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Abstract :

The aim of this study is teelatespectral realization of vowels and prosodic hierarchy in continuous spdezh.
IRISA speech alignment system is used and formant values of oral vowels are automatically measured in a total
of 500000 segments frormround 3Chours of journalistic tnadcast speech in French

The link between the duration of vowels and their spectral realization (through their formant values) has been
validated for a long time since Lindblom (1963), i.e. the longer the vowels the more hyperarticulated they are.
Similarly, the relation between prosodic constituents of different levels (the prosodic hierarchy) and the duration
of phonemes close to these boundaries has been demonstrated (for French, Fougeron 2001; Tabain 2003ab).

In this study we show that the level ofopodic constituent influences the spectral realization of vowels.
Although significant differences can't be established for all levels and phonemes, we observe a general prosodic
hierarchy (from syllable to word, then accentual phrase and finally imoaktphrase) based on spectral
measurement results, showing that the higher a vowel is in the prosodic structure of French, the more
hyperarticulated it is.

1. Introduction

1.1. General comments and recalling previous results

This work is part of a largescale study aiming at describing the variability of French vowels.
With the help of very large automatically segmented corpora, we were able to study a large
number of contexts known to influence the realization of phonemes so as to quantify precisely
ther influence and their interaction.

In previous studies webserved that spectral realization of vowels was greatly influenced
by their duration in French (Gendrot & Ad@ecker 2005; Gendrot & AddBeckerto
appeay, i.e.longer vowels were considerablygerarticulated compared to shorter vowels. In
other words, the longer the vowels, the larger the acoustic space they will occupy, being thus
more and more distinct froone awther (figure 1). If we consider the result from an opposite
view, the gap betven the measured mean formant values and reference formant values is
inversely proportional to vowel duration: a tendency to reduction for vowels of short duration
clearly emerged. This result was measured for French as well as for seven other languages
(German, English, Mandarin Chinese, European Portuguese, Spanish, Italian andirabic
Gendrot & AddaDecker2007).
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Figure 1: Measured mean average values of F1 and F2 for French vowels according to their
duration. By ascending order from inside to outside (black [30 - 50ms], red [60 - 80], blue
[90 - 110]). Male speakers on the left, female speakers on the right.

The link between spectral realization of vowels (throdigéir formant values) and their
duration has been validated for a long time bydbiom (1963)andmany others since thei.

has been also shown that reduction of short vowels as can observed on figure 1 is not a mere
@entralizatio@of the acoustic space, but rather coarticulation: short vowels take the acoustic
characteristics of emonants which draws them for most contexts towards the centre of the
acoustic space. The relation between acoustic realization and articulation of vowels can be
estimated from the formant measurements (Stevens 1997; Vaissiere 2007 and references
therein).Indeed, F1 can assess for vowel aperture, notably for open andEamvowels,

while F2 is more dependant on frontness/backness of the vowel. As for F3, it gives a good
indication of rounding, especially for vowels /y//and ! /. Vowels I / and /' / are not the

object of this study as they are central vowels (for more details see Fougeron et al. 2007 or
BYrki et al. to appear); we will only focus on peripheral vowels here for an approximation of
vocalic space used by vowels. Variations of vowels /gt (&/) are also further detailed in

other studies as their different realisations may be more dependent on F3 movements
(Gendrot et al. 2008). Our interest goes mainly towards the variations in terms of F1
(correlated to opening/closing) and F2 (rougttyrelated to frontness/backness)

Reasons for variation in vowel duration are multiple. Factors such as speaker's style and
speech rate can of course greatly influence, but linguistic factors such as the surrounding
phonemic context, the phoneme position the syllable, the word, the syntagm or the
utterance can be of great influence too. The four units lastly mentioned are considered as
prosodic constituents since specific intonation and duration patterns produced by speakers
may serve a demarcative fuinct: Othey indicate the occurrence of the boundaries of words
and phrases and, presumably, make it easier to identify such grammatical units in the stream
of speech [E] they are boundary signals that reinforce the identity and syntagmatic unity of
words and phrasesO (Encyclopedia Britannica).

The realized prosodic constituents are considered as being organized in a prosodic
hierarchy, each constituent being embedded in a higher one: this is the strict layer hypothesis
as developed by Nespor and Vogel (1986 example. In this threadhe relation between
prosodic constituent boundaries of different levels and the duration of phoadjaesntto
these boundaries has been destated. It has been shown that the higher the level of the
prosodic constituentthe longer the vowels are at the boundaries of these constituents (for
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French, Fougeron 2001; Tabain 200B).this study weaim atshowng that the level of
prosodic constituentin Frenchin turn influences thespectralrealization of vowelsFour
unanmously accepted categoridésr prosodic constituents were chosen, from a low to a
higher level: syllables, words, accentual phrases and intonational phrases. These categories
will be automatically detected and analyzed in their initial and final positiasat their
boundaries.

1.2. Previous findings and hypotheses

These positions have beemore rarely investigated in terms of articulation aespecially
spectral measurements. Focusing on French, Tabain used EMMA (ElectroMagnetic
Midsgaittal Articulatograph) on constituent final positions while Fougeron used EPG
(ElectroPalatoGraph) on initial positions. Their results showed thatpbioneme in an initial

or final position of a prosodic constituent, the higher the constituent in the prosodic lyierarch
the more strengthened or hyperarticulated the phoneme tends to be (see also Cho 2005, for
American English). They also showed that this strengtheningtimewessarilycorrelated

with duration (Keating et al 2004). Our aim in this study is to repli@athese results on
continuous speech rather than controlled read spemuth for all vowels but with the use of
acoustic measurements only. The same spectral measurements (i.e. formants of vowels) used
in our previous studies will be effected on thessifions. We want to show that vowels at the
boundaries of higher prosodic constituents in French are hyperarticulated when compared to
lower prosodic constituents. So as to do this, we will evaluate the acoustic space used by all
vowels for each of thegwosodic levels (keeping initial and final positions apart). According

to the hypotheses previously developed, we expect to observe an enlarging of the vocalic
space when going upwards in the prosodic hierarchy, i.e. from syllable, to word, then
accentuaphrase and finally intonational phra§n as to quantify these differences, wié
calculatethe dispersioneuclidean distanceffom the acoustic centras measured on the
whole data (Gendrot & AddBecker 2007 Bradlow 19%); if the vowel ismoving awg
significantly from the acoustic centre (F1: 450 Hz; F2: 1450 Hz), then it is considered as
hyperarticulatedWe bear in mind that this measure is inappropriate in some ways as it is
related to the measurement of vowel centralization, which as detadetbysly is only a
secondary effect of vowel coarticulation. Howevevjth all vowels moving away
simultaneously from the acoustic centre, they necessarily get away from one another, thus
favouring the phonemic identification (see Lindblom's theory of @dagispersion for an
interpretation of this in the shape of vocalic systems).

In the following sections, we will summarize the procedures and methods used in our
previous studies. In a first place, the corpus used and its automatic segmentation will be
described. Secondly, the measurements will be detailed, including the precautions used to
avoid detection errors.

2. Method

2.1. Corpus and automatic segmentation

The corpus corresponds to approximat@l/hours ofspeech roughly 500 men and 300
women) nainly extracted from broadcast news of France Inter and Fiafaeecorded and
transcribed orthographically at the French CTA/D@3alliano et al. 2005)t corresponds to

radio and TV journalistic shows: articulation, without being emphasized, remaites

distinct, so that speech can be understood by a broad audience. Such speech cannot be
described as fully spontaneous, but rather as prepared speech: only few hesitations,

19¢



Proceedings of IDP 09

repetitions, and word fragments are observed and syntactic structures oféém ckse to
written language. Hypoand hyperarticulation vowel phenomena, which we are interested in
throughout this study, are undoubtedly less present here than in more conversgtienal
spontaneous speech.

The IRISA @nstitut de Recherche en Infoatique et Systmes AlZatoi@sspeech
transcription system was used for corpus alignmémthographical transcriptions being
known a priori the alignment system is used to locate phone boundaries, to choose among
potential pronunciation alternatives (articular Giaison®©and schws), and to discard
silences, breath and other noise segments. Context independent phone models are used for
alignment. Whereas contedependent (e.g. triphones) acoustic models produce better
transcription performances (i.e lower word errorrates), contexindependent acoustic
models are more reliabldor phone boundary locationFor technical reasons, the
segmentation resolution is limited 10ms and the minimum duration of a segment is 30ms.
Labelling thus produced isot a phonetic, but ratherghonological or phonemic labelling
(corresponding in mostases to standard word pronunciations). Formant meabearesillow
to evaluate the variations observed in the acousdiisation of phonemes.

2.2. Automatic formant extraction

Formant extraction makes use of the Burg algorithmplemented in the PRAAT software
(Boersma & Weenink 2009The detection oAmplitude peaks is determined in a band lower
than 5KHz for male speakers and lower thab BHz for femalesMeasuements were taken
respectively at 1/3, , 2/3 of thevowel segment, and then averaged to provide a single value.
The interpretation of the extracted amplitude peak®masants can raise controversy on a
considerable number segments: noises, too higmfiamental frequency (voice afomen
and children), nasality... Two methodologisaffeguards are applied to prevent from errors:
(i) nasal vowels were excled from the study(ii) amplitude peak values are filtered in order
to reject erratiagtems, with espect to the acoustics of the vocal tract. For gawrel, upper
and lower formant value limits are given for first three formantsGendrot & AddaDecker
2005 for the valugs if one of the formants lies outside the specified ranges, the
correspondingrowel segment is rejectetformant ranges were chosen in a broad way. A
hundredvisual checks for each vowel were carried out in ordereject as "errors" only
severe formant detection problems amat the @eviatingvalues which might be due to
contestual assimilation effects, to prosody or to speakerOs characteostesample. After
this filtering, approximately20000 vowels out of thés0M00 oral French vowels were
rejected (4% of segmentgjected). The major part of these rejections correspdods
segments of very short duratiot?Q00 of the rejected segmeritave a duration smaller than
50ms). Listening to many ofthem shows that, at least for the shorter segments, the
segmentation is not questionable. Other reasons may exipéaie rejectios) in particular a
partial or total devoicing o¥owels, thus making formant detection more difficult (or even
impossible) and potentially producing nesense formantvalues. Similarly, when two
formants of a vowel are closespecially in low frequency mges, (which is the case for
posterior closed vowels), the algorithm may detect only fomaant instead of two, thus
entailing a shift towards theigher order values. The /u/ is particularly prone to rejecten,
all mentioned reasons may applMore ddails and rejection rates for each vowel are
described in Gendrot & Add@ecker (2005).

2.3. Prosodic Categories selection

Four prosodic categories were evaluated in this study. From the lowest to the highest:
syllables, words, accentual phrases (syntachianks), intonational phrases (pauses). We
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describe the choices made to select these categories below, starting from word positions.
Boundaries of each of these categories will be investigated, that is to say both initial and final
phonemic positions.

Words were obtained from the manual transcription and segmented by the alignment
system. Vowels described as wanitial were absolute wordhitials: only takenfrom words
starting with a vowe{@rmZ&){a#me]: armZe)not from initial syllables morsimply (@artirO
[patti#]: to leave). Indeed, as moving up the prosodic hierarchy, we found lieey
hyperarticulation for vowels in words' second phoneme position. However a more detailed
analysis would be of interest in a future study as some effects wile@served between
word second phonemesdword internal vowels. As for positions described as woral,
we considered both final and penultimate vow@srtieO [p#ti]: party; @artirQ [péti#]: to
leave). Indeed both positions had an effect of sime magnitudealong the prosodic
hierarchy; this interesting point will be developed in the discussion

Syllables were determined from phonemic segmentation. Syllabation rules inspired from
Pallier 1994 and AddaDecker et al. (208) were used for the omtinuous string of
phonemes, i.e. not taking word delimitations into accott. example the two words
sequencébon amO(@ood friend) is segmented into 3 syllablegyod @adand @nibunless
they are separated by a pauBauses were considered dslimiters and syllablesand
according to this principlewouldnt contain pausedf we were to follow the prosodic
hierarchy in a strictnanney the lower level belowvord categoryis the syllable However, it
was difficult, if not impossible, to colleéc/owels that were syllable initisdnd still word
internal Vowels that are syllable initial but not word initial arery scarce as they can only
be found in simple \syllable kinds @Zropor® airport, 2% in word internal positions in
French). On thether hand, open syllables inside words arel@menant(78 %) due to the
open syllable status of FrencWe finally decided to takento account word syllables that
were neither word final nor word initial, no matter whi&nd. Consequently, vowels
consdered here as word internal are predominantly (78 %) syllable final.

The third levelanalyzedin our prosodic hierarchys what we identified asccentual
phrasegqsee (1) for an exampleYhey were obtained from a syntactichunkingbased on
automaticaly established grammatical categories, combined with several rules we describe
here.

1. In the first place, each word is labelled with all available categories in the French
dictionary of@ormes flZchie§(Qefff® ClZment et al. 20043%lightly modified fa our
needs. For example, we suppressed very rare word categories confounded with more
frequent words (for example the adject®&rO entailing false labellings).
2. Then the chunker from tH®atural Language Toolkiwas used so as to generate two
kinds d segments:
a. Nouns, prepositions and verlwere gatheredvith their closest surroundings
(clitics, determinants, prepositions, adjectives, etc.)
b. All sequences of words not defined by the previous rule

In afinal step, three merging rules weespplied
3. Merging of any segment ending on an auxiliary or a modal with the following
segment.
4. Merging of any verbal segment with the following segment if the whole resulting
chunk is less than seven syllables.
5. Merging of any other sequence of segments of less than sgNables.
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(1) combien de fois la justice fran-aisé-@le acceptfle se remettre en question comme cela
L ] L Il

Chunks generated by this algorithm may still have more than seven syllables, if the previous
rules allow for it, for instance the chu@vec qui j'ai pu m'entreter@(with whom | could
talk) is very difficult to chunk further. The seven syllables rule applied héa&en after
Wioland (1985)- is a rough limitation to avoi@verly long chunks. This constituent size
limitation has also beementioned by previous writers such as Grammont (1933). It may be
supplanted in future studies by a duration threskdiich would be more suited to be adapted
to different speaking style$his category is meant to be as close as possible txteatuh
phrase although we are aware not all these chunk@acente® i.e. bearing a generally
rising toneand/oraccompanied with a lengthening of the last syllable. &oentualphrase,
referred to as8ense groupby Grammont@roupe de sedphas a demrcative function as
explained in the introductionWe could also havecombined this morphasyntactic
information with prosodic information such as lengthening to make sugedtkatualphrase
was indeed one, but that would have beesomewhatircular procedureas the longest
vowels are hyerarticulated in the first placedence, his procedure aims at evaluating
accentualphrases on a syntactic (underlying) level rather thased upon theiprosodic
characteristics. We could also have used pitch risingaccentualphrases may also be
realized with a lowering tone or a plateau as long as there is lengthanihgir final
boundary That procedure would thus have excluded a non negligible part of the data.

The fourth and highest prosodic category weestigated is the intonational phrase. This
was automatically detected with thelp of pauses, the latter being taken into account when
longer than 50ms only. Pauses were detected by the alignment system and this threshold was
chosen so as to allow for ggible detection errors. It is known in French that intonational
phrases may be preceded/followed by pa@d@s & Fougeron 2000). That's why we consider
it as similar to intonational phrases. Intoational phrases may not be systematically
preceded/followd by a pause, but when they are, they are surely considered as intonational
phrases. However, a distinction has to be made here between rising and falling contours when
a pause is following as it may be confounded with an utterance ending. As fogihmarige
of intonational phrases, we have no way of ensuring it cannot be an utterance (the highest
prosodic levehccording to most authgrs

We are aware that detecting automatically accentual and intonational phrases in such a way
will lead some misidentiiation of categories. For example intonational phrases may be
confounded with utterances as mentioned previously. Accentual phrases may also be taken for
intonational phrases without pauses but may also be simply realized as word
endings/beginnings. Howewthe aim of this study was to determine four different theoretical
categories, not based upon prosodic cues, and none of our examples can be in two categories
at the same time. The large number of contexts is also believed to allow for a certain
percentag of errors. Finally, an investigation of usual prosodic cues such as fO and duration
values on boundaries will help us check whether the detection of these categories has
succeeded.

3. Results

3.1 Initial positions.

As was hypothesized, we can notice dirst glance on figure 2 that vowels occupy a much
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larger vocalic space in the highest prosodic category (intonational phrase), and this ¢
for every analyzed levelt seemghat high vowels /iand/y/ don't undergo as much variat
as the othewowels. The dispersion measurement detailed in the method section gi
indication of the statistical differences involved here.
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Figure 2.a.b.c.d:. from left to right and top to bottom. Comparison of all prosodic categories

level by level: word internal, initial of word, accentual phrase and intonational phrase. The

dashed triangle in the first three figures represents the lower level in each comparison pair.
The bottom right figure summarizes all four positions.

Dispersion measurements ués in figure 3 show that values generally increase with the
of the prosodic hierarchy, i.e. vowels move away from the acoustic centre of the :
space, allowing themselves to be more distinguishable from one anad#tisticstables won
be presented for sake of space but standam &ars shown on the figures give a hint al
significant differences.

Only /e/ shows significant differences for all levels. Other vowgls/d/, /o/, /u/show ¢
significant dispersion according to the prdwohierarchy for three levels out of four. B8
and /i/, only two levels can be significantly distinguished, in both cases the syllable ar
levels together versus accentual and intonational phrases. Only /y/ doesn't r
straightforward tendary according to all level&Ve found in previous studies (Gendrot et
2008) that high front vowels /i/ and /y/ in French don't undesgmuch variatiom the F1/F.
planeas other voweldyut rather in the F3/F4 plane.

Third formant (F3) and fourtrofmant (F4) variations were also investigated so as to
whether these vowels undergo more variation in these dimensions. We observe that
F3 rises for all non rounded vowels, it lowers for rounded vowels /ufard/ mort
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interestingly /y/. Asfor F4 values, they are lowering for /i/f when going up the prosodic
hierarchy while they don't show any significant tendency for other vowels. These F3 and F4
movements allow /i/ and /y/ to be more focal by bringing together F3/F4 and F2/F3
respectively (Schwartz et al.1997).In articulatory terms, /y/ is more rounded, while /i/ is
more spread when going up the prosodic hierarchy, thus enhancing their articulatory
characteristics.
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Figure 3: dispersion measurements at initial positions for all peripheral vowels according to
the prosodic hierarchy (from S: syllable, to W: word, then AP: accentual phrase, and finally
IP: intonational phrase.

A short glance at fO and duration valuedigure 4reveals that bothalues are rising with
the levelof the prsodic hierarchy which confirms that phonemes are hyperarticulated not
only in spectral but also in prosodic terms. Vowel lengthening favours hyperarticulation and a
fO raise generally increases all formant values. These prosodic measurements alsotenfirm t
fiability of our automatic detection of selected prosodic categorfies.relation between fO,
duration and formant measurements will be developed in the discussion.
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Figure 4a.b: duration (left) and f0 (right) values at initial positions according to the prosodic
hierarchy (from S: syllable, to W: word, then AP: accentual phrase, and finally IP:
intonational phrase).

3.2. Final positions

As observed for initial positions, we can see at first glandegure 5that vowels occupy a
much larger wcalic space in the highest prosodic category (intonational phrase), and this
gradually for every analyzed level. It seems that /i/ doesn't undergo as much variation
compared to the other vowels, while /y/ is rather charactebyechtypical variations.
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Figure 5.a.b.c.d.: from left to right and top to bottom. Comparison of all prosodic categories
level by level: word internal, final of word, accentual phrase and intonational phrase. The
dashed triangle in the first three figures represents the lower level in each case. The bottom
right figure summarizes all four positions.

Once again, the dispersion measurements in figugive an indiation of the statistical
differences involved herehe amplitude of variations is larger than for initial ifoss.
Vowels /e/, /al, /ol and /i/ show significant differences for all levels, although with less
amgitude for /il. Other vowels%, /' /, and/u/ show a significant dispersion according to the
prosodic hierarchy for three levels out of foAs for A/ finally, variations don't quite go in
the expected direction with the accentual phrase level having the smallest values. The highest
level (intonational phrase) still has higher values than syllable and word levels, which follows
the general tendency.

F3 and F4 variations were investigated as wel:lowers for rounded vowels /u/, /o/ and
Iyl but for the latter, onlywo levels weredistinguished (syllable and word level together
versus accentual and intonational phrases). As for F4 values, they are lowering for /i/ when
going up the prosodic hierarcliyr final positions, in the same way it did for initial positions
As noticed for mitial positions, hese F3 and F4 movements allow /i/ anddybe more focal,
although less so for ly/
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Figure 6. dispersion measurements at final positions for all peripheral vowels according to
the prosodic hierarchy (from S: syllable, to W: word, then AP: accentual phrase, and finally
IP: intonational phrase.

A short glance at fO and duration values reveals that both values are rising with the levels of
the prosodic hierarchyAs noticed for dispersion measurements, the amplitude of this
variation is much larger than for initial positions. This corresponds to predictions of the
French prosad hierarchyandin turn, confirms that the four analyzed prosodic categories
were correctly detected.
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Figure 7a.b..: duration (left) and f0 (right) values at final positions according to the prosodic
hierarchy (from S: syllable, to W: word, then AP: accentual phrase, and finally IP:
intonational phrase).
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4. Discussion

4.1. General results: significant differences and possible improvements

As hypothested we observe a general prosodic hierarchy (from syllable to word, then
accentual phrase and finally intonational phrase) based on spectral measurementtresults
shows that the higher a vowel is in the prosodic structure of French, the more hypéatatic

it is. However, as noticed by previous studiésugeron 2001; Tabain 2002; Tabain & Perrier
2005; Cho 2005)all levels cannot be statistically distinguished from one another in a
systematic manneiThat is to say, some vowels are less variablerdooy to the different
prosodic positions analyzed. For exampiland /y/ were noticed to be less variable on the
F1/F2 plan. A further investigation on F3 and F4 movements showed that when moving up
the prosodic hierarchy, /y/ is characterized by aawdang of F2 and F3, while /i/ is
characterized by a narrowing of F3 and F4, thus favouring their focal characteristics
(Schwartz et al.,1997).

Other vowels such ds/, /o/, and /u/ revealed variations that could be unexpected in some
contexts, sometimes larger or smaller than for other vowdlsse results mape partly
explained by thescarce number of these vowelt specific prosodic levels for phonotactic
reasos. For example, w noticed that'/ has a non typical variation i(strictly) final

positionswith particularly high F2 values! / is typically found in closedyflables (OorO,
OcorpsGcotpusO, etc.) according to French Phonology. However these odtionariare
partly covered as we considered both final and penultimate vowels. NowE€&ng was
observed for'//, neither for initial nor final positions. This is rather surprising sinéas/
usually mentioned as a rounded vowBuUt French '/%has alrady been mentioned to be

closer to 7 / in some varieties of French (Boula de Mareuil et al. 2008). Adufaand /o/,

they are the least represented peripheral vowels (around 2% each) which may account for
their somewhat less regular variatiaaengthe prosodic hierarchy. Finally, we also have to
mention that an fO increase, as was noticed in figures 4b and 7b results in an increase of all F1
values. This fact may explain why we do not systematically get the same results as in figure 1,
i.e. hyperarticudted close vowels having a lower and lower F1.

4.2. Information content and span of the hyperarticulation

No distinctions between grammatical categori@sits of speedh were considered in this
study. It has to be mentioned that distribution of grancahtcategories is not even,
depending on the analyzed prosodic positions. Indeed, beginning words of accentual of
intonational phrases are usually prepositions, conjunctions or determinants, while for the two
other prosodic categories (syllable and word)yns and adjectives are the most represented.

It could be expected that grammatical words are more hypoarticulated since they are more
frequent lexicon items and don't carry as much information as lexical words. Indeed, abundant
literature already existabout the linguistic information carried by words as well as their
lexical frequency, and their implications in the articulation of these words (Lindblom and the
Hypo- & Hyperarticulation theory as one mere examplé)e predictions emanating from
these tleorieshave been empirically testemh the acoustic realization @bwels (Wright,

2003, among othens We could thus have expected that boundaries of accentual and
intonational phrases might be more hyperarticulated towards the end and not at thedpeginnin
However, in previous unpublished analyses, we noticed that vowels formants were not subject
to much change when comparing grammatical with lexical words. We decided not to filter out
these constituents with the hypothesis that in continuous speduh sipéaker does decide to
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signal boundaries to the listener, then he will do it whatever the grammatical category.

Indeed, it was measured that both initial and positions are characterized by
hyperarticulation on the higher levels of the prosodic hieyatebcentual and intonational
phrase), despite a large number of grammatical words at the beginning of these prosodic
constituents One has to remember that beginnings of each accentual phrase or intonational
phrase is also the end of a preceding one ofdnee level. As proposed by Byrd & Saltzman
(2003), these boundaries are moments of gesture sloweringegipire) which favour
hyperarticulation. It is thus fairly logical to observe the same phenomena at both initial and
final positions of our analyzedgsodic levels, whatever the grammatical category involved.

One interesting result was the fdtat for final positions, strictly final but also penultimate
vowels were considered for analysis, while for initial positions, only strictly initial vowels
were taken into account. As suggested by Fougeron (2001) for Freryhrcet al. (2006)
for American English, the span seems to more important on final than on initial pogitions.
fact some variations could be observed between syllable and word ingiibpdut they
were overall less important than strictly initial positioifie amplitude of variations for
hyperarticulation was noticed to be larger in final positi@gation and fO variations as well
are much larger for final than for initial positis. It is also possible that for grammatical
words, the sparmf hyperarticulation might not be as spread as for lexical words and this
should be soon investigated.

4.3. Hyperarticulation and ‘prosodic’ characteristics

So as to make sure to retain intooatl phrases and filter out utterance endings, we measured
fO contours on analyzed vowels and kept only rising contours for intonational phrase
category. The filtering of rising fO contours in final positions had in fact few consequences. A
similar hyperaticulation pattern could be found for lowering fO contours. Phonemes in final
positions of intonational phrases with a lowering fO contour (supposedly utterance endings)
were even slightly hypoarticulated compared to intonational phrases (with a rising fO
contour). This tends to show thaas suggested by Fougeron (2001) for Frentttere are

few articulatory differences at boundaries between the intonational phrase level analyzed here
and an utterance level.

We noticed that fO and duration values incegam parallel to dispersion measurements,
along the prosodic hierarchy. It seemed in the first place that these three parameters were
linked since fO and duration are also known to mark boundaries. Correlations were effected,
but as noticed by Keating at (2004), they turned out to be weak (at initial positions: r=0.21
between dispersion and duration and r=0.26 between dispersion and fO; at final positions:
r=0.18 between dispersion and duration and r=0.27 between dispersion and f0). If f0 and
durationthat are usually considered as boundary markers are not strongly correlated with our
dispersion measurements, it suggests that there might be compensations between spectral and
prosodic variations used to by speakers in order to signal boundaries. Téheteddso
suggests that speaker variability should be investigated in a near future.

Some modifications are currently being added so as to improve the chunking results. First
of all, we are working on some possible improvements to the syntagmatic cheokasgto
avoid some irregular accentual phrases (a small proportion of these were noticed when
checking manually the chunked portions of speech). Changing the number of 7 syllables
(Wioland1985) to an amount of time dependent on speech rate adoptedspgéiker should
be an interesting point in the futuaadfinally, other kinds of chunking based on statistical
training might be also used. Thanks to these, more significant differemzg®e found
between all prosodic leveldVe also startedstudying consonants in the same prosodic
positions. Indeedword initial vowels in French are scarce due to the CV predominance, and
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significant results could be found fimitial consonants.
5. Conclusion

In this study we shoed that the level of prosodic constitiuem French influences the
acoustic realization of vowels at constituent boundaiés. observe a general prosodic
hierarchy (from syllable to word, then accentual phrase and finally intonational phrase) based
on formant measuremest showing that the higer a vowel is in the prosodic structure of
French, the more hyperarticulated it lBowever, as noticed by these previous studies, all
levels cannot be statistically distinguished from one another in a systematic manner.
Phonotactics and the lack of ocamces of a few phonemes in restricted contexts were
possibly involved in some non significant or unexpected results. Possible improvements will
be brought by other chunking methods.

These hyperarticulation results follow the increasing fO and duratierevaheasured on
these phonemes although correlations were noticed to be weak. Both initial and final positions
were subject to hyperarticulation for higher prosodic levels but hyperarticulation seems to
have a longef@parOfor final positions. Finally, gimmatical category of the word involved
doesn't seem prevalent sin@eterminant®and @onjunction®that are predominant at the
beginning of accentual and intonational phrases are still hyperarticulated compai@aht®
or @erbiin the lower prosad level.
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