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Abstract

Prosody conveys linguistic and extralinguistic mfiation through prosodic
features which are either language dependent gusge independent. In addition,
each speaker has unique physiological charactsristfi speech production and
speaking style, and thus speaker-specific charattsr are also reflected in
prosody. Distinguishing the language-specific anmbaker-specific aspects of
prosody using acoustic parameters is a very comfadsk. Therefore, it is very
challenging to extract and represent prosodic featwhich can differenciate one
language from the other or one speaker from theroffhe goal of our study is to
investigate whether the prosody of isolated sem®rino French and English is
determined by their shared syntactic structureswahether the prosodic features
used by the two languages are different or similar. our cross-linguistic
comparison of the prosodic parameters, two appesaele used. First, FO slopes
measured on target words in the sentences arezadalyy fitting mixed linear
regression models (R packalype4. Secondly vowel duration and FO values for
each syllable are prosodically annotated usinguonaatic prosodic transcriber and
the symbolic and numeric values are used in a moaditative comparison of our
data. It appears from the analyzed data that teergbd FO curves in our corpus do
not always correspond to linguistic theory and tthet output of the automatic
prosodic transcriber provides relevent informationa cross-linguistic study of the
prosody.

1 Introduction

Prosody is an important component of oral commuiunafor transferring
linguistic, pragmatic and extralinguistic infornaii and gives the speech signal its
expressiveness mainly through melody, intensity smahd duration. Variation of
the prosodic parameters allows a listener to segthensound continuum, and to
detect emphasis on the speech signal (i.e., aafewbrds or expressions). The
prosodic component of speech conveys the informatised for structuring the
speech message, such as emphasis on words anturgtigudche utterance into
prosodic groups.
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However the prosodic component of the speech sigrats easy to process than
its segmental part as there are few constrainthénrealization of its parameter
values. Yet, prosodic information is difficult td@into the manual transcription of
speech corpora, or other automatic speech progesdience, it is important to
investigate automatic approaches for recoveringh sisformation from speech
material.

Even if not perfect, the use of an automatic apgrdar prosodic annotation of
the speech would be very useful especially as gheeanent on manually annotated
prosodic events (boundary levels, disfluences arekitdtion, perceptual
prominences) between expert annotators is quite (B806). Even after training
sessions, the agreement does not exceed 86% (e&thgour et al., 2010) and the
task can be considered even more difficult and d¢exghen manual coding of
pitch level is to be carried out. In fact, it idfidiult for human annotators not to be
influenced by the meaning of an utterance; annigatan be tempted to associate a
prosodic boundary at the end of a syntactic boyndarat the end of a semantic
group instead of focusing solely onto the pros@dients. Moreover, there can be a
discrepancy between the parameter values and ffeiception by a human
annotator. For instance, an acoustic final rige lma perceived as a fall depending
on the preceding FO curve (Hadding-Koch and Stuediennedy, 1964). Moreover
the same FO contours can have non-standard occag€RO0 rises can be found at
the end of declarative sentences) and a humarctibasmay be influenced by what
he considers as being the norm, and standardizetrémscription of prosodic
phenomena, ignoring what he sees and what he hears.

A further advantage of an automatic processinda, tonce the values of the
parameters are normalized, they are then alwaypaad to the same threshold
values. This process is extremely difficult to @ when human (hence subjective)
annotation is concerned.

The goal of the present study is to test an autonsgiproach for prosodic
labeling in a cross-linguistic study of speech pdysin French and English. We use
an automatic system, PROSOTRAN, in this study. phigyram is well adapted for
annotation of languages, such as French, in wihielsyllable duration is one of the
major parameters of stress. PROSOTRAN is able tootate the prosody of
sentences in French and English containing the sgntactic structures.

2 Prosodic annotation

Prosodic parameters are subject to a prosodic epbergoverning parameter
values across the prosodic group. It was observediiomatic speech synthesis (in
diphone and data driven approaches) that a sudgastified change inyfor sound
duration (beyond stressed syllables or prosodictiuges), is perceived either as a
corruption of the speech signal or as an occurreheemisplaced contrastive stress
(Boidin, 2009). Most of the time transcribers foausthe transcription of parameter
values of syllables considered as linguisticallyorpinent, carrying pertinent
linguistic information. The other syllables, lingtically non-prominent, remain
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generally uncoded, although their prosody contebub an overall perception of a
correct pattern. Therefore, in order to keep ahfaitprosodic transcription of the
speech signal, all syllables should receive anmuotaif their different parameters.
Moreover, someqfchanges that can be perceptually crucial may adrdanscribed

in an appropriate way. Thus, a fingl fise generally indicates a question, an
unfinished clause, or an exclamation, but it cao alccur at the end of statements in
spontaneous speech. A phonological transcripti@ulshavoid using one and the
same symbol for these cases (for example, H%hesettypes of rises, which may
sometimes correspond to the samecéntours, are perceptually distinguished
(Fénagy and Bérard, 1973).

Prosodic annotation is a complex and difficult tasid linguists and scientists
working in speech technology address this issum fvarious angles. A distinction
can be made between phonological approaches (®iwveet al 1992; Hirst, 1998;
Delais-Roussarie, 2005; etc.) and acoustic-phoqetisodic analysis (Beaugendre
et al.,, 1992; Mertens, 2004). Most of the prosddénscription systems capture
levels extra high, high, mid, low, extra Igvand movements of thg ¥alues (ising,
falling, orlevel), or integrated FO patterndd4t pattern...).

The prosodic transcription systefpBIl (Tone and Break Indices) (Silverman et
al., 1992; Beckman et al., 2005), is often consideas a standard for prosodic
annotation. However, ToBI appears to be a sometwiaid system. It is based on
Pierrehumbert's  abstractphonological description of English prosody
(Pierrenumbert, 1980), but is often considered pkaametictranscription, using the
perception of the melody for its symbolic codinglahe visual observation of the
evolution of f values.

INTSINT (an INternational Transcription System) is a praiuncoriented
system. This system is a relatively language inddeet one; it has been used for
the description of FO curves several languages (Hirst and Di Cristo, 1998). A
limited number of symbols are usedttanscribe relevant prosodic events. These
include absoluteTop, Mid, Bottorpor relative Higher, Lower, Same, Upstepped,
Downsteppeddesignations. The limitations of the system sfeam the use of the
fo values alone.

Other approaches should be included to completesioant overview of prosodic
annotations. The syntactic-pragmatic approach ehér intonation integrates a
morphological approach, where the intonation idtbftom sequences of prosodic
morphemes, (Focus, Theme, Topic...) (Rossi, 1999ntler interesting approach
to prosody is an abstract representation of relatidholistic gestalts”, which
integrated tonal and temporal whole word profilegh pitch range variations. This
type of system is well adapted to the represemtaifaattitudinal patterns (Aubergé
et al., 1997).

3 Cross linguistic study

The use of prosodic parameters is common in alldhguages, but some of the
uses are language independent. There are unitversidncies (Bolinger, 1978), but
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also distinctions in intonational structure betwedanguages ("semantic",
"phonotactic", “pragmatic”...) (Ladd, 1996; CrystdR69). The comparison of the
prosodic parameters among languages is very clyaligiprecisely because of the
universality and language specificity of prosodyhisT is especially true for
Germanic (e.g., Dutch, English, German) and Romdanguages (e.g., French,
Italian, Spanish) (Hirst and Di Cristo 1998, Lad#8i9&). Therefore, in order to
conduct multi-language comparisons, several kirfiggasodic transcription should
to be used: an acoustic-phonetic one (broad armdwpgra perceptual transcription
for the perceptually relevant events in durationtemsity and melody, a
phonological transcription, and a functional traipgon.

3.1 French & English prosody

French uses a combination of segmental and tomsl wusignal prosodic phrases,
and differs in this respect from a language likeglish, which relies almost
exclusively on tonal boundaries (Gussenhoven, 19d)-rench, lexical stress is
mostly quantitative (Delattre, 1938and the final syllable is the one which
undergoes a potential lengthening. However, lemgtigeof the last syllable in a
French word corresponds to final (pre-boundaryjytle@ning, which affects rhythm,
and is not an accentual lengthening as in Eng@stmpbell, 1992).

French is generally considered as a language wihktlyn ‘rising’ f, patterns
accompanied by a lengthening of final syllablesca@ding to Vaissiére (2002), the
French ear is trained to perceive risiogntinuation FO patterns at the end of
prosodic phrases: each prosodic phrase inside tareentends to end with a high
rise (Delattre’scontinuation majeung or a smaller rise (Delattre’sontinuation
mineurg. In Delattre’s theory of French intonation, a egmirical difference in
intonation patterns is expected between minor amjomcontinuation patterns,
which are syntax-dependent. Furthermore, accordirigelattre, major continuation
patterns are only rising, whereas minor continmstican show rising or falling
patterns. Prominence is not lexically driven inrfefe (i.e., there is no lexical stress),
but it is determined by prosodic phrasing (Delaiaifsarie, 2000).

3.1.1 FO contoursFrench and English intonations are sometimes destiby a
set of contours. Delattre (1966) identified 10 basontours that can describe the
most frequent intonation patterns in French. P@80Q) also listed 10 contours
although these contours differ from those propdse®elattre. As far as English is
concerned, 22 pertinent intonation contours arpgsed by Pierrehumbert (1980) to
describe English intonation.

It is common to use the terassertion intonatiomr question intonatiomo refer to
falling or rising contours. Falling contours ares@dated with assertion or
assertiveness (Bartels, 1999), whereas rising aositare associated with guestions
or aspects of questioning (uncertainty, ignoramed!, for a response or feedback
from the addressee, etc.). Although prototypicakdasons are uttered with a falling
contour and that prototypical confirmation or veinfy questions are uttered with a
rising contour, occurrences of assertions withsigi contour and occurrences of
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confirmation or verifying questions with a fallingontour are far from rare in
everyday conversations (Beyssade et al, 2003).

In the following paragraphs, FO contours in Fremectd English sentences are
measured and compared.Their difference was statiigtievaluated.

3.2 Corpus

The corpus used in this study was recorded as taopgroject Intonal, which
focuses on intonation in French and English. Thgjget was conducted by the
University of Nancy2 and the LORIA research labomat (2009-2012). The
recorded corpus contains 40 short sentences balprigi 8 syntactic categories
which were recorded by 20 French and 20 Englisiveapeakers. In a previous
study, two prosodic parameters associated witsldpe were calculated for some
target words in sentences. These words are boldeédiaderlined in the following
sentences:

- (CAP). Continuative configuration at the end of fhst clause in a
two clause sentence, without any coordinating awatjan: “Il dort
chez Maria, il va finir tard. / He'll sleep at Mag, he'll finish late.”

- (CAO). Continuative configuration at the end of fhist clause in a
two clause sentence, with a coordinating conjunctio
“Il dort chez Maria car il finit tard. / He'll sl@eat Maria's because
it's too late.”

- (CIS). Continuative configuration on a subject NIRes agneaux ont
vu leur mére. / The lambs have seen their mother.”

- (CIA). Continuative configuration on a NP subjattlie first clause
of a two clause sentence:
“Nos amis aiment Nancy parce que c'est joli. / @Gignds really
like Nancy because it's pretty.”

- (QAS). Question configuration at the end of a obaud dort chez
Maria? / Will he sleep at Maria’s?”

- (QIS). Interrogative configuration on a simple |dbjNP: “Qui a
appelé? Nos amis? / Who has phoned? Our friends?”

- (DIS). Short declarative sentence “Nos amis. / fdands”.
- (DAS). Longer declarative sentence: “Il dort chearM. / He'll
sleep at Maria’s”.

Two kinds of non-conclusive, fslope configurations were studied here at two
levels. First, on the syntactic level: the slopehaf final segment of a subject NP in
a declarative sentende]lowed (CIA) or not (CIS) by another sentencec&@wal, on
the discourse level: the slope of the final segnoért in a two clause utterance AB,
where Aand B are declarative clauses connected by a diseaelation, marked
(CAO) or not (CAP) by a conjunction.

These sentences were used to investigate whetheinthnation of the target
words is realized in a similar manner in both Estgiand French and whether:

- there is a significant difference between majortioomtion curves
(expected in CAO and CAP sentences) and minor moation
curves (expected in CIA and CIS sentences).
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- continuative rising slopes (expected in sentend®d,CAP, CIA &
CIS) are different from interrogative slopes (meaduin QIS &
QAS) sentences

- continuative falling slopes (measured in CIA andSQypes of
sentences) are different from declarative slopegagured on
declarative sentences DIS & DAS).

3.3 Segmentation and annotation of the speech sidna

In order to segment our speech data, knowing ttieographic transcriptions, a
text-to-speech forced alignment was carried ouhgigthe CMU sphinx speech
recognition toolkit (Mesbahi et al., 2011). Thiopided an automatic segmentation
of the speech signal at the phoneme level. Thenaito segmentation of each
speech signal was then manually checked by an expbpenetician using signal
editing software. Intonation slopes were computedegression slopes (RslopeST)
using § values in semitones, which were estimated everyms0 Slopes were
calculated on the last two syllables of the targegments (in underlined bold
characters in 3.2) of every sentence.

3.1.1 Statistical analysisf, slope data are analyzed by fitting mixed linear
regression models (R packafjeeq. Using this approach, one can contrast the
different configuration types and show the differesthat are significant and those
that are not (functioglht, packaganultcomp.

The statistical analysis showed that in Frenchiesmes where we expect mingr f
patterns, continuation patterns (CIA-CIS senterypeg) are mostly rising (95%).
The major continuation sentence types (CAP-CAQ) hbve risingdslopes (59%);
but there is a significant difference between gmde with coordinating
conjunctions (CAO), containing 73% of rising $lopes, and paratactic (CAP)
sentences containing only 46% of rising FO slopes.

In the English data, the fslopes measured in minor continuation (CIA-CIS)
sentence types can rise (53%) and fall (47%) eguialmajor continuation (CAP-
CAO) sentence typesyp Elopes are seldom rising (21%) and there is ndkeadar
difference betweenyfslopes in sentences with coordinating conjuncti@aO,
18% of rising patterns) and $lopes in paratactic sentences (CAP, 24 % ofgisin
patterns).

In the French corpus, slopes measured on minomeaiion (CIS-CIA) sentence
types are not significantly different from juxtapdssentence types where major
continuation slopes (CAQO) are expected, althougy thre significantly different
from slopes measured on sentences with coordinatorgunctions (CAP) [see
Figure 1 (left)]. Neither is there a significantfdrence between slopes measured on
these two sentence types (CIA-CIS) (where minotinaation slopes are expected).
However, the slopes of the latter are significatilgher than the slopes measured
on short declarative sentences (DIS) and signifigalower than the slopes
measured on simple subject NP questions (QIS)h@wther hand, slopes measured
on juxtaposed sentences (CAP) are significantlyelowhan those measured on
sentences with a coordinating conjunction (CAO).
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Figure 1. F, slope values for the French (left) and Englislghtj corpora in 4
sentence types. Thé axiscorresponds to RslopeST value (RslopeST = slogheof
regression line of the pitch data points in sem@g)nand theX axisto increasing
ordering of observations (each point is an obsermat

In the data recorded by English speakers, slopesimdr continuation sentence
types (CIA-CIS) are significantly higher than slepaneasured on major
continuation sentence types (CAO-CAP) and are algaificantly higher than
slopes measured on short declarative sentences). (Bii&vever, no significant
difference was found between minor continuatiorpe$o(Cl) and slopes measured
on short questions (QIS). English speakers do tiet juxtaposed sentences (CAP)
differently than sentences containing coordinatiogjunctions (CAO) (see Figure 1
(right)). Furthermore, major continuation slopesARCECAO) are not significantly
different from slopes measured on longer declagatsentences (DAS) and
interrogative (QAS) sentences (Bartkova et al., 2201

3.4 Additional analyses using automatic annotations

As it appears from the previous analysis of theaioletd results, the syntactic
differences among the sentences studied are nessetly marked, as expected by
theory (Delattre, 1966) or by prosodic means, dratet are not systematic and
significant differences among the rising and faglify slopes used. However,
pertinent prosodic differences among these syetattuctures can be scattered all
along the utterances and they are not necessarilgeatrated on the final syllables
of the target words alone. In order to comparedifferent syntactic structures and
their prosody in a more precise way, and to conduaeeper cross linguistic
comparison of the prosody among French and Engéskences, a subset of the data
was annotated by our PROSOTRAN automatic annotébioinand the results of the
obtained annotations were analyzed and discussdtieirparagraph below. The
corpus used was comprised of one sentence forssaathnce type uttered by about
10 French speakers (as not all the speakers utédrélte sentences) and about 20
English speakers (all speakers uttered all sens@¢nce

3.4.1 Speech data processinghe speech data processing used in this part of our
study had 4 different stages. During the first stggyosodic parameters are extracted
from the speech signal. In the second stage, posoaotations are yielded by our
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annotation tool PROSOTRAN using the extracted patars and these parameters
are hand checked by phoneme segmentation, as inpm@wous speech data
processing (see 3.3). In order to check whethelmooptation is faithful or not, the
third processing stage recalculates the numerigatafues from the prosodic
annotation and during stage four, the prosody efgeech signal is resynthesized
using Praat (and the PSOLA technique). The resgigha the melody allows for
checking whether or not the quality of the obtairsgghal was corrupted by the

previous prosodic parameter manipulations.
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Figure 2. lllustration of the 4 stages of our prosodic preoes (1) parameter
extraction, (2) prosodic labeling with PROSOTRAIS) f, value recalculation, and
(4) resynthesis with the recalculated FO values.

3.4.2 Parameter extraction.Acoustic parameters, such asiri semi-tones and
log energy, are calculated from the speech sigralyel0 ms with the Aurora front-
end (Speech Processing, 2005). The forced alignbenieen the speech signal and
its phonetic transcription provides phoneme durati@s well as the duration of the
pauses. Synchronization between the phoneme umitdheeir acoustic parameters
(fo and log energy values) is carried out and prospdirameters are calculated for
every relevant phoneme.

3.4.3 PROSOTRAN.Our annotating tool, PROSOTRAN, is a system engblin
automatic annotation of prosodic patterns. Sintéirguistically relevant prosodic
events are realized at the phonetic level by soone of changes in the prosodic
parameters, PROSOTRAN assigns a symbolic labelvéoyesyllabic nucleus for
each prosodic parameter separately. The resultimgtation is multitiered, with
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each tier being associated with a single param@ie@OSOTRAN encodes vowel
duration, vowel energy,lope movement,fevel, delta § values and some more
information concerning the turve either symbolically or numerically. Howevas,
for our cross linguistic study, only vowel duratiamd vowel § levels are used,
therefore only the calculation and coding of thpaeameters are explained in the
following paragraphs (for more information about@$OTRAN, see Bartkova et
al., 2012).

3.4.3.1 Duration.Although the temporal axis of the speech signaésesented
by all sound durations, PROSOTRAN uses only vowglations in its prosodic
annotation. This avoids the issue of syllabic dtrrecvariability, and vowel duration
Is considered to be more homogeneous and therefore representative of speech
rate variation than syllable duration (Di Cristc®®85). Moreover, vowel nuclei
constitute the salient part of the syllable and laace the most important speech
element used to convey the prosody (Segui, 1984).

In the French corpora processing, each vowel curatias compared to the mean
duration and associated standard deviation of theels occurring in non-final
positions (i.e. not at the end of a word nor befarpause) when measured on the
speech data uttered by the same speaker. Thisstvagsed vowels whose duration
is lengthened (vowel duration is one of the majoyspdic parameter of French
stressed vowel) are discarded from the calculatbrthe mean and standard
deviation values. In the English corpora processitige vowel durations are
compared to the mean duration and standard deviafiall the vowels of all the
speech material produced by the same speaker.

To represent sound durations, symbolic annotatiares used, representing
duration from extra short duration (Voweldur----p textra long duration
(Voweldur++++).

3.4.3.2 FO range and leveldn order to represent the speech melody, a melodic
range was calculated between the maximum and thenum values of theyfin
semi-tones. For each speaker, all speech mateaiglused to build a histogram of
the distribution of thegfalues. To avoid extreme, often wrongly detectedhfues,
6% of the extremeyfvalues (3% of the highest and 3% of the lowesspmeere
discarded. The resulting range was then dividemlgateral zones (9 in our case) and
coded into levels (from 1 to 9), $lopes were calculated for vowels and semi-vowels.

Results of the annotation are stored in text flied also in TextGrid files to make
possible visualisation by Praat (see Figure 3 fimogation examples).
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Figure 3.Example of the prosodic labeling provided by tiRCOSOTRAN tool

3.4.3.3 FO level normalizationln order to compare thg patterns of our French
and English data, the fevel annotation produced by PROSOTRAN was used.
However, to minimize the overall range differen@song the speakers for a
sentence type,flevel normalization of the different speakers wasried out. To
obtain normalizedyflevel values, thefpattern of one of the speakers was taken as a
reference, and all other speakgphtterns were adjusted in order to minimize the
Euclidean distance between the individual speakepattern and the reference
pattern. Normalized,fievels were computed for each sentence and fdr gaeaker.

Once the { levels for all vowels were normalized by sentehgme, a mean,f
level value was calculated for each sentence tyjebte to yield one representative
fo level pattern of per sentence type (see Figur&gipg this single representative f
level pattern per sentence enable us to comparg gatterns of the French and the
English sentence types and to carry on our crogsiitic study of the prosody.
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Figure 4. Calculation of a representative level pattern for a French (a) and an
English (b) sentence.

As mentioned before, the duration of each vowel aasotated symbolically.
Using these symbolic annotations, a numeric cdefficwas calculated expressing
the degree of vowel lengthening produced by diffespeakers. Thus the coefficient
valueo indicates that the duration of a given vowel isamarege equal to the mean
duration value plus times the standard deviation. A low value coeffitiindicates
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that the vowel was largely lengthened by only a $peakers or that the vowel was
lengthened slightly by a large number of speakers.

3.5 Result analysis and discussion

The following figures contain the representatiyéef/el patterns for the different
sentence types. The circles indicate the promifielgvels and the numbers show
the vowel lengthening coefficient. Coefficients ardicated only for vowels whose
duration was longer than the mean duration anderélaan one times the standard
deviation.
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Figure 5. CAO - Continuative configuration at the end of fimst clause in a two
clause sentence, with a coordinating conjunctiahil(dort chezMaria car il finit
tard. (b) He'll sleep atMaria's because it's too late.

For the continuative sentence types (Figure 5) dfrespeakers marked the
continuation with a risingofwhile English speakers prosodically coded the same
syntactic boundary with a lowering FO. In Frendte general rising tendency of the
fo was not very high but the prosodic boundary alas wdicated with a lengthened
vowel duration (high duration coefficient). On tl¢her hand, the downwards
movement of theyfin English was more important but there is no vdergthening
in the final syllable. The sentence fingl hovement was falling in the twoboth
languages but the slope was steeper in Englishitharench.

In French paratactic sentences (Figure 6), the rh€alevel pattern contained a
slight f, rise on the prosody boundary and the vowel dunatias lengthened (even
more than in the previous sentence) in the bounfiiaay syllable. French speakers
give preference to upward (though moderate) movemkthe § on the prosodic
boundary, while the majority of the English speakiavor downward movement of
the § curve. In French, the inter-utterance prosodicnidemy was marked by a
lengthening of vowel duration, while in English thiéerance finalflevel was very
low and the vowel duration was very clearly lengtu:

In two clause sentences with a continuative comditjon (Figure 7), most French
and English speakers realized a high leyeltfthe end of the noun phrase subject.
But neither French nor English speakers used vajuehtion to highlight the
prosodic boundary. However, the second prosodicntay of the sentence,
although marked with a loweg fevel, contained lengthened vowel durations. In
English, the final boundary fevel was very low (level 3) and the vowel duratio
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was strongly lengthened. In French, the final pdasdooundary had a relatively
high FO level (level 7), but the final vowel lengtting was moderate.
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Figure 6. CAP - Continuative configuration at the end of first clause in a two
clause sentence, without any coordinating conjonct{a) Il dort chezMaria, il va
finir tard. (b) He'll sleep atMaria's, he'll finish late.
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Figure 7.CIA - Continuative configuration on a NP subjatttie first clause of a two
clause sentence: (&Jos amisaiment Nancy ils y ont grandfb) Our friends really
like Nancybecause it's pretty.
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Figure 8.CIS - Continuative configuration on a subject N#:Nosamis aiment bien
Nancy.(b) Our friends really like Nancy.

In sentences with a continuative configuration osuéject NP (Figure 8), the
same phenomena was observed as in the CIA sentéfigese 7): both speaker
groups favored a high fevel (corresponding to a rising FO curve). Thagdl was
again higher in French than in English and no voleelgthening was used to
strengthen the prosodic boundary. The finalefrel was low in both languages
(although lower in English than in French) and timal vowel was significantly
lengthened in English, while moderately lengtheingérench.
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Figure 9.QAS - Question configuration at the end of a okaa)ll dort chezMaria?
(b) Will he sleep aMaria’s?

In French, the yes/no question configuration (Fég@y of f, levels is similar to the
configuration found in QIS type sentences (figud® A huge level rise preceded by
a rather flat f level. The pattern in English sentences contaabxvering of the
level at the end of the sentence as the internmgyatiaracter was expressed here by
syntactic means (subject-verb inversion); theretbere was no need for prosodic
marking.
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Figure 10. QIS - Interrogative configuration on a simple sdbjNP: (a)Qui a
téléphonéMNos ami® (b) Who has phonedQur friends?
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Figure 11.DIS - Shortdeclarative sentence (Hps amis (b) Our friends.

The French and English versions of the previoutesers contained final FO rise
(high f, level), however the level was much higher in Fresentences than in
English. The first part of the sentence containethase containing an interrogative
pronoun and its occurrence explained the fallinjepa of the § levels. The vowel
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duration was used in both sentences to mark theogdyoboundary in the first part of
the sentence.

The short declarative sentence had a falligg(lbw f, levels) in French
pronunciations. However, in the English realizatafrthe sentence, the pattern was
slightly rising. In both sentences (French and Bhgl the final vowel duration was
also lengthened and used as a boundary marker.
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Figure 12.DAS - Longer declarative sentence: (a) Il dortzkiaria. (b) He'll sleep
atMaria’s.

In the longer declarative sentence, theefvel of the last vowel was low in
English (falling movement) and slightly rising imghch. In both cases, the vowel
duration was lengthened and marked the prosodindaoy, while the first prosodic
boundary was marked by slightly highetdvel.

3.6 General discussion

In French, thedflevel was high at a major prosodic boundary. kt,fthe level
was higher than in English, especially in yes/nesions. English speakersused
falling fo patterns to mark major continuation prosodic bauies$ and strongly
falling patterns to mark the end of declarativeteeoes. The duration of the last
vowel was often lengthened in English and was tsedark the prosodic boundary.

In French declarative sentences, theahge was narrower (1.8 levels on average)
than in English (3.5 levels on average). In intgatove sentences, the mean f
pattern values was 3 in French and 2 in Englisttrémch, thesfwas more strongly
rising on prosodic boundaries than in English. Tihal f, movement in assertive
sentences was more moderate in French (falls thrdug levels) than in English
(falls through 2.1 levels).

The declarative sentences in French were utteradhégher § level (mean level
value 7) than English sentences (mean level valdg Fhe level range used in
English sentences was larger (theoh average evolves through 3 levels) than in
French sentences, where the mean level range s12ed i

Interrogative sentences in French were utterecklatively lower range (5 and
6.2) compared to assertive sentences. English speaked a relatively higher range
level for interrogative sentences than assertiméesees (6.9 and 6.2 levels).

The general tendency for French intonation in theapes studied here is as
follows: in French, speakers gave preference tmeerflat § (narrower range of,f
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levels used), with mainly upward movement on prasbdundaries. In English, the
range of § levels was broader with mainly downwagdfovement.

Vowel duration wass used in both languages to atdiprosodic boundaries. In
French, a slightofmovement on a prosodic boundary was completeegtthened
vowel duration, which indicated the boundary lomatiind its depth. In English,
vowel lengthening typically took place at boundarighere the f movement was
important. The lengthened vowel duration was usedbath languages, however
vowel durations were longer on non-final prosodaumdaries in French (mean
coefficient value of vowel lengthening 1.8) thanBnglish (mean coefficient value
of vowel lengthening 0.8). Moreover, vowel duratiwas slightly more lengthened
in English in sentence final syllables (followed &@yause) than in French. Indeed,
in English, the mean vowel lengthening coefficiealue was 1.4, while in French
its value was 1.2.

3.7 Speech synthesis

In order to verify whether our approach to prosoelyresentation and coding is
correct, the § pattern represented as a range of 9 levels wasforaned to
semitones values and these values were used thesyze the melody of the
sentences in our corpus. According to our prelimjin@erception tests, made by
only 2 expert phoneticians (a French and an Engi&lve), all of the resynthesized
sentences sounded very natural and there was ey difference between the
modified and unmodified sentences. The listenirggstevere carried out by MOS
(Mean Opinion Scoletests and the re-synthezided and natural sergewese
judged on a 5 point scale (0-very bad, 5-excelleAycording to this very
preliminary test, the appreciation of naturalnesson-modified sentences was 4,4
out of 5 and theqfresynthesized sentences obtained a score of &frally, this
very preliminary test will be completed in the ftgwsing more listeners in order to
verify the validity of our preliminary tests.

a)

M
MY |

il &) W

| ‘ ll“' y I 4‘ il I‘ l’ .

“? W:x .

Figure 13. Examples of resynthesis of the melody (a) of agliEh and (b) of a
French sentence. Natural melody curve in red ardstmthesized melody curve in
blue.
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4 Conclusion

The goal of our study is to use an appropriate ngpdichema for prosody
representation in a cross linguistic study of Fhreand English prosody. The data
used are laboratory data produced by a group ofchrand English native speakers
and they contain sentences sharing the same sgngaitictures in both languages.
This syntactic specificity of the data base is vaglapted to cross-linguistic study as
it allows for comparison of prosodic phenomena tradly easily. However, a
methodological problem remains: how to represensquic parameters in such a
way that comparison would be pertinent.

Two approaches are tested in this study; the ifirst general statistical analysis,
which compares,fslopes measured on the last syllable of some @fvibrds
considered as pertinent from a prosodic point efwiThis analysis showed that the
prosody used in different syntactic structures ist mecessarily supportive
ofprevious prosodic theory (Delattre, 1966).

The second part of the study was dedicated to & moalitative comparison of
French and English prosody. Two prosodic parameteyael duration and FO
values were coded by an automatic prosodic tramsciPROSOTRAN), which
provided symbolic and numeric annotations for mseur cross-linguistic study. The
cross-linguistic comparison of these two parameteghlighted the same basic
general differences or similarities on the useropdy in these two languages. An
attempt was also made here to verify how faithhg prosodic coding was by
transforming the symbolic values of FO levels baxkhysical parameter values and
then reconstructing the prosody of the sentenc#s Wl synthesis. The preliminary
results are very encouraging but further study @eded in order to get reliable
perception test results.
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