Rate sensitivity of syllablein French: a perceptual illusion?
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Abstract

This study takes place within the theoretical fraumek of
Gestalt theory. The aim of this work is to deterenthe way
the prosodic scene reorganises itself accordingthe
variation of speech rate. In other words: how de ftrms
constituted by stressed syllables interact with gheund of
unstressed syllables?

We present a study of the temporal structure ofnea o
thousand word speech corpus. The corpus was prddaice
three different rates (normal, fast and slow) be @peaker
with two repetitions. The goal is to constrain thgthmical
structure of speech in order to observe how rhythpaiterns
depend on the variation of speech rate.

Results show that rhythm is not elastic: temponalcstiring
produced at a slow rate is not the consequence lofear
decrease. When speech rate changes, syllabic aurddies
not vary in the same way for stressed and for asséd
syllables. Unstressed syllables have very littlasgtity
compared with stressed syllables. This last resipports the
hypothesis that the unstressed syllable is an anmbiot in
the rhythmic structure of French.

1. Introduction
1.1. Figuresand ground in the prosodic scene

This study of the prosodic scene is situated witttie
theoretical framework of Gestalt theory ([12], [LHnd of
numerous psychoacoustic studies on human rhythsedban
this framework. As a matter of fact, this theorydhaany
applications to sound and music perception ([90],[120],
[4], [B], [6]), although it has less frequently Imeapplied to
the field of prosody ([13], [15], [3], [2]). Indeegrosody is
still often represented as pure abstract structurbe
generative structural principles from which phomidal
representations are built are usually not rootedmiotor,
perceptual and cognitive constraints which govetheio
human productions and their percepts.

One of the basic laws of Gestalt is that we perceiv
figures formsin vision and audition which emerge from a
ground These forms correspond to “sensitive objects”civhi
have specific caracteristics in order to be ablenh@rge from
a ground ([11]). The figures do not have any autooas
existence since they exist only in relation to ¢gheund. To
have a form and an organization are the functional
caracteristics of the figure, while the ground msaanorphous
and undefined continuity which does not possessovis
contours.

In the application of the Gestalt theory to spedtie,
succession of unstressed syllables constitutegthend of
the prosodic scene and the stressed syllablesitbeasthe
figures which emerge from this ground. Thus, a ession of
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syllables constitutes, in so far as an amorphodsuadefined
suite, the ground as long as an accent does nagemich
will give form to a given syllable. Therefore, theis strictly
no such thing as unstressed syllable, but onlyabkids which
receive or do not receive an accent.

In our opinion, the acoustic component of speegfthrn
corresponds to all the acoustic elements whichee#lone or
in interaction with each other, can generate aqmual effect
of rhythm: contrasts of pitch, duration, intensitypcalic
quality etc. Consequently, the study of rhythm idelsi that of
prosody (intonation and accentuation).

1.2. Aim of the study

Most works on the effects of speech rate are comecewith
the segmental level rather than the suprasegmental
Concerning those which are concerned with
suprasegmental level, studies focus on variatiatuiation or
pitch ([8], [21]).

This study is part of a project on rhythmic temptaand
stress pulsation in French. According to our rhyithiaw-
based prosodic model, the rhythmic structuring alizes
linguistic forms (lexical, morpho-syntactic and eniative
sub-components) in a form conditioned by rhythnaevd
([13], [15]). The goal is to constrain the rhythnsitucturing
of read texts by manipulating speech rate. In Wy it is
possible to observe how the rhythmic flow reorgasiits
matter and form while the same formal (lexical amarpho-
syntactic) linguistic structure is retained.

The aim of the present study is to determine thg tha
prosodic scene reorganises itself as a result oatiean of
speech rate. In other words: how do the forms domstl by
stressed syllables interact with the ground of nessed
syllables? We present a study of the temporal strecof a
one thousand word speech corpus. The corpus wasigerd
at three different rates (normal, fast and slowphg speaker
with two repetitions (for some preliminary resutts part of
the corpus cf: [16], [17]).

the

2. Method
2.1. Corpus

The corpus is a one thousand word fairy-tale, which
corresponds to about 1200 syllables depending an th
different productions. The corpus was produced haeet
different rates (normal, fast and slow) by one Epedthe
first author) with two repetitions. The recordingsvmade in

a sound treated recording booth.

2.2. Experimental analysis

The rhythmic structuring study of the corpus indsdthe
phonetic analysis as well as its phonological prietation.
By phonetic analysis, we mean the realization ofspdic



parameters: mainly the syllable duration and thé&chpi
contour. By phonological interpretation, we mean the
determination of an abstract rhythmic structure the
framework of a given theoretical model. Phonologica
representation corresponds to accentuation (thebeummnd
type of accents) and rhythmic phrasing (the nunalpertypes
of rhythmic groups). Our rhythmic model distingteshfour
prosodic levels ([13], [14], [15]) :
e The syllable is the minimal rhythmic unit which che
stressed or unstressed. Stressed syllables wslhden in
bold characters as in example (1).

(1) « Le débit d’parole »ls - de - bi - dpa - ral

e The stress group is the smallest rhythmic group: in
French, this consists of one stressed syllableeglet by
a few unstressed ones (on average 3). Stress gvwalips
be shown by < > as in example (2).

(2) <la - de> <bi - dpa - rol>

e The rhythmic word is the smallest prosodic struetur
which organizes a meaning group ([19]). This small
syntactico-semantic group is usually formed oubrod or
two stress groups and is limited in size to a maximof
around 7 syllables. The rhythmic words will be shdwy
[1as in example (3).

(3) [<lo de> <bi dpa rol>]

* The rhythmic sequence is the major prosodic stractu
which refers to the discourse level. This largetagtico-
semantic group is not limited in size. Rhythmic
sequences will be shown by // as in example (4).

(4)/ [<la de> <bi dpa ral>] [<d frd se>] [<e 1d>] /

In our model, accentuation and phrasing rules asedh both
on linguistic criteria (lexical and morpho-syntagti and
rhythmic criteria (such as size: syllable numbeleafcal units
and rhythmic words). Therefore the sentences (%) @)
which have the same syntactic structure but aréiffenumber
of syllables will not necessarily be given the sapnesodic
structure ([15]) :

(5) Le débitsy d’parolesy est lertsy =>
/ [la de bi dpa rol e 1d]sy/ or
/ [19 de bi dpa rol]5sy|| [C ld]ZSyII/

(6) Le rhinocéragy, de Constantinoplg, est lerds =>
/ [le rino se ras]s [de k3 std ti nopl]s [e 1], /125y

First of all, phonetic alignment was carried ouingsthe
aligner developped by LORIA (D. Foher & Y. Laprie:
http://www.loria.fr/lequipes/parole/ This automatic phonetic
alignment was then corrected manually. We filteced the
extreme durations of pause due to some artefactagdthe
reading: values above 2s at fast rate, 3s at narataland 4s
at slow rate. As the next step, a phonetic analg§ithe
prosodic parameters was made. These data were then
interpreted in the framework of our rhythmic model. the
present study, only the accent interpretation vekert into
account, that is to say the stressed or unstregatus of the
syllables.

3. Results
3.1. Articulation rate and syllable duration

The articulation rate (pause excluded) is 6.8 swlt/fast rate,
5.4 syll/s at normal rate and 4.4 syll/s at slowerdhese

values are comparable to those found in previoudies in
French ([8], [21]). Rate variations modify the shla
duration as expected. Nevertheless, rhythm is fadtie:
temporal structuring produced at a slow rate is tie
consequence of a linear decrease of the same alateri
pronounced at a fast rate. When rate changes, bgylla
duration does not vary the same way if the syllabktressed

or not (cf. Table 1, figure 1).
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Figure 1 :Boxplots of the unstressed and stressed
syllable duration in the three rate conditions
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Figure 2 :Boxplots of pause duration in the three rate
conditions

! The boxes figure the interquartile ranges: 50%hefdata, the black
circles figure the median and the empty circleariégthe outliers.



Table 1: Mean syllable and pause duration in the
three rate conditions

Fast rate Normal rate Slow rate

Unstressed syllables 126ms+42 | 144mst54 | 170mst71

Stressed syllables | 187ms+63 | 252mst106 | 320ms:134

Pauses 302m&145 | 513m&377 | 785m&556

3.2. Statistic analysis

To evaluate the influence of rate on syllable daratwe run
a mixed linear model ([18]) with the logarithm dietsyllable
duration as the dependent variable, the rate astarfwith 3
ordered levels (fast, normal, slow), stress aslevél factor
(unstressed, stressed). The grouping factor wasabmental
label of the syllable (for ex.: “pa”, “ma”). The 38 syllable
durations were thus grouped into 374 syllable kogke.
different segmental labels). Consequently, the effet
intrinsec duration of the 374 syllable blocks wakeh into
account in the model.

Results show that the two factors rate and stregehss
their interaction are highly significant. Table 2the model
regressors shows that the rate (the linear compdrae.L")
is significant. The positive value “stressed”, agexted,
shows that the stress increases all the syllablatidon. The
significant positive interaction term (“rate.Lineastressed”)
shows that the incresase of rate has a strongectesh the
stressed syllables. Table 3 shows the values ofyhiable
duration (with stress and rate factors) which weseputed
on a linear scale from the estimated coefficiames@nted in
Table 2.

To evaluate the effect of rate on the pause duratie
ran a linear model with logarithm of the pause tdaraas
dependent variable and rate as a factor with 3reddievels.
Table 4 shows a significant effect of the factderan pause
duration which decreases as rate increases.

Table 2: Regressors of the model “syllable”

Value Std.Error t-value p-value

(Intercept) 5.244  0.0198 264.71 0.000
Rate.Linear 0.211 0.0076 27.72 0.000
Rate.Quadratic 0.002 0.0077 0.33 0.739
Stressed 0.224  0.0107 20.89 0.000
Rate.Linear: stressed 0.141  0.0126 11.16 0.000

Rate.Quadratic: stressed 0.002  0.0125 0.19 0.846

Table 3: Estimated syllable duration in the three rate
conditions by the model “syllable”

Fast rate| Normal rat¢ Slow rate

Unstressed syllables  163ms 190ms| 220ms

Stressed syllables 174m 237ms 322ms

Table 4: Regressors of the model “pause”

Value Std.Error t-value Pr(>/t/)
(Intercept) 5.98 0.038 156.349 <2e-16
Rate.Linear 0.63 0.070 8.990 <2e-16
Rate.Quadratic  -0.02 0.061 -0.393 0.695

3.3. Rateand stress

Speech rate does not have the same effect onrie find on
the ground of the prosodic scene (cf. Fig. 1). téssied
syllables have very little elasticity compared witressed
syllables. Our results thus quantify what Duezrfigntioned
for French. The ground of unstressed syllablesdsenstable
and resistant to rate variation than the forms titoied by
stressed syllables. Compared to normal rate, usstles
syllables are on average 14% shorter at fast nate 186%
longer at slow rate, while stressed syllables areawverage
26% shorter at fast rate and 36% longer at slow (titese
percentages are calculated from Table 3). Thidtreapports
the hypothesis that the unstressed syllable isnahaa point
in rhythmic structure of French.

Table 5: Number of unstressed syllables, stressed syllables
and pauses in the three rate conditions

Fastrate| Normal rate Slow rafe
Syllables 1174 1174 1193
Unstressed syllables 746 709 728
Stressed syllables 428 465 465
Pauses 78 172 231

The number of syllables produced is stable in tireet rate
conditions (cf. Table 5). The percentage of stéss#lables is
slightly smaller at fast rate: 36% against 39% @tmal and
slow rates. Similar result was found in Dutch [Rhis means
that the rate variations have almost no effecthensize of the
stress group: on average between 2.52 and 2.74 isyllone
stress every 2-3 syllables. Consequently, we camthggize
that the skeleton of stress pulsation is not ratsisive.

3.4. Rateand pause

The duration and the number of pauses decreasit® aate
increases (cf. Tables 1 and 5, Figure 2). Compareuhtmal
rate, pause duration is on average 41% shortasatdte and
53% longer at slow rate. The number of pauses dseseby

an average of 55% between the normal and fast rate

conditions and increases by an average of 34% ketile
normal and slow rate conditions. This tendency \a&
observed in other studies ([21]).

3.5. Accentual contrast and prosodic strategies

Prosodic strategies are different according to cipeate since
the accentual contrasts have phonetically different
manifestations. In French, a stressed syllable rasts
phonologically with the preceding unstressed sydigsbThe
syllabic duration contrasts strengthen when theedpeaate
decreases.

At fast rate, the duration contrasts between thesséd
syllables and the unstressed ones are weakenedaoenio
normal rate. There is a functional synergy betwéleis
phenomenon and the strong reduction of the number a
duration of pauses. In some cases, major rhythoundaries
(corresponding to rhythmic sequences in our modat) be
produced without any pause, just with syllabic kaeging
and k resetting.

At slow rate, the duration contrasts between thessed
syllables and the unstressed ones are strengttoemepgared



to normal rate. There is a functional synergy betwehis
phenomenon and the increase of the number andiauicit
pauses. Furthermore, for this speaker at slow tiaite hyper-
usage of duration contrasts seems to be combinéd avi
hypo-usage of pitch contrasts. In some cases, a@en
contrast is realized just by temporal contrast.

4. Conclusion

In this study, we have shown that, in French, tagation of
speech rate does not have the same effect in theogic
scene on syllables which are the form (i.e. stasss on
those which are the ground (i.e. unstressed). Bssid
syllables are less rate sensitive than stressed. oAs
expressed by Gestalt theory, the forms constitbyestressed
syllables have distinct caracteristics from thok#ée ground
of unstressed syllables. The ground of the prossdéne is
more stable and resistant to rate variation than forms
which emerge from the ground: the unstressed dgllab
duration increases by an average of 35% betweefashand
slow rate conditions, while the stressed syllablgation
increases by an average of 85% between those mditioms.
Still the fact remains that rate variations havighsl but
unavoidable effects on unstressed syllable duralibe lesser
elasticity of unstressed syllables supports theothgsis that
this syllable is an anchor point in the rhythmiousture of
French. These results of rate effects on syllabratibn need

to be validated with recordings from other speakers

Concerning the motor programming of syllable duratiove
can hypothesize that only the duration of stressdidbles
will be planned (that is to say the duration costfraWhen
speech rate changes, the variation of the unsttesdiable
duration would correspond to an intrinsic low levatiation
of the motor system, while that of the stressethbid would
correspond to a high level variation of the system motor
commands).

To conclude, we can notice that it is not a lindsthmic
elasticity (i.e. a linear compression or lengthgnai all the
syllables) which is responsible for the perceptainspeech
acceleration and deceleration. For example, at rizst the
impression can be given that the whole rhythmiwf{that is
to say all the syllables) is pronounced faster taanormal
rate, whereas in fact unstressed syllables areverage 14%
shorter and stressed syllables on average 26%esh&rom
the accentual contrast point of view, the contmassyllabic
duration weakens when rate increases and strergyiliean
rate decreases. There seems, consequently, tpéeeptual
illusion: we have the impression that ground of piesodic
scene accelerates or decelerates according to itfegedt
rates, whereas in fact it is mainly the duration tbe
presentation of the forms which is shorter or langf¢hen the
rate increases, the duration of the presentaticheobtressed
syllables shortens. When the rate decreases, traiatu of
the presentation of the stressed syllables lengthdime
difference between the experienced percept of @aviorm
and the sensory stimulus on which it is basedvigldknown
phenomenon observed in visual illusions by Gettalbry.
We wish to thank Daniel Hirst for his helpful commte and useful
scripts running on Praat.
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