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Abstract 
The study under consideration aims at bringing to light 
some aspects of the prosodic organization of speech, 
namely those associated with the degree of cohesion 
between the adjacent elements of a speech stretch. The 
issue raised in the paper concerns variation in the degree 
of linking reflecting intraclausal syntactical-semantic 
relations, i.e. relations between the accentual units as 
constituents of a prosodic contour. The problem is 
considered in the framework of prosodic modelling for 
multilanguage speech synthesis. 

1. Introduction 
Results of speech synthesis quality evaluation tests, 
irrespective of the method of synthesis, elucidate a close 
association between the overall perceptual assessment of 
artificial speech and its prosodic characteristics [1, 2]. 
These results highlight a demand for further development 
of the prosodic component in the synthesis programmes [3, 
4]. There is consensus of opinion that the properties of a 
synthetic utterance dependent on the improvement of the 
prosodic model include the most crucial criteria of the 
overall assessment of synthesized speech: its intelligibility, 
the degree of its naturalness and social-pragmatic 
acceptability. 
The model referred to in this paper is part of a 
multilanguage synthesis programme [5, 6, 7, 8] and aims 
at typological prosodic representation of the languages 
concerned, particularly Russian and English. The central 
unit of modelling in it is a prosodic contour. The latter is 
viewed as a multi-componential unit horizontally as well 
as vertically. The complexity of its linear organization 
derives from the possibility of breaking down the stretch 
of speech embedded by this unit into elementary semantic 
blocks. These minimal semantic blocks form the 
segmental base of accentual units (AU) constituting a 
prosodic contour. An obligatory feature of a contour is the 
nuclear AU which is associated with the main accent [9, 
10] and to which a contour of the minimal size is reduced. 
The number of contours adopted for speech synthesis 
programmes is generally determined by the 
communicatively relevant prosodic contrasts in the 
language. A more accurate statement here would be that 
the principle of contour identification is both phonetic and 
phonological. 

 

2. Framework of experimental study 
Prosodic studies of different languages, including those 
carried out within the work being reported, have shown 
that languages display considerable similarity in the 
repertoire and general shape of prosodic “patterns”. In view 
of this fact, a common inventory [11] of contours can be 
postulated for multilanguage programmes. Such an 
inventory in this study had been postulated on the basis of 
prosodic research of Russian [12, 13, 14, 15] and English 
[16] and then verified in the course of auditory and 
acoustic analyses of the experimental material (Table 1). 
The experimental material included 5 English and Russian 
texts (≈ 300 words each) of a formal-neutral kind. They 
were recorded by two Russian (female, male) and two 
English (female, male) speakers and then analyzed by 
experienced phoneticians familiar with the adopted 
classification of tonal patterns in both languages. As a 
result of the auditory analysis the list of contours that had 
been postulated on the basis of prosodic studies of the 
given languages was confirmed. 
The choice of the ultimate prosodic parametrical values for 
designing the phonetic ‘portrait’ of a contour of a given 
type was based on the perceptual-acoustic analysis of its 
spoken realizations and the selection from the 
experimental data of such a sample (or samples) that can 
adequately represent the given prosodic pattern due to its 
statistical characteristics (frequency of occurrence, etc.) 
and acceptability viewed as a cognitive perceptual 
evaluative feature. 
The requirement on the acoustic level was that all (or most 
of all) the features of the pattern identified with a certain 
type of contour should reveal quantitative and/or 
qualitative differences from the other contours. 
Importantly, the comparison is two-fold: 1) intralanguage -
with the members of the individual language paradigm and 
2) interlanguage - between the typologically similar 
contours, occupying the same place in the comparative 
matrix of the phonetic systems of the languages used in the 
programme. 
Although some or even most of the specific traits thus 
revealed are not distinctive in the phonological sense 
proper, each feature contributes to the impression of 
prosodic language-specific “normativeness”, which is of 
special significance for speech synthesis.  
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Table 1: A typological phonetic description of contour types (identified by the nuclear pitch-change) 

Perceptual/acoustic dimensions of nuclear F0 change 

№ 
Direction F0 change 

interval 

F0 
beginning 

point 

F0 
ending point 

Shape and 
Configuration 

Semantic connotations 

1 Falling narrow mid-low deep low  maximal finality 

2 Falling mid mid low   Full neutral completeness 

3 Falling wide high/mid low  full intensifying completeness 

4 Falling with an 
initial Rise wide high/mid not-low  partial intensifying completeness 

5 Falling narrow high/mid not-low  partial neutral completeness 

6 Level minimal mid mid  
close syntagmatic juncture 
(indistinct prosodic parsing) 

7 Rising-Level mid mid mid-high  anticipatory incompleteness 

8 Rising wide mid-low high  
balanced incompleteness, 
comparison; interrogativeness 

9 Rising  
(+ Falling) mid mid-low high  

(+ mid-low)  intensifying incompleteness 

10 Level-Rising mid low mid  
neutral incompleteness; 
interrogativeness 

11 Falling-Rising 
Undivided 

wide, 
narrow high mid-low, 

mid-high  
intensifying incompleteness, 
contrast 

12 Falling-Rising 
Divided 

wide, 
narrow high/mid low, mid  

intensifying incompleteness with 
additional semantic prominence 

13 Rising-Falling wide high low  exclamation 

 
 

3. Results and Discussion  
Evaluation of the prosodic pattern of synthetic speech has 
shown that most of the contours implemented into the 
programme were perceptibly differentiated and correctly 
identified with the corresponding type. At the same time 
the pattern’s evaluation varied from sentence to sentence, 
depending on the latter’s syntactic structure, length and 
position in a longer stretch of utterance. 
 According to the data obtained in the present study, further 
development should not be confined to the critical 
overview of the inventory and phonetic content of the 
prosodic contours. The task of further improvement also 
demands the adoption of a more flexible contour structure 
which would make it possible to vary the degree of 
cohesion between syllable sequences within the contour 
depending on the intra-clausal semantic relationships. 
These, in their turn, are predicted by a number of factors: 
by the type of syntactical relations between adjacent 
elements, the syllabic length of the sequential accentual 
units (AU) and the overall number of accentual units in the 
contour. 
Another contribution could be made by a more subtle 
representation of the internal structure of an accentual unit. 
This kind of modification is aimed at achieving greater 
accuracy in the representation of unstressed (weak) 

syllables within an accentual unit - prestressed (proclitical) 
and poststressed (enclitical) parts of the unit, particularly 
when an AU comprises more than one word.  
The last two requirements concern the phonetic realization 
of a contour and aim at finding a “compromise” between 
the latter’s continuity, on the one hand, and discreteness, 
on the other. It should be noted here, that the feature 
“continuity” is inherent to the model due to the principle 
of hierarchy underlying the contour structure. According 
to this principle the phonetic characteristics of a micro-unit 
(accentual group, in this case) are determined by the type 
of the macro-unit, i.e. the contour incorporating it and the 
position of the micro-unit in this larger unit (initial, medial 
or final). The discreteness of the contour, in its turn, being 
predetermined by its accentual-rhythmical segmentation, is 
obtained through a certain degree of prosodic 
completeness of the contour constituents, each of which 
presents, as a result, a relatively autonomous micro-
structure (tonal, dynamic, rhythmical). 
With a special mechanism of achieving modifications of 
the above-mentioned features, the contour virtually 
becomes compatible with a multitude of utterances similar 
in the communicative-pragmatic but different in the 
logical-semantic sense, i.e. in the syntactical relations and 
the distribution of informational weight between the 
elements of an utterance. The choice of an appropriate 
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variant in a concrete situation is the result of a pre-acoustic 
text-processing procedure aimed at extracting the 
linguistic information encoded in the segmental chain into 
which the contour is embedded. This information 
concerns, primarily, the identification of morphological 
and syntactical properties of the words constituting the 
syntagm. The assumed variation in the degree of cohesion 
between the adjacent accentual units is predetermined by 
the objective differences in the semantic links between 
adjacent syntactic elements, e.g. between an attribute and a 
subject, on the one hand, and a predicate and an expanded 
complement, on the other. Cohesion in the first case is 
defined as neutral (unmarked) whereas in the second case 
it is loose (¦). There is also a close juncture (<) typically 
occurring between content words when one of them 
acquires a certain degree of syllabic prominence in an 
utterance due to its morphological nature and syllabic 
structure but at the same time does not, for semantic or 
rhythmic reasons, constitute an accentual unit of its own 
and joins the adjacent fully stressed word to form a single 
complex unit functioning as a single prosodical-semantical 
block. The peculiarity of close juncture is that the pitch 
pattern of the stressed word attached to the superordinate 
element in the complex accentual unit is dependent on that 
element. It has no ‘F0 configuration’ of its own and 
coincides in its F0 characteristics with the prestressed or 
poststressed segments of the accentual unit, depending on 
the direction of the semantic links (see the example and 
Fig. 1 below, where ■ is a stressed syllable; □ – an 
unstressed syllable; < - a close intreraccentual juncture;  ¦ - a 
loose intreraccentual juncture ):  

 

My »hero ¦ was a cou»rageous »nineteenth < ·century 
1AU 2AU 3AU 

(simple AU) (simple AU) (complex AU) 
   

ad\venturer.   
4AU   

(nuclear AU)   

Figure 1: F0 characteristics of a 4 AU falling contour with 
loose and close junctures between AUs.  

When the juncture is loose, the contour becomes 
intrinsically split without losing, however, its semantic 
integrity. This means that despite some specific structural 
features enhancing the isolation of the accentual groups 
the contour is still perceived as one intonation-group. In 
other words, the juncture type assignment depends 1) on 
the type of utterance stress (full, weak, partial, zero) which 
the word is entitled to in a concrete context, 2) on the 
successive order of stress types and 3) on the general 
number of prominent words in an intonation-group.  
The kind of variation under discussion does not affect all 
the parametrical layers of a contour in the same way. The 

most significant changes are found in the tonal and 
rhythmical components. The latter, particularly, consists in 
smoothing or, vice versa, sharpening the duration contrasts 
between the marginal elements of the adjacent accentual 
units (Table 2). These elements according to the structural 
variation of AUs can be represented by the following 4 
types of contrasts: 

 

□/□ poststressed syllable of the preceding AU/ 
prestressed syllable of the following AU 
 

■/□ stressed syllable of the preceding AU/ 
prestressed syllable of the following AU 
 

□/■ poststressed syllable of the preceding AU/ 
stressed syllable of the following AU 
 

■/■ stressed syllable of the preceding AU/stressed 
syllable of the following AU 

 

Table 2: Mean duration of pre-junctural and post-
junctural syllables in various types of accentual 

juncture (ms) 

Structural Variants of 
interaccentual juncture 

Su
bj

ec
ts

  
Degree of 

interaccentual 
cohesion 

 
□/□ ■/□ □/■ ■/■ 

close < 139-121 204-102 160-235 239-231 
1 loose ¦ 147-103 295-99 176-223 279-186 

close < 124-105 239-89 128-251 228-226 
2 loose ¦ 142-101 257-86 148-221 285-222 

close < 152-134 271-108 146-279 261-240 
3 loose ¦ 213-134 338-105 191-246 286-161 

close < 116-108 231-81 134-262 234-219 
4 loose ¦ 131-96 287-81 168-187 259-204 

 
 
Table 2 shows that the data obtained from analyzing the 
speech of 4 subjects (all native English educated speakers) 
coincides in the kind of contrasts revealed although 
individual subjects, naturally, differ in the mean values of 
syllable duration.  
As is clear from the data, duration of both stressed and 
unstressed syllables varies in accordance with the kind of 
juncture between the accentual units. Loose juncture is 
marked by an increase in the duration of the syllables 
preceding the juncture and a decrease in the duration of the 
syllables following the juncture. 
Importantly, the degree of cohesion between the AUs does 
not affect the internal rhythmic structure of an accentual 
unit as well as that of the whole intonation group (Figure 
2). The sound duration ratio between the prestressed, 
stressed and poststressed syllables remains constant but the 
actual quantitative proportion varies in the manner shown 
above. 
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1,13

2,49

0,55

1,05

1,46

2,97

0,7

1,3

0,1

0,6

1,1

1,6

2,1

2,6

3,1

3,6

□/□ ■/□ □/■ ■/■

close interaccentual cohesion loose interaccentual cohesion
 

 
Figure 2: The duration ratio of prejunctural and 

postjunctural syllables in 4 structural variants of 
interaccentual juncture 
 

4. Conclusions 
Features of prosodic organization touched upon in this 
paper show that the improvement strategies for the 
prosodic component of speech synthesis presuppose a 
more salient and subtle approach to the internal structure 
of a prosodic contour. The gist of the suggested 
modifications is in achieving greater flexibility of a 
contour reflecting the instability of the latter’s external 
(segmental anchoring) and internal (semantical-syntactic 
structure) form. The implementation of these 
modifications means that the prenuclear accentual units of 
a generalized contour pattern are realized through a 
number of data-driven variants. The choice of an adequate 
variant requires the identification of relevant 
morphological and syntactical criteria of word cohesion 
within an utterance.   
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