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ABSTRACT 

The topic of the present paper rises from our preceding 
experiments with natural sentences and it is a part of our long- 
term research concerning the role of duration and intensity in 
synthetic speech. We assume that these two parameters play a 
part not only on the rhythmical and phonostylistic levels, but 
also act, together with the intonation, on the modal level 
(difference between a statement, a question, an order etc.).We 
tested three short informative sentences with seven different 
intonation patterns in four variants for the presence/absence of 
variation of duration and intensity. The FO curbs show a 
perception symmetricity shifted toward the assertive pole. As far 
as the role of duration and intensity is concerned, they turned 
out to contribute slightly to keeping the categories 
assertive/interrogative apart. 

1. INTRODUCTION 
The aim of this paper is double: a) Set the perception limit 
between declarative and interrogative synthetic sentences with 
unclear (indistinct) intonation. b) Describe the role of duration 
and intensity in the perception of these sentences. 

The first objective rises from our preceding research of 
natural (non-synthetic) sentences with ambiguous intonation [4, 
6,7] and the second objective is a part of our long-term research 
concerning the role of duration and intensity in Czech synthesis 
[5, 81. We assume that these two parameters can play a part not 
only on the rhythmical and phonostylistic levels, but also act, 
together with the intonation, on the modal level (difference 
between a statement, a question, an order etc.). 

Intonation is often considered to be the dominant - if not 
the only - parameter which determines the modal characteristics 
of every utterance [ 111. We do not refuse this assumption, and 
we take it as the starting point in the first part of our test. The 

second part of the test is based on the hypothesis that the 
incorporation of duration (D) and intensity (I) variations into the 
synthesis system can not only lead to a better rhythm, higher 
intelligibility, naturalness and expressivity, but also contribute - 
together with the dominant intonation - to a clearer 
differentiation between statements and questions (in this test, we 
take into account these two variants, although a larger set of 
modal variants would not be less interesting) [ 1,3]. 

2. CORPUS 
For the purposes of the synthetic part of the test, we prepared a 
corpus of three short informative sentences (from a set that we 
have been using for a long time), each of them having seven 
different intonation patterns (Table 1, Table 2). The sentences 
have a three-, two-, and one-syllable final stress group 
respectively; the variations of intonation concern only the last 
stress group. The rest of the sentence is constant in all three 
parameters for all intonation variants. For this part of the 
sentence, we chose an automatically generated fundamental 
frequency (F,) and a manually adjusted D and I. The F0 always 
reaches the value 100% at the end of the last but one stress 
group, so that all the intonation variants of the last stress group 
have the same beat board. 

Last stress group 
length Czech English 

3 syll. Jine’ &lo / nemcime. We have not any 
other number. 

2 syll. Teplota mcE / klesat. The temperature is 
sumosed to fall. 

1 syll. Zac’in~me / dnes. We are starting 
today. 

Table 1. Used sentences (‘/’ denote the stress group boundary) 

Contour Values (vocalic nuclei of the final stress group) 
No. 3-syll. 2-syll. 1 -syll. Contour 

1 103 103 103 103 103 103 

2 100 103 105 100 104 104 

3 9597100 96 100 100 
-/ 

. 4 100 100 100 100 100 100 

5 105 103 100 104 100 100 
-1 

6 1009795 100 96 96 

7 97 97 97 97 97 97 

Table 2. Final intonation contours (intonation: % of the neutral values): 
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Each of the 21 sentences was further modified in four 
ways: 
1) manually adapted duration and intensity in the final stress 

group (D and I were modified manually with a real-time 
feedback, in order to achieve the highest acceptability 
possible.) 

2) manually adapted duration, normalized intensity in the final 
stress group (118% for stressed syllables, 100% for others) 

3) manually adapted intensity, normalized duration in the final 
stress group (87%) 

4) normalized duration (87%) and intensity in the final stress 
group (118% for stressed syllables, 100% for others) 

100% values only sound monotonous, but balanced. 
Thus we obtained a set of 84 sentences categorized by 3 

features: length of the last stress group, final contour, and D and 
I characteristics. 

3. TEST 
In the next step, we presented these 84 sentences in a listening 
test where 41 listeners (average age: 19 years, both masculine 
and feminine students) were asked to decide whether they hear a 
statement or a question. The answer was to be strictly binary, 
although the listeners may have had no preference (given the 
relatively small intonation changes: up to 5%), perceived an 
unfinished sentence, or a phonostylistic variant (incertitude, 
astonishment etc.). 

The analysis of our results has shown the following facts: 

3.1. Perception score - distribution 
The distribution of the perception score (number of ‘statement’ 
answers divided by the total number of answers, i. e. the higher 
the perception score, the stronger the assertive character of the 
sentence) shows a very straight curb with a maximum at 98% 
and a minimum at 20% (Figure 2.). The symmetry of intonation 
contours corresponds roughly to a symmetry of the perception 
score, which is nevertheless shifted by approx. 20%. This can be 
explained by a general tendency towards assertive evaluation of 
unclear sentences. 

corpus 

Wording 1 Wording 2 Wording 3 
(3-syll. final SG) (3-syll. final SG) (3-syll. final SG) 

(similarly) 

Contour 1 . . . 

11 (similarly) 

D man. D man. D norm. D norm. 
I man. I norm. I man. I norm. 3.2. Sentence wording 

The evaluation depends partly on the sentence wording. The 
sentence with a 3-syllable final stress group has the lowest Figure 1. Schematic representation of the corpus 

The data in % refer to the basic (100%) values of D and I, 
inherent to every diphone/sound. Synthetic utterances with 

0,80 1 I 

0,70 

Sentence 

Figure 2. Distribution of the perception score 
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Figure 3. Sentence Wording and Perception Score 

perception score. This can be proof of the assumption that a 
longer stress group can exhibit its contour more distinctly, and 
thus decrease the general tendency towards the assertive pole. 
However, this result is due mainly to the fact that contours with 
a larger span were chosen for longer stress groups, because a 
short stress group does not permit a satisfying abrupt intonation 
change in the present synthesis system. 

3.3. Intonation Contours 
As for the relation between the seven intonation contours and 
the perception score (Figure 4.), the order from the highest to the 
lowest perception score is: 
1. falling 
2. low 
3. flat 
4. high falling 
5. low rising 
6. high 
7. rising 
We can not very well compare the properties of a high/low 
contour with a rising/falling contour, because they have not the 
same target value in our corpus (a rising/falling contour has a 
wider span). 

The high falling and low rising contours have a comparable 
neutral score (about 60%, which is the average value), and they 
manifest the highest standard deviation of evaluation. The score 
reflects the symmetry of the 7 contours very well, except for the 
flat variant which has a higher score (about 75%). 

3.4. Duration and Intensity 
.Next we compared different variants of duration and intensity. 
Since the perception score can not reflect directly these variants 
we can not state that, e. g., a manually adapted intensity makes 
the sentence more interrogative. However, we assume that the 
variants can make themselves felt in an indirect way: since there 

is a strong inherent ‘assertive’ tendency in our corpus, we 
suppose that the lower the perception score for a given variant, 
the higher the acceptability and clarity of the variant 
(neutralization of the inherent tendency). According to our 
expectance, the variant adjusted by hand turned out to be the 
best (Figure 5.). The differences are very small, but we think 
that they have a certain significance. We observe further that the 
presence of I variability does not safeguard a good result; the 
best acceptability can be only reached with both parameters. 
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Figure 4. Contours and perception score (1 - high; 2 - rising; 3 
- low rising; 4 - flat; 5 - high falling; 6 - falling; 7 - low) 
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Figure 5. Different Variants and Perception Score (ti - manually 
adapted duration and intensity; t - manually adapted duration; x 
- both parameters normalized; i - manually adapted intensity) 

However, it seems that in the case of the l-syllable final stress 
group, the intensity plays the most important role (need for a 
pertinent fade-out, even on one syllable). 
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4. CONCLUSION 

Using speech synthesis, a poweful tool for perception research, 
we were able to create a limited, but well controlled set of tested 
sentences. In the domain of FO, the perception of our sentences 
obey suprisingly strict rules: the general distribution curb is 
straight and shifted by approx. 20%. This shift can be explained 
by an inherent tendency towards an unmarked pole 
(statement)[2]. The symmetricity of the used intonation patterns 
is not only acoustic, but also perceptive, except for the 
completely flat pattern that tends most to be perceived as 
assertive. Using the assertive perception shift as a reference, we 
were able to make a certain number of conclusions concerning 
the part played by duration and intensity. Although their role 
can not be compared with the one played on the rhythmical 
level, we observe that their presence makes the two categories 
(assertion and question) more distinct, by reducing the assertive 
shift. Once again, we have proof that a better quality of synthetic 
Czech can not be achieved without taking into account the 
variations of D and I. 
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