings for the different types of manipulation. 
Both permutation and substitution result in lower acceptability ratings. 
But, the difference between permuted and non-permuted sentences is 
much greater than the difference between substituted and non-substituted 
sentences ( for permuted sentences the difference is 3.5 (8.3-4.8), whereas 
the difference for substituted sentences is 0.3 (6.7-6.4). 

no permutation with permutation mean 
Manipulation: (n=160) (n=160) (N=320) 

mean s.d. mean s.d. mean s.d. 

no substitution 8.5 1.5 4.9 2.8 6.7 2.9 

(n =160) 

with substitution 8.1 1.7 4.6 2.8 6.4 2.9 

(n=160) 

mean (N=320) 8.3 1.6 4.8 2.8 6.5 2.9 

Furthermore, a significant effect was found for the position of the main clause in the 

sentence (F(l,9)=21.0, p < 0.05). Subjects rated sentences higher if the main clause 

occurred in final position in the sentence. This difference was mainly dependent on the 

outcomes for the permuted sentences, although the interaction proved not to be significant 

(F(l,9)=4.5, p = 0.06). This can be seen in the mean acceptability ratings for the different 

main clause positions (table 3.2), where the difference in ratings for the different main 

clause positions is greatest for permuted sentences. 

Table 3.2: The acceptability ratings for the different main clause positions. Note that 
the difference between the ratings for the two main clause positions (initial 
or final) is greatest when permutation has taken place (for permuted 
sentences the difference is 1.9 (5.7-3.8), for non-permuted sentences the 
difference is 0.4 (8.5-8.1)) 

main clause in main clause 
initial position in final position mean 

(n=l60) (n=160) (N=320) 

mean s.d. mean s.d. mean s.d. 

no permutation 8.1 1.6 8.5 1.6 8.3 1.6 

(n=160) 

with permutation 3.8 2.7 5.7 2.5 4.8 2.8 

(n=160) 

mean (N=320) 6.0 3.1 7.1 2.5 6.5 2.9 
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The second question that needed to be answered was if the permuting of phrases was 

equally acceptable or unacceptable for the different positions in the paragraph. This meant 

that a second analysis needed to be performed on a selection of the data, excluding the 

ratings for sentences in which substitution had taken place (the inclusion of these ratings 

would make the results too difficult to interpret). 

As it turned out, a significant main effect was found for SENTENCE position ((Fl,9)=5.2, 

p<0.5). A sentence was considered less acceptable if it had been read at the beginning, 

rather than at the end of the paragraph. No interaction was found between SENTENCE 

position and phrase permutation. There was no significant effect of speakers. The mean 

acceptability ratings for the different positions of the sentence in the paragraph may be seen 

in table 3.3. 

Table 3.3: The mean acceptability ratings for the overall paragraph positions versus 
permutation of sentences. The ratings for the sentences with the main 
clause in final position are higher than those with the clause in initial 
position. This applies to both the permuted and the non-permuted 
sentences. 

paragraph initial paragraph final mean 
position (n=80) position (n=160) (N=160) 

mean s.d. mean s.d. mean s.d. 

no permutation 8.3 1.8 8.7 1.5 8.5 1.6 
(n=SO) 

with permutation 4.7 2.5 5.1 2.8 4.9 2.8 
(n=SO) 

mean (N=160) 6.5 2.9 6.9 2.9 6.5 2.9 

4. Discussion 

From these results we may conclude that it is indeed not possible to permute phrases in an 

utterance, or to substitute phrases without reducing the acceptability ratings of the resulting 

utterance. The fact that changing the position of the phrase in the sentence influences the 
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acceptability ratings strongest is not very remarkable. Namely, in addition to changing the 

declination of these phrases, this permutation also involves changing other prosodic cues 

such as boundary markings or speech rate. 

There is no straightforward explanation to why sentence constructions with the main clause 

at the beginning of a sentence are less acceptable than those with the main clause at the end. 

But we find that most of the difference in acceptability may be found in the interaction 

between permutation and main clause position. Permuted sentences are less acceptable 

with the main clause in sentence initial position (see table 3.2), although the effect is not 

significant. This confirms the idea that boundary markings influence the acceptability 

ratings. Namely, when the main clause is in first position, permuting the subordinate clauses 

involves placing the phrase with the sentence-final low pitch in the middle of the sentence 

and placing the phrase with the continuation rise in final position. When the main clause is 

in last position, permuting subordinate clauses leaves the sentence-final low FO and the 

non-final continuation rises in their appropriate positions. 

As to the significant effect found for paragraph position, there is no clear indication to the 

cause of this effect. Apparently, the speakers had read the sentences at the beginning of a 

paragraph in such a way, that they were less acceptable to listeners than sentences read at 

the end of a paragraph. However, listeners had been presented with sentences in isolation. 

It could be that the cues used by speakers to mark the first sentence in a paragraph caused 

the sentence to be perceived differently from what listeners expected of an isolated 

utterance, thus affecting the acceptability ratings. Sluijter's results do not back this 

explanation, however, since they indicated that the toplines of isolated sentences do not 

significantly different from sentences read in paragraph initial position. But other cues 

besides declination lines may also have caused this distinction between isolated sentences 

and sentences in paragraph initial position. Perhaps if the sentences had been presented in 

context, results would have been different. 

Since no significant interaction was found between the overall SENTENCE position and 

the permutation of phrases, we may conclude that the permutation of phrases was 

considered to be equally unacceptable for the different positions in the paragraph. 

In conclusion, the research question: 
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Do listeners judge sentences in which the position of phrases does not comply with the 

original position (although content and grammar are kept constant) to be less acceptable 

than sentences in which the phrases have retained their original position? 

may be answered positively both for changing the position of the phrase in the sentence, 

and for changing the position of the phrase in the paragraph. For the second part of the 

question, namely: 

Does this apply equally if the sentences have been read out in different positions in the text? 

we found that it could be answered positively for permutation. We could not answer this 

question for substitution because the results would be too complicated to interpret. 

The results suggest that the influence of text structure on the declination of multi-phrase 

sentences may be perceptually relevant. This justifies a quantitative analysis on the 

material, to find out if the declination of phrases varies significantly according to the 

position of the phrases in the text. 
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CHAPTER 4: The acoustic measurements 

1. Introduction 

In the previous chapter it has been shown that permuting or substituting phrases in a 

sentence· has perceptual consequences. The acoustic measurements may now be done to 

answer the niain research question: How can the differences in the declination of a phrase 

as a function of its position in the sentence be described for different positions in the 

paragraph? 

An additional question that comes to mind is how the results of the acoustic measurements 

could be related to the results of the perception experiment. Because natural speech. was 

used, we know that the results may beinfluenced by other prosodic effects such as speech 

rate and pause durations. A statistical analysis comparing the results of the perception 

experiment and the acoustic measurement will therefore not give us very relevant 

information. Because of this no statistical analysis will be done, but the acoustic 

measurements and the results of perception experiment will only be compared globally. 

The variation in declination as a function of the position of a phrase in a text may be 

expressed in different ways. Sluijter (1991) used the start and end frequencies of the topline 

and baseline, the slopes of the declination lines, and the frequencies of the first peaks to 

describe this variation. However, she could conclude little from the measurements of the 

first peaks, apart from what was already evident from looking at the overall declination 

slope. Hence we decided to focus mainly on the start and end frequencies of the declination 

lines in this research. 

Because measuring declination lines proved to be quite problematic, a new approach to 

these measurements was tried besides a conventional method of declination measurements. 

In this chapter a description of these two different methods for measuring declination lines 

and their results will be given. 
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2. Declination measurements 

The way in which the declination of a phrase or sentence is usually measured, is to 

determine relevant peaks and valleys in the FD-contour, and to draw the topline and 

baseline, respectively, through these points. From these lines virtual start and end 

frequencies may be obtained by taking the FO values of the declination line at the start and 

end of the phrase respectively. A model for the variation in declination between the 

different positions in text can then be formulated based on the average start and end 

frequencies of these declination lines for the different text positions. 

This method has some major drawbacks, which may decrease the validity of the model. The 

main problem with the method is that the validity of the obtained toplines and baselines is 

not clear. For instance, deciding which peaks are relevant is a subjective task. Researchers 

use their own rules of thumb to decide on what peaks or valleys to use as datapoints and 

this results in different estimates of the declination line. 

But even repeated estimates by the same judge on the same utterance may give different 

outcomes. When utterances are quite complex, one may expect disparity in the 

measurements. Several factors have the effect that peaks and valleys in a phrase do not lie 

on straight lines. For instance, with respect to peaks it appears that there is an influence of 

an accent on the height of an adjacent accent. Also, continuation rises often end much 

higher than is perceived. And finally there is the effect of the vowel intrinsic pitch in 

accented syllables. There is no straightforward way to decide to what degree a factor has 

influenced the height of a peak. 

Finally, the characterization of declination in terms of start and end frequencies (or end 

frequencies and slopes) of the top line has another danger: if there are two peaks in the 

middle of the phrase, the start and end frequencies are heavily affected by the choice of the 

specific points that are used to represent peaks. 

But the material created for this experiment also lends itself for measuring the declination 

lines in a different way, so that some of the problems above may be avoided. One may recall 

that for each of the nine positions in the sentence and in the paragraph, six different phrases 

have been read out (corresponding to the six different texts). This means that, if one selects 
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the relevant peaks and valleys for each of the six phrases for one text position, and if one 

normalises the time for these values, then there will be many coordinates instead of only a 

few through which a regression line may be calculated. This regression line represents the 

general declination line for a phrase in that position across texts. A model may then be 

formulated, using the regression lines for the topline and baseline of each of the nine 

positions. 

One main advantage of this method is that the problem of having too few datapoints 

through which to calculate the line is avoided. Using six different texts, there will be at least 

six peaks or valleys (one peak or valley for each phrase) which may be used for calculating 

the regression line. Furthermore, the effects of other factors operating on the peaks may be 

reduced by the greater number of coordinates. 

3. The conventional method 

3.1. The material 

From the speech material stored on a VAX computer, the target phrase was segmented from 

its context for each of the six texts in each of the nine different text positions. Each phrase 

was saved in a separate soundfile under a coded name, so that without a key, the original 

position of the phrase could not be deduced. In total there were 6 texts * 9 positions * 2 

speakers = 108 phrases to be analysed. 

3.2. Procedure 

Using a computer program displaying the intonation contour of an utterance and enabling 

the user to draw a line through the peaks or valleys of this contour, the toplines and 

baselines were determined by an experienced researcher according to the conventional 

method described in section 2. First the relevant peaks or valleys in a phrase were 

determined, then a line was fitted through these peaks or valleys. The start and end 

frequencies of each line were stored in a datafile along with the time and frequency 

coordinates of the significant peaks or valleys used to draw the line. In cases where more 

than one line could be drawn through the datapoints, each different interpretation of the 

declination line was stored separately for that phrase. In one case a reset occurred within a 

phrase. 
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3.3. Results and statistics 

The mean start and end frequencies in Hz were calculated for each speaker as a function of 

phrase position within the sentence and the paragraph. The results for each speaker are 

given in Appendix II. The analyses of variance to be reported below showed that the data 

for the two speakers were not significantly different, except in the end frequencies of the 

baselines and the interaction between speakers and PHRASE position for the start 

frequencies of the topline.Therefore, in reporting the outcomes we will not differentiate 

between speakers, except for the interaction we found for the start frequencies of the 

topline, and keeping in mind the significant effect that had been found for the end 

frequencies. Four analyses of variance were done with speakers, SENTENCE position, 

PHRASE position as fixed factors, and the six texts as the replication factor. Table 4.1 gives 

an overview of the mean start and end frequencies of the declination lines. 

Table 4.1: The mean start and end frequencies of the toplines and the baselines (n=12) 

position of 
sentence in 
paragraph: bfr 

1 top line 192 

baseline 124 

2 top line 180 

baseline 108 

3 top line 170 

baseline 110 

mean topline 181 

baseline 114 

bfr = start frequency in Hz 
efr = end frequency in Hz 
1,2,3 =initial, medial, final 

1 

position of 
phrase in 
sentence 

2 
efr bfr efr 

149 155 146 

88 106 88 

144 156 147 

92 103 86 

147 156 149 

90 101 87 

146 156 147 

90 103 87 

3 mean 
bfr efr bfr efr 

154 143 167 146 

106 86 112 87 

147 147 161 147 

107 84 106 87 

145 134 157 146 

104 84 105 87 

148 141 162 145 

106 85 108 87 

For the start frequencies of the topline there were two main effects. Significant effects were 

found for the position of the phrase in the sentence (F(2,10)= 48.4, p<0.01) and for the 

position of the sentence in the paragraph (F(2,10)= 4.3, p<0.05). There was one significant 

interaction between speakers and PHRASE position. From Table 4.2 we can derive that 
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although there is a large difference between second and third sentence position for speaker 

1, the frequencies hardly differ for speaker 2. The speakers themselves, however, did not 

differ significantly. 

Table 4.2: The mean start frequencies (in Hz) of the topline for each speaker for the 
different positions of the phrase in the sentence. Note that for speaker 1 
there is a larger difference in frequency between the second and third 
phrase position than for speaker 2, where the frequencies for the second 
and third phrase position are barely different. 

position of 
phrase in 
sentence 

1 2 3 mean 

speaker 1 190 169 153 171 

speaker2 172 142 143 152 

mean 181 156 148 161 
1,2,3 = initial, medial, final 

For the end frequencies of the topline there were no significant effects at all: no main 

effects, no interactions and no significant difference between speakers. 

For the start frequencies of the baseline the same two main effects as for the start 

frequencies of the topline were found. Again significant effects were found for PHRASE 

position (F(2,10)= 22.5, p<0.01) and for SENTENCE position (F(2,10)= 11.2, p<0.01). 

There were no significant interactions and there was no significant difference between the 

speakers. 

For the end frequencies of the baseline, there was only one main effect. A significant effect 

was found for PHRASE position (F(2,10)=10.l, p<0.01). There were no significant 

interactions. The speakers themselves differed significantly in these end frequencies 

(F(l,5)= 27.5, p<0.01). 
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A graphic display of the mean declination lines for the topline and the baseline is given in 

figure 4.1. Since the start and end frequencies were averaged over a number of texts, the 

mean values are no longer in real time, but in a normalized time. Thus the start and end 

frequencies for each position in the sentence and paragraph are plotted against this 

normalized time. 

Figure 4.1: The mean declination of the top- and baselines for the different positions 
in the sentence and in the paragraph 
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In short, the following observations were made based on the statistical analysis and the 

graphic display in figure 4.1. The start frequency of the topline of a phrase is greatest at the 

beginning of a sentence and at the beginning of a paragraph. There is a decrease in start 

frequencies as the phrase is positioned further in the sentence, or further in the paragraph. 

The end frequencies are constant for the topline. Except for the start frequency of the first 

phrase in the paragraph, all the other start frequencies of the baseline are constant. The end 

frequencies of the baseline decrease as the phrase is positioned further in the sentence. 

Finally, for two positions of the phrase in the text the start and end frequencies of the top line 

do not seem to follow the general trend. For the phrase in paragraph medial, and sentence 

final position, the topline does not decline, but resembles a straight line. And for the phrase 

in paragraph final and sentence final position, both the start and end frequency of the top line 

appear to be much lower than the toplines in the other positions. 
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The results of these declination measurements have provided us with one possible way in 

which the declination of a phrase as a function of its position in a sentence for different 

positions in the paragraph can be described. But, as mentioned before, this method of 

declination measurement had some major drawbacks which decreased the validity of the 

model. The same speech material was therefore used to determine the declination for the 

different PHRASE and SENTENCE positions in a different way. 
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4. The regression line method 

4.1. The material 

One may recall that for each of the six different phrases (of different textual content) the 

frequency and time coordinates of the peaks and valleys had been stored in datafiles for the 

nine different positions in a text. From these datafiles a selection was made of peaks and 

valleys which did not deviate from the topline, respectively the baseline, by more than 2 

semitones. The peaks and valleys that occurred in the one phrase containing a reset were 

excluded. The moments of occurrence of these peaks and valleys relative to the phrase 

onset were divided by the duration of the phrase from which they were obtained, so that the 

positions in time of the peaks and valleys were normalized to a scale of 1. In this way, 18 

sets (2 declination lines (top and base) * 9 positions of the phrase in a text) of coordinates 

in the normalized-time by log-frequency domain were obtained. Each set contained about 

20 coordinates, collapsed across speakers. 

4.2. Procedure 

Regression lines were calculated for the 18 sets of coordinates, two for each phrase 

position; one regression line provided an estimate of the baseline, the other regression line 

provided an estimate of the top line. As a result of these calculations we were able to obtain 

the coefficients of the regression line, r, and the standard error of the estimate for each 

regression line. The standard error of estimate (or rather the sample error of estimate of 

linear prediction) refers to the difference between the observed frequencies and the 

frequencies predicted by the regression line. It is determined by taking the square root of 

the quantity: 

cry.x 
2 = l:CY- Y')2 

N 

As an example, figure 4.2 shows the individual coordinates and the resulting regression line 

for phrases in sentence-final and paragraph-initial position read by speaker 2. Each point 

stands for a peak found for the phrase of a certain text. For example, points with the label 

'text 5' represent the peaks found for the phrase in text #5. 
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Figure 4.2: The regression line for the topline calculated over the 6 phrases in 
sentence final and paragraph final position, read by speaker 2 
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Although we were able to obtain both the standard error of the estimate and r, we are mostly 

interested in the standard error. This is because r, the magnitude of the relation between two 

variables, is similar to a description of the slope of the declination lines. And since we study 

the declination lines in normalised time, the slope of a declination line (which relates to real 

time), and r, are not of interest in the current research. 

4.3. Results 

Tables 4.3, 4.4 and 4.5 give an overview of the results of the regression line calculations. 
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Table 4.3: Results of the regression line calculations 

position of 
sentence in 1 
paragraph bfr efr 

1 top 189 140 
r=0.67, SE=l5.6, ST=l.4 

base 125 86 
r=0.70, SE=l2.0, ST=l .6 

2 top 
179 136 
r=0.18, SE=20.7, ST=2.2 

base 108 93 
r=0.58, SE=7.9, ST=l.2 

3 top 166 148 
r=0.18, SE=l9.2, ST=2.l 

base 112 91 
r=0.65, SE=7.6, ST=l.2 

SE= standard error of the estimate (in Hz) 
ST= standard error of the estimate (in semitones) 
r = correlation coefficient 

position of phrase in 
sentence 

2 3 
bfr efr bfr efr 

153 139 152 139 
r=0.69, SE=l4.6, ST=l.4 r=0.32, SE=l5.8, ST= 1.6 

107 88 106 91 
r=0.43, SE=7.3, ST=l.l r=0.47, SE=9.3, ST=l.4 

152 140 138 141 
r=0.69, SE=20.9, ST=2.2 r=0.15, SE=l6.l, SE=l.7 

102 92 106 84 
r=0.38, SE=7.5, ST=l.2 r=0.48, SE=ll.7, ST=l.8 

156 147 145 123 
r=0.04, SE=l6.0, ST=l .9 r=0.27,SE=2l.O, ST=2.3 

107 87 103 83 
r=0.65, SE=8.2, ST=l.3 r=0.70, SE=5.9, ST=l.0 

bfr = start frequency (in Hz) 
efr =end frequency (in Hz) 
1,2,3 = initial, medial, final position 

Table 4.4: The mean start and end frequencies for the different positions of the phrase 

in the sentence 

bfr 

top line 178 

baseline 115 

bfr = start frequency in Hz 
efr = end frequency in Hz 
1,2,3 = initial, medial, final 

1 
efr 

141 

90 

position of phrase in 
sentence 

2 3 
bf r efr bfr efr 

154 142 145 134 

105 89 105 84 
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Table 4.5: The mean start and end frequencies for the different positions of the 
sentence in the paragraph 

bfr 

topline 165 

baseline 113 

bfr = start frequency m Hz 
efr = end frequency in Hz 

1 

1,2,3 = initial, medial, final position 

ef r 

139 

86 

position of sentence in 
paragraph 

2 3 
bfr efr bfr efr 

157 139 156 140 

105 90 107 87 

The standard error of these regression lines appears quite large in Hz, although this is less 

the case in terms of semitones. On average, the standard error is smaller for the baseline 

than for the topline, but this is in accordance with other findings that the differences in 

sentence accents due to textual effects cause greater differences in peak values than in 

valley values ('t Hart et al.,1990). Figure 4.3 is an example scattergram for the topline and 

the baseline of one particular phrase. In the example it may be easily seen that the 

datapoints are much more scattered for the topline than for the baseline. Inspection of the 

recordings indicates that for some sentences some words received a very strong sentence 

accent. It is quite possible that in these cases a ceiling value was reached. Since only six 

texts were used, the amount of data was not large enough to average out these effects. 

Figure 4.3: A scattergram of the top line and baseline for a phrase in sentence final and 
paragraph initial position 
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We now have the start and end frequencies of the topline and the baseline for each position 

of a phrase in the sentence and in the paragraph. It would be of interest to do a statistical 

analysis to compare the regression line coefficients and find out for which of the nine 

positions in the sentence and in the paragraph these coefficients are significantly different 

This could reduce the number of positions in a text that need to be distinguished in a model 

for text intonation. The problem is that there is no standard statistical method to compare 

more than two regression lines. Montgomery and Peck ( 1982) describe a method to 

compare the slope and intercept of one regression line with that of another. But in the 

present case it would mean that the coefficients of each regression line would have to be 

compared to the coefficients of each other regression line. Thus in total, 72 (9*9-9) 

comparisons for the topline, and 72 comparisons for the baseline would have to be done. 

This large amount of comparisons would make it difficult to make unambiguous 

interpretations. It was decided therefore, to refrain from doing such a statistical analysis. 

Instead, it was decided to maintain the distinction into nine different positions. One must 

keep in mind that the reduction in the number of distinct positions that would have been the 

result of statistical analysis will not occur now, so that the model will be too refined. 

In appendix III the results and a graphic display of the results for each individual speaker 

are given for the regression line method. Figure 4.4 shows the declination lines of the 

topline and baselines in the different text positions. Although the results seem to differ 

strongly across speakers, the overall results are remarkably similar to the average 

declination lines (see Figure 4.3) when the regression lines are calculated over the two 

speakers.There are differences in the start and end frequencies for the different positions, 

but the same tendencies found for the conventional method seem to apply here as well. . 
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Figure 4.4: The declination of the top line and the baseline for a phrase in the different 
positions in the sentence and in the paragraph 
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5. Discussion 

Looking back on the results of both the conventional and the regression line method of 

declination measurement, we found that for the topline the start frequency of a phrase is 

greatest when it is at the beginning of a sentence. There is a gradual decrease in start 

frequency as the sentence is placed further in the text. This is in accordance with the 

findings of Sluijter, who found a decrease in the start frequencies of sentences as these 

sentences were positioned nearer to the end of a paragraph. Within the sentence, however, 

there is no gradual decrease in slope, but a great difference in slope between the first phrase 

of the sentence and the second and third phrase. When the sentence is paragraph final, the 

declination line of the last phrase starts lower and ends lower. 

The third phrase of the second sentence is quite particular since in this case one cannot 

speak of declination, but rather of inclination. One possible explanation could be that there 

were specific textual effects for that position in some of the texts. 

Interestingly, the baseline is quite constant. The declination for the first phrase of the first 

sentence is very large, but after that the declination of phrases is of the same size for each 

position, except for a slight decline in end frequencies over the different positions in a 
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sentence. This is very different from the findings of Sluijter, who found a systematic 

decrease in start frequency, varying with the position in the paragraph. In the case of the 

baseline the results confirm Silverman's more than Sluijter's. One might suppose that it is 

not the global declination a speaker uses as a cue for text intonation, but only the frequency 

at which to start an utterance and at which to end it. 

When globally comparing the acoustic measurements and the perception experiment, we 

find that some tendencies found in the acoustic measurements are also reflected in the 

results of the perception experiment. For instance, in the acoustic measurements it was 

found that the start frequencies of the topline was significantly different for the different 

PHRASE positions. When permuting these PHRASE positions, as was done in the 

perception experiment, it would be likely that these differences in start frequencies are 

perceived. The results of the perception experiment seem to be in line with this idea, since 

there was a significant effect for permutation in the acceptability ratings. The same applies 

to the substitution of phrases: a significant difference was found in the acoustic analysis 

between the start frequencies of the different SENTENCE positions, and in the perception 

experiment the substitution of one phrase for another spoken in a different SENTENCE 

position caused the acceptability ratings to be significantly lower. 

There was a point in which the results of the perception experiment and the acoustic 

analysis were not in accord. Namely, looking at figure 4.1 or 4.4 one may see that the main 

difference in start frequencies for the different PHRASE positions lies between the 

sentence initial and the sentence non-initial positions. Between the two non-initial positions 

(sentence medial and sentence final) the difference is not so great. This could imply that 

permuting phrase would be less acceptable if the first two phrases of a sentence were 

switched, than if the last two phrases of a sentence were switched. However, the results of 

the perception experiment show something different. There we find that the permuted 

sentences with the main clause in sentence final position (in which the first two phrases 

have been switched) are more acceptable than those sentences with the main clause in 

sentence initial position (in which the last two phrases have been switched). A possible 

explanation for this disagreement in results may be that the effect of switching boundary 

markings has had a greater influence on the acceptability ratings, than the size of the 

differences in start frequencies of the three PHRASE positions. 
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All in all, from the acoustic measurements (both the means and calculations of the 

regression lines) it was now possible to extract some global properties and to formulate a 

model for text intonation. The next chapter will contain a description of the model. 
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CHAPTER 5: The Model 

1. Introduction 

Based on the results obtained from the acoustic measurements, a model was formulated for 

text intonation. Instead of simply taking the outcomes of the acoustic measurements, it was 

decided to represent only the global tendencies found in the results, since we wanted a 

generalized model for text intonation. Thus, the very specific differences that were found 

between some PHRASE positions were not taken into account. For example, if one 

observes Fig. 4.1 or 4.6 in the previous chapter, one will see that the declination of the 

topline for sentence final, paragraph medial position, is quite deviant. The declination line 

for this position is inclining rather than declining. Since we were unable to determine the 

cause for this 'quirk', we did not include it in the model, but made the assumption that it 

was incidental and discarded the difference between this phrase and that of the second 

phrase in the same sentence. 

The model is also based on another assumption. Namely, we assumed that the nine different 

text positions that were measured did not only represent that specific position in a text, but 

represented all other initial, medial and final positions in sentences and paragraphs, 

regardless of the number of phrases in a sentence, or sentences in a paragraph. In other 

words, the sentence medial phrases represent all non-sentence initial, non-sentence final 

phrases, while the paragraph medial sentence represents all paragraph non-initial and 

paragraph non-final sentences. For example, the declination line of a sentence medial 

phrase would refer to the second, third and fourth phrase in a five-phrase sentence. 

2. Characteristics of the model 

Table 5.1 shows the start and end frequencies for the different text positions in the model; 

Fig 5.1 shows both the toplines and the baselines for the nine different positions of the 

pluase in a text. 
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Table 5.1: The mean start and end frequencies of the toplines and the baselines 

position of the phrase 
in the paragraph: 

1 top line 

baseline 

2 top line 

baseline 

3 top line 

baseline 

bfr = start frequency in Hz 
efr = end frequency in Hz 
1,2,3 = initial, medial, final 

initial 
bfr ef r 

190 140 

125 85 

180 140 

105 85 

166 140 

105 85 

position of the phrase 
in the sentence 

medial final 
bfr efr bfr 

153 140 153 

105 83 105 

153 140 153 

105 83 105 

153 140 140 

105 83 105 

efr 

140 

80 

140 

80 

130 

80 

Fig. 5.1: The modelled declination lines for the nine positions of the phrase in the text 
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Several of the effects found in the acoustic measurements are represented here. These 

effects are: 
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For the topline: 

1) The first phrase in a sentence has a much higher starting frequency than the other two 

phrases. 

2) There is a decrease in the starting frequency of the first phrase of a sentence, as a 

sentence is positioned further in the paragraph. 

3) The starting frequency for the second and last position in a sentence is similar, except 

for the last phrase in the last sentence which starts at a lower frequency than the phrase in 

second position. 

4) The end frequencies are constant, except for the last phrase in the last sentence, which 

reaches the lowest frequency. 

For the baseline: 

1) The first phrase in the sentence in paragraph initial position has the highest starting 

frequency; for the other positions the starting frequency of the declination lines is constant. 

2) The end frequency of each phrase declines slightly as the position of the phrase is further 

in the sentence. 

For the range: 

1) The range at the beginning of a sentence initial phrase varies as a function of the 

position of the sentence in the paragraph. In terms of semitones the ranges of the sentence 

initial phrases are: 

for the paragraph initial position: 

for the paragraph medial position: 

for the paragraph final position: 

7 .2 semitones 

9.3 semitones 

8.1 semitones 

2) A particular feature of the model is that the declination lines, instead of converging, 

diverge at the end of a phrase. This is in contrast with what is usually found in declination 

measurements. The main difference lies in the topline, which is less steep than one would 

expect. However, the model has not yet taken into account the effects of prominence. In 

Sluyter's research (1991) ad-hoc rules for prominence were applied to a model for 

paragraph intonation. These rules involved setting accents in an utterance to 100%, 70% or 

40% of the topline, depending on the position and the type of accent. If similar rules are 

applied to the current model, the decrease in the frequency of the peaks in an utterance will 
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become greater. That is, the toplines specify the frequency of accents covering the full 

range, but within the phrase phonological rules may apply to successive accents which 

make them cover only part of the range. 

Although the model is quite similar to the results of the acoustic analysis, several aspects 

of the results are not included in the model. One example is the 'quirk' described in the 

introduction of this chapter, which was excluded from the model because it was assumed 

to be incidental. In addition, the start and end frequencies used in the model are not exactly 

similar to those found in the results (of either the conventional or the regression line 

method). Start or end frequencies that were not significantly different, for instance, were 

given similar values in the model, although in the results they could differ by a few Hz. On 

the whole, the start and end frequencies in the model are mostly based on the results of the 

regression line calculations because we assume the method to be more reliable than the 

conventional method. 
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CHAPTER 6: Discussion and conclusions 

1. Main findings 

The fact that the intonation of a prosodic unit is influenced by its position in a greater unit 

has by now been well established, both for sentences in paragraph context and phrases in 

sentence contexts. In the present study an attempt was made to determine whether and how 

text structure influences the intonation in multi-phrase sentences. The aim was to do 

acoustic measurements on a number of read aloud texts, which could eventually lead to the 

formulation of a model for text intonation. 

Before doing these acoustic measurements a perception experiment was done to make sure 

that differences in the declination of phrases in different text positions could be perceived 

by listeners. The research questions on which this experiment was based were: 

a) Do listeners judge sentences in which the order of phrases is permuted (although 

content and grammar are kept constant) to be less acceptable than sentences in 

which the phrases have retained their original position? 

b) And does this apply equally if the sentences have been read in different positions in 

the text? 

The results of the perception experiment indicated that listeners found the sentences with 

permuted phrases less acceptable than those with the phrases in original order. In addition, 

a manipulation was applied by which a phrase was replaced by an identical phrase, but read 

in a different position in the paragraph, while keeping the serial position in the sentence 

constant (substitution). The listeners found sentences with substituted phrases less 

acceptable than the original sentences. The second part of the research question could also 

be answered affirmatively, since the same results were obtained for different positions in 

the paragraph. The results justified doing the acoustic measurements in order to formulate 

a model for the intonation of texts containing sentences with multiple phrases. 

The main research question for the acoustic measurements was: 
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How does the declination of a phrase, as a function of its position in the sentence, 

vary in different paragraph positions? 

Two different approaches, the conventional and the regression line method, were used for 

the acoustic measurements, since some difficulties were encountered trying to perform the 

originally planned method and because the material offered a new approach to these 

problems. The results for the two methods eventually proved to be rather similar. However, 

the regression line method was considered to be more reliable, mainly because in this 

method more data was used to determine the declination lines. One main problem with the 

regression line method was that there was no standard statistical analysis to evaluate the 

results. 

Based on the results of the acoustic measurements the research question above could be 

answered by formulating a model for text intonation. In the model the effect of paragraph 

position is represented by a decrease in the start frequency of the topline of a sentence with 

an increase of the serial position of the sentence in the paragraph. The effect of sentence 

position is mainly represented by the differences in the start frequencies of the toplines in 

the different positions in the sentence. Basically, the model generates large declination 

resets, both for the top- and the baseline, at sentence boundaries, and small ones at phrase 

boundaries within sentences. The size of resets at sentence boundaries decreases in the 

course of the paragraph. In addition, the range in the last phrase of the paragraph is 

compressed by a lowering of the topline. A very typical characteristic of the model is that 

the range between the top- and baseline increases throughout each individual phrase. The 

model incorporates elements from different models for text intonation which have been 

proposed so far. 
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2. Relation to Other Studies 

We now have a model for text intonation. Before continuing with discussing the restrictions 

of this research and the concluding remarks, we first wished to see how our model relates 

to the other studies in text intonation. 

With respect to Lehiste's (1975) results, little can be said, since her results are reported in 

such a way to exclude a comparison with the current outcomes. Namely, her acoustic 

measurements were done on frequency peaks and word or phrase durations of paragraph 

initial sentences, while we focused on the declination lines of sentences in three positions 

in the paragraph. Nevertheless, we find that at paragraph initial position, sentences have a 

higher FO at accent peaks. This is comparable to our model, where we find that for both the 

top- and baseline the start frequency is highest in paragraph and sentence initial position. 

Looking at Bruce's (1982) results, we find the same effect that listeners prefer texts with 

sentences in their original order significantly above texts with sentences in a permuted 

order. Bruce also finds from his acoustic measurements that there is some form of tonal 

coupling of a constituent sentence to the preceding constituent sentence. This is especially 

apparent in the fact that the FO minimum of the first accent of the second sentence has a 

similar value to that of the FO minimum of the last accent of the preceding phrase. He 

concludes that, in a text, speakers match the initial part of a second utterance to the final 

part of a preceding utterance, unless a new downdrift (or reset) is started, reflecting a topic, 

or subtopic shift. The current model is similar to that of Bruce in that there is a downdrift 

in fundamental frequency over utterances (although we refer to it as the declination of the 

top- and the baseline) until there is a reset. 

One of the major contrasts between the different models is in the amount of lookahead 

required. On one hand there is Thorsen, who implies much lookahead with her model for 

supradeclination and her 'wheels within wheels hypothesis' (Thorsen,1985; van der 

Berg, 1992). The current model also requires lookahead, although not as much as Thorsen 

suggests. Thorsen's 'wheels within wheels' hypothesis expects a speaker to know at the 

start of a phrase that that phrase is sentence medial or final, and that the sentence is 

paragraph medial or final. In our model the speaker is only expected to know that a sentence 

is paragraph medial or final because the onset frequency of the topline of a sentence 
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decreases as the sentence is positioned further in the paragraph. He does not have to 

distinguish the sentence medial and final positions, since the sentence medial and final 

positions have identical start frequencies for both the top- and the baselines (except for the 

final lowering in the last phrase of the paragraph). Note that the current model makes the 

assumption that there is no decrease in start frequencies over the paragraph medial 

sentences, in contrast to Thorsen's supradeclination hypothesis. The assumption the current 

model makes was based on Sluijter's data which indicated that there are only three 

significantly different SENTENCE positions. 

Models that imply much less lookahead are those of Silverman and Sluijter. Since the 

present model is quite in line with these models, the remainder of this chapter will be 

concerned with a more detailed comparison between the proposed model and theirs. 

2.1 Sluijter's model 

A question which arises is whether this model is compatible with that of Sluijter and 

whether it can be seen as an extension of her model for multi-phrase sentences. Sluijter had 

two versions of her model: the basic model and her model extended with rules for 

prominence and resets. The basic model consisted of start and end frequencies of top and 

baselines for single-phrase sentences in three SENTENCE positions: paragraph initial, 

paragraph medial, and paragraph final. The essence of the model is that the end frequencies 

of both top- and baselines are constant, and that both lines rotate around these end 

frequencies, as a function of SENTENCE position. In other words, the range at the start of 

a sentence is constant over the three paragraph positions, but the entire range is lowered 

when the sentence is positioned further in the text. The declination lines for the three 

different positions according to this model look like fig. 5.2. 

Several remarks can be made, comparing Sluijter's model to our model. We find that for 

both models the end frequencies of sentences are constant. The only exception is in the 

topline of the paragraph-final phrase of the current model, where the end frequency is 

lowered. But whereas the range at the beginning of a sentence is kept constant in Sluijter's 

model, the range varies in our model as a function of paragraph position. Another similarity 

is that the decrease in start frequencies of the toplines over the three paragraph positions is 

apparent in both models. 
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Fig. 5.2: Sluijter's model for paragraph intonation 
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In Sluijter's basic model there are declination lines for the three paragraph positions, but 

there are no resets within a sentence. This was compensated by adding ad-hoc rules for 

prominence and baseline resets to the model. The adjustments for prominence are made by 

setting accents to 100%, 70% or 40% of the topline, depending on the position and type of 

accent. A reset in the topline was a simple reset to 100%. For the baseline no adjustments 

for prominence are made. Resets for the baseline were simulated by a three semitone jump 

(a raised baseline until the first accent) at the start of each new phrase in a sentence. Figure 

5.3 shows Sluijter's extended model for paragraph intonation. 

Fig. 5.3: Sluijter's extended model for paragraph intonation 
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The application of the rules for prominence and resets cause Sluijter's model to resemble 

our model some more. For instance, the rules for prominence allow for some form of a reset 

in the topline, by resetting to 100%. However, this causes a gradual decline in start 

frequencies within a sentence, while our model only distinguishes initial sentence positions 

from non-initial sentence positions. Furthermore, the small jump in pitch of the baseline, 

supposed to represent a reset, only effects the beginning of a phrase, while in our model the 

reset effects the whole phrase by raising the start frequency of the baseline. 

On the whole, we find that Sluijter's model, when extended with ad hoc rules for 

prominence and resets, requires more lookahead than our model. In both cases the reader 

needs to be aware that the sentence is paragraph medial or final, but does not need to 

distinguish sentence medial and final positions. But in Sluijter's extended model, 

declination within sentences is computed over the whole sentence. Hence, at the beginning 

of the sentence, the model needs to know how long the sentence lasts. 

In short, there are quite a few differences between this model and that of Sluijter's basic 

and extended model. Since the current model is based on acoustic measurements, unlike 

Sluijter's extended model, one might expect it to be a better characterization of the 

speaker's behaviour. Whether it is also perceptually more appropriate needs to be tested in 

subsequent experiments. 

2.2 Silverman's model 

Since Sluijter found several similarities between her model and that of Silverman, it is of 

interest to discover how the present model compares with Silverman's algorithm for 

paragraph intonation. 

Silverman's model is based on three values, namely CElLING, REF and FLOOR. 

CElLING stands for the highest intonational target in an utterance. REF, which is situated 

between CEJLING and FLOOR is the reference value to which intonation targets are 

scaled. FLOOR stands for the lowest PO-value. It is constant for one speaker, and is based 

on the low final end points of declarative sentences. Some of the main rules for Silverman's 

intonational model are given below: 
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1) At the start of a paragraph, temporarily increase CEIL.1NG and REF by 90% relative to 

FLOOR. Thereafter this percentage increase should be halved at each subsequent tone 

group boundary until the normal range has been resumed. Throughout the body of the 

paragraph maintain the range at this normal value, then 

2) During the final two seconds of the paragraph, linearly decrease CEIL.1NG and REF 

(relative to FLOOR) till at the paragraph end the range is 30% narrower than it was at the 

start of those two seconds 

These rules are graphically represented in figure 5.4. 

Fig. 5.4: Silverman's intonational model 
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Although this model does not refer to declination lines, there are several analogies between 

the two models. One of them is Silverman's proposed initial rising at the start of the 

paragraph. We find it in our model both for the top and baseline. For both declination lines 

the starting frequency for the paragraph initial, sentence initial position is much higher than 

for all other positions. 

48 



Another similarity is that Silverman's model also includes measures for creating a 

paragraph-final lowering. In our model this is apparent in the lower start and end frequency 

of the topline of the last phrase in the last sentence. 

However, one major difference between the two models is that there do not appear to be 

any resets between sentences in Silverman's model. The CEILING is lowered each time a 

new tone group boundary is reached, but there are no rules that cause CEILING to be raised 

at the start of a new sentence. In our model these resets between sentences are very obvious. 

Similarly, there are also no specific rules for resets within a sentence in Silverman's model. 

In this respect, our model resembles Thorsen's 'wheels within wheels' model more than 

Silverman's model. 

On the whole there is extremely little lookahead in Silverman's model compared to the 

other models. According to this model the speaker simply begins at a certain pitch, and then 

gradually lowers it each time he comes across a new tone group boundary. There are no 

distinctions between different sentence or paragraph position, except for the very beginning 

of a paragraph and the end of that paragraph. The speaker is not expected to know the 

position of the phrase in a sentence, because there are no resets in the model, and simply 

keeps on gradually lowering the FO, regardless of whether the end of a phrase or sentence 

is reached. Neither is he expected to know the position of an utterance in a paragraph, 

unless it is at the very end of the paragraph (the last two seconds). 

This is in contrast with the present model, where, because there are resets of different sizes 

between the phrases, the speaker is expected to differentiate sentence initial and sentence 

non-initial phrase positions. Besides this the speaker is also supposed to know the position 

of the sentence in the paragraph (initial, medial or final), since the start frequencies of the 

sentence varies with the position of the sentence in the paragraph. 

Concluding this comparison of our model to other models, we find that in terms of 

lookahead Silverman's and Thorsen's model form the two extremes, while Sluijter's model 

and the current model require lookahead only partially. 
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3. Restrictions and suggestions for further research 
Several problems were encountered in this research. First of all, the texts used for this 

experiment had not been tested to see whether the orthographic structure of the paragraphs 

were in accordance with the way the readers perceived these paragraphs. This problem was 

lessened greatly by instructing the readers to read the paragraph as it appeared in the text 

as one unit, even though this might not be the way in which they would have structured the 

text on the basis of its contents. Double checking to see if this was adequate might improve 

the reliability. 

The perception experiment had one major restriction. As had been mentioned in chapter 2, 

the material used for the experiment consisted of natural speech. Altering the position of 

phrases not only meant altering the declination lines of these phrases, but also altering 

prosodic properties such as boundary marks, continuation rises, and speech rate. To 

determine to what extent the declination of phrases played a role in the acceptability 

ratings, a similar experiment would have to be performed, but now with speech synthesized 

using the present model developed in this research. A great advantage of doing the 

experiment with synthesized speech is that the results of the perception experiment and the 

acoustic measurements can then be compared statistically. 

The main problem with the acoustic measurements was that there were not enough 

measurements to obtain very reliable and specific results. The regression line approach 

reduced the problems in determining declination lines to some extent, but it is apparent that 

many textual effects remained. More material to analyse (such as repetitions of the same 

texts, more texts, and/or more speakers) would enable the creation of a more refined and 

empirically more justified model. 

There is much room for further research. Especially interesting would be to test whether the 

present model does indeed cause texts containing multi-phrase sentences to be perceived as 

being more acceptable and to be closer to Terken's (1988) HUMAN status.This model 

could then be tested again other models, such as the SPIN-ASSP model or Sluijter's model. 

Furthermore, the boundaries between the phrases that were studied in this context were of 

a constant syntactic and rhetoric structure. Syntax was kept constant by having two 

subordinate clauses and one main clause in each sentence. Starting both subordinate clauses 
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with 'because' kept the phrases rhetorically constant. However, Terken (1993) has pointed 

out that intonation may be influenced by the type of syntactic boundary between phrases. 

It is therefore very possible that the results for the acoustic measurements would have been 

different if the phrases had been of another syntactic category. Hence, a study is required 

to find out if the global tendencies we found would be the same in other syntactic structures. 

This research also limited itself to one aspect of prosody, namely declination lines. To focus 

on other prosodic areas such as pause durations and speech rate would greatly enhance the 

present model for text intonation. 

Another major issue is the integration of the current model with phrase-internal processes 

affecting the scaling of successive peaks. 

All in all, it is obvious that there is still much room for further research on the topic of text 

intonation and multi-phrase sentences. 

4. Conclusions 

In conclusion we may state that this research has shown that the declination of phrases 

varies with the position of the phrase in a text. An algorithm for text intonation that does 

not treat single- and multi-phrase sentences in the same way might improve the 

acceptability ratings of text to speech systems. The model we have formulated may be quite 

crude, but it is more complete than other existing models in the sense that the position of a 

phrase in the sentence, and the position of the sentence in the paragraph are treated 

independently. The present study has only made a beginning for modelling intonation for 

texts containing multi-phrase sentences, but it has been shown that it would indeed be 

worthwhile to concentrate more on this research topic. 
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APPENDIX 1 

Example of a text: 

Volgende maand verschijnt in Amerika deel een van het eerste woordenboek van het 

Sumerische spijkerschrift. Het is gemaakt door een team van de universiteit van Pennsyl

vania. De leiding van deze onderneming lag bij de Zweedse hoogleraar Ake Sjoberg, die 

vanaf 1976 tot zijn pensioen aan het woordenboek gewerkt heeft. 

Het zal nog een fiinke tijd duren voor het woordenboek af is, omdat er maar weinig spij

kerschriftdeskundigen zijn voor het vertaalwerk, en omdat het woordenboek in totaal 

tweeentwintig delen zal omvatten. Alleen al drie delen zijn nodig om alle woorden die met 

een "a" beginnen te herbergen. Het Sumerisch ken ook vele synoniemen. Het woord 

"dadelpalm" bijvoorbeeld wordt op 175 verschillende manieren geschreven. Er zijn vier

honderdduizend woorden in het Engels vertaald. 

Het spijkerschrift wordt gerekend tot de belangrijkste uitvindingen van de Sumeriers, een 

volk dat omstreeks 3000 voor Christus in Mesopotamie woonde. Zij krasten de tekens in 

nog natte kleitabletten die zij vervolgens bakten. Dit spijkerschrift heeft de basis gelegd 

voor de latere ontwikkeling van de ons bekende schriftsystemen. 
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APPENDIX2 

The results of the declination measurements (the conven

tional method) for each speaker 

Table 1: The mean start and end frequencies of the toplines and the baselines for 

speaker 1 (n=12) 

SENTENCE 
position: bfr 

1 top 182 

base 122 

2 top 172 

base 111 

3 top 160 

base 114 

mean top 171 

base 116 

bfr = start frequency in Hz 
efr = end frequency in Hz 
1,2,3 = initial, medial, final 

1 
ef r bfr 

142 143 

94 105 

140 142 

95 101 

142 142 

94 101 

141 142 

94 102 

PHRASE 
position 

2 3 mean 
efr bf r ef r bf r efr 

136 151 127 159 135 

91 104 90 110 92 

140 146 132 153 137 

93 105 87 106 92 

144 133 126 144 137 

96 105 88 107 93 

140 143 128 152 136 

93 105 88 108 92 
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Table 2: The mean start and end frequencies of the toplines and the baselines for 

speaker 2 (n=12) 

SENTENCE 
position: bfr 

1 top 201 

base 127 

2 top 187 

base 105 

3 top 180 

base 106 

mean top 189 

base 113 

bfr = start frequency in Hz 
efr = end frequency in Hz 
1,2,3 = initial, medial, final 

1 
efr bfr 

155 168 

83 107 

148 170 

89 104 

152 170 

85 101 

152 169 

86 104 

PHRASE 
position 

2 3 mean 
efr bfr efr bfr efr 

156 156 158 175 156 

85 108 83 114 84 

153 147 162 168 154 

80 109 81 106 83 

138 157 142 169 144 

78 103 79 103 81 

149 153 154 171 151 

81 107 81 108 83 
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Fig 1: 
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APPENDIX3 

The results of the regression line calculations (the regres
sion line method) for each speaker 

Table 1: Results of the regression line calculations for speaker 1 

SENTENCE 1 
position bfr efr 

1 top 182 132 
R=0.45, SE=20.4, ST=l.8 

base 119 96 
R=0.47, SE=l2.4, ST=l.7 

2 top 
171 134 
R=0.53, SE=l7.6, ST=l.7 

base 113 95 
R=0.61, SE=6.5, ST=l.0 

3 top 158 145 
R=0.24, SE=l5.7, ST=l.6 

base 116 94 
R=0.48, SE=I0.2, ST=l.5 

SE= standard error (in Hz) 
ST= standard error (in semitones) 
r = correlation coefficient 

PHRASE position 

2 
bfr efr 

141 128 
R=0.18, SE=l6.4, ST=l.9 

106 92 
R=0.45, SE=8.8, ST=l.4 

144 129 
R=0.30, SE=l6.8, ST=l.9 

101 96 
R=0.19, SE=7.9, ST=l.4 

135 147 
R=0.32, SE=9.5, ST=l.2 

111 94 
R=0.39, SE=l3.6, ST=2.0 

bfr =start frequency (in Hz) 
efr =end frequency (in Hz) 
1,2,3 =initial, medial, final 

3 
bf r ef r 

156 155 
R=0.53, SE=l8.0, ST=l.9 

107 80 
R=0.46, SE=8.7, ST=l.4 

144 155 
R=0.00, SE=l3.9, SE=l.6 

108 80 
R=0.60, SE=6.l, ST=l.0 

163 136 
R=O.l7,SE=l3.4, ST=l.4 

102 80 
R=0.69, SE=4.5, ST=0.7 
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Table 2: Results of the regression line calculations for speaker 2 

SENTENCE 1 
position bfr efr 

1 top 193 149 
R=0.72, SE=12.l, ST:::l.1 

base 129 79 
R=0.84, SE=I0.5 ST=l.4 

2 top 
184 138 
R=0.78, SE=ll.2, ST=l.0 

base 102 93 
R=0.28, SE=6.3, ST=l .O 

3 top 172 155 
R=0.34, SE=l4.3, ST=l.4 

base 109 85 
R=0.63, SE=6.4, ST=l.0 

SE = standard error (in Hz) 
ST= standard error (in semitones) 
r = correlation coefficient 

PHRASE position 

2 
bfr ef r 

164 149 
R=0.22, SE=l9.1, ST=l.9 

109 82 
R=0.76, SE=6.4, ST=l.0 

169 146 
R=0.31, SE=19.2, ST=l.9 

104 84 
R=0.71, SE=5.5, ST=0.9 

170 152 
R=0.39, SE=l2.3, ST=l.2 

101 80 
R=0.71, SE=5.7, ST=l.0 

bfr =start frequency (in Hz) 
efr =end frequency (in Hz) 
1,2,3 = initial, medial, final 

3 
bfr ef r 

152 139 
R=0.01, SE=13.3, ST= 1.5 

106 91 
R=0.83, SE=5.6, ST=0.9 

138 141 
R=0.26, SE=l2.7, ST=l.5 

106 84 
R=0.73, SE=8.8, ST=l.4 

145 123 
R=0.36, SE=19.5, ST=2.l 

103 83 
R=0.76, SE=6.2, ST=l.0 
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Figure 1: The declination of the topline and the baseline, resulting from 

the regression line calculations, for the different PHRASE 

and SENTENCE positions (speaker 1) 
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Figure 2: The declination of the topline and the baseline, resulting from 
the regression line calculations, for the different PHRASE and 
SENTENCE positions (speaker 2) 
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Figure 3-11: scattergrams of the toplines and baselines for the nine dif
ferent text positions (frequency in Hz) 
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Fig 5: paragraph initial, sentence final 
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Fig 7: paragraph medial, sentence medial 

~ 
u 
c • 
& • • • 

400 

200 

75 

normalized time 

topline -
baseline --· 

topline coordinates • 
baseline coordinates + 

Fig 4: paragraph initial, sentence medial 

400 

200 

topline -
baseline ----· 

topline coordinates t 
baseline coordinates + 

150~ tv •! •• +•• 
·~. ... +* • • 

!---....---•-+ + : • + 
100 ,+" --.-.-+-."--+--,it-±..-L_____ + 

+ + -r--.-----t-----±-----..., 
t +•t 

75 

normalized time 

Fig 6: paragraph medial, sentence initial 
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Fig 8: paragraph medial, sentence final 
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Fig 9: paragraph final, sentence initial 
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Fig 11 : paragraph final, sentence final 
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Fig 10: paragraph final, sentence medial 
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