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ABSTRACT (1) and coordinate contrast (2) alike [ll] . However, they ap- 
Using a prominence-based speech synthesizer of Ger- pear to differ pragmatically: In (l), the speaker introduces 

man, different patterns of prosodic prominence have been a contrast to the discourse and wants to actively override 
examined as to whether they are capable of consistingly an element of what (s)he believes to be the addressee’s in- 
creating an impression of “contrastive focus”. formational state. The concentration on (1) in this paper 

The results confirm the conclusions of previous phono- embraces previous conceptions of contrastive stress/accent 
logical and phonetic analyses, that the impression of con- 
trast is best explained by a specific prosodic pattern. Such a 
pattern can be characterized by postfocal “deaccentuation” 
and/or a high perceptual prominence on the contrastively 
stressed syllable, the latter correlating with a (high) pitch 
accent and increase in duration. Thus, a notion of percep- 
tual prominence as a relational parameter ought to be able 
to model contrastive focus, because it is able to capture such 
contextual phenomena. 

1. CONCEPTS OF CONTRASTIVE FOCUS 

P 81 I - 
Our first question was to find out, whether a contrastive 

focus can be adequately signalled using a prominence based 
approach to speech synthesis. A further question was, if it 
can, which prominence patterns are the most successful. 

. 1.1. Contrast in Phonology. 
Even though the existence of a unique phonological pattern 
characterizing contrastive focus as we defined it above, is 
still very controversial (e.g. see the discussion in [12]), sev- 
era1 suggestions in favour of such a pattern do exist in the 
literature. Often, it has been identified with a L + H* pitch 
accent for both English [8] and German (e.g. [6]). Other 
researchers suggest a postfocal metrical deaccentuation for 
contrast in German [4] or an operation on the metrical 
tree called ?ontrastive relabelling” (see [2] for English 
and Polish) also resulting in a metrical weakening of 
postfocal accents and strengthening of focal ones. Previous 
experiments for Dutch have shown that the impression of 
contrast depends on the prosodic environment and cannot 
be perceived in isolation [12]. Therefore, a theory that 

Within the many competing definitions of focus in the se- 
mantic, syntactic and phonological literature, a relatively 
shared assumption is that a contrastively focussed con- 
stituent gives an alternative answer to an explicit or implicit 
statement provided by the previous discourse/situation. 
The previous statement is often illustrated as a question, 
the contrasting alternative as an answer. 

(1) So Anna finds Benjamin attractive? 

(No,) Anna finds [Catherine]cF attractive. 
deals with contrastive stress as a purely local feature 
syllable or pitch accent might not be appropriate. 

of one 
Whether the kind of prosodic marking involved in this con- 
trastively marked utterance in (1) differs from other types 
of focus (e.g. “newness focus”) is still an issue of debate 
PI . 

A different but related kind of prosodic pattern which 
is often called a contrastive or multiple focus, occurs in co- 
ordinate sentences where main stress falls on the contrasted 
alternatives. 

1.2. Contrast in Phonetics. 
Acoustic analyses of semantic/pragmatic concepts are dan- 
gerous, because they allow to formulate principles without 
reference to the phonological domain of meaning differenti- 
ation [5]. Still, such approaches do exist and have led to the 
result that in English, a correction contrast is characterized 
acoustically as an increase in duration on the focal word 
plus a postfocal flattening of the FO-contour [I]. 

A more useful approach would be to find quantita- 
tive/phonetic correlates of phonological representations 

(2) An [OLD] CF house is more charming than a [NEW]~F 
house. 

The study presented here concentrated on the type of con- 
trast described in (1)) which we also call correction contrast 
and leaves aside for now the prosodic structure given in (2). 
A purely semantic analysis would treat correction contrast The case for quantitative representations in the 
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mind appears much stronger than the case for 
discrete representations of the speech signal. 
Progress needs to be made on formulating such 
representations and understanding their relation- 
ship to the qualitative representations of current 
phonological theories.[7, 3911 

As the correspondences between meaning differentiating 
phonological representations and the acoustic level are ex- 
tremely complex, a simpler representational level which is 
able to quantify over phonetic representations is necessary. 
A good candidate for such a level is the concept of perceptual 
prominence which will be dealt with in the next section. 

2. PERCEPTUAL PROMINENCE IN SPEECH 
SYNTHESIS 

The term prominence has been given a quantification by 
[3], resulting in its definition as a measure of perceptual 
markedness relative to the surrounding phonetic context. 

The appeal of this approach lies mainly in the possibil- 
ity to have an easy description (here: a scale between 0 and 
31) of the prosodic characteristics of an utterance reflecting 
the perceptual impressions instead of directly describing the 
acoustic correlates of phonological concepts. The link be- 
tween perceptual prominences and acoustic realisation has 
been studied and integrated into the prosodic component 
of a rule based synthesis system [9]. This approach seems 
to be especially interesting in the study of prosodic focus, 
since contextual parameters influencing the perception can 
be controlled in a comparably straightforward way. Previ- 
ous studies already indicate a possibility of expressing nar- 
row focus using the prominence approach in speech synthe- 
sis [13, 91. In [13], indications were found that subjects pre- 
ferred to perceive contrastive focus in sentences synthesized 
with high prominence values on the syllable carrying the 
main stress of the focal word. Still, the correlation between 
(absolute) prominence values and perceived contrastive fo- 
cus was low. We concluded that not only the focal syllable 
but also the context needed some attention. 

3. A CONTRAST EXPRESSING 
PROMINENCE PATTERN 

3.1. The Experiment 
Three different declarative sentences were synthesized with 
contrastive stress on three different positions in each sen- 
tence, using five different prominence patterns for each con- 
stellation (see Table 1). 

The most prominent syllable within the focus exponent 
was chosen as focal syllable. The original prominence val- 
ues were taken from the VERBMOBIL generation module 
which calculates prominence values using syntactic and lex- 
ical information, if no further semantic/pragmatic informa- 
tion is given. The result is a default prosodic pattern. Those 
patterns were manipulated according to the methods illus- 
trated in Table 1. The following stimulus sentences were 

used (SMALL CAPITALS indicate all the possible loca- 
tions of intended contrastive focus). 

ES wiirde mich freuen, wenn WIR noch EInen TerMIN ausmachen 
It would me please if we another one appointment made. 

ANfang MAI h%tte ICH noch Zeit. 
Beginning of May would have I still t ime 1 

Each sentence was further supplied with two question con- 
texts. The first context matched the contrastive accentu- 
ation pattern in the answer, the second context ought to 
produce an odd (if not ungrammatical) impression if the 
accent were interpreted as a correction contrast. The fol- 
lowing sentences are examples for a such a contrast in a 
matching (3) and one in a non-matching context (4). 

(3) Q: Anfang Mai sind Sie also noch im Urlaub? 
Q: Beginning of May are you so still on vacation 

A: ENDE Mai bin ich noch im Urlaub 
A: END OF May am I still on vacation 

(4) Q: Ende Juni sind Sie also noch im Urlaub? 
Q: Endof J une are you so still on vacation? 

A: ??ENDE Mai bin ich noch im Urlaub. 
A: END OF May am I still on vacation. 

The context questions were read aloud and recorded in 
an anechoic chamber by a male native speaker of German 
and phonetic expert, who was familiar with the experiment. 
He was instructed to read the questions as if no context 
was given to prevent any bias towards a specific prosodic 
expectation. The resulting 180 question-answer pairs were 
presented to phonetic experts (n=ll). Both question and 
answers were played via headphones, the questions were fur- 
thermore displayed on a computer screen. Subjects were 
allowed to listen to each answer several t imes and had to 
judge each question-answer pair on a scale between 1 and 
6 (forced choice), with 1 being a very good and 6 being 
a very bad score (German school grades). Due to a (now 
fixed) mistake in the algorithm, one stimulus type (sentence 
2, intended focus on einen) did not properly reflect the in- 
tended conditions and was thus eliminated from all further 
studies. 

3.2. Results 
Contexts matching the intended impression were rated 
significantly more acceptable than nonmatching ones 
(Kolmogorov-Smirnov, p 5 0.001). Besides, there was 
a substantial negative correlation between the judgements 
and the matching vs. non-matching question-answer pairs 
(P = -0,49, p < 0.01) - without taking into account any 
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Condition 1 1 Prominence of the focal syllable was assigned the highest possible value (31). Addition- ] 
ally, the prominence was enhanced by manipulating the duration of the focal syllable, and 
the remaining accented syllables in the prosodic phrase were deaccented by reducing their 
prominence values. 

Condition 2 
I 

1 Prominence of the focal syllable was assigned the highest possible value (31). Additionally, 
prominence, was enhanced by manipulating the duration of the focal syllable, and the ac- 
cented syllables occurring after the focal syllable in the prosodic phrase were deaccented by 
reducing their prominence values. 
Prominence of ihe focal syllable was assigned the highest possible value (31). Additionally, 

1 prominence was enhanced by manipulating the duration of the focal syllable. No deaccen- 1 
Condition 3 

Condition 4 
tuation was involved. 
Prominence of the focal syllable was assigned the highest possible value. No further manip- 

] ulations were used. I 
Condition 5 Prominence of the focal syllable was assigned the highest possible value and the accented 

syllables following the focal syllable were reduced in prominence. 

Table 1: The different conditions used for synthesizing contrastive focus 

specific strategy of prominence manipulation. Figure 1 il- 
lustrates the distribution of judgements for matching vs. 
non-matching question-answer pairs. 

n 

200- 

100- 

I- I Q/A Pairs 

• m  match 

0 no match 

very gciod Judgements - very ‘Oar 

Figure 1: Number of good and very good judgements (1 or 2) for 
the different conditions 

It was impossible, however, to isolate a single factor 
determining the impression of contrast; the judgements for 
individual strategies (either deaccentuation, durational ma- 
nipulation or high prominence) were all worse than for the 
combinational strategies but were not rated significantly dif- 
ferent among each other. Another finding was that a pre- 
plus postfocal deaccentuation (condition 1) did not yield 
significantly better judgements than a postfocal deaccentu- 
ation alone (Kolmogorov-Smirnov, p = 0.44). 

Further tests were run in order to isolate other factors 
influencing the subjects’ judgements. No significant impact 
of the sentences were found; however, placement of the focal 
syllable proved to be important. Subjects rated sentences 
where a sentence-final focus was intended significantly worse 
than foci in other environments (Kolmogorov-Smirnov, p 5 

0.01). Such positional effects have ocurred before [13, lo] 
and need further attention in the definition of realization 
rules. 

3.3. Discussion 

Our results indicate that a combination of contextual deac- 
centuation plus a further increase in duration of the focal 
syllable yields the best results. The isolation of a single 
influential factor was impossible. The need for a further 
increase of duration in order to achieve the impression of a 
contrast is probably explained by the prominence realization 
rules within the synthesis system. These rules were origi- 
nally developed within a TTS-applications. Consequently, 
they were tuned to model “default prosody”. Correction 
contrast, however, may be regarded as a prosodic deviation 
that is currently not adequately modelled. An adaption 
of the prominence realization rules appears to be neces- 
sary. Another solution to this problem may be an exten- 
sion of the prominence scale beyond the (so far) maximal 
value of 31. The need for an improvement of the durational 
model receives further support by the result that the po- 
sition of the contrastive focus had an impact on listeners’ 
judgements. This indicates that the relatively simple ma- 
nipulation used for an additional durational enhancement 
was not completely appropriate and needs further improve- 
ment, even though it resulted in a more successful auditory 
impression. 

An important result was, that the scope of deaccentu- 
ation appears to be postfocal in accordance with previous 
analyses [4, 2, 1] and prominence-based synthesis is in prici- 
ple able to model results of those phonological and acoustic 
analyses. It cannot be concluded, however, that the most 
successful method would exclusively lead to an impression of 
contrastive focus, because subjects were not asked to iden- 
tify the type of focus but the appropriateness of a specific 
interpretation. 
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4. CONCLUSION 
Simple question-anwer pairs triggering contrastive foci were 
rated by subjects who had to determine to what extent 
they match or not. The stimuli were created using different 
prominence patterns using synthetic speech which has been 
particularly designed to model those. 

The experimental results clearly indicate a preference 
for those environments where a deaccentuation of the post- 
focal domain and a further durational increase of the focal 
syllable was employed. Thus, further evidence has been re- 
trieved that the domain of deaccentuation is postfocal. Pre- 
focal deaccentuation does not play a role in the perception 
of contrast. Our study sheds light on previous attempts to 
isolate a specific ‘kontrastive accent” as it appears to be 
the case that the impression of contrast is neither a local 
nor a purely intonational phenomenon but involves several 
factors. These factors can be modelled using the concept of 
perceptual prominence as it has been defined in [3]. 

However, the answer of this study is only a partial one, 
because it was not examined whether the identified pattern 
exclusively triggers the impression of contrast. 
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