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ABSTRACT

This paper investigates the effects of contrastive facaknt
placement on lingual articulatiorand coarticulation of
French [kskl] clusters inword-medial position. The EPG
results show that (i)this type of accentdoes not

systematically increase the amplitude, but the duration of

linguopalatal constrictions (particularlyheir release); (ii) it
directly lengthens the temporal interval between

articulatory hold phases of twoontiguous consonantgjii)
no matter what the accent position is,cén affect thewhole
cluster; (iv) the gestural co-ordination dbiconsonant
sequences seemed to vary with the focal accewmre
according to articulatory than syllabl®oundary rhytmic
constraints.

1. INTRODUCTION

While several recent works have shown thptosodic
structure affects the linguahrticulation and the lingual
coarticulation of vowels in CV production [1; 2few studies
have looked at its influence on the lingual articulation

The latter mostly concerned the effects of word, phrase oP€ine

sentence boundaries. Was foundthat lingual stopshave
larger linguopalatal contact in word-initial thamedial or
final position [3; 4]. In initial position of a prosodic
constituent, the durationand area oflinguopalatal contact
increased withconstituent height irthe prososdichierarchy
[5]. Moreover, a lingualconsonantsequence inword-initial
position [4] or separated by a sentence boundary [6]léss
articulatory overlap. In contrast, onlfew studiesanalysed
the influence of a prominence on linguatonsonant
articulation. [7] found that /t/ has a larger frdiiguopalatal
contact in lexically stressed syllables than in unstressesl
[8] reported highemidsagittal tongueposition for alveolar
consonantsproduced innuclear accentcontext thannon-
nuclear one. Finally, up to now no systematiwestigations
have been carried out on the effects mominence on
coarticulation in consonant sequences.

For this reason, in thisstudy we analysed effects of
contrastive focal accentka) on the lingual articulation and
coarticulation of a four-consonant cluster [kskiitered in
word-medial position. Wemainly focused ourattention on
four questions: Does cFA strengthen lingual consonant

articulation? DoescrA reducethe temporal coproduction of
adjacent lingualconsonants irthe cluster? Does thaccent
position distinctively affect the clusterand towhat extent?
Can the extent of thecra effects on theconsonant
articulation and coarticulation beused todeterminesyllable
boundary position within this cluster?

2. METHOD

the2.1.Speech material and speakers

The corpuswas composed of a four-consonant clusf&skl]
produced in avocalic [g_a] context in the middle of a
disyllabic word ("exclame" Eksklam], meaning"exclaim").
This word was embedded in @arrier sentenceead atnormal
speakingrate by two French speakers &Bd Y).Stress was
alternatively induced on three different portions of the
sentence as an answer to a question frometkgerimenter
simulating a misunderstanding about a specific part of the
target sentenceThe [kskl] cluster was therefore either in
unaccented Up), left-accented Lp) or right-accented rRp)

position: ua = “J'ai DIT: "Pam eclame méme sgpeine™, as

. . Y : Oz;n answer tdTu as PENSE "Pam exclamenéme sapeine"?”
consonants and the lingual coarticulation in CC production.

(10 repetitions); LA = “J'ai dit: "Pam Exclame méme sa
" as amnswer to“Tu as dit: "Pam pbeclame méme sa
peine"?” (20 repetitionsRA = “J'ai dit: "Pam BCLAME méme

sa peine™, as an answer to “Tu as dit: "ParRReE méme sa
peine"?” (20 repetitions).

We also checked that thera's were produced dhe expected
position. Since contrastive prominence is generallgd by
a peak accent in French, an analysis of variance carried out on
the maximum FO value ofe] and [a] showed that it was
significantly higher in the accentedontext than in the
unaccented one for both speakers and vowels (p < .0001).

2.2. EPG acquisition and analysis

Points of contact of the tongue with thrd palate were
sampled every 5 ms by means of &2-electrode
electropalatographiequipment(EPG Reading System). The
EPGsignal enables taccount fortiming, localisation and
amplitude of linguopalatal constrictions. Our EPG data
analysis andreductionwasbased on Byrd's empiricakgion
definition [9] which was used to determine an EPG
articulatory zone specific for each linguatonsonant.
Specifically, wedefined for eachspeaker a tightposterior



zone (related to [k]pnd atight anteriorzone (related to [s] estimated by means of thé Boefficient of linearregressions
and [l]). The spatio-temporal evolution othe different (Table 2).

linguopalatal constrictions involved ithe production of

[kskl] were thereafter estimated by simultaneously 3. RESULTS

calculating the percentage of contacted electrodes relative to

the total number of electrodes in each zone. 3.1.Effects on contact amp|itude

2.3. EPG measurements Concerning the effects of ara on the amplitude of the
linguopalatal contactthe speakers showed twopposite
All measurementsvere based on the temporadnd spatial articulatory behaviours(see Table 1). Bhad a smaller
values of four basic events of a lingualconsonant linguopalatal contact irthe accentedcontext than in the
articulation. The beginning (oN) and the end 6F) of a unaccented one. Thigecrease of amplitude concerned all
constriction were respectively defined by the first andltt® consonants (especiallthe anterior ones), except [k
EPG frame with at least orlinguopalatal contact ithe EPG Conversely, Y's amplitude of linguopalatal constrictions
zone of the consonant. The beginnitgK) and theend €4P) were larger in accented contexts, excepted for [I].
of the articulatory hold phaswere respectively defined by Nevertheless, both speakers’ approauntd hold phases of
the first andthe lastEPGframe of a quasstable plateau of linguopalatal constrictionswere more sensitive tothe cFa

maximum contacts (see Figure 1). than their releases.
< — G f C . . .
g o0 “TEREBneGi&  3.2. Effects on duration and timing
g so0bHP Table 1 shows that for Bnd Ythe durations of all sequences
\§ 40,04 (excepted [kI] for Y) increasesignificantly in the accented
jg 30,04 ON contexts as a consequence of taegthening of [K, [s] and
£ 20,04 ¢ OF [k,]. For [l], the presence ofcFa produced shortening,
§ 1004 especially in thera context. This opposite behavioucould
0,0 ST be explained by a larger, earlier and/or faster lowering of the

time (one frame every 5 ms) jaw in anopen vowel context affecting particularlgpical
closing gesture$l; 8]. Moreover, the variation of duration
was not uniform among theconsonant phasesOnly the
release duration was significantind systematicallyaffected
Temporal measurements The durations of four bBYCFA while the approach and the hold phase remafagty
consonant phaseswere considered: the linguopalatal constant.

constriction {ursQ= oF — ON); its approach duroN = bHP —
ON); its articulatory hold phaselymr = edP — bHP) and its
release duroF = OF — eHP). The durations of four
interconsonant phaseserealso considered: tharticulatory
overlap of twocontiguous constrictionsoyerlapC,C, = oF
C, — on C,; occurredfor all items but one), thénter-hold-
phase interval ifiterHp C,C, = bup C, — eHpP C,), the part of
the consonantwhich was not overlapped by thereceding
one fovl G =dursQC, - overlapC,,C,), or by thefollowing
one fov2 G =dursQC, - overlapC.C..,).

Figure 1: Curves of spatio-temporal evolution of EPG
contacts of a [ks] sequence

Regarding theinterconsonant phaseshe duration ofboth
the non-overlapped parts of trensonants(excepted [K
and [l] for Y) and the overlap regions were increagextepted
for [KI]) in crFAa contexts. The durations of these two
interconsonant phaseswere nevertheless positively
correlated with the durations of theonsonants or the
biconsonant sequences (see TableTRg variations ofthese
phase durations seemed not to be compleasigdirectly due
to the presence of an accent, but partiyge to the
modification of the consonant duration in accented
Amplitude measurements In order to estimate the conditions. Furthermore, theproportion of these phases
linguopalatal constrictionmagnitude of eackonsonant and (félated to theconsonant orsequence durationyvas not
eachconsonant phasethe average percentage obntacted Correlated with the duration of the consonant or sequence. The
electrodes in the corresponding EPG zeves calculated inct  /engthening or shortening of a consonaiue to CFA may

= number of contacted electrodes in BERG zone / number of thereby have aroportional repercussion on the duration of
electrodes of the zohe its non-overlapped and overlapped parts.

Velocity measurements For each consonant, the In contrastthe duration of thenter-hold-phase interval and

approach and release velocities of the linguopalatal its proportiqn relative .tothe seguence duratiowere not
constriction were calculated Yelon = [bHp amplitude — ON correlated with the duration of tHeconsonantsequencésee

amplitude] / duon; velor = [eHp amplitude— oF amplitude]/  T1@ble 2) and were significantly lengthened irthe accented

duror). contextsfor [sk] and [kl] (see Table 1). Hence, focertain
types of biconsonansequences, the presence asa at an
2 4. Statistical analysis edge of the cluster influenced directly the co-ordination of the

two contiguous consonants bgvolving alonger temporal
We analysed thelata bymeans of Fischer'®LSD post hoc interval between their articulatory hold phases.
tests at 5% significant level (Table dpdlinear correlations



3.3. Effects on velocity 4. DISCUSSION

For both speakers, like for the phase durations,afhygroach 4.1 Articulatory correlates of the cka
velocities were mostly independent ofrFA while release T

velocities varied with it. This could suggest that gesture The clear opposition between the speakers, regardioga
onsets are more invariant than their offsets. influence on the magnitude of thimguopalatal constrictions
(see [3]), confirms that several active strategiesy exist to
the purpose of strengthening supraglottal consonant gestures
in accented syllables: realising alarger linguopalatal
constriction ofthe approachandthe hold phase and/or a
longer release of théinguopalatal constriction.The latter
combined with the lengthening of the entire consonamild
protect the hold phase of eonsonant from being too
encroached by the following one. This is corroborated by the
3.4. Extent of the cra effects fact that acra imposes directly a longer gap between the
Here we consider only the phases direathd systematically linguopalatal hold phases of twacontiguous consonants,
affected by an accent (see Table 1). although it does not involve the expected temporal reduction
of the articulatory coproduction of twdinguopalatal
Concerning the effects of theosition ofCFA (LA VS RA) on  consonant gestures (on the contrary).
the consonants, the approach and the hold phase amplitude of ) o
the linguopalatal constrictionsdid not vary with accent SO, CFA seems to influence the co-ordination of two
position. The influence of accenposition onduration was linguopalatal consonants only by emphasisinteir
homogeneous betweaonsonantsandtheir release but not articulatory hold phases (with a likely perceptwzam) and
between speakersThe consonant and release durations "ot necessarily reducing coproduction.
indicated that the articulatory effects ofA in LA position . .
extended up to [I] for Band Y, but that its predominant 4.2. Articulatory marking of the syllable
influence relatively to th&a position stopped at [l] for B and boundary

[k,] for Y. cFa in the RA position affected the cluster up to ] o ]
[k,] for B and up to[s] for Y, but its superiorinfluence The type of consonant cluster studied here is musresting

relatively to theLA-position influence stopped 4s] for B With regard to its syllabification. A phonetic approach based
and [I] for Y. on the sonority hierarchy cannot predicsydlable boundary

in the word-media[kskl] cluster (because of thegosition of
The only result shared by Yand B wasthe predominant [s], which is moresonorous than [k]).Conversely, the
influence of the accent in thea position onthe duration of biconsonant phonotactic distributicandits morphological
[I] and its release. For B, the moiraportant effect of theLA  structure based on the Latistymology predict that the
context on [I] duration is misleading. kA context, [[] could syllable parsing should be /ks.kl/.

be subject to twaonflicting influences: a shorteningue to

the opening of the jaw due to the following accented [a], and/4¢ can accordingly expect thara would strengthen the
lengthening due tothe accentectontext (as for the other articulatory marking of the syllable in tvyo different ways. (1)
consonants). While for Y the first influence was more It would affect morethe segmentdelonging tothe accented
important, for B there was aconflict between them irra syllable thanthe other onesThelimit of the extent of its
context. This conflict could have lead B to anarticulatory ~influence may thereby correspond to thgllable boundary.
compromise, neutralising theistinctive effect of thera  (2) It would reducehe articulatory cohesionfor the pair of
condition (ms averaged duratioma = 97; LA = 78; RA = 93). conso_nantsstraddhng the;yllable bou.ndary _(|.e:/s.k/) by
An examination of the duration and the velocity of iesease reducing the overlap duration and by increasingittter-hold
confirms this point of view.For the second half of the Phase interval,and it wouldincrease (or not affect) the
cluster, i.e.for [k,] and [I, both speakers’ velocities articulatory cohesion betwednutosyllabic consonantéi.e.
depended only on the right-positia®a. For the first half of /kS/ and /kl/).

the cluster, i.efor [k,] and[s], only Y’s velocity depended
exclusively on the left-positiocFA.

Only [k,] showed a modification of theelocity of its release
and its approach in the accenteohtextsfor both speakers.
Thereleasevelocity of [I] was especially increased igFa
condition. This waslikely due tothe interaction of dower,
earlier and/or fastelopening of the jaw induced by the
following accented [a].

The results do not validate the firstypothesis. Though the
effects of thecra depended on its position in several cases, it
About the extent otra effect within the cluster, twonain @ppears that whatever itgosition, the cFa was able to
points can be raised about the duratiamd the temporal influence the articulation of the whole cluster. Nbvious
interval between the hold phase @ach biconsonant articulatory limits emerged for tworeasons. Firstly, the
sequence.First, while Y did not show any significant articulation ofeach speakewasmodified in a different way
difference between leftandright-accented condition, B was Py thecFA. Secondly, the results show an importaverlap
almost only influenced by thera in the Ra position for [k]] ~ Petween the limit of the extent of the influence of tra at

to [sk]. Secondly, forboth speakers thénter-hold-phase the left edge ofthe clusterandthe cFA at its right edge. The
interval of [ks] was not affected by anaccent, while its articulatory influence of @ra did not only affect the accented

duration was indistinctly influenced by both accent contextsSY!lable but also the preceding or following one.



The second hypothesis is not confirmed by the reittser.
In fact, [ks] articulatory cohesion was not significantly
increased by an accent. And if [sk}ig@sreduced byboth crFa
contexts, itwasidentical for [kl]. Hence,crFa may influence
the articulatory co-ordinatiotetween twoconsonants more
according tointrinsic articulatory /aerodynamicconstraints
than rhythmic onesnduced bythe syllable boundary.This
account is especially supported by thpposite behaviours
of the inter-hold phase intervals of [kahd[sk] whencFaA is
produced. Incontrast with [ks], an essentiaderodynamic
requirement for [sk]could constraint the articulatory co-
ordination between [s]' and [K]'s hold phases: theginning
of [K]'s cannot occurtoo early because itould truncate[s]’
fricative noise. This constraint could explain why the

temporal interval betweeeach articulatory hold phase is

especially increased in atcenteccontext for [sk] and not
for [ks]. For [ks], no real opbvious articulatoryconstraints
could bespecified, so théiconsonantdoes notneed to be
especially emphasised inc&a context. This hypothesis is
supported by a&ignificant shorter overlap ijsk] compared
to [ks] (ms average duration for the undifferentiasgaakers
andcrA conditions: [ks] = 97, [sk] = 79; p < .0001).
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Mea.Phase Spk k s k, I ks sk Kkl
B - 3 3 3
mcoON Y . 3 3 o+
g B - 1 - 3
S mcHP
= Y 3 3 3 -
o .. -
= mcor B 1
< Y - 1* 3 -
mcsQ B - 3 3
Y 1* 3 3 -
duon B o7 ) 2
Y - - -
dump B - - 2* -
Y - 3 - -
duror B 3 221 2 2>1
& Y 1* 3 1* 2%
5 durso B 3 221 2 1 3 2 2
g- Y 1* 3 1* 2>1]13 3 -
() novl B 3 1~ B
— Y 3 3 2
nov?2 B 1 2* 3
Y - 3 3
overlap B 2 3 Ir
Y - 3 3
interHp B -2 21
Y - 3 3
%‘ veon B '* . 2* -
Is] Y l* - 3 -
g vebr B 2 - 22
Y 1* 1 2* 2

Table 1: Effects of thecra relative to itsposition on

amplitude, durationand velocity of the phases of the
consonants/sequencdsr each speaker. Only thaccents

modifying significantly anarticulatory phase relative to
uA areindicated (p <05; decreasingffect in bold). "1"
LA; "2" = RA; "3" = LA andrA undifferentiated; ">" = theFa
written on the left has significant strongereffect; ™" =
the indicatectFA has a significant effect relative tm, but
not to the other accentedontext; "-" = no significant
difference betweena, LA andrA contexts

dursg* novl1l/2 overlap interHp
consonanff .53 | .00 .49 .00
_sequencd 47| 10| .00 .01

Table 2: Coefficient R of linear regression betweeneth
interconsonant phase durationsand the consonant /
sequencesnes. Eachdurationwas measureeither in nz
(at the left) or relatively to the correspondiegnsonant/
sequence duration (at the right). Albnsonants,sequence
and speakers were pooled



