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. Abstract. This experiment used electromyography and dxrcct,hléh-s’p ed motion picture
. photography, in combination, t *describe the effect of speaking rate on the production’

" labial consonants. * ¥+ ;37 ' RpeEnn o gl 2y X j

" Electromyographic signals fi ‘fumber of facial muscles were recorded &

"ously with high-speed motion pictures of the lips, from two subjects.
consisted of syllables containing the consonants [ b m w/ in both'

" with the vowels fia uf. 7Y B

-The major finding of this experim ¢ an incr n speak

by both an inerease in thé acuivity level ofthe miscle as well a3 25 Inct

> movement of the artculators. The data _a‘1§o__"_‘§hobyv"" {‘certain manner

~ of both subject-to-subject and individual token ‘Variabi Y

. . terms of theorerical models of speech production.

x
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. Itis commonly ﬁo&g'iﬁatthlﬁx%ﬁﬁcnonof ‘a"given'p
yary a great deal depénding 6n the supra-segmental structure in which §
it is placed. Recent research in this area has been'concerned with the -
question of whether these allophonic Variations," in “particular those -
that arise from changes in stress and speaking rate, ‘can be attributed -
solely to changes in the timing of commands to the articulators. - - -

The earliest model of this type was proposed by Linosrom [1963,

1964). In both spectrographic and cinefluorographic studies, LiNp-
sLom found that a destressed vowel, or one produced during faster -
speech, was accompanied by a change in color toward the neutral
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schwa. LixpeLom’s hypothesis was that this neutralization is a conse-
quence of the shorter duration of the vowel and, further, is caused by © "
a temporal overlap of motor commands to the articulators. In other ., ~
words, the articulators fail to reach, or undershoot, their targclsi -
because the next set of motor commands deflect them to the following "
target before the first target is reached. Although some later experi-
ments have shown similar undershoot effects for other phones [Gay,
1968; KenT, 1970], a2 number of other studies have produced results

that imply the existence “of 'ifother 'mecharism; “articilatory - re- iz,
organization, in the control of;-at least, stress. _For_¢xample, both .
Harnus ¢f al. [1968] and Harris [1971], in electromyographic studies

" of stress, found higher muscle activity peaks_ (greater driving forces)
for phones produced in stressed, as opposed to non-stressed, syllables. -

~ A possible consequence of the electromyographic result was later
observed by Kent and NeTseLL [1971] in ‘a“cinefluorographic study S
of tongue movements. Their data suggest that the effect of increased
stress is to cause the articulators to move faster, more forcefully and
closer to their intended targets. . R : _

Although it is probably safe to conclude that undershoot is at least
hptator twint SR o TR -

 a component of desiressed and faster speech, a genéral model of speech
_production based on timing changes alone s too simple.” First,"it is’
‘apparent from earhgg:ggpégﬁéﬁ”s >that; reorganizationsof the-arti
culatory gesture exists to enable the mechanism to réspgnd actively
‘atleast some, supra-segmental demands. Second, the concept
shoat, itself, which ¢ Grieizally Bropbscd, to Sesctibe A2
lation, -does not “lend gitself particularly, well (to the procuctic
DL # & SRS Ty e
' consonants, most of which unvol ents towards jocclusal or
ve, rather than ‘spatial targets. The experiment _reported.
.<"concerned with ‘the following questions: does articulatory
reorganization-extend to variations that arise from changes in speaking
rate, and can a mechanical model of the: kind .proposed by LixDeLOM
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"[1963] apply to the production of both vowels and consonants? The -

specific purpose of this' éxperiment :was to determine the effects of 7~
speaking rate on the production of labial consonants spoken in varidus
vowel environments. The experimental approach utilized the combin- ~
ed techniques of electromyography and direct high-speed photography
in order o obtain information about both the forces that cause the
articulators to move and the movements that result, simultaneously,

on the same utterance. .
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Table . EMG electrode locations

Subject D.L. "~ Subject T.G,

Orbicularis oris: superior, medial ('OOSM)U:-— ‘Or‘l’)icularis oris: superior, medial (00sM)
Orbicularis oris: superior, lateral (OOSL)?*  Orbicularis oris: inferior (001

Orbicularis oris: inferior (ocorn)~ Quadratus labii inferiorus (QLI)
Levator anguli oris (LAQ) ™ ™ - Mentalis (MEN) = ="« - - =
Buccinator (BUC) . Anterior belly digastric (AD)!
Depressor anguli oris (DAO) R ‘
Internal pierygoid (IP)? T T
! Analyzed for motion picture segment only. _.* e ;
mereee s Ty T i SHE TP ET
Method

R Ty PH i s s D e g e s
. Subjects and speech material, Speakers were two. adultl;ﬂ,irnal_c:s'.,{."boihAn'a‘t‘ivc speakers of
American English. The specch material for_one ‘subject  (D.L.)" consisted of the labial’
consonants, [p b m w/, in both CV and VC (except Jw/ which was in only com
with the vowels /i a u/. Each of the syllables was placed in
which, in turn, ‘was placed in a sentence..The master Ii
+For the second subject (T.G.), a more symmetrical frame
 was placed in cither [kVCs) or [kaCV] (again, except for
_“It'sa..’ Also, since the daa analyzed for the first subject did not s
- consistent manner, differences for, /m/, this consonant did x s in the
 For both subjects, the words vere random ordered inito four different lists, The |
repeated four times, in sequence, for a total of sixtéen repetitions at cach 47 two ¢
.- speaking rates, The speaking rates were cith t 2
raining the subject o speak at'what he con
ormance was monitored continuously throughout thy
Electrompography. For both subjects, conventional hooked- ]
into muscles that control both lip and jaw movemenis. These muscles aré
Although all muscle locations showed adequate firing ievels ‘at the ‘time’ f elecirode in- """
sertion, some muscle locations deteriorated, at one time or another, -during the run."The
extent to which this occurred is also indicated in table I, . . o
The basic procedures were 1o collect EMG data for a number of tokens of each utterance *
and, using a digital computer, average the integrated EMG signals at each electrode
position. The EMG data were recorded on a multichannel instrumentation tape recorder
together with the acoustic signal and a sequence of digital code pulses (octal format). These
pulses were used -to identify each utterance for the computer during processing. A more -

detailed description of both the data recording and data processing techniqucs__can be found

Jised, Each of th
Jwl), preceded by'the carri

RRT S TEN)
Y 3

clsewhere [Hirose, 1971; Porr, 1971].
Direct high speed photography. High speed motion pictures of lip and jaw movements were

! It is interesting 10 note further, that for subject T.G., the internal pterygoid muscle
showed only resiing potentials for specch, even though correct electrode placement was
ascertained for other functions (clenching, for example).
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Fig. 1. Block diagram of EMG and lngh-spccd motion picture rccordmg system.

R SRR

recorded with a 16-mm Milliken camera. sct up to run at 128 fps. Both full-face and lateral
views of the lips : ‘and j Jaw wcrc rccorded by placing 2 mnrror, setata 4a—dcgrec anglc, bcsnde
plClu!‘e and EMG data were synchromzcd by
\cd for thc purpose, ‘that dnsplaycd thc octal code pulscs on an "LED dcvncc
placed in the path of the camera, This dnsplay was also dnvcn b) a signal from the camera
10 count mdlvxdual framcs bctweén ‘the octal codes. i of thc EMC;;['a.nd mouon ;

' pncturc mstrumcntanon ns shown in ﬁgurc
*The combmcd EMG and iug -speed mo on plcturc

of the run, aflcr whnch the EMG pgr} o{: §hg_cxpcnmem c_ommucd Pnor lo
of the run, \shuc rcfcrcnce dots were pa icd on the’ nose. and lower edge of the sub)ecv. s Ja.'
Jaw ‘movements “gould be coniv ed

A ruler was also ﬁx“ d to the mnrror so 1hat the hp and
(07 5 2002

actual dlslances. X X ;N. ok
w0 The ﬁlms wcri g‘:r}al 'zed by frame rame |
. vertical lip opcnmg at tihe? m»dlme "The'EX

" were processed ¢ smeparatcl\' from 1 the rcmamder of the Tun 3
data to see il 1hc mdwldual tokcn: were wpnca'l of the's 2. /Our ¢ cngena *for acceprance B
of the mdwxd.ual tokcn Were that its pcak Said ot Exceed the haximum oF fall beloWthe's

5.3 304 .- PO
minimum of averagcd | tokens ' HES A2 RERITE ""’"(“9"5
. 24 ("L(J i Jx;“' ?3:2«5 .'.'v'f:Qﬂﬁ g A4 l! il

fl

Results of the clectrom&gg};ﬁhi?; anélvrscsA are
and II1. These tables show thc pcaL musclc o

onzomal dxsmncc betwecn 1he corncrs) were ¢ also ‘made

Electromyograpl . -
summarized in tables II

P Bl ..

t Lip sprcadmg mcasurcmems (h
for/w L R L . . -
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activity levels for cach muscle and’ 11ttera11cc for batli subjects and both
speaking rates.-~- e o

The values for the OO0SM, OOSL OOI MEN and 1P, reprcsent the
peak heightsofmuscle: actmtv]e\ els for (heclosing segment of the gesture -
while the values for the AD, BUC DAO LAQ and QLI rcpresent the
peak heights for the opcnmg segment. .. ..

For both’ sub_)ccts the speech produced durmg the fastcr speakmg

- rate condmon was,fon the'’ avcragc, some one-third shorter in duratlon
than ‘the’ spccch produccd durmg “the - iormal *condition. . These
differences are based on mcasurcmcnts made ﬁom thc complcte sen-
tence, i.e., test svllable plus carrlcr. T -

One of our ‘major concerns in combmmg EMG ‘with lugh-speed
motion picture photography was the qucsnon "of whether ‘the EMG
curve for the smglc *tokén ‘motion picture run was a Jypical one, in
other words, one’ compaublc with :the average. As the , ;values in
tablcs I and 111 mdncate,“tlus ‘was, almost thhout cxcept:on, the
case. -For -thos¢ ;mu ' 0
single token \alues followed the avcraged_ yalues, in both dlrccﬁon and
magnitude.’ Alxﬂbst all i
patterns; however, sin

- what'lgwer; thc ar ;

For both suchcts thc -major cﬁ'cct of an Aincrease in speaking rate

[y ;...., g E Tt IR

was an mcrcasc in thc actmty lcvcl of thc musclc.';'Gcncré.lly spcakmg,

timing ¢ of motor cpmr;xands. Rather, it dppears that the lablal con- ;i

L, u»t
sonant gcsturc i also, reorgamzcd'_at thc ‘muscle “command ‘level.
Although changes in timing are present, the’ primary physiological -
correlate of increased spcakmg rate seems to be a gcncrahzcd increase

in arnculatory cﬁ'ort.v s

S

3 For subjcct D.L., two instances (/im. wif = OOI) and for sub_;cct T G onc mstance
(/pu/ - MEN) occurred where the single 1oken values did not follow the avcragcd values. '
¢ The only exceptions were Jab/ -~ LAO for subject D.L. and /bi, ba/ ~ MEN for -

subject T.G.
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Table II. Averaged and smglc token (in parcnthcses) pcaL EMG values for subject D L.
Values for the moderate speaking rate are in the left column and values for the fast speakmg
rate are in the tight column of cach cell A

O0SM 'OOSL"= 001 © “LAO ¥ BUGC "2/ L DAO ... IP

pi 12T ¢ o 5689 haiag™ T Tagl196 < 6902700 e i
(so-xso) “25-52) " (11040)° - (38-52) * (354—55o> (450-975) (130—550)
p 7977 27-27 TH5576-304 T 451-564

(60—83) (25—125) -(50-65) " - (33—60) i (30-142) (603—950) (l50—690)

pu IRzt Prtune pi70-74 - #226-37. sp.;77-191 1 .504=616
' "-1(150-170) 1(95-195) : (65-133)( (20-35) ¢, (50-350) (820—960) (x25-700)

LT >

ip ot 5482 hud nii k. 31T - 22-26 ,65-156 626-788
" (75-135) (&-75) " (40-50) " (60-80) (8:»-175) (710—920) (75—630)
ap -+ 53-67 3441 ., 3539 “19”igs ¥-915-1009 /- -

S ‘(55-105) (60-95) (35-40) "‘(35-40) 4i(65-410) (960-980) - (65—620)
wp .. . 17-88 T g5 1117138149 “i135.040 3 837-1167 i icr o ngm
(94-115 _ (30-125) (105-180) *(145-185) :0(75-85) . (850-960) (130-500)

© i Eagliyg i v anisg-60 arii27-68 ¢ 3i81-230: ((671-965 ivimv
. (70-180) . (65-90) 7i~(65-130) 3 (30-40) .+, (120-180) . ,(920-1020) (75-700)

ba +£99-108 " “Thiedao; :". 63-69 ¢f.[139-61 iy 132-514 g‘,-,.,, =
(60-155) (40-—80) ’ 75—650).

ib

ab

' PR3 s en
mi ""-~~11o—‘izo
m "

o2

510 J,}.)g?
am . 74-76
(55— 70) (80—95)

oy e vgall ,....."sJ(.':'

(70—80) .
'88-69 '+ £722-26

124-14: ' 318—367 :

wi b
f-’ W (60-130) f(sa-loa) r:(1:>-15a); (25-200) .,(100-150), ‘(75-775) (10;-703) o
wa 100 A5G0 T ua s Ay 3837 5p 2534 . .113-184 213«505 R aii
¢ (55-60) (65—150) | (35-95) . (25-30) (105-200) " (so—sso) (125-435) =

P e avy
e .
Y

threas thc spcakmg rate cﬁ'ccts were consistent for both Sixbjccts'"""‘
other effects, both contextual and supra-scgmcntal were quite
variable. For example, examination of the orbicularis oris data for
subject D.L. shows that, for the most part, muscle activity levels were
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Table I1I. Averaged and smglc token (in parentheses) values for subject T.G. Values for the - .
modcratc spcakmg ratc are in'the left column and values for the fast speaking rate are inthe .

it it Ilsluige vight column of each cell . '
. . ; (RTINS T A
‘:'-OO.SM ;:U;.;.i‘"‘; OOI E: QLIn tor N MEN‘A' | l. AD ‘ o
gpia D ogurina oo L R RO
pi T 3gla558 1 ENIIGRINE f vt B6-87 gy i 94-26 Seatirt o i
T (414-451) 1 .'-“.n(91-95) j (43—46): L (4750 o (20-22)
pa " v ~:33-36 . - . 3739
sl (32-43) (39-202) it ‘(68-90) i
y N ! h,( A "’f‘(’l 15 “” PRI -‘nsw
pu g 369-588 98—113 N "'36-26 ~
o Mﬁ( 9'933) (83-1!3) ’3240) C(42-52) T (24-41)"'_
ip i 528-580 RREY 1) Ta049 7 61-65“" el 21
- '(431-540) w7 (141-151) (29-38) ol (65-70) 1y s
ap T V427583 "N g2 115 11 76-80 1 L7l L6467 1
(551-563) (111-112) (81—108) . (81-89),
up .. 346435 5 io 12110-186 25 «:i32-39 ¢
bi bty ,357-532,55

Q.J'x, 1(30.5';’232 :

3 ':rl;277~3923,;‘).. 89-149 " 1208 )
Sy (91-169)"' ‘“(18—27)

hxghcr for /p b m[ produccd bcforc a strcsscd vowel than for fpb m[
produced aftcr a stressed vowel. (The other muscles do not show any -
consistent stress cﬁ'ccts) For subject T.G., on the other hand, stress -
contrasts for /p b/ in combination with the vowels fi a/, show exactly -
opposite effects: consistently higher EMG activity (OOS, OOI, QLI).
for the post-stressed position; fu/ showed small, probably inconse-
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quential effects the other way (pre-sjt;é’;ééd).':For both subjects, these
effects occurred across changes in speaking rate. Likewise, subject T.G. .
showed higher O0S,”0O0I,"QLI activity.levels for./p/ as opposed td .
fb/, while no consistent differences were evident for subject D.L. This o
latter variability has béen shown ina’ number of earlier studies -
[HARRs ¢t al;-1965; FROMEKIN, 1966, TATHANM and_MorTon,-1968].
One other interesting finding is worth mentioning. Although the
internal pterygoid location for subject D.L. was not useable for the
entire EMG run, 1tw}a§‘stablc for the motion picture segment. The fact
of the single token notwithstanding, the effect of speaking Taté'on the
activity of this muscle was dramatic. Activity levels for all utterances
increased from what might be considered resting levels “for normal -
speaking rate to very high peaks for fast speaking rate. This is especially
interesting in light of the fact that subject T.G. did not'sct‘:m,:t'o use
this muscle at all for speech.” o070 Ll e

To summarize at't

umma this point then,’the major effect of an incrcase in
speaking rate on labial consonant production is a'generalized increase

in the activity levels of the musc};jf';i;his in turn indicates an overall
increase in articulatory effort for these consonants during fastér speech.
Lip ‘movements. Figure 2 shows -typical lip “movement ;curves for
) v{»(!,‘ for subject D.L. For /p b/, ithese graphs show tha t the rates .
of lip“opening and “closing are™faster for ithefaster speaking rate
A closu ‘remains‘essentially:.the -same

" condition, , while -.liﬁ’f"(&lig ure_duratior
. e AR L g T [ e TN Lty S et
across both rates. This was gencrally the case for all utteranées, -alth-

Lt . (. o
)

ough in two instances (both inyolving Juf), Tatés of movemerit were
similar for both conditions. However, in no case were the rates of lip
Gverientever slower for the faster, speaking Tate condit ata
for subject T.G. were essentially. ¢ same, with only one instance
+«(/pu/)"showing similar rates. . it
" These.differences in lip mové :

se. ¢ éments are ‘consistent with the EMG”
- RO Ry 2 NG Y- A SN2 R PP T PR :
data and show that in order for the gesture to’be completed during
faster speech, it must be done so faster, and with greater articulatory

offort. This increase in effort for the consonant gesture carries over to
the adjacent vowel as overshoot in lip opening. This greater amount
of lip opening during faster speech occurs primarily for the stressed
vowel; regardless of whether it precedes or follows the consonant. -
Although overshoot was present for some of the unstressed vowels, it
was not a particularly strong or consistent feature.” "’ e

Figure 2 also shows typical lip __gxm_gvc_mci}t curves for fw]. Here the *
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F:g 2, Vemcal hp opcnmg curves for sub_)ect D.L. ;Q' gp”the abscissa Tepresents | The
» pomt of lip closing for fp b] and the point off minimum opemng fot" Jw[. The’ fnod '

"_ s represented by glled circles’ ‘and the fast f'ate by ‘unfilled circles Data’ points are pl
- 25-msec xntertik eXCept from"i 25 ‘misée of lip closure, where th? are plotted

HA- 2158 s ik

e §oapass el
: targets “for” hp opcmng sare esscntxally the “sam a” lss I
- LY 4 Lin 3@{&3”!&5 SR
‘ .v:cha.ngcs in spcakm “rate” This indicates -again, that the cfect of a of an
~increase gr?’?facakm °Fatc is'to causc ‘the articulators o moézcxi'astcr and %
more i%?ccfu’ily toward thcsc targets.: zAlthough thxs ﬁndmg Torthe 50
~ stops 1s not uncxpcctcd “the >data for ./w/.ar¢ somcwhat sux‘pi'isi?lg.’m
R "thrcas stop consonant production involves an occlusal ta:gc} Yone™t
that must be redchéd in‘order to produce the sound /w/ 1n\'olx}és’o'}1ffr
a spaual target,* and,” thcorctlcally can be undershot. Onc p6551blc ‘
explanatxon “for thé lack ‘of fw/.undershoot though is that /w/ xmght
be charactcrxzcd by an acoustxc stcady statc, and thus, would rcquu-c
an mvanant ‘target position.*.::: B
""be prcdxctcd from the EMG data, thc lxp movcmcnt
curves did ‘not show any consistent stress or contextual effects. Any

effects that might have been evident for the averaged EMG data d1d

d “closing :
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F:g 3. Vertical lip and jaw opcmng curves for subjccv. D.L. ‘0’ on the abscissa re-
presents the pomt of lip closing for [p/ and the point of minimum opening for jw]. The
moderate rate is represented by filled circles and the fast rate by unfilled circles. Date points
are plotted at 25-msec intervals except from :!: 25 msec of lip clostre, Where thcy are ploucd
at 10-msec mtervals - v i
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not show any corrcspcndmg dxfferenccs in hp opcnn‘ig ‘or closing.
These subtle effects, if indeed they are even reflected by changcs in the

- pattern of ‘hpﬂ movements, rarc_lprobably masked by thc varxabxhty -
inherent-in single token' analyses.™ ;
'~ Based "’ixpon‘*both*thc ;EMG, and ;motion - ‘picture™

B T B il e

'appear that LinpsLon’s [1963]" undershoot‘modcl ca nnot bc apphcda?

el JX ]

" tothe productxon of labial consonants. Although ‘changes i m t1mmg are
prcscnt the pnma.ry physxologxcal correlate of increased spcakmg ratc

+"is’an mcrcascﬁxur; me&fi'ort, and sequently, 2 faster articulatory.m
. ment. As-was ﬁmcnuoncd before, thi 1 unexpect
o P AL TV TIOFS]

. result for ﬂ},.f, stops, smce thcsc phoncs rcqulrc an occlu al rather

a spanal target, : and thus, carinot iri‘a strict sense be uridcrshot except
of course, u’f’tcrms of dccrcascd closure duration,?) whlch also do oes 1 ‘94
occur) T:hc “data for [ howcvcr, are unexpcctcd 'ncc [w[_ cdog: ;t;'

. SN GY @ raioy, y
” mvolve a spatlal target o 2o iy woisubong S HRaaencs Han ks

]aw movement “Although’ ‘the EMG {evels for the muscles that con:
trol jaw opemng and closing (antcnor belly of the digastrica and mtcmal N
ptcrygmd) showed some increase for the faster speaking rate condmon, “ ’
the jaw movermient data did not show any clear speaking rate effects.
There were no consistent differences in cither rate or degree . of jaw_

opening or closmg, i.e., there were no consistent undershoot effects for
the consonant ‘or overshoot effects for the vowel, as a function of
speaking rate. " Although these inconsistencies might be duc to ‘the
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variability inherent in single token measurements, or for that matter, !
the coordinate system ;itself ,,(mcv)'\'icnjéf;.t_;infcyred from -superficial -
measurements), the most likely explanation is that the jaw, unlike the -
lips,"does not need to réach a specific target during the production of =
a labial cénsonant,-and thus, can be more susceptible to mechanical -
or inertial factors. ... - T e :

" BRI Svee ey

) B S Aeupieee a i e o % ,._.;h‘v,'.:".
~Although the jawymovement curyes did not show consistent speaking -
AR LSl ST Y I O b e <. s A

rate effects, they did show interesting contextual effects. Figtire 3 shoiws *
lip movement data replotted against jaw ovement Cirvés for words™
containing /p/ and w/. This ﬁg\irc hlo“)'é,th "t‘ for'Ip/, jaw %foVC’hiéﬁ’t'i?-:
is more or less locked ;to ;lip;,‘r}}og"cm‘gr{t,_‘j:'g:v_;;::y“l}gﬁ"bn;é' is closing o is*
the other(this was also. the case for /b m/). Lip'and jaw coordination
for /w/, however,-behaved quite differently; jaw_ movement was much’

'

more independent of lip movement, anticipating th

5

¢ following vowel -

. . . R X D TR N S gl O S LN Sy ol
by opening for it during lip 3closurﬁnfpr) [w/[. This phenomenon ;was -
. . . .. At dh L A Yy ST S T T R e
evident for.both subjects, and in each ¢ s€,.the starting point for jaw
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“Th ding cof; this experiment s th:
- production;ian; /in_speaki gfﬁt.%;;;;éj_ﬁ?%”;
dAncre; g c1.0f the muscles as well a¥a:

articulators. Both of th

“2The major, fin

v‘.,-spccd..pfrmovcmcntagfgghp; ticul: Both
quences of an increase ‘inarticulatory effort.* Al
. g e . ’ . 3k L SN Y LY TAT g A A Y Wik
-fit ‘easily into ,a-,tg:gct;bascd .view of speech production; ey'do not
_ 24 N TN SASI N S Bk gt s T R T ST oyt Fupsted byt
“all ~fit into “axsimple »physi gical smodel - of the supra-segmental
- ¥structure of speech,i s 2B e chens IRt v ‘“‘f‘*ﬂ-’ﬂ;{fﬁgﬁé
S LR RSB LI Sk sk v ik Nk Wit PUEEFLIN h N
‘&, Lnvpsrom’s [1963) or iginal undershe 0t hypothesis was proposed - to
“account for changes in both stress and speaking rate; that is;" his model
- predicts that undershoot.would occur for both destressed "and faster
“speech.Indeed, this seems to be the case for vowels. Both Likparoy
~[1963] and KeNT and NeTseLL [1971] found that the effect ofincreased
stress is to cause the articulators, specifically the tongue, to move closer
to its intended target. LinpsLom [1964] also showed the same effect
for slower speaking rates, as did Kent and MorL [1972], whose data

also suggest the same trend for lingual consonants as well as for vowels,
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The data of this cxpcnmcnt howe\ er, show that the production of .
labial consonants is not controllcd in the same way as vowels and
perhaps, lmgual consonants. For labidl consonants, an increase -in.;:;
spcakmg rate is not accomp ied by undérshoot, “or any - corollary
change in, hp closurc_ duranon, rathcr, the articulatory movement is ;:
rcorgamzcd at the motor co mand ‘Jevel in much the same way it is ;
for increased stress, i.e., in ‘the form of greater articulatory effort. Not
only, does’ this suggest - the cxxstcncc of more than one mechanism :
cmployc& in the control of spcakmg rate but, moreover, that stress and

_ speaking 1 ratc vanatxons ‘are “not”mmply covarying components of ther
7/ same ovcrall structurc.\lnstcad thcy appear to' bc two fcaturcs whlch
are controllcd by two scparate mcchamsrns., Lot B CaTaIs

The data of thls expcnmcnt show mstances of both sub_;cct-to . ;
sub_]cct and mdxvxdual token varxabxhty ~The most interesting suchct» .
dxﬂ'crcnces had to  do w1th thc EMG mcasurcs ‘of the stress and voicing ;
contrasts* “These dlﬁ'ercnccs wcre morc than”hkcly Teal ‘ones since the:. .

Fllqgwres by wdal

muscle; actxvxty pattcrns wcre consxstcnt for ‘utterance Vversus suchct

Mal

contrasts ';l'hg gntgcnjtf t of th(gs tvpc "of Variability, though is-perhiaps best
o xllustrated by the ‘data for the mternai pterygoid musclc. For sub_)cct

_ D.L., this muscle showed rather large speaking rate ‘effects, while for.
. subject T, G., the internal ptcrygoxd was not_even used for spccch.
These, variations would sccm Yo, mdxcatc, among othcr things, that
”'physmlogtcal data of this, SRsuld be handled_' n an mdmdual

Och baszs. '

i ity .hv.,s.u ,..‘_'}

;Land thc fact {.hat 0 c,Jaw s und 2
) labxal consonant prodt ut:tion""*:’\‘*'“‘?3 Ak 92 8u108

| Thc Qat_a ?f Jthh g;ﬁ’gnmcnt?ré?:lude the hypothc51s that thc _ pra
scgmental feature of spcahng Zaté 18 Controlled solel)- by changesin the |
- timing function ; .of - the :motor . commands It is? apparcnt ;thatﬂra.n
;{addmonal actxvc mccha 1sm__ 1,5 employcd in Lthc production :of, at
Jeast, . the . labxal conson ts. “However," * the -'extent:-to - which - thxs'
. mccha.msm opcratcs and the' qucstxon of whether it operates by feature.
or by phoneme, cannot 'be answered without additional data on the
. way .in .which the movcrncnts of the pcnphcral mcchamsm are

coordinated with those of thc tonguc and Jaw._ c




56 C . Gay/Hirose ’
- Résumé

Influence du débit sur la production de consonnes labiales
Etude combinée par électromyognph.ie et cinématographie rapide

On a utilisé concurrement I'électromyographic et la cmématographle rapide pour
étudier linfluence du débit sur la production de consonnes labiales.

Deux sujets furent filmés tandis que des signaux éleciromyographiques étaient dérivés
de divers muscles faciaux. Le matérie! linguistique utilisé¢ était formé de syllabes contenant
les consonnes. /pb m w/ combinédes aux voyelles /i a u/ soit sous la forme CV, soit sous la
forme VC.

On put constater de la sorte qu'une accélération du débit s accompagne d'unc augmen-

. tation du niveau d'activité musculaire ainsi que d'une augmentation de la vitesse de
déplacement des organes articulatoires. Les enregistrements mirent aussi en évidence une
certaine influence sur la maniére d'articuler et révélirent des variations interindividuelles
ainsi que des variations pour un méme individu. Ces observations sont discutées a la
lumiére de modéles théoriques de la production linguistique. :
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