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Abstract 
The simulation of speech by means of speech synthesis 
involves, among other things, the ability to mimic typical 
delivery for different speech styles. This requires a realistic 
imitation of the manner in which speakers organize their 
information flow in time (i.e., word grouping boundaries), as 
well their speech rate with its variations.  
 
The originality of our model is grounded in two levels. First, 
it is assumed that the temporal component plays a dominant 
role in the simulation of speech rhythm, whereas in traditional 
language models, temporal issues are mostly put aside. 
Second, the outcome of our temporal modeling, based on 
statistical analysis and qualitative parameters, results from the 
harmonization of various layers (segmental, syllabic, phrasal). 
The benefit of a multidimensional model is the possibility of 
imposing subtle quantitative and qualitative effects at various 
levels, which is a key for respecting a specific language 
system as well as speech coherence and fluency for different 
speech styles.  

1. Introduction 
To underline the importance of temporal factors in speech 
organization, the following issues will be discussed. 
 
Simulation of speech constitutes an interesting reversing 
technique to test our hypothesis, and the issue of the real-time 
delivery of speech is raised through this type of simulation. In 
such dynamic simulations, time is vital. However, the 
problem is that in linguistics time is mostly considered as a 
phonetic feature, i.e., supposedly not relevant to the 
description of language structures. This assumption has led to 
a relatively poor coding of the temporal dimension, despite an 
impressive amount of knowledge on temporal issues. Many 
phonetic studies have demonstrated the vital role of the 
temporal organization in speech at various levels of the 
speech structure. The complexity of those studies and of the 
temporal system itself has probably restrained the effort 
towards a synthetic understanding of the temporal 
organization in speech. From this point of view, the “reverse 
engineering technique” of speech synthesis may offer an 
interesting (if limited) platform. The model implemented in 
LAIPTTS is thus described, focusing on our multidimensional 
temporal modelling. 
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 Is speech synthesis just a technology for 
engineers?  

the last twenty years, knowledge about language and 
h functions has considerably increased. Nowadays, the 
ll picture of human linguistic functions is of such 
lexity that researchers capable of integrating all of this 
ledge have become rare. In this sense, speech synthesis 
ecome a useful tool for linguistic and psycholinguistic 
imentation, since it permits to incorporate knowledge 
selected and diverse levels (phonetic, phonological, 

dic, lexical, etc.), and to verify the relevance of each as 
interact with each other. Although the use of speech 
sis in this context is still in its infancy, it is already 
le to perform a number of manipulations with current 

h synthesis systems. Such fairly well-controlled speech 
ulations are an important and interesting way of 
ting our knowledge, considering that humans cannot 
nstrate speech functions like intonation and timing 
tely. For example, if we want to demonstrate the effects 
ater and lesser degree of monotonic intonation, a speech 
sizer is able to vary the parameter of fundamental 
ncy in terms of its degree of variation and/or range. 
er example is modifying the speech rate; with natural 
ers, it is difficult to perform such a change without 
ucing other related effects such as changes in word 
ing, intonation, intensity and voice quality. Compared 
ow speech rate, a faster speech rate involves a reduction 
 number of prosodic groups in French ([3], [15]). This 
tion changes, among other things, the word groups with 
fect of triggering a rhythmic change at the segmental, 
ic and phrasing levels. In other words, changing the 
h rate is far more than just changing the tempo, it is an 
 reorganisation of speech that can be systematically 
ed by means of a speech synthesizer. 

nclude this section, speech synthesis offers a stable and 
ticated experimental platform with a high level of 
l of numerous parameters. This tool offers new 
ilities to experiment in our domain, and this will be 

nstrated regarding the temporal issues. 

3. Time in speech sciences 
nts in linguistics learn that time is not a major issue, that 
roper focus of the discipline should be on language 
ure and system description rather than on the 
oning of continuous speech. Time is in part implicitly 



coded in phonetic transcriptions by way of the linear 
succession of phones and phonetic features, and sometimes 
by the coding of crude durational quality for some segments 
(e.g. short vs. long), but no information is given for example 
about speech rate variation. Yet in many languages, the 
transition between two prosodic groups is marked by a 
significant slow-down of speech, which is well-documented 
as a “chunking effect” (see also Saltzman in this session). The 
end of a sentence is often marked by a longer slowing-down. 
These changes belong to the prosodic systems of these 
languages.  
 
Since time is believed to be barely relevant for the study of 
language structures, it is mostly represented as a single linear 
dimension of linguistic events [14]. The poorness of temporal 
information in linguistics can be illustrated with phonological 
representations providing no information about speech rate, 
silent pauses and breathing, despite the fact that in some 
circumstances, such as inter-speaker interactions, the same 
linguistic material delivered with a different temporal 
organization may transmit different meanings. Saying “no, 
you don’t bother me” very slowly or very rapidly, with or 
without a pause after the “no”, for example, may transmit 
different meanings. Current phonetic and phonological 
representations of speech thus "underprovide" temporal 
information. This becomes problematic when recreating 
speech with a speech synthesizer. 
 
What is the missing temporal information if one wants to 
mimic speech delivery? To a certain extent, this lack of 
temporal information in speech representations reveals a lack 
of established knowledge, that is, a general understanding 
about the real-time management of temporal cohesion 
between low-level constraints (e.g., physiology, motor 
control), and high-level constraints (e.g., linguistics, inter-
speakers interactions, etc.). The manner in which 
coordination can be performed between these two general 
levels of constraints is still unclear, despite an impressive 
amount of knowledge on temporal issues. 
 
For example, speech therapists have an empirical knowledge 
of many temporal constraints on speech delivery (e.g. [11]). 
However, knowledge of this sort has found little distribution 
and formalization outside the medical domain. Phoneticians 
have also provided a number of studies on various temporal 
issues for example in articulatory phonetics and acoustics [1], 
[7], [12], in prosody [2], [15], or in conversational speech [9]. 
All of these studies have demonstrated the vital role of the 
temporal organization in speech at various levels of the 
speech structure in the fields of speech production/perception 
(intra- and intersegmental articulation, syllabic structures, 
lexical and prosodic organization, conversational 
organization). However, the complexity of specific studies 
and of the temporal system itself has probably restrained the 
effort towards a synthetic understanding of the temporal 
organization in speech. From this point of view, simulating 
speech by means of the “reverse engineering technique”1 may 
offer an interesting platform.  

                                                                   
1 “Reverse Engineering Technique” has to be understood here as the reconstruction of 

speech by combining various bits of established knowledge. Most speech synthesis 

systems are built according to this approach, that is, by “gluing” together phonetic, 
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y, recent studies have shown that prosody is at the 
ce of many domains related to the human 
unication system. For example, there is a vital temporal 

ing between speech and certain types of gestures like 
estures [10]. 

Speech simulation set on a rich temporal 
structure 

eal speech synthesizer should be capable of generating 
 speech, whatever the length and the complexity of 
ges, and even if they are not canonical in written 
age. Flexibility and variability will be the future 
nges in speech generation. 

rinciples of the Model 

 first approximation to this objective, the speech 
sis system LAIPTTS has been developed in our 
tory over the last ten years. Considering that the 
ral organization of speech is at the core of any prosodic 

ation, one crucial innovation in our system is the 
ement of the more common phonosyntactic analysis by 
cholinguistically derived word grouping algorithm [6]. 
trong raison d'être of a psycholinguistically motivated 
ach is its temporal foundation. In our model, the word 
ing process proceeds by assembling words into minor 
s, minor groups into major groups, and major groups 
aragraphs. The assembling of words into minor groups 
ed on extensive psycholinguistic experimentation with a 
y of tasks: repetition tasks, subjective segmentation 
 empirical measures of syllabic duration, and by the 
is of pause placement [4]. Across tasks, subjects have 
 a tendency to constitute, or leave intact, the same types 
ups in the same textual material. In French, these word 
s corresponded, with a few specific exceptions, to sets 
 or several grammatical (function) words, followed by 

r several lexical (content) words. The advantage of such 
gorithm is its robustness to handle oral language 
ures. It has also been implemented in our lab, with a few 
 changes, for German where it has given good results. 

second innovation, the quantitative part of our temporal 
ling, is based on statistical analysis resulting from the 
nization of various layers (segmental, syllabic, phrasal). 
tatistical model predicts a dependent variable (i.e., the 
on of a sound class) in terms of a hierarchical structure 
ependent variables involving segmental, syllabic and 
l levels ([5], [15]). In an initial phase, the model 
orates segmental information concerning type of 
me and proximal phonemic context. Subsequently, the 
l adds information on the syllabic structure, on whether 
yllable occurs in a function or a content word, on 
er the syllable contains a schwa and on where in the 
the syllable is located. In the final phase, the model adds 

 
xical, syntactic, and prosodic modules, and by applying physical 

mations to pre-stored acoustic signals. 



information on phrase-level parameters such as phrase-final 
lengthening.  

4.2. Modelling two speech rates 

With this rich temporal modeling we have predicted, for 
example, phrasal syllables and segment durations, for two 
speech rates in a study on 50 read sentences ([15], [16]).  

4.2.1. Analysis 

The analysis of these read sentences showed a number of 
qualitative phonological differences between the two speech 
rates (syllables, pauses, prosodic boundaries) that were 
modelled. For example when speaking fast, some syllables 
tend to be eliminated (schwa deletions, diereses1), and this 
accelerating mechanism appears to be even more frequent 
(8.8%) than the elimination of silent pauses (7.9%). The 
change in the number of syllables with speech rate induces a 
change in syllabic boundaries, two phenomena which have an 
audible effect. At a higher prosodic level, the syllabic 
changes modify the interlexical proximity by means of schwa 
and liaisons effects with various effects on prosodic 
boundaries. These manipulations are part of our recent 
phonolexical parser, but have not been implemented in 
LAIPTTS yet. 
 
 
 
 
 
 
 
 
 
 
 

                                                          

Figure 1: Scattergram of measured segmental mean durations for two 
speech rates (35 phonemes: 2146 segments at fast speech rate; 2245 
segments at slow speech rate) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Scattergram of the measured variation coefficients of mean 
segmental durations for two speech rates (35 phonemes; 2146 
segments in fast speech rate; 2245 segments in slow speech rate  
 
From a quantitative point of view, it was found that phone 
segments are not linearly lengthened (Figures 1,2). The range 
of the segment “temporal elasticity” differed depending on 
articulatories properties (e,g., /p/ vs /a/), and the faster speech 
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1 Example of a “dieresis deletion”: in/te/llec/tu/el -> 
in/te/llec/tuel. This five-syllable word is produced in four 
syllables. 
 

nduced a reorganization of segments. Some segments 
anticipated, and some others were coalesced [12]. 

ugh the rationale to model each phone duration for each 
h rate was not explored, this distinction in the phone 
ements was implemented in our predictive statistical 

l. 

 Prediction 

outcome of our statistical model, a General Linear 
l, (as described in section 4.1) gives the following 
s: correlations between measured syllabic durations and 
ted durations were r=0.876 (n=981, p<0.001, RMSE = 
) for the fast speech rate and r=0.83 (n=1049, p<0.001, 
 = 22.9 ms) for the slow speech rate, results which 

 among good outcomes ([8], [15]). 

 1 shows that the temporal structures related to the 
grouping predictions, as well as some parameters 
d to them, were also correctly predicted. In other words, 
ediction of the temporal organization of speech is not 
a quantitative problem solved by statistical models 
ing a unique element, a duration; qualitative parameters 

d to the temporal structures were taken into account as 
(pauses, syllable boundaries, schwa, liaisons and 
înements), so that the coherence of the whole temporal 
ure is maintained. 

ch rate Fast Speech Rate Slow Speech Rate 
meters Predicted Measured Predicted Measured 
înement
s 

47 44 31 34 

uses 16 14 48 50 
eresis - - 4 5 
lables 964 968 997 1001 
hwas 106 114 135 120 
inor 

ndaries 
ause) 

122 
(9) 

128 
(8) 

120 
(40) 

121 
(41) 

ajor 
ndaries 
ause) 

34 
(7) 

35 
(6) 

47 
(8) 

43 
(9) 

 number 
undaries 

156 163 167 164 

 1. Prediction of various qualitative temporal 
eters, compared to the observed parameters. Numbers 
ent the raw number of items in each group. 

y, we have shown that the incorporation of non-
ities increased the quality and accuracy of the durational 
tions [13]. Since speech is a rhythmical activity, it can 
pected that certain serial interactions act as a kind of 
structuring the speech flow.  

xample, a significant temporal serial dependency (an 
rrelation) was identified for French, and to a lesser 
 for English. The durational anticorrelation component 
ested itself reliably within 500 ms. This effect means 
ithin a 500 ms window, if a syllable tends to be short, 
llowing syllable will tend to be longer. We found a 
 anticorrelation of r=0.234 for the fast speech rate. 



Although numerically small, a computer implementation of 
this component resulted in noticeable perceptual effects. 
Implemented in our speech synthesizer, the reading of a news 
report appeared to be enhanced by the addition of an 
anticorrelational effect, while a train announcement with 
strong anticorrelational values sounded inappropriately 
“swingy”. 
 
In speech timing, many adjoining elements are highly 
correlated. Towards the end of a sentence, for example, 
several adjoining syllables are similarly lengthened. Two 
adjoining syllables in similar sentence position should in 
theory show more durational similarity to each other than to 
other syllables in other positions in the sentence. So adjoining 
syllables could very plausably be correlated, rather than 
counter-correlated and in that sense, this serial effect within a 
500 ms window was unexpected. Notice that this effect can 
not be a statistical bias (such as a “regression towards the 
mean”) since in the design of the experiment, we actually 
examined all pairs sequentially, where syllable A was 
compared to syllable B, and then syllable B was compared to 
syllable C, etc. No type of syllable occupied any particular 
position in the correlation matrix. For a regression of the 
mean to be demonstrated, one type of member would always 
have to be in the left column and the other would always have 
to be in the right column of the correlation matrix.  

5. The future 
Recent exploratory studies on prosodic expressiveness, at the 
interface between linguistic and paralinguistic functions, 
suggest that the temporal dimension might also be a major 
issue in the effectiveness in communicative transmission [17]. 
In two semi-spontaneous tasks, twelve speakers perceived as 
less expressive were those who produced a greater number of 
words, breath groups and minor prosodic groups in the two 
tasks. Less expressive speakers produced on average 20% of 
minor prosodic groups with dysfluencies vs. 11% for the more 
expressive speakers. These dysfluencies were located 
throughout the utterance in the case of less expressive 
speakers. These results suggest an interesting interdependence 
between perceived expressiveness and hesitations (temporal 
disruptures). Further acoustic analyses are ongoing. 

6. Conclusion 
Beyond speech technology, in the modelling of phonetics and 
speech function, it has become a realistic possibility to place 
the temporal component into the central place it merits, 
thanks to current conceptual and computational tools. A 
multidimensional model of the temporal organisation of 
speech permits to impose subtle, differentiated effects at 
various levels. The modelling of these effects will permit to 
better understand running speech in its intra/inter-speaker 
variability. 
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