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ABSTRACT

The aim of this investigation is to analyze, for French, the
behaviour of single as opposed to double (abutted)
consonants, and also to examine the coordination of
articulators in the production of heterorganic consonant
sequences in French. X-ray and acoustic data are obtained, for
two speakers (one female and one male) at two speaking rates.
If configurational constraints have been proposed for
articulatory modelling of vowels [1]; {2]; {3], those related to
consonant production are lacking in the literature [4].

INTRODUCTION

Understanding the production of consonant sequences is
of utmost importance in elaborating speech production
models. A particular case in the production of such motor
sequences is executing the same gesture twice and in parallel
[5]. Uncovering the principles of coordination for these types
of motor actions is necessary in modelling biological motor
systems, as demonstrated by the failure of some parallel
models [e.g. 6] to produce doubling in typing; repeated
failures in such models to account for such actions instigated
the design of sequential networks [7]. It is known, in speech
production in general, that when two identical gestures should
be produced sequentially, such a production could go as far as
a fusion or an aggregation of these gestures [8]. In French, this
aggregation is portrayed essentially as abutted consonants,
where different (heteromorphemic) morphemes present a
single (homorganic) place of articulation: “Il a pas mal” thus
becomes “Il zappe pas mal” provoking consonant abutting
without release of the first /p/. This is “doing the same thing
twice and at once”.

Another case in such motor paradigms is “doing two
things at once” [9], where different sequential gestures end up,
in certain conditions, being produced at once. An example of
such a gestural fusion in speech has been modelled [10] as
gestural constellations that present temporal overlaps for
prenasalized bilabials of the type /mpaka/. Such phenomena
have been modelled as a summation of gestures resulting in a
single gesture, specific to this type of articulation and
corresponding to a complete temporal reorganization.

The present investigation looks at this phenomenon of
gestural reorganization regarding: 1) single vs. double abutted
consonants and 2) heterorganic consonant sequences. Gestural
restructuring will be analyzed in terms of vocal tract
configurational modifications and also in terms of
expansion/compression of the acoustic signal, both levels
being subject to increased speaking rate, an unfavourable
factor in preserving bi-gestural structures.

METHOD

The entire corpus consisted of 58 sentences (of 4 to 6
syllables) that embedded the target words. These words were
chosen to vary consonantal length /p, t, k, b, d, g/ vs. /pp, tt,
kk, bb, dd, gg/.

The first investigation that deals with single vs. double
abutted consonants focussed on the the following sentences:
11 a pas mal vs. Il zappe pas mal /apa vs. appa/
Les attabler vs.La chatte tachetée  /ata vs. atta/
Tres acariatre vs.Trois sacs carrés /aka vs. akka/
Des abat-jour vs.Crabes bagarreurs  /aba vs. abba/
I1a daté vs. Pas de date précise /ada vs. adda/
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Crabes bagarreurs vs. Blagues garanties /aga vs. agga/

Note that all pairs of sentences had the same number of
syllables. The data reported here is thus based on 12 out of the
58 sentences, produced by two speakers (St and S2) at a
normal (conversational) speaking rate and at a self-selected
fast rate. Thus there were 48 conditions in all: 2 speakers x 6
consonant types x 2 speech rates x two durational contrasts.

The second investigation that looked at heterorganic
sequences was based on the following sentences:

Les droits octroyés /kt/ Les truites glacées /tg/

Le petit dne cassé /pt/  Pas de date précise /tp/

Each sentence was produced first, at a normal speaking
rate and then, at a fast speaking rate by both speakers. Thus
the data for this investigation amounts to 16 conditions in all:
2 speakers x 4 sequence types x 2 speech rates. Note that the
first two sentences should portray articulatory demands on a
single structure, i.e. the tongue (a velar and then an apical
intra-articulatory sequencing and vice versa). While the other
two sentences would show interarticuatory sequencing (a
labial and then an apical articulation and vice versa).

Recordings and measurements

X-ray films, together with a simultaneous audio recording
of the speakers’ productions were obtained. With the help of a
grid [11], measurement parameters for vocal tract
configurations were determined related to lip-lip and tongue-
palate (apex, body) contact-extents (mm); jaw opening and
constriction width, related to the preceding vowel were also
measured. Temporal events were detected on the audio signal
and specific timing relations between these events allowed
determining, in the VC domain, acoustic durations that
correspond to the preceding vowel and to the consonantal
closure (a single acoustic span for both abutted consonants
and consonant sequences). It is hypothesized for the first
investigation, that contact-extents would be longer for double
as opposed to single consonants, and that all contact-extents
would be reduced with increase of speaking rate, so also
would the acoustic closure durations. For the second
investigation, the hypothesis is that with increased speaking
rate, heterorganic sequences would be executed at once
resulting in a compression of the corresponding acoustic
closure durations.

RESULTS AND DISCUSSION
Single vs. double consonants

In this investigation, measurements obtained from mid
sagittal profiles, at a normal speaking rate, show, as expected,
that contact-extents (maximum value for contact) for lip-to-lip
and tongue-to-palate (apex and body) productions are longer
for double (abutted) consonants than for their single
counterparts. Moreover, the global tendency for abutted
consonants to have a longer contact-extent than their shorter
counterparts is maintained in fast speech, thus showing the
relevance of this parameter in differentiating the two
categories, i.e. even when the linguistic system has been
perturbed by speech rate increase. However, increasing speech
rate, leads to an increase in contact-extent for single and
double consonants. This is especially true for the lingual
consonants. The difference in behaviour between lingual
consonants and bilabials as to their contact-extents has been
reported elsewhere [12] for these two speakers, in an entire
corpus of 58 sentences embedding varied consonants and
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vowels, at the two speech rates; the tendency is for contact-
extent to increase with speech rate increase for lingual
consonants and to remain relatively stable for bilabials. It can
be hypothesized that this parameter does not correspond to the
obstruent phase of the plosive alone; it may also reflect, in
cases where the linguistic system is perturbed, other factors
such as speed and lingual muscular tissue impact on the
palate. The other two articulatory parameters, jaw opening and
constriction width, did not show any systematic coarticulatory
behaviour. These parameters, exploited in terms of area
measurements, should certainly give pertinent information in
distinguishing singlefrom double abutted consonants.

On the acoustic level, results coincide largely with our
expectations. Mean values for closure durations for all double
consonants are systematically longer than that of their single
counterparts (210 ms vs. 90 ms respectively in normal speech;
120 ms vs. 70 ms respectively in fast speech). These are all
clear-cut differences, indicating that closure duration is a more
robust measurement than contact-extent in distinguishing
single from double consonants. With speech rate increase,
both single and double consonants reduce their closure
duration, but it is the double consonants that undergo a higher
reduction (around 90 ms) than the singles (around 20 ms). It
has been reported that under speech rate increase, long
elements (vocalic or consonantal) tend to resist less to
syllable compression than the already short elements even
when the short element is a vowel [13]. This has been
explained in terms of linguistic constraints for identity
preservation, as further compression of short elements would
hamper their identification.

Consonant sequences

Results regarding intra-articulatory lingual gestures are
the following:

- for a /kt/ sequence in normal speech, the velar
articulation always occurs before the apical contact for both
speakers. Figure 1 shows for S1, at a normal speaking rate, a
frame by frame evolution of the consonant sequence (50
frames per second) from the begining of the first consonant to
the end of the second consonant. The occlusion for the /k/ can
be seen on the figure (frames 821-822) followed by that of the
/t/ (frame 826), both obstruent phases being largely sequential.
Figure 2 shows for the same subject, at a fast speaking rate,
the occlusion for /k/ (frames 1121 to 1123). In the next frame
(1124) there is a simultaneous production of the obstruent
phases for the two consonants. Thus increasing speaking rate
provokes a simultaneity of the velar and apical occlusions: the
subject is “doing two things at once”. In the last frame (1125)
only the consonantal phase of the /t/ is being executed.

- for a /tg/ sequence in normal speech, the apical
articulation always occurs before the velar contact for both
speakers. When speaking rate increases, both articulations
occur simultaneously at a given point of time.

As regards interarticulatory (labial-lingual /pt/ or lingual-
labial /tp/) gestures, both sequencing and simultaneity of
gestures have been observed at a normal speaking rate. When
speaking rate increases, the two gestures systematically occur
simultaneously at a given point in time. These results confirm
our initial hypothesis that gestures would be executed
sequentially at a normal speaking rate and simultaneously
when speaking rate increases [14]. Moreover, the data reveal
that overlap is more readily acheived in interarticulatory
contexts than in a single structure intra-articulatory context.
The explanation could be given in terms of biomechanical
constraints of the motor system, as coproduction of different
gestures is more exacting on a single structure than on two
coordinated structures.

On the acoustic level results correspond to our initial
hypothesis that simultaneity of occlusions in fast speech
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would correspond to a noticeable reduction of the closure
durations.

SUMMARY

Data for single and double (abutted) consonants have
been analyzed and a relevant measure has been unveiled:
articulator contact-extent. This is a robust parameter since it is
also valid in distinguishing the two linguistic classes, even
when speech rate is increased. As concerns consonant
sequences, the simultaneous occurence of articulations is more
systematic in interarticulatory contexts than within a single
structure, the tongue. Moreover, speech rate provokes
simultaneous articulations: subjects are constrained to do two
things at one when the tasks become difficult.

Although articulatory parameters related to the preceding
vowel did not show any consistent behaviour, converting the
midsagittal measures obtained to area functions should furnish

relevant information for modelling,

ACKNOWLEDGMENTS

My sincere thanks go to Dr. P. Perrier and Dr. R. Sock for
their useful comments. This research was partly supported by
an ESPRIT Basic Research Project, n°6975.

REFERENCES

[1] Maeda S. (1988) Improved articulatory model. JASA 81,
Sup 1. S146.

[2] Perrier P. Boé L-J. Sock R. (1992) Vocal tract area
function estimation from midsagittal dimensions with CT
scans and a vocal tract cast: modelling the transition with two
sets of coefficients. JSHR 35, pp. 53-67.

[3] Wood S. (1979) A radiographic analysis of constriction
location for vowels. J. Phonetics 7, 1, pp. 25-43.

[4] Simon P. (1967) Les consonnes frangaises, mouvements et
positions a la lumiére de la cinématographie. Klincksieck,
Paris.

5] Sock R. Delattre C. Doublier D. Zohair L. (1989)
Comment faire deux fois de suite la méme chose 2 la fois.
Stratégies de cing locuteurs du frangais. Actes du séminaire
Variabilité et Spécificité du Locuteur : études et applications.
Marseille-Luminy, 20-21 juin, 108-115.

[6] Rumelhart D. E. Norman D. A. (1982) Simulating a
skilled typist: A study of skilled cognitive-motor performance.
Cognitive Science 6, 1-36.

[7]1 Jordan M. I. (1988) Supervised learning and systems with
excess degrees of freedom. COINS Technical Report 88-27,
M.LT.

[8] Munhall K. Lofqvist A. (1992) Gestural aggregation in
speech: Laryngeal gestures. J. Phonetics 20, 111-126.

[91 Klapp S.T. (1979) Doing two things at once: the role of
temporal compatibility. Memory and Cognition 7, 375-381.
[10] Browman C.P. Goldstein L.M. (1986) Towards an
articulatory phonology. Phonology Yearbook 3, 219-252.

[11] Bothorel A. Simon P. Wioland F. Zerling J-P. (1986)
Cinéradiographie des voyelles et consonnes du frangais,
recueil de documents synchronisés pour quatre sujets: vues
latérales du conduit vocal, vues frontales de Uorifice labial,
données acoustiques. Institut de Phonétique, Strasbourg.

[12] Vaxelaire B. (1993) Etude comparée des effets des
variations de débit — lent, rapide — sur les parametres
articulatoires, a partir de la cinéradiographie (sujets frangais).
Thése de Doctorat Nouveau Régime.

[13] Abry C. Orliaguet J-P. Sock R. (1990) Patterns of speech
phasing. Their robustness in the production of a timed
linguistic task: single vs. double (abutted) consonants in
French. CPC, European Bulletin of Cognitive Psychology 10,
269-288.

[14] Byrd D. (1994) Articulatory timing in English consonant
sequences. UCLA WPP 86.

1286



ij\ |
A

Image 821 Image 822
Image 823 Image 824

TN

¢ (Q 7
N N

Image 825 Image 826

Figure 1. Production of a /kt/ sequence (50 frames per second) at a normal speaking
rate (S1). Note that velar (821-822) and apical (826) gestures are sequential.
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Image 1121 Image 1122
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Figure 2. Production of a /kt/ sequence (50 frames per second) at a fast speaking
rate (S1). Note the overlap of the velar and apical gestures (1124).
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