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Abstract 

In De Zitter (to appear) it was shown that variation of the shape 

of a pitch contour is perceptually more salient than variation of the 

excursion size of the prominence lending movement s. As a conse

quence of this finding it became necessary to find some underlying 

rules that govern the choice between different pitch contours. Based 

on the results of a corpus analysis of spoken utterances ( carried out 

by Kruyt 1985 ), a first experiment was carried out to investigate 

whether the choice between two pointed hats and a flat hat (both 

belonging to the hat pattern) based on the underlying syntactic re

latedness is perceived as more natural than versions without this 

syntax-based choice. The results give rise to the assumption that, 

although listeners can clearly hear the differences, both pitch con

tours are percei ved as equally natural. Only for a sequence of two 

accented adverbs where the fust adverb modifies the second, a signi

ficant preference for a flat hat is observed.Nevertheless, it is argued 

that this significance is due to other factors than syntax, viz. the 

semantic markedness of the first adverb. 

A second perception experiment has been run to investigate the re

lation between the depth of the syntactic boundary between two 

accented words and the possibility to mark it either by a continu

ation rise or by a non-final fall. A second a.im of this experiment 

was to check whether there are syntactic constraints on the use of a 

so-called 'terrace contour'. The results of this experiment show two 

tendencies. First, the terrace contour can best be used on accented 

words that have a close syntactic relationship. Second, a continua

tion rise and a non-final fall can only be applied to deep syntactic 

boundaries (e.g. between the NP and the VP). 

Further research will be necessary in order to find syntactic evidence 

for assigning other pitch contours as well. On this basis the intona

tional component in a Dutch text-to-speech system can be improved. 
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1. Introduction. 

1. 1. Intonation in nat ural speech. 

In a spoken utterance, the fundamental frequency (Fo) exhibits a large 

number of local pitch rises and falls. This is called the intonation. Thus, 

the intonation of an utterance is a complex of so-called pitch movement.,. 

The sequence of these pitch movements in a certain utterance is called 

the pitch contour of that utterance. The contour is the ensemble of local 

movements. 

The pitch movements can be theoretically classified as a function of, among 

other things, their capacity to lend accent and on their place in the syl

lable. On this basis five rises and five falls are distinguished ('t Hart and 

Collier 1975). All these movements are superirnposed on a baseline with 

a gradually falling overall pitch, which is called the declination of an ut

terance. 

The pitch contours can also be grouped in six different intonation pat

tern., ('t Hart and Collier 1975). These patterns are abstract categories 

which can have different concrete realizations in the form of concrete con

tours. An example of such a patteren is the 'neutral declarative' pattern, 

often cal.led the hat pattern. It can be realized for instance by a contour 

that consists of a rise-fall combination on every accented syllable (pointed 

hats ), a rise on the penultimate accent and a fall on the ultimate accent 

( thus resulting in a flat hat ). According to Gussenhoven this flat hat can 

be derived from two pointed hats by means of the Tone Linking Rule or 

the N arrative Rule ( Gussenhoven 1988). Figure 1 shows a contour belong

ing to the hat pattern. 

A 'grammar' has been developed that describes all possible concatena

tions of movements into 'grammatica!' con tours ( 't Hart and Collier 1975 ), 

thus providing a representative description of nat.ural Dutch intonation. 

1.2. Intonation in synthetic speech. 

Given the location of accents in a certain utterance ( as generated by a 

prosodie parser, Kager and Quené 198ï), a grammatica} pitch contour 

4 



> 
::J 

500 -._._~......__~ ......... _._~---......... ~ ......... ---._.~ ......... ---._.~_._~ ......... ~_.__._~~_._ ......... .-_..._._._ .... 

400 

300 

N 200 
::c 

0 
lL 

100 ---_/\___ _ _j \_ __ 
50 +---~~~~~~--~~--~~---~-~~~-------~~~.--.~~~~~ 

0.0 0.8 1.6 2.4 3.2 4.0 

t (s) 

Figure 1: Exa.mple of a. pitch contour belonging to the hat pattern. 

can automatically be generated by means of an algorithm that incorpo

rates the rules of the intonation grammar (Zelle 1982). For this aim several 

standardizations have been made: 

1. the overall slope of the declination is fixed by the formula D •tl• -

-11/(t + 1.5). The end frequency of the baseline is 75 Hz, the begin 

frequency depends on the length of the utterance. 

2. the size of the pitch movements is standardized. An accent-lending 

rise starts 70 ms before vowel onset, an accent-lending fall starts 

80 ms after vowel onset. All movements have a standard size of 6 

sem.itones (ST) ( although there area few exceptions) and a standard 

duration of 120 ms. 

3. the choice of a specific pattern and its realization as a contour is 

almost always restricted to the hat pattern (see figure 1). 

With this algorithm every utterance can be provided with an acceptable 

sounding pitch contour. However, for longer stretch es of speech ( such as 

long sentences and texts) people seem to m.ind the repetition of the same 
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melodical recipe, so that a certain extent of variation is needed in either 

the declination, the size of the movements or the choice of contours ( or a 

combination). In order to find out which of these parameters could best 

be varied to improve naturalness, Terkeu (1988) has compared different 

melodical variations of these three parameters. He found that listeners 

do not seem to mind the recurrence of the same pattern, as long as they 

hear some variation in either the size of the pitch movements or the rate 

of the declination. However, De Zitter (to appear) found that variation 

between different pitch contours is perceptually more salient than varia

tion of excursion size. Therefore, one might expect that the naturalness 

of the intonation in synthetic speech can also be improved by alternating 

the contour shape of the utterance. In this report two examples of such 

contour variation are investigated. In section 2 an experiment is described 

that checks whether naturalness can be improved by alternating between 

two pitch contours belonging to one and the same pattern, viz the hat 

pattern. This variation is based on the results of an analysis of a corpus 

of spoken utterances, clone by Kruyt (1985). 

2. Alternation between two pointed hats and a flat hat. 

2.1. The corpus analysis of Kruyt (1985). 

The aim of the analysis of a corpus of about 500 spoken utterances, as 

carried out by Kruyt (1985), was to find some principles underlying the 

choice of either a combination of two pointed hats or a flat hat. More 

precisely the question was: is there any syntactic reason for combining 

two successive accents by either two pointed hats or one flat hat? To in

vestigate this question subjects were instructed to read aloud 500 written 

sentences in a news item context. 

Two conditions were taken into consideration: 

• Sentence po.sition: + or - f sentence finalj. N ote, however, that no 

distinction has been made between + and - [contour final] . This is 

important since, according to the lntonation Grammar for Dutch, a 
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Table I: Percentages of flat hat occurence based on the Kruyt corpus analysis 

(Kruyt 1985:84-Sï). For the noun-noun sequences a distinction is made 

between sequences belonging to the same constituent (like in 'She reads 

newspapers and bool.s') and sequences belonging to diferent constituents 

(like in 'He gave the apple to his sister'). (The '?' indicates that no 

data are given.) Note also that the scores are obtained on the basis of a 

histogram as given by Kruyt. The nurnber of cases these scores are based 

on, are given between brackets. 

Noun Noun Adjective N oun 
-

same const. different const. 

[ +sentence final] 49 (164) 5ï (ï4) 92 (164) 

[-sentence ftnal] 5 (21) 
.., 

49 ( 71) 

flat hat can only occur in [+contour final] position. Thus, whereas 

every [+sentence final] position autornatically implies also [+contour 

final], this cannot be said about the [-sentence final] positions. Kruyt 

has not indicated which of the [-sentence final] positions is [+contour 

final]. 

• syntactic structure. A distinction has been made between noun-noun 

sequences ( + or - belonging to the sarne constituent) and adjective

noun sequences ( always belonging to the same constituent). 

Table I shows the results of this analysis. 

The results show two clear tendencies. First, two consecutive accents 

in [+ sentence final] position show a preference for a flat hat contour, in 

particulary when the accented words form an Adjective-Noun constructjon 

(92 %). Second, two successive accented nouns were mostly realized by 

two pointed hats ( note that the score for two accented noun belonging to 

7 



different constituents is not given for the [-sentence final] position, since 

these data are not mentioned in Kruyt 198-5 ). The two effects cumulate: 

two accented Nouns in [- sentence final] position are almost exclusively 

realized by two point<>d hats, whereas an accente<l A<ljective followed by its 

accented Noun in [ +sentence final] posit.ion nearly always results in a flat 

hat. Finally it should be noticed that the results for the [-sentence final] 

position should be interpreted with caution. More specifically, it is not 

clear how the results for the adjective-noun sequeuce must be understood: 

how many of these cases also were [+phrase final), is not clear. 

2.2. Perceptual evaluation: experiment 1. 

2.2.1. Aim of the experiment. 

In 1.2. it was mentioned that the difference between a flat hat and two 

pointed hats is far more conspicuous than variation of the excursion size 

of the prominence-lending movements. In the corpus analysed by Kruyt 

it is observed that there exist certain syntactic tendencies that govern 

the choice het.ween a flat hat and two pointed hats. As a consequence of 

these two findings, the following question arises: is intonation in synthetic 

speech perceived as more natural when there is an alternation of contour 

shape that is based on these syntactic cues? In order to get insight in this 

problem, we have performed a perception experiment in which subjects 

had to give preference judgments of intonational versions that were varied 

according to the syntactic relation between the last two accented words. 

2.2.2. Method. 

Stimuli. 

In the presented stimuli two parameters were varied: 

+ or - [syntactically related :] (henceforth [synt rel]). [+ Syntacti

cally related] has been operationally defined here as :'(terminal sym

bols) belonging to the same constituent, in which the first accented 

word modifies the second' (like 'very strong'). 

type of word group: {henceforth [type]). Both the + and the - [synt 

rel] got two different word groups representing the + or - [synt rel]. 
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The accented words that are syntactically related are ( a) a sequence 

of adjective and noun (type [A N]), like in 'clever girls'), and (b) a 

sequence of adverb and adverb (type [Adv Adv]) like in 'ext.remely 

dangereous'. The two accented words that are not syntactically re

lated are (a) a sequence of noun and adverbial phrase of time (type 

[N AdvT]) like in '(he saw) the movie last week', and (b) a sequence 

of noun and adverbial phrase of manner (type [N Adv Ml) like in 

'( she studies) maths by computer'. 

Since, according to the Intonation Grammar, a flat hat can only occur as 

the last rise-fall combination before a phrase boundary (t.i. at the end of a 

contour), this position parameter was disregarded, so that more attent.ion 

could be paid to the underlying syntactic relations. 

Every type was represented by five different sentences, thus giving 2 x 2 

x 5 = 20 different stimulus sentences. These sentences were generated by 

a diphone speech synthesis system (van Rijnsoever 1989), based on resyn

thesis with 10 LPC-coefficients. After the phoneme boundaries of these 

diphone sentences were determined, two different pitch contour shapes 

were superimposed (Zelle 1982): the one contour consisted of a sequence 

of pointed hats on every accented syllable ( also on the last two accents ), 

the other contour consisted of a sequence of pointed hats, except for the 

last two words to be accented, which were synthesized with a flat hat. 

Subject.s. 

Subjects were 12 research associates of the Institute for Perception Re

search Eindhoven. They already had some experience in doing perception 

experiments, hut had no expertise in the field of intonation. They were not 

paid for their participation. They were sitting together in a class room, 

where they could hear the stimuli through headphones (with a fixed am

plitude). The whole experiment took about twenty minutes. 

Procedure 

The two different intonation versions of every sentence were combined into 

two pairs, once in A-B and once in B-A order of presentation. The order 

of these 40 pairs was randomized, and listed in a list-file. This randomized 
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order was presented to all subjects. 

Every pair was presented twice af ter each other, separated by a pause of 

2500 ms. After the second presentation of a pair a silence of 5 s was in

troduced, during which subjects had to give a preference score for paired 

comparisons. The question was: 'Which of the 2 stimuli has the most 

natural intonation? If you prefer the intonation of the first one, mark A, 

if you prefer the second one, mark B.' The subject were forced to make a 

choice. The 40 pairs were preceded by four test pairs. 

2.2.3. Results. 

Since the stimulus rnaterials were hierarchically structured, the results can 

be pesented in a tree-diagram, as shown in figure 2, representing the flat 

hat preference in proportions. 

In order to see which of the differences between the proportions is signi

ficant, a X 2 one-sample test was performed (Siegel 1956), with o: = .05, 

both for the separate sentences, for the four syntactic types and for the 

+ /- [synt rel] condition. This analysis revealed that only the differences 

for the sentences of the type [ Adv Adv] were significant ( o: = .005 ). 

2.2.4. Discussion 

A first observation is that there seems to be a small overall preference for 

combining two sentence final accents by a flat hat ( viz. an overall flat hat 

preference proprtion of .59, not presented in the figure ). Only a sequence 

of a noun followed by an adverbia! phrase of manner has a small preference 

for two pointed hats ( .45 ), hut not significant. 

Secondly, the results do not confirm the hypothesis that a sequence of 

accented words that are syntactically strongly related can best be synthe

sized by a flat hat: the difference between the mean scores for [+synt rel] 

( .66) and [-synt rel] ( .52) is not significant. This implies that untrained 

listeners do not seem to take into account the + or - [synt rel] to express 

a preference for either two pointed hats or a flat hat. One explanation for 

this observation could be that the + /- [sentence final] condition ( which 
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[+synt rel] 1 [-synt rel] 1 

.66 .52 

.57 .76 .60 .45 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

.62 .42 .50 .62 .66 .66 .87 .71 .79 .75 .54 .66 .62 .75 .42 .46 .50 .50 .33 .46 

Figure 2: Preference judgments (in proportions) for a flat hat as a function of 

the underlying syntactic structure. The results for the A-B and B-A pre

sentation are averaged. (Number of subjects = 12, thus every proportion 

on the bottom row of the figure is based on 24 judgments.) 
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has not been investigated in this experiment) is more important than the 

+/- [synt rel] condition. Moreover, these results show a discrepancy with 

the tendencies that can be observed in the production, as shown in the 

corpus analysis: 

Product ion: [ +synt rel] -+ preference for flat hat. 

Perception: +/- [synt rel] irrelevant for preference (except for Adv-Adv 

combinations, see further ). 

On the level of the four different syntactic types, in one case a significant 

preference fora flat hat has been found, namely in the case of the Adv Adv 

sequences (. 76). This preference might be explained by the fact that the 

modifying adverb ( the first in the sequence of two) is semantically rather 

marked (like 'extremely', 'incredibly', etc.). Perhaps this markedness has 

influenced the preference judgments, which would imply that this flat hat 

preference is not governed by the underlying syntactic relatedness hut by 

the semantics of the modifying adverbs. 

On the bottom row in the figure ( the 4 x 5 separate sentences) no signifi

cant preference is found. 

The results of this experiment give rise to the hypothesis that two pointed 

hats and a flat hat are free variants. Whereas in speaker's productions 

syntactic factors can be found to govern the choice of one variant, this 

effect is not observed in perception. As far as perception is concerned, 

there may be other factors, such as semantic markedness, that influence 

the choice between the two variants. Yet, it remains to be explained why 

listeners do not have clear preferences for an intonational option on the 

basis of relations between intonation and syntax, if such a preference can 

be clearly observed in natural speech production. 

2.3. Conclusion. 

Since we know that variation between two pointed hats and a flat hat is 

perceptually more salient than variation of the excursion size of the move

ments, a corpus of spoken utterances was investigat.ed to look for factors 
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governing the choice between two pattern variants. For natura! speech 

these factors are twofold. First, there is a dear tendency to realize a flat 

hat in sentence final position. Second, two successive accents that are 

syntact.ically related (like an Adj-Noun cornbination) tend to be realized 

by a flat hat. These tendencies are cumulative, so that t.wo successive syn

tactically related accented words in sentence final position result almost 

always in the flat hat contour. 

On the basis of this knowledge an experiment was carried out to see 

whether or not intonation in synthetic speech is perceived as more natural 

if these tendencies are taken into account. The results indicate that people 

do not show a preference for intonation in which an alternation between 

two pointed hats and a flat hat is based on the underlying syntactic relat

edness of the accented words, only for Adverb-Adverb sequences, where 

people show a significant preference for a flat hat. But it appears that 

this preference is rat.her a consequence of the semantic markedness of the 

rnodifying adverb. Thus, although people can clearly distinguish between 

the two pattern variants, they find them almost always sounding equally 

natural. Two possible explanations can be given for this phenornenon: 

1. Two pointed bats and a flat bat are both realizations of the sarne in

tonation pattern (Collier 1979), and can be seen as 'free variants' on 

a syntactic level. They do not have different syntactic distributional 

properties. 

2. The choice between two pointed hats and a flat hat is not syntacti

cally defined, hut rat.her is a question of semantic-pragmatic factors. 

These two possibilities do not exclude each other. The fact that two 

contours are free variants does not rnean that the choice of one of 

thern is completely random (see further 4.). 

Of course, these findings do not exclude the possibility that other contour 

shapes and other types have a strong correlation with the syntactic or

ganisation. In order to test this possibility, a second experiment bas been 

carried out. 
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Figure 3: An example of a terrace contour, consisting of one rise (6 ST) and 

two falls (3 ST each). 

3. Terrace contour, non-final fall and continuation. 
rise: experiment 2. 

3.1. Aim. 

The second experiment had a double aim. First it checked the distri

butional properties of the 'terrace contour'. According to Gussenhoven 

this contour is the result of a Downstep Rule (Gussenhoven 1988, see also 

Liberman and Pierrehumbert 1984). This contour consists of an accent 

lending rise on the antepenultimate accent, an accent-lending falls on the 

penultimate and the ultimate accent. The size of the two falls is half the 

size of the accent-lending rise, as visually represented in figure 3. Note 

that a terrace contour can consist of more than two accent-lending falls, 

although the size of the falls must be large enough to lend accent. Yet, 

a terrace contour consisting of one rise and two falls is the most common 

case. 

The underlying hypothesis is that a terrace contour can only lead to 

improved naturalness if it is applied on consecutive accented words that 

are syntactically related with each other. 'Syntactically related' has been 

operationally defined as 'terminal symbols that are immediately domi

nated by the same node in a P-marker, in such a way that the one word 

is a modifier of the other' (e.g. 'nice mountains', 'incredibly dangereous', 

14 
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Figure 4: An example of a continuation rise 2 ( a.) and a non-fi.nal fall B (b.). 

'letters of my girlfriend'). Notice that there is a correlation between the 

syntactic relation of two words and the depth of the synatctic boundary 

between these words: the shallower a syntactic boundary is, the more the 

two words are syntactically related. 

The second aim of this experiment was to fi.nd out how deep a syntactic 

boundary between two accented words should be to be able to bear either 

a non-fi.nal fall or a continuation rise. A non-final fall is a fall that starts 

at the end of voicing (EOV) or at the boundary of the accented syllable, 

with a duration of 120 ms, and is not accent-lending. This non-final fall is 

called a B. A continuation rise starts 120 ms before EOV, has a duration 

of 120 ms and is not accent-lending. It is called a 2. Figure 4 shows an 

example of both B and 2. 

The question is: are there syntactic constraints on the possibible loca

tions for these two non-accent-lencling pitch movements, in the sense that 

only deep syntactic boundaries (like the boundary between NP and VP) 

can bear them, whereas shallow syntactic boundaries ( like the boundary 

between a noun and its preceding adjective) cannot? Secondly, are these 

constraints the same for both 2 and B? 
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3.2. Method. 

Stimuli 

The senten ces used in the experiment were defined hy the following three 

factors: 

( 1) 7 syntactic categories: ( Hence SY) i groups of two sentences were 

constructed. Differences between groups concerned depth of the syn

tactic boundary between the two accented words on which the place

ment of a B and a 2 was investigated. This SY factor thus provides 

the underlying syntactic structure on which the possibility to bear 

the non-final pitch movements is checked. 1 ( SS) is the deepest 

boundary, i (ADVAJ) is the shallowest boundary (for the syntactic 

framework on which this classification is based, see section 4.) These 

7 syntactic categories were: ( of every category an example is given, 

with the boundary indicated by a +) 

SS : Boundary between two main clauses in a compound sentence.( e.g. 

'My dog doesn't like chicken, + hut he appreciates fried pota

toes') 

SUPRE : Boundary between subject and predicate (NP VP bound

ary). (e.g. 'The sister of my brother + is the daughter of rny 

father') 

NOADV : Boundary between a noun and an Adverbial phrase. 

( e.g. 'She only reads novels + by night ') 

VEADV : Boundary between a (finite) verb and an adverbial 

phrase. (e.g. 'The teacher roars + like a lion') 

VEOB : Boundary between a (finite) verb and an object. (e.g. 

'Yesterday I saw + a thriller') 

NOAJ : Boundary between a noun and its postnominal adjunct 

phrase. ( e.g. 'I took the car + of my girlfriend ') 

ADVAJ : Boundary between an adverb and the adjective it modi

fies. ( e.g. 'That restaurant serves incredibly + expensive long

drinks') Note that this adjective always precedes an acccented 
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noun. This is important as far as the terrace contour is con

cerned (see further). 

The terrace contour spaws the last three accented words of the sen

tence, irrespective of the question whether or not the antepenulti

mat.e accent is located at the left or the right of the boundary that is 

used to investigate the occurence of the 2 and the B. Thus the loca

tion of the terrace contour does not take into account the place of a 

syntactic boundary, hut only looks at the syntactic relation between 

the three accented words. 

(2) 2 sentences per syntactic category: (Hence SE) In order to re

duce the possibility that results are not due to the underlying syn

tactic structure for each SY two sentences were constructed. This 

made it possible to compare the results of the two sentences per SY: 

if their differences are insignificant, one can conclude that they are 

judged on the same basis, viz, their syntactic structure. Thus the 

experiment consisted of 7 x 2 = 14 sentences. 

( 3) 4 different intonational versions: ( Hence VE) Each sentence re

ceived 4 different contours: 

ST : Standard intonation contour, consisting of a pointed hat on 

every accented syllable, except for the last two accents, which 

receive a flat hat. ( See figure 5 a.). 

2 Standard intonation contour, hut with a continuation rise on 

the syntactic boundary under investigation. (See figure 5 b.). 

B Standard intonation contour, hut with a non-final fall on the 

syntactic boundary. To obtain this B the last pointed hat before 

the boundary is replaced by an accent.-lending rise and pitch 

remains high till the EOV, where the B starts. (See figure 5 

c. ). No extra pause is added on the boundary ( this yields also 

for 2). 

TE : Terrace contour. The last three accents are realized by a 

terrace, and the remaining accents receive a pointed hat. (See 
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Figure 5: The 4 different intonation versions as used in the experiment. a: 

standard intonation, b: idem but with a continuation rise, c: with a non

final fall, d: a terrace contour ( the accents that are not captured by the 

terrace are realized as pointed hats ). 

figure 5 d. ). 

These 14 sentences were made by means of the diphone concatena

tion program that is currently used at the Institute for Perception 

Research (Van Rijnsoever 1989). After the phoneme boundaries were 

determined, the 4 intonation contours were generated by rule (Zelle 

1982). All the pitch movements got excursion sizes of 6 ST, except 

the falls in the terrace: since there were two falls in that terrace, the 

excursion size was 6/2 = 3 ST. The duration of the movements was 

120 ms (60 ms for the falls in the terrace contour), and the end fre

quency of the utterance was 75 Hz. The accent-lending rises started 

70 ms before vowel onset time (VOT), the accent-lending falls 80 

ms after VOT. The begin frequency depended on the length of the 

utterance. For its slope, see 1.2. 

The sentences are named by the name of the syntactic category (see 
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above), followed by a 1 or a 2, indicating the first or the second 

sentence of that category. 

Subjects. 

The results of the preceding experiment. g1ve nse to the assump

tion that untrained listeners have diffi.culties to focus on the intona

tion differences. Therefore the second experiment used 17 expert

listeners. All subjects were very well trained in listening to synthetic 

speech. They were researchers working on the improvement of text

to-speech conversion, more specifically on prosody ( duration, accent 

placement and intonation ). They worked at universities in Eind

hoven, Leyden, Amsterdam and Utrecht. They participated on a 

voluntary basis, and were not paid for their contribution. 

Procedure. 

The stimulus senten ces were collected in a commando-file ( working 

under the VAX/VMS operating system), which allows us to do in

teractive and individual experiments. For every sentence the four 

intonational versions were grouped. In this way, subjects could lis

ten to each of the versions as many times as they wanted, and in 

their own preferred order. This interactive presentation made it 

possible to check every detail of the intonation, which would not 

be the case if the stimuli were presented on a stimulus tape with a 

fixed tempo and a fixed order. After ha ving judged the four versions 

of the first sentence, the commando file prompted for the following 

sentence. The 14 sentences were not randomized: to start with, the 

first sentence of the seven syntactic categories was presented, then 

the second sentence, and so forth. There was no time limit: the 

subjects could listen to each version as aften as desired. 

The instruction was: "What do you think about the naturalness of 

the intonation of the four presented versions of every sentence? If 

you find it very unnatural mark 1, if you find it very natural, mark 

10", thus using a 10 point scale. 

The subjects were told which kind of variation was applied, and on 
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which place in the sentence it occ.ured. They also knew that the 

variation was based on the underlying syntactic structure. They 

were instructed first to listen all the versions in order to form a rank 

order, and then to judge each stimulus separat.ely. By receiving all 

these detailed instructions the listeners knew exact.ly the aim of the 

experiment. 

3.3. Results and discussion. 

Table II shows the data obtained in the experiment. 

The results of the experiment were submitted to an analysis of vari

ance ( using the statistica! software package ALICE, Grubin et al. 

1976). The parameters were: SU (17 subjects), SY (7 different syn

tactic categories ), SE (2 senten ces per SY) and VE ( 4 intonational 

versions per sentence). The analysis was clone in three steps: 

1. In the first step the 14 sentences were treated as a heterogeneous 

group. 

2. Next the SY-dimension was disregarded in order to estimate 

the effect of the SE-dimension. This was done to check whether 

there was an effect of the first or the second sentence, irrespec

tive of the SY. 

3. Finally the results for the two sentences per SY were averaged 

to investigate the effect of the SY dimension. 

The first question that arises is w hether or not the observed dif

ferences between the two sentences per syntactic cat.egory and per 

intonation version are significant. To answer this question a post

hoc analysis has been done on these differences (Winer 1962). This 

analysis revealed that the differences between sentence 1 and 2 are 

significant for the Noun-postnominal adjunct Phrase (the NOAJ). 

More precisely this difference is significant. for the contour contain-
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Table Il: Mean naturaluess scores (/10) for the 4 intonation contours of the 

14 sentences as a function of the underlying syntactic structure. 

Intonation contour 

SY SE ST 2 B TE X 

ss 1 7.18 7.35 6.41 2.29 5.81 

2 6.35 8.00 7.41 3.29 6.26 

SUPRE 1 5.18 7.59 6.82 3.18 5.69 

2 6.41 6.94 6.65 3.70 5.93 

NOADV 1 5.88 7.29 6.76 4.35 6.07 

2 6.41 8.06 7.94 5.35 6.94 

VEADV 1 6.53 6.70 6.88 3.29 5.85 

2 6.35 7.12 7.59 2.59 5.91 

VEOB 1 6.70 6.06 7.41 4.06 5.53 

2 6.35 6.18 7.00 3.48 5.85 

NOAJ 1 6.65 4.53 4.29 6.65 6.06 

2 8.12 7.35 4.23 3.70 5.75 

ADVAJ 1 4.76 2.70 5.18 1 7.23 4.97 

2 6.59 4.41 6.59 6.59 5.84 

X 6.45 6.45 6.39 4.27 

F(39,624) = 13.45; p < 0.0001. 
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ing a continuation rise and for the terrace contour (hut not for the 

two other con tours). The terrace contour is judged as best for the 

first sentence, whereas the 2 is best in the second sentence. To find 

an explanation for this difference, it is necessary to look into more 

detail at these two senten ces ( the accent locations are indicated by 

*): 

1. "Hij zag het kn*appe m*eisje met de f*iets." (he saw the beau

tiful girl with the bike) 

2. "Hij vert*elde het. aan de gr*ootvader van zijn vriend*in." (he 

told it to the grand fat.her of his girlfriend) 

In the first sentence the syntactic functions of the three accented 

words are: Adjective-Noun-postnominal adjunct Phrase, whereas 

the functions of the three accented words in the second sentence 

are: Finite Verb-Noun-Postnominal Adjective Phrase. The three 

accented words in the first sentence have a strong syntactic rela

tion wi th each other ( as defined in 3.1 ): they belang to the same 

NP, which consists of a core with a pre- and a postmodifi.er. In the 

second sentence only the last two accents have a strong syntactic 

relation: the antepenultimate accented word belongs to a VP that 

dominates the NP to which the last two accents belong. Since the 

second sentence does not have such a strong relation between the 

last three accented words a terrace contour is not appreciated, and, 

as a consequence, the 2 has a higher score. That would also explain 

why the score of the terrace contour in the first sentence resembles 

the scores for the terrace in the ADVAJ category, where the last 

three accents are on an Adverb-Adjective-Noun combination. These 

accented words are also st.rongly relat.ed wit.h each other ( the first 

word modifies the second, which modifies the third one). Finally, 

the difference between the two sentences in NOAJ shows clearly 

that expert-listeners are sensitive to the relation between the syn

tactic structure of the accented words and the way in which these 

accented words are connected by means of an intonation contour. 
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Table 111: Mean naturalness scores (/10) for the 4 intonation contours as a 

function of the underlying syntactic structure. The scores for the 2 sen

tences per SY are averaged. 

lntonation contout· 

SY ST 2 B TE 

ss 6.76 7.67 6.91 2.79 

SUPRE 5.79 7.26 6.73 3.44 

NOADV 6.15 7.68 7.35 4.85 

VEADV 6.44 6.91 7.23 2.94 

VEOB 6.53 6.12 7.20 3.76 

NOAJ 7.38 5.94 4.26 5.18 

ADVAJ 5.68 3.56 5.47 6.91 

s.d. of means 0.59 1.45 1.16 1.47 

F(18,288) = 21.37; p < .0001. 

The post-hoc analysis reveals that the other differences between the 

two sentences per SY are not significant. The mean difference be

tween the first and the second sentence is 0.357, which is not signifi

cant. Thus we can average over the SE-dimension, keeping in mind 

the differences for the NOAJ category. 

A veraging the two sentences per SY results in table III. 

First some remarks on the standard deviation of the mean scores. 

This s.d. is considerably smaller for the standard intonation contour 

than for the other three. Siuce the staudard contour is known as the 

"neutra} declarative" pattern, one would expect that the standard 

contour is appropriate for many syntactic structures. The small s.d. 
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confirms this expectation. The other three contours are less "neu

tral" than the ST, which results in larger s.d.'s. In some syntactic 

conditions they have high naturalness scores, whereas they have low 

scores in the others, thereby confirming the expectation that they 

are less 'neut.ral'. 

Since the overall interadion SY x VE is significant (p < .0001 ), a 

post-hoc analysis has been carried out per syntactic category. For o 

= .05 the analysis gives a minimum difference of .62 to be significant 

. Also a vertical post-hoc analysis has been performed to see with 

which syntactic category a given contour is best combined. Tak
ing into account the results of this analysis, we can indicate which 

intonation contour is perceived as most natural for the 7 syntactic 

conditions. These results are given in table IV. 

From table III and table IV some conclusions can be drawn. First 

we can state that, since the diferences het.ween the two sentences 

per syntactic category were not significant, the overall significance 

of the SY-VE interaction proves that the naturalness scores for the 

4 intonation contours are due to the underlying syntactic structure. 

The possibility to bear either a 2 or a B depends on the depth of 

the syntactic boundary where this 2 or B is located. In genera!, 

table IV shows that these non-accent lending pitch movements can 

occur at strong boundaries only, like boundaries between an S and 

another S, or between an NP and a VP, or between an N (in the 

VP) and an adverbia! PP. When we cornpare the results for B and 

2, we can see that, although for both movements the boundary has 

to be sufficiently deep, the boundary has to be deeper for a 2 than 

for a B: at the boundary between an two S's only a 2 sounds most 

natural, whereas at the boundary between a finite verb and its ob

ject (VEOB) only a B sounds more natural. The NOADV and the 

VEADV boundaries form an intermediate class: a 2 and a B sound 

almost equally acceptable. 

Thus, as far as the relation between depth of syntactic boundary 

and possibility to bear a continuation rise and/or a non-final fall is 
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Table IV: Contours judged as 'most natura}' per synta.ctic category. A + 
means that this contour has a significantly better score than the others ( as 

shown in the post-hoc analysis ), a + /- that this contour has a somewhat 

lower scores than the 'most natural' one, although the difference between 

these two contours is not significant. The ( +) means that the standard in 

fact has the best score, hut should not be taken into account while compar

ing 2, B and TE, since this ST contour is almost always a suitable one. The 

table goes from deepest boundary ( at the left side) to shallowest boundary 

(at the right side, see 4 for a further cliscussion of this classification). It 

should be remembered that the + for TE in the NOAJ category is 

only due to the second sentence of this category (see above). 

ss SUPRE NOADV VEADV VEOB NOAJ ADVAJ 

ST ( +) 
2 + + + +/-
B +/- + + 

TE + + 
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concerned, we can summarize that the deeper the boundary is, the 

better these non-final pitch movements can be applied, although the 

boundary has to be a bit deeper for a 2 than for a B. This confirms 

the intuition that a 2 indicates a stronger boundary than a B does. 

Secondly, a terrace contour is perceived as more natural when the 

three accented words are in a close syntactic relation. In this ex

periment this was the case for the ADVAJ condition and for the 

first sentence of the NOAJ condition. In the two ADVAJ sentences 

the last three accented words were of the type Adverb-Adjective

Noun (like in 'very difficult exercises'): these three accented words 

are syntactically related in the sense that the first word modifies 

the second, and the second modifies the third. The same kind of 

syntactic relation was observed in the first sentence of the NOAJ 

condition. In that sentence the last three accented words were of the 

type Adjective-Noun-postnominal adjunct Phrase (like in 'splendid 

poems of Shakespeare'). 

This makes it possible to draw more general conclusions about the 

distributional properties of the terrace contour. The terrace contour 

is judged very natural for ( at least three) accented words that are 

syntactically related in the sense specified above. There is one re

striction, however: just as the flat hat, a terrace contour can only 

occur at the end of an Intonation contour. 

Thirdly, we observe that standard intonation contours have rela

tively small s.d. 's, thus giving evidence to the vision that this con

tour is a neutra! one, which never leads to extravagantly high or low 

naturalness scores. On the other hand the terrace contour is more 

specified in its applicability, so that its naturalness scores are high 

when the conditions are supplied and low when they are not supplied 

(which results in a higher s.d.'s). 
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4. General discussion. 

In 2.3. it was stat.ed that there is a discrepancy between the relation 

between syntax and pitch contour in product.ion and perception. In 

the product.ion a flat hat is preferred on two consecutive ( contour

final or sentence-final) accented words that are syntactically related. 

This preference is not refl.ected in the perception: listeners do not 

show a preference for either a flat hat or a sequence of two pointed 

hats as a function of syntax. This gives rise to the assumption that 

these two contour shapes are free variants, whose different distribu

tional properties are not syntax-based, hut rather are a question of 

semantic/pragmatic factors. Most clearly, this seems to be the case 

for the significant flat hat-preference in the case of two consecutive 

adverbs, where the first adverb is a modifier of the second: the first 

adverb is always semantically marked, which could be reflected in 

the chosen choice of the pitch contour. For Dutch the functional dif

ferences between a flat hat and a pointed hat have been investigated 

by Keijsper (1984). She stat.es that there are functional differences 

between a pointed hat and the fall of a flat hat on the last accent of a 

sentence: a pointed hat would lend a kind of 'emphasis', whereas the 

fall of a flat hat would imply that the referent had already been men

tioned before. Thus it seems that the applicability of two pointed 

hats and a flat hat is not in the first place syntax-based hut rather 

depends on semantic-pragmatic factors. 

A second remark must be made about the possible applications of 

syntax-based variation between two pointed hats and a flat hat in 

text-to-speech conversion. The fact that listeners do not show a 

preference for any of the contours in isolated utterances, does not 

preclude that this variation improves naturalness in longer stretches 

of speech (such as whole texts). It may be that this syntax-based 

alternation is judged more natural than random alternation between 

the two contour shapes. Terken (in preparation) has found that lis

teners do not seem to disapprove of random alternation between two 

pointed hats and a flat hat per se, although a diagnostic evaluation 
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of synthetic intonation shows that some of the random alternations 

may result in rejections of individual realisations. It also must be 

noticed that a 'confronting-evaluation' between the random alterna

tion and the syntax-based choice has not been made yet, so that any 

conclusion about it seems to be rat.her premature. 

A third remark concerns the syntactic framework on which the ex

perirnents reported here are based. The choice of the 7 syntactic 

categories in experiment 3 ( see 3.2.) has been inspired by a notion 

of relative 'syntactic depth' which is a reflection of a traditional P

marker, but with more functionally defined nodenames. Since a PP 

can be both a Postnom.inal Adjunct Phrase and an Adverbial Phrase, 

and this distinction seems to be a rather fundamental one as far as 

the distribution of a B and a 2 is concerned, it was necessary to use 

terms like Postnominal Adjunct Phrase, Adverb{ial Phrase). This 

tree is represented in figure 6. 

The higher a boundary is located in the P-Marker, the deeper this 

boundary is. For instance, the boundary between two S's is deeper 

than between NP and VP (thus the boundary between Subject and 

its Predicate, SUPRE). The boundary between an Adjective and the 

Adverb that modifies this Adjective is shallowest, but the relation 

between them is much stronger than the relation between NP and 

VP (hence its capacity to be realized by a terrace contour). Yet, 

a problem remains where the Adverbial Phrase must be branched. 

There seem to be two possibilities: directly under the S (like for ad

verbs of place), or directly under the VP (like adverbs of direction ). 

The results of this experiment do not give evidence for one of these 

two. 

On the basis of this P-Marker it is easy to interpret the results of 

experiment 2 as given in table IV: the higher a syntactic boundary 

is located in a P-Marker, the het.tera B/2 can be applied in the in

tonation of the accented words situated round this boundary. This 

can be shown in figure 7, which combines figure 6 with table IV: 
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Subject Predicate 

Finite Verb NP Adv Phrase 

Adj Phrase Noun 

Adverb Adjective 

Figure 6: P-Marker with the functional node narnes as used in the second ex

periment. 
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2 B 

+ 

Subject Pred.icate + +/-

A 
Finite Verb NP Adv Phrase + /- + 

Adj Phrase Noun 

Adverb Adjective 

Figure 7: Visual representation of the relation between the place of a syntactic 

boundary in a P-Marker and its capacity to bear either a 2, a B or its 

capacity to be part of a terrace contour. 
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5. Conclusions. 

In the analysis of a corpus of spoken utterances it was found that 

a flat hat has a higher probability of occurence than two pointed 

hats at the end of a sentence and when the two accented words are 

syntactically related. A perception test showed that alternation be

tween these two variants of the hat pattern does not lead to a more 

natural intonation for single utterances. Only in combinations of the 

type Adverb-Adverb where the first adverb modifies the second, a 

significant preference for a flat hat is found. However, the assump

tion is that this preference is rather semantically defined. 

In a second experiment it was investigated whether or not a terrace 

could best be applied on ( at least three) accents that are syntacti

cally related with each other. A second aim of this experiment was 

to find out how deep a syntactic boundary has to be to be able to 

bear either a non-final fall (B) or a continuation rise (2). The results 

show that a terrace contour is perceived as sounding more natura! 

if it is applied on accented words that are syntactically related. A 2 

and a B can only occur when the boundary is sufficiently deep. For 

a 2 this boundary has to be even somewhat deeper than fora B. 

The results may be usefull for the assignment of automatic intona

tion in text-to-speech applications in Dutch. It may now become 

feasible to vary the choice of the pitch contour on syntactic grounds. 

A next step will be to investigate pitch contours belonging to other 

patterns as well, in order to find here too relations with the syn

tactic sentence structure. On the basis of syntactic information an 

intonation algorithm may determine which pattern will be appropri

ate, and which variant of that pattern will be reaized. In order to 

broaden the possibilities of contour variation, we will run further ex•• 

periments to obtain some insight in the other intonation patterns as 

well. On the basis of these results the automatic variation between 

contours belonging to other patterns can be enlarged. 
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