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ABSTRACT

This paper presents resulfeom the analysis ofsegmental Later work [4; 5] showed that the accommodation principle in
duration in French in three differergpeaking styles, (a) its strongest form, needed to be supplementediifigrential
‘reading’; (b) 'news broadcast' ; (c) 'spontaneous interview'. Ié&ngthening of syllabic constituents: onsegakand coda,
ten minute corpus was hand segmerdad labelled using six in order to account foemphatic lengthening onthe one
accent categories (i) unstressed (ii) word-initial @mphatic hand, which affects primarily the early part of tegllable,
word-initial (iv) word-final (v) intonation unit final before and pre-boundarylengthening, which is more pronounced
non-terminal boundary (vi) intonation unit final before towards the end of the syllable.

terminal boundary.
y For French, it has been argued [2; 9] that segmehigdtion

Results show that when different acceypes and different is better modelled using a different higher-level prosadidt
speaking stylesaretaken into account, there is nmiform than the syllable, the IPCG ("inter-perceptual cemfreup"),
lengthening of prosodic constituents in Frenaiether the wherethe perceptual centre mssumed tocoincide with the
syllable or some otherhigher-level unit is taken as the syllable onsetafter a pause but with the vowanset
domain forlengthening. Instead differentialengthening is elsewhere. Applyingthe accommodation principle ahis
observedconsistently with essentially greaterlengthening level was found togive better results than thsyllable in
towards the beginning of theyllable for initial prominence predicting the variability of the data analysed.

and greaterlengthening towards theend of the syllable for

final prominence Fant et al. [8]hadobserved thapost-vocalic consonants in

French werdengthened only in pre-pauspbsitions. In our
The degree ofthe different types oflengthening was own work [1], preliminary resultsanalysingtwo extracts of

significantly different across speaking styles. spontaneous speectshowed that while the different
constituents of the rime (nucleasd coda) seemed toehave

1. INTRODUCTION AND consistently, there was adefinite tendancy fordifferential
BACKGROUND lengthening of syllabic constituentwith the onsetbeing

lengthened more witlnitial prominenceandthe rimebeing
11 Segmental duration more influenced by finaprominence, just as Campbell had
found for English.
It is well known that one of the majoproblems for the
development of Text-to-Speech systems is thaswugfplying 1.2 Rhythm and prominence in French.
appropriate valuesfor segmental duration in different
contexts. The number of factorspotentially influencing
segmental duration is very largéndeed it has beenargued

[10, 11] that thecombinatorics ofatural language isuch / ’ ‘
that even an extremely largeraining corpus will only more complex pattern déngtheningand pitch prominence,

contain a limited proportion of the possible combinations dff Particular in morespontaneous types of speeakith in
factors. particular word-initial prominences being much more frequent

than was previously thought and not restricted to emphatic or
Campbell [3] argued that an efficiemtay of overcoming the focalised words. This suggests that the typelathanalysed
sparcity of data problemvas byfirst predicting the duration may be a veryimportant factor andthat modelsdevelopped
of a higher-level unitthe syllable, andthen predicting the on the basis of laboratory speenfay needseriousrevision
duration of the individual segments by &accomodation for applications where more spontaneous styles of speech are
principle” which in its strongest form states thateach required.
segment in a given syllable is stretched squashed to the _ . )
same degree. Campbell showed that when z-stormalised 1S Study extendsour earlier work by comparing the
log durationswere used, theaccomodation principlegave differential Iengthenlng_ of _syllablc consutuentio_nset,_
quite good predictions of segmental durations. ThesEUdeu_S and coda) of5|x_ different accent_ types |n_ SiX
predictions were even better wherbackstep'procedure was '€c0rdings, chosen to illustrate three differespeaking
added,allowing for bottom-up influence of thendividual —Sty!€s-
segments on the syllable's duration.

Traditionally, French is described dsaving exceptionless
fixed word-final stress. Quite considerable work inrecent
years (for an overview see [6, 7]) has broughlight a much



2. MATERIAL AND PROCEDURE 2.2 .Experimental procedure

; The excerpts were digitized at 16 kHz and phonemic and
2.1.Material syllabic labels were aligned by hand with the spesignal.
For our study, we analysed segmental durations in sikachconstituent ofthe syllable was then coded asOnset,
recordings of connected speech (a totahpproximately 10 Nucleus or Coda.

minutes of speech), selected as fairly representataraples
of three differentspeaking styles: readingradio news
broadcastandinterview, eachstyle being illustrated by two
recordings.

The duration of the differentsyllable constituents was
measured andhe raw data wasnormalised using the z-
transform [3, 5] with the phonemic mearend standard
deviations calculated seperately for each speaker.

Each recording involved a different speaker each of whom w

a native speaker of educated standard French. ?)sur experimental design aimed to answer two questions :

1. does lengthening spread differently acrosssyllabic

e Thereading material consisted ofcannected . ; .
g constituents, according to accentual categories [4, 5, 8] ?

paragraph extracted from a stognd was read

by two non-professional readers. 2. does eactspeaking style involve specifilengthening

ies ?
e The radio news broadcastsare coherent strategies *

excerptsproduced byprofessionaljournalists
from one of the Frenchational broadcast
stations.

The resultswere computed through amnalysis of variance
(Anova), with the 3speaking styles, syllabiconstituents
(ONC) and accentual categories as indepensariables, and
normalised duration as dependent varialflarthertests were
carried out for each accentual category independently, in order
to bring to light more explicitly specific distinctions or
similarities of lengthening strategies across speaking styles.

¢ Finally, the interview material involved two
personalities discussingtheir work on a
Frenchnational radio station. Weselected a
coherent passage of the interview feach
speaker, consisting of the answer to a

It is evident that in a corpus of this typegccurrences of
question asked by the journalist.

prominenceare not homogeneoushdistributed among the
categories, word-final prominencefor example being far
more frequent compared tterminal Intonation Unit final
prominence or emphaticword initial prominence for
example. The number of each typesyilabic constituents is
The choice of 3 differentspeaking styleswas intended to also not equal, th€odapopulation being lessumerous due
bring to light any potential invariants dfuration as well as to the specific nature of Frenchyllable structure which
the degree olvariability between the differenstyles. Our largely favours opersyllables (CV). Thesmaller number of
hypothesiswasthat these three stylesould illustrate three Codaelements accounts for a larger Confiderinterval, as
degreesalong a continuumfrom the more carefuprepared can be seen in the figures. For ooembination of factors
reading style to the completely impromptu intervietyle (Coda foremphatic word initial prominence inthe reading
with the radio news broadcast being intermediate between tdle) therewere less than 5 tokens (irfact only one
other two styles. occurrence). The value of this was ignored in the
] ] ) ] interpretation of the results. For theremaining 53
The recordings were transcribed wnhout punptuatlon. AN -ombinations 5 combinationwererepresented by leshan
expert was asked to locate all perceived prominences, to Magk values each. Thesmmbinations were not used in the

Our entire corpus is thus not controlleghonetically or
semantically. The three speaking styleswill henceforth be
referred to as ‘Reading’, ‘News’ and ‘Interview’ respectively.

emphatic accentandnon-terminal and terminal Intonation
Unit boundaries. The syllables were classified into 6
categories, (following [7]):

» word-final (WF)

+ final in a non-terminal Intonation Unit (IU-NT)
» final in a terminal Intonation Unit (IU-T)

* word-initial (WI)

* emphatic word-initial (EWI)

* unstressed (US) (all remaining syllables)

The corpus contained a total
syllables.

ofapproximately 2600

interpretation of the results butereleft in the figuressince
the correspondingvalues were consistent with the trends
observed from the rest of the data.

3. RESULTS

The Anova shows that thengthening ofthe threesyllabic
constituents onset,nucleus and coda aresignificantly
different (F(2;5750) = 11.186 p < 0.0001)The accentual
categories are also significantly different (F(5;5750)
160.587, p < 0.0001)thus providing evidence for the
relevance of the functional distinction between acdgpes.
The interaction betweensyllabic constituentsand accentual
categories is also highly significant (F(10;5750)1&.228,
p < 0.0001), thus answeringour first question: segmental
lengthening doesapply differently depending on thaccent
categories.



The speaking stylesare not globally significantly distinct
on the basis oflengthening (F(2;5750) = 2.244, p

0.1062), showing thathe threespeaking styleshavefairly
similar overall strategiesThe interaction betweensyllabic
constituentsand speaking styles is also nosignificantly

different (F(4;5750) = 1.638, p = 0.1618). On the other hanfl

the interaction between speaking stylesand accentual
categories is highly significantlydifferent (F(10;5750) =
4.979, p < 0.0001), indicating that the strategies \&r§oss
speaking styleswhen considering global lengthening
throughout the different accemttegories.The interaction
between the 3 independent variables is gighificant at the
5% level (F(20;5750) = 1.598, p = 0.0442), indicatinigat
each speaking styletends to have specificdifferential

lengthening strategies across the accent categories.|astis |1,5 1 i

remark answersur second question: therredifferences of
differential lengthening across speakingstyles. More

_In the following figures, O standf®r Onset, N forNucleus
and C for Coda.
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detailed resultsare presented below on the differences andrigure 1: Differential lengthening of syllabic

similarities of the global and differential lengthening
between the three speaking styles.

Figures 1, 2and 3 show the distribution oflengthening
throughout thesyllabic constituentsaccording to accent
categories for each speaking style.

Two major results can be observed :

» word-initial accents, whether rhythmi@Vl) or emphatic
(EWI), show greaterlengthening ofthe onset. This
tendency is significant for the 3 speaking styles
concerning theword initial prominence. Adar as the

emphatic word initial prominence is concerned, it is| g1

significant only for the Interview and News styles.

e word-final accents show greatdengthening of the
nucleus and coda, especially at major prosdmiandaries

(intonation units). However, there are some differences .5

speaking style strategies, as can be seen whemparing

constituents across accent categories for the ‘Interview’
style.
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the three figures. Concerning the word-final accent (Wrjf;i9uré 2: Differential lengthening of syllabic

the 3speaking styles exhibithe samestrategy, i.e. the

constituents across accent categories for the ‘Reading’ style.

nucleus issignificantly longer than the coda, but not

significantly longer than the onset, except in tNews’

style. Asfar asthe syllables atthe end of non-terminal
intonation units (IU-NT) are concerned, the nucleus i
significantly longer than the onset acdda forthe three

speaking styles.The major difference between the 3|54

speaking styles concerning differentiehgtheninglies
at the end of terminal Intonation Uni(RJT). The coda is
significantly longer than the nucleuand onset for the
‘Reading’ style, whereas thiengthening concernsfairly
equally the group nuclewend coda(i.e. therime) for the
‘News’ style, the coda being significantly longer than t
onset only. Finally, lengthening ishomogeneously
distributed over the syllabic constituents for the
‘Interview’ style.
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Figure 3 : Differential lengthening of syllabic
constituents across accent categories for the ‘News’ style.




4. DISCUSSION

Our results suggest that tls¢rong accommodatioprinciple
is not sufficient to account fasegmental timing in French
whether thesyllable orthe IPCG is taken as therelevant
domain. Instead, earlier results by Fant et al. [Blampbell
[4; 5] and Astésano et al. [1] were replicated, showing that, as
in English or Swedish, differentidengthening ofsyllabic
constituents inFrench needs to be takénto account. The
distribution of accents thus seems to be an importaator
in the three languages: indeeduyr results confirmedthat
lengthening ofthe Onset is characteristic eford-initial
accents, whereasengthening ofthe Nucleus and Coda
elements is morecharacteristic of word final accents,
particularly before intonation boundaries.

This result suggests that the reason Barbasd Bailly's

IPCG model gave better results for French th@ampbell's
syllable based model stems from the nature of twpus
analysed which consisted of isolated sentenead in avery

neutral style withlittle or no initial rhythmic oremphatic
prominence. In this case only final lengthening was
observed which as we have seen affedsentiallythe coda
and the nucleusThe IPCG modelwould beclearly incapable
of accountingfor the lengthening ofthe syllable onset we
observed in all three stylefor both rhythmicandemphatic
word-initial prominences.

Oneoriginality of our work lies in thecomparison between
different speaking styleswhereas the studies b@ampbell
and Fant et alare primarily concerned withreadspeech. We
were thus able to observe aariability in differential
lengthening in French, which might also be founcEinglish
or Swedish.

The three speaking stylegere significantly different on the
nature of theirrespective differentialengthening strategies
across accenftcategories. Indeed, the 'ReadingStyle is
globally characterised by a greatlemgthening ofthe coda,
and optimally marks final prominencetypes. On the
contrary, the 'Interview' style favours thengthening of the
onset element, marking initial accentsore distinctively

than final accentsThe 'News'style, as wepredicted,falls

somewhere between the two extrenaesl seems tocombine
the twostrategies,with a clear marking oboth initial and
final accent types.

Despite the fairly limited nature of the corpus, the effects we
observed appear fairly robust across both speakers and
speaking styles. Further investigation will however be
necessary to see whether the thetg@les should really be
considered agxhibiting distinct strategies owhetherthey
should be considered asepresenting three points on a
continuum stretchingrom the more prepared extreme to the
more spontaneous. Work in progress extendingathalysis

to fully spontaneousdialogue material may be hoped to
provide an answer to this.
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