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speakers recorded, we chose 4 women and 4 
men fiom the 'Few Speaker Set' (containing 
subjects used to reading diverse types of 
material under controlled conditions). They 
were all from the Stockholm area and spoke 
Standard Middle Swedish. Each speaker read 5 
passages, each made up of 5 task-related 
sentences. Thus the corpus evaluated included 
200 sentences (8 subjects x 5 passages x 5 
sentences). 

Evaluation 
The match between the synthesized and the 
original version of the sentences was judged by 
listening to the material through headphones. 
A single Swedish subject, experienced in 
phonetics, judged all the material. 

The evaluation was made in two steps. 
First, deviations from perfect matching with 
the original were noted for the synthesized 
versions of all sentences. Here the aim was to  
listen for deviations of any kind, whether 
minor or major. Second, the synthesis gener- 
ated fiom the symbolic INTSINT coding and 
the statistical coefficients for each tone were 
checked to identify major deviations, that is, 
those cases in which the modelled version 
brought about a change of meaning compared 
to the original. In this paper we will restrict 
ourselves to reporting on this second step of 
the evaluation. 

Results 
Generally, the INTSINT modelling appears t o  
be fairly successfid as applied to the Swedish 
data. However, mismatches involving shifts of 
meaning between the synthesized and the 
original versions of sentences occurred with all 
speakers, although for some there were fewer 
errors than for others. There were no 
apparent differences between the male and 
female groups, although the speaker with the 
best fit with the modelled version was a male. 
This good fit, however, might be a conse- 
quence of the rather small range of FO 
observed for this speaker. 

We have observed three main types of 
errors: stylistic changes, changes of promi- 
nence relations and shifts of word accent. 

Stylistic changes 
The stylistic changes are emotive in char- 
acter. They involve a change in mood or 
attitude, mostly in the direction of a more 
neutral or even depressed style of speaking 
than in the original. There are also utterances 

which sound ironic, demanding and surprised 
rather than neutral as in the original. One 
example fiagment of a modelled sentence 
conveying a feeling of sadness is shown in 
Figure 1 together with the more neutral- 
sounding original. The figure also contains 
some corrections to the modelled version that 
were made in order to achieve a better match 
with the original. 

The acoustic basis for these mismatches 
very often seems to be FO deviations either at 
the beginning or the end of sentences. The 
most frequent patterns appear to be a missing 
FO rise at the beginning andlor a missing fall at 
the end. In the example in Figure 1 the 
synthesized version missed a H close to the 
end and the final FO lowering. 

Changes of prominence relations 
The far most frequently occurring mismatches 
involve prominences. Usually prominences 
are weakened, exhibiting a degrading along the 
prominence scale with originally accented syl- 
lables being deaccented and focussed syllables 
transformed into accented or even deaccented 
syllables. (For Swedish four prominence levels 
are usually assumed: unstressed, stressed (de- 
accented), accented or focus accented, see e.g. 
Bruce 1990.) 

In Swedish FO is assumed to be the main 
acoustic correlate apart from duration for per- 
ceiving prominence, and perceived focus 
accent is assumed to be tied to an FO rise 
occuning after a word accent fall (Bruce, 
1977). In acute words (see below) this fall may 
sometimes be missing. This is the case in the 
example shown in Figure 2 in which the acute, 
focus-accented, second word in the question 
Hur &pjasen? 'How is the play doing?' not 
only lacks the fall but also the focus accent 
rise (and the connected H) conveying the 
impression of a non-focussed word. Con- 
versely, we have observed cases where a 
perceived focus does not co-occur with an FO 
rise, which indicates a more complex acoustic 
basis for perceived focus than just FO. 

Shifts of word accent 
There is a small number of word accent shifts, 
mostly in the direction grave > acute. For 
example, kollega, 'colleague' with grave 
accent (and focus) is rendered as acute in the 
modelled version in the example in Figure 3. 

The two word accents in Swedish, acute and 
grave, have to be kept apart, as they some- 
times distinguish between otherwise identical 
words. The distinction rests on the timing of 



an FO fall related to the stressed syllable, the 
fall being later in grave than in acute words 
(Bruce, 1977). The word accent fall may also 
be missing altogether in acute words. 

We assume this to be the reason for the 
impression of the second word, kollega as 
acute in Figure 2, as there is no word accent 
fall on this word in the modelled version. 

Some cases involving a shift of word accent 
also give the impression of a dialectal change, 
e.g. a Dalecarlian or Northern Swedish style 
instead of the original Stockholm Swedish. 
This might be explained by the various mani- 
festations of the word accents over the differ- 
ent parts of Sweden. 

Conclusions 
The evaluation undertaken has shown the 
MTSINT modelling of intonation to be fairly 
successll as applied to Swedish. Based on 
judgements of 200 sentences spoken by 8 
Swedish men and women, we can conclude that 
the majority of errors detected when com- 
paring the modelled and the original sentences 
are of three types: changes of mood or 
attitude of speech, changes of prominence 
relations, and interchange between the two 
word accents in Swedish. The acoustic basis for 
most of these errors seems to be a too heavy 
smoothing of the intonation contour. At the 
beginning of a sentence, FO often starts too 
high and at the end there may be a missing 
fall. Finally, the impression that there is a 

degrading of prominence results from missing 
peaks in the contour. 
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Figure I .  Example of a change in speech mood in the sentencefiagment '...och jag mdste fd veta 
nar den blir klar. ' - '...and I have to know when it will be ready.' Original: neutral; Modelled (r I): 
sad; Corrected (0): neutral. 
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Figure 2. Example of a change of prominence relation in the sentence 'Hur gdr pjasen '? - 'How 
is the play doing?' Original: strong prominence on kdr'; Modelled (r I):  prominence missing; 
Corrected (0): prominence restored . 

Figure 3. Example of a shift of word accent of the grave word 'kollega' - 'colleague'. Original: 
grave; Modelled ([ I):  acute; Corrected (0): grave. 


