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Abstract

Studies addressing prosodic constituency in Freyerterally
agree on two levels of phrasing (accentual phrage, and
intonation phrase, IP), while the existence of mierimediate
level of phrasing (intermediate phrase, ip) id sthtroversial.
In this study we examine durational cues in a rspeech
corpus at normal and fast rates in which the tasgédble was
either adjacent to a prosodic boundary or wordrirete
Additional evidence for the existence of an intediate level
of phrasing between the AP and the IP was foursvitinity
to an ip-boundary is signaled by durational cuest thre
stronger than the ones associated to an AP-boungetryhis
lengthening is weaker than the one found in theniticof an
IP boundary.

Index Terms: intermediate phrase,
prosodic boundary, degree of lengthening, speeeh Faench.

1. Introduction

Authors generally agree on the existence of twagal@ units
in French (though they are labeled differently adow to the
approach and author). A smaller unit called rhythomit [1],
accentual phrase (AP, [2]), phonological phrase, [8t
prosodic word [4, 5], which is characterized bydboligatory
FO rise on the last syllable of the phrase (LH*tive the
autosegmental-metric model of Jun & Fougeron [2l)spa
small
constituent is also characterized by the presefhae optional
initial rise (Hi) on its first syllable. Authors €9 agree on the
existence of a larger unit, i.e. the IntonationaBr (IP, [2, 3,
8], see also intonation unit [9, 10, 11]). The i@tion phrase
(IP) is demarcated by a major intonation contouaricad by a
phrase final boundary tone realized on the ladalsid of the
phrase) and a marked preboundary lengthening [J7,Ttus
IP-final syllables show a greater degree of lengjig than
AP-final syllables [2, 12, 13]. Additionally, IP ©abe
optionally followed by a pause. From a syntacta@np of
view, the IP is the domain of the root sentenceesmonding
to the grouping of a noun phrase (NP) and a verhgegh(VP)
[14]. According to this definition specific syntact
constructions such as dislocations or parenthstica in (2)
may form an autonomous IP [15].

(1) Le mari d’Amanda réclamait sa bicyclette.
[ 1P
“Amanda’s husband asked for his bicycle.”
(2) Le mari d’Amanda, d’aprés ce qu'on m’a dit, étairin.
[ 1P JIP[ 1P
“As far as | was told, your husband was a sailor”

Speech rate has also been shown to affect phrasirg

significant way [16], [17], [18]. Specifically, Fgeron and Jun

[18] show that speakers reduce the number of pSnaihin an

prosodic phrasing,

degree of preboundary lengthening [6, 7]. sThi
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utterance at fast rate, by deleting or reducing stiength of
prosodic boundaries. The study uncovered three ifgpec
examples of reduction at fast rate: the IP boundzy be
reduced to an AP boundary, (2) two APs can be grdug fast
rate and (3) the AP initial Hi tone can be suppedss

An intermediate level of phrasing, the intermediptease
(ip) or major phonological phrase (MAP, [19]) ha=eh shown
for several languages, including English [20],i¢tal[21, 22],
Catalan [23], and Cairene Arabic [24]. Arguments fbe
existence of an intermediate level smaller thanlEhbut bigger
than the AP in French have been previously propesed if its
status remains controversial. Di Cristo and Hirgtrf@marked
the existence of an intermediate constituent (dadle intonation
phrase segment, or S.Ul) which would be strongan tthe
rhythmic unit boundary yet smaller than an intoomtiunit
boundary in specific prosodic structures (suchagsquestions,
dislocations or postpositions). A similar domairh{gh can be
found in tag or wh-questions, dislocations as wslivocatives,
lists, or implicative contours) has been uncovegdJun and
Fougeron [8].

In this study we focused on the durational cueprosodic
constituents of different sizes at both normal dast speech
rates (for tonal phonetic and phonological cuex E25]).
Specifically, we predicted that the prosodic cugsoaiated with
an ip right boundary would be stronger than thesomkich are
associated with an AP-right boundary and yet weéhan those
associated with an IP-right boundary.

2. Method
2.1. Corpus

In this study we investigated the properties of SMt@rances
in which the target syllable /na/ occurred in faifferent

contexts: 1) within an AP, 2-at an AP boundaryififernal),

3) at a potential ip boundary (at the boundary betwthe
subject NP and VP) and 4) at an IP boundary (hefore a
parenthetical). The target vowel was always the foont

unrounded vowel /a/, in the context of a CV syllallewhich

the onset consonant was always voiced and coulkitber a
nasal or a liquid, while the following onset conanhwas
always /d/. The 4 contexts are shown in table 1.

Target vowel /a/
1- withina Prosodic Word | Les grenadiers/AP de marrakeship ne poussent pas bien vers chez nous. /1P

2- atan AP boundary Le sauna/AP de Paolo]ip deviendraincontoumable. J/P
3- atanip boundary Le sauna]jp deviendraincontoumable.//P
4 atan IP boundary Le sauna//P d'apres ce qu'on mladit//P n'est pastres loin.J/P

Table 1:Example of corpus items.

20 fillers items were added to the 20 experimeseatences.
The order of presentation of the sentences wasoraizéd
separately for each subject.



2.2. Procedure

Two native speakers of French (both male: ages B2y
years old) read the sentences aloud four timeotat foormal
and fast speech rate for a total of 1600 experiatesgintences
(20 sentences x 4 repetitions x 2 speech ratespedkers =
320). Speakers were instructed to read each sentasc
naturally as possible, first at a normal rate amehtat a fast
speech rate. The sentences were visually presemned
computer screen. Participants were instructed ts9rthe
space bar on the keyboard in order to advance ketitems.
Speakers were recorded onto digital audio tape (DAJing a
Shure SM10A head-mounted microphone in a sound-
attentuated roomat the Laboratoire Parole et LamgBgfore
the experiment, participants read six sentencé®tt normal
and fast speech rate in order to test the matanal the
procedure. The resulting-sound files were segmeaedeach
utterance was saved as a separate file. Spectregvaare
created using Praat [27]. Target vowels, targetisids and
target AP boundaries were labeled by inspectingh bot
waveforms and spectrograms.

2.3. Measures

Both syllable and target vowel durations were meatsuihe
total duration of the utterance was calculatedrotento verify
that the rate manipulation was significant [F(3)28245.2,
p<0.001]. Rate was similarly calculated for eactyaarAP in
order to test whether the adjustments to speeehafégcted the
target AP and the overall utterance in the same Ragults of
two factor ANOVA (rate and speaker) show that therea
strong effect of speech rate (see Figure 1 aray2ifterances:
F(3,252)=345.2, p<0.001; by target APs: F(3,2B3)8,
p<0.001)]. The effect of speaker was not significgfor
sentences  F(3,252)=3.8, p>0.001; for target APs
F(3,252)=3.6528, p> 0.001], nor was the rate by speaker
interaction [for sentences: F(3,252)=7,9, p>0,06d; target
APs: F(3,252)=0,1 p>0.001]. Average speaking natsyilables
per second was calculated for each speaker acgotdirthe
procedure used by Welby & Loevenbruck [28]. Eadierance
was inspected auditorily, and the base count wastdl on the
actual pronunciation (the syllable base count @hesentence
depended on the context condition: 15 syllablestfa AP-
internal vowel condition, 10 syllables for the A&l vowel
condition, 13 syllables for the ip and IP-final velvconditions.
This syllable count was divided by the utteranceaation
(including pauses) to obtain a rate measurement efach
utterance. These results confirmed that the twoalspe
successfully augmented their rate of speech ingdiom a
normal to a fast speaking rate condition, for bibth target AP
and the overall sentence. The rate increase wamxdapyately
the same for the two speakers.

PP T VA

Figure 1: Speal&hg rates in syiiéble/s for entire
utterances for both speakers..
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Figure 2:Speai2ing r;mtues in S§/||ab|é7$ for target APs
for both speakers.

Out of 320 utterances, 256 (16 sentences x 4 tapetix
2 speech rates x 2 speakers = 256) were useddarilyses.
The items containing the syllable /la/ were exctidbecause
these items presented some segmentation diffisuftiespite
the liquid nature of the consonant there were mothrupt
change in intensity).

2.4. Hypothesis

We examined the effect of the four contexts on hativel and
syllable duration for the two speech rates. At ralrspeech
rate, we predict that units higher in the prosddararchy will
undergo a greater degree of preboundary lengthetingur
hypothesis is correct, we will obtain a four-stepwel
lengthening as shown in Figure 3.

1-Whithin a PW 2-at an AP 3-at an ip boundary 4-at an IP boundary
boundary

(sw) Biuayr8ua| [amop

Boundary types
Figure 3:Expected target vowel duration (ms) as a
function of boundary type at normal speech rate.

We also examined the effect of speech rate on vawel
syllable duration. Our hypothesis was that a fastesh rate
would result in a modification of the prosodic angaation of an
utterance. Specifically we predicted that IP bouiegawould be
demoted to ip or IP boundaries.

3. Results

Two mixed models were separately performed forabjd
duration and vowel duration. Both models includede ra
(normal/fast), prosodic boundary type (Unaccentg®final,
ip-final, IP-final) and speaker (VA and FP) as fixeffects and
the type of preceding onset consonant as randauteffhese
statistical models were intended to normalize theesh rate
variability found both within and across speakers and allowed
us to evaluate the effect of speech rate on prosgidiasing
(see [29] for more information). Duration measurateevere
log-transformed in order to obtain a normal disttibn.
Vowel and syllable duration (in ms) by boundaryeyt both
the normal and fast speech rate are shown for ¢uehkers in
Figures 4 and 5.

Consistent with our predictions, the statistical lgsia
showed that at the normal speech rate, both vomeebkgllable
length increases with prosodic boundary strength.the
normal speech rate, AP-final vowels and syllablesrew



significantly longer than unaccented vowels (forwebd
lengthening: t=4.40, p<0.05, effect size: 19 mg; dyllable
lengthening: t=2.15, p=0.05, effect size: 10ms) fikR}
vowels and syllables were significantly longer tharfinal
syllables (for vowel lengthening: t=2.64, p<0.0%geet size:
14ms; for syllable lengthening: t=2.4, p<0.05, effesize:
15ms) and ip-finals vowels and syllables were dicguntly
longer than IP-final vowels (for vowel lengthening3.83,
p<0.05, effect size:24ms; for syllable lengthening4.81,
p<0.05, effect size:30ms). The large distributioh the
duration values observed for the IP-final syllabtesindary
may be explained by the optional presence a gilause after
the IP boundary

At the fast speech rate, vowel durations were nmohe
similar, so that no significant effect of bound#ype is found
between the levels of IP, ip and AP. The mixed rhode
analyses showed that only the IP-final vowels @¥2p<0.05,
effect size: 9ms) and ip-final vowels (t=2.87, B38). effect
size: 10.5ms) were significantly longer than unatee
vowels. For syllable lengthening we similarly obsst a
significant  difference between ip-final syllablesnda
unaccented vowels (t=4.75, p<0.05, effect size: )8and
between IP-final syllables and unaccented vowet2.§0,
p<0.05, effect size: 10ms). Durational differenee=re not
significant for the comparison between unaccentegels and
AP-final vowels (t=1.06, p=0.2895) nor for the caaripon
between AP-final syllables and unaccented syllalte$.57,
p=0.118, size effect: 10ms).
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Figure 4:Vowel duration (in ms) by boundary type for
both speakers at fast and normal speech rates.
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Figure 5:Syllable duration (in ms) by boundary type
for both speakers at fast and normal speech rates.

4. Discussion

Consistent with the predictions of Jun and Fougdgprand
Pasdeloup [7], our results showed that, at the abspeech

rate, AP-final vowels were significantly longerath AP-

internal syllables, while they were significantljoster than
IP-final syllables. As Pasdeloup showed, the leawgjting of
AP-final vowels does not exceed 50% of mean APrite
vowel duration (the mean for the two speakers wiasng for
the normal speech rate and 84 ms for the fast. rsf@yel

lengthening associated with an IP-boundary exce&@éd of
mean AP-internal vowel duration (the mean for Ifafi
vowels for the two speakers at the fast speechwate 128
ms). Nevertheless, the results also seem to supihert
existence of an intermediate level of phrasing (ighich

would be higher than AP but lower than IP. Indeé¢dha

normal speech rate, ip-final vowels were signifttalonger

than AP-final vowels while also significantly sherthan IP-
final syllables. This ip would not be restricted toarked
constructions as it was originally proposed by &irougeron
[8], since the syntactic construction employed hése
unmarked. We propose that an alignment constratwéen
syntactic and prosodic structure conspires to planeip

boundary to the right edge of a major syntacticakrésee
[25]). Specifically, we propose that an ip boundeay appear
also in all-focus utterances and that its rightriztary will be
signaled through significant preboundary lengthgmielative
to the AP-final domain. Moreover, our results shihat the
degree of vowel lengthening associated with anoiprdlary is
about 50% of the mean for AP-internal vowels.

Although we showed that preboundary lengthening
associated with an ip-right boundary is signifitartifferent
from that associated with an AP-right or IP-rigbtibdary, the
question of the nature (discret/gradual) of thenghic cues
associated with the ip-boundary arises. Most studie
addressing prosodic constituency have been cordluctéhe
Prosodic Phonology framework, in which prosodic
constituency is viewed as a hierarchy of domains. kivow
that length affects prosodic phrasing. If the preigary
lengthening associated with the ip-right boundagflects
phonological structure, it should not vary relatteehe length
of the ip. In a study to appear [30], we manipudatee length
of the ip in order to test the hypothesis that thanipulation
would affect the “relative strength” [31] of the rdtion cues
associated with the boundaries. The results shawadthe
phonetic and phonological cues associated withpabréak
were independent of the length manipulation, andy th
generally support the existence of an intermedietel of
phrasing in French.

At the fast speech rate, preboundary lengtheniegiseo
differentiate only AP-internal vs. ip and the IRdl vowels.
Despite the absence of significant lengthening &-final
vowels at fast rate, this level nevertheless agpieabe tonally
marked by the presence of a LH* accent. Indeedbiott of
80 utterances in our AP-final condition, we obsdreefinal
LH* rise associated with the primary stressed sydd/na/ in
Figure 6).

A A _
T \/f\\J \/\//ﬁx/ \n

T T T T
L H* L H*H-
1 1 1 1

Lavilla de Simon | tessemblait 4 un chateau

Figure 6 :FO curve for the utterance La villa de Simon
ressemblait a un chateau. ‘Simon’s house lookeddik
castle’ produced by one of our speakers at fastcpe
rate.



Since no significant vowel lengthening is obserkiede, it
could be objected that the rise observed on /nahimstance
of an initial LHi rise (and not a final LH* rise)yhich is an
optional left edge marker of the AP [2] subjecttmditions of
rhythm, style or speaker (see also [32]). Howeves facts
allow us to claim that the H tone we observed in ARB-final
condition is a LH* pitch accent and not an instaéeHi.
First, the H tone is often realized on a primaryested
syllable, which is a phrase-final full voweddcent primairg
of a phrase and not on the initial stressed sylaiflthe first
lexical word. Secondly, the L tone in the APs tendsbe
realized on the syllable preceding the H* markelthble (as
shown in Figure 6), and not at the onset of theesaytiable,
as it is usually the case for LHi.

Thus, in contrast with previous results [18], wexdade
that in our corpus, fast speech rate did not indtaraplete
AP-boundary. Moreover, we did not observe ip-boupnda
erasure, since a slight lengthening was always ddon this
level as well as a tonal marker of this level {iasignificant
return to the phrase register line, cf. [25]). Hyahe duration
cues are less marked at the fast speech rate thaormal
speech rate. These results seem to support theofdeixed
marking for prosodic boundaries, in that there appé¢o be a
trade-off between lengthening cues and tonal (amskiply
even spectral) cues in order to induce a percepfiirase
break. We plan to test our proposal through fupeeeption
experiments testing the reality of the phrasinglewaddressed
in the present analysis.

5. Conclusion

In this paper, we have shown that, in French, an ip
boundary may occur in all-focus utterances showangon-
marked syntactic structure. The right edge of abapndary
appears to be marked by significant vowel and bidla
lengthening which are both stronger than those rebdefor
AP-final syllables and yet weaker than those olesfor IP-
final syllables. Our results suggest that prosodies are
reinforced when there is an alignment between mlicsand
syntactic boundaries, and they support the existesfcan
intermediate prosodic level in French. Finally, aesults
show a tendency for prosodic organization to beifigabat a
fast speech rate, since duration cues can be wéladerat a
normal speech rate, while being compensated fograthes,
such as phrase accents and/or edge tones.
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