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129th Meeting of the/Acoustical Society 0f[America,(Washington IDDC, May1995, Poster 4aSC26

The Gesturaland [Temporal (Qrganisation of Assimilation

Sidney(A.J.[Wood

Department|dfilinguistics, Universityof'Lund, [Sweden

Abstract

Bulgarian/apicolalveolarstops/and Swedish/dorsovelaristops/are(palatalized when/adjacent
tolfront[vowels. An[X[ray motion film[study oflthese dssimilations is[presented (here. Two
issues/dreleéxamined, [extrinsic[vs/intrinsic [production [0f’assimilation [and/feature [Spreading
vs. coproduction. [ Thelarticulator[ gestures involved in[theselassimilations wereinitiated
earlier, or were [ held[longer, [ thanlin tinassimilated [ $ituations. [ This[ tevision[ ofl gesture
timinglin(delation(toadjacent(activity [indicates/that/theseldssimilations/dre [preplanned(and
domotlreflect/doarticulation(orvocaltract biodynamics. [ The [timingland [coordination [0flthe
articulaturel gestures/involvedlin[theselassimilations[is[better[ describedasl coproduction
than(featurelspreading.The X [ray [motion films are [part 0f'anlinvestigation[ofithe temporal
organisationlofldoarticulation/and/assimilation (Wood1991,1993,1994, forthcoming)

ThisworkwassupportedBy lthe Swedish|Council for[ResearchlinthelHumanitiesland SocialSciences



Preplanned activity [and (biodynamic(accidents

Since! the 1960s( it hasl beenl customary[ tol distinguishl between[ universal articulatory
constraints(and [arbitrary [language [specific [speechlhabits [(Wangand [Fillmore[1961).[The
former[werelsaid[to[belintrinsic[to[the["speechmechanism"[(i.e. the¢onsequenceloflthe
biodynamics/ofithe(vocalltract), the latter[werelsaid(to [belextrinsic(to the Vocalltract((i.e.
controlled [ from thelbrain). [ Manylassumed/assimilation[to[belan intrinsic/process, often
explained by Ohman's[ (1966, 1967) model ofT coarticulation. There, all phonemes [are
independent’and(the(necessary motor'commands forl¢achlwerelsaid(fol¢lashlin/the(vocal
tract.[Palatalization, for[¢xample, [is[a[perturbation/dueltola[¢onsonantlarticulation/being
superimposed(on/and[summed withlanlindependent/tongue (bodyactivity [forafrontvowel.
This[contrasts with the hitherto[Wwidelyheld[view[ofl¢lassical [phoneticians/since at!least
Sweet[ (1877)and[ Jespersen[ (1897) whol saw[ assimilation[ as[ thelresultl ofl preplanned
reorganisation bofl the consonant( target,[ i.e. al process! that! isl extrinsic[ tol vocall tract
mechanics.



Assimilation

Twolrivall processes! larel lcurrently [ loffered( [for[ Jassimilation: [Ifeature Jspreading! land
coproduction(Fowler(1980). Withthe[featurespreadinglapproach, [inherited [from/classical
phonetics[ and[ transformationall phonology, the [ articulatory[ target[ofl the assimilated
phonemelissaid to[belchanged by having[theassimilatinglarticulation lincorporated (intolits
own[plan. 'With[coproduction, the assimilatinglarticulationlisnever/dctually[¢opied tolthe
assimilated [phoneme; [it[femainstheeéxclusive[property ofitheassimilating[phoneme(andlis
stretched and [produced simultaneously withthe lassimilated [phoneme.



Procedures

Thisposter[ reports[lexamples[ofl Jpalatalized [ alveolars[ by[Jal Bulgarianl subject! Jand
palatalized velars byla[Swedishsubject.

Theldatalwas/obtained [fromX[ray [films[byprocedures/describedin( Wood[(1991,(1994).
Thelfilms[were[madelat[ 75 frames/sec((13.3 msecs[per(frame), with[a[3 [msecl[éxposure
duringleach(frame.

Background/information(on/Bulgarianvowelslis[given/inPettersson/and[Wood[(1987)/and
in[WoodlandPetterssonl((1988).

Articulator ' movement( was[ detected [ ‘and[ recorded [ by lcomparing[ midsagittall profile
tracings/from/one(film[frame(tothe mext. [ Thelarticulator gesturesthat/are [relevant(for the
assimilations(reported (herelare [four tonguebody gestures relative [to the handible(palatal,
velar, ivularland[pharyngeal)las/describedinflWood[(1979),[and [coronal [élevation/telative
tolthe tongue body.



The(Bulgarian(and Swedish(data

Informant:[adultimale, [Sofia Informant:[Adultimale,[South[Sweden
TheBulgarian(utterance: TheSwedishutterance:
deteto xodi po pédtishtata kacki kakor
/de'teto 'xodi 'po 'patiftata/ /'kaki 'ka:kur/
[di'tetu 'xodi 'po 'petiftata] [ kaki 'ka:kur]
‘the(childlwas walkinglalong/thepath’ alpair(ofinonsensewords

Consonant/iénvironments:
Consonant/énvironments:

Velarbetween nonpalatals
Alveolar(between palatals

Velars between[palatalland monpalatal
Alveolarbetweennonpalatals

Alveolarsbetween[palatalland monpalatal



Example(1:Bulgarian/alveolars betweennonpalatal andpalatal

Articulatory profiles

Two profiles from /t/ in /ity
comparing the nonpalatalized implosion with the palatalized release

/_‘ — - Film frame 83 (final frame of /A vocoid before
.

i ) / o \ j} [t/ occlusion)

- Film frame 89 (first frame of /i vocoid following
\\ {1 occlusion)

(v \

/g
~
\—/ © Sidney Wood 1995 I
. |

frame 83

\ These are the audible parts of the speech
\ signal nearest to the silent occlusion of /t/

Note the more gradual tapering of the
\'R vocal tract posteriorly to the apico-
~alveolar constriction in the palatalized
case (profile ---)

1 em — — frame 89

The difference between the two profiles represents unbroken tongue movement
during the /t/ occlusion reflecting (a) continuing tongue body withdrawal of
pharyngeal /4 and (b) continning tongue body approach of palatal /i



Bulgarianalveolars/between nonpalataliand [palatal(contd.)

Gesture/coordination

Interweaving of articulator gestures for /ati/ (in patishtata)

Frame no. & = o = ) = . . )
e The articulator gestures are listed down the left,
TEpalatal . .
palata TONOETTITT the film frames are numbered along the top
TE welar . - . ,
A row shows activity of the respective articulator.
TE woular I Each instance of a gesture is :1:-:.:-:.1gncld to the phoneme
ooojooooo|o the articulator happens to be busy with
TEpharyngeal  b|bbddddmooom oo
AAEAAAA) AAARAAA A3 A column shows all activity during the respective
coranal 4 Lt B film frame. Coarticulation appears as simultaneous
IRRSSRAIARAS R LRSS st -
activity for different phonemes
[l depressic\n =—=|===== tfffffﬁ ==== ===
ORPPEPRR(AAAZAZATYTIIITTIS + Gesture approach (movement towards target)
UL approx +jm====|==——- = Gesture hold (no movement)
PIPRRERPRERR - Gesture withdraw! (movement from target)
LL approx +++|t====|=—-——————
FPP|PPPPP(PPPPPPPP e : : :
V Phonetic vocoid segment in sound wave
UL protr mEEEEEEE =R O Phonetic occlusive segment in sound wave
[mimin]uinfaduiu)infuleininl -
LL FIT'EITT' —==|=====|==-—=== o ) . ., N - . 4 c . et
ooolooooolonoon I Frame 83, closure of _f[f at end of Lu’w-:_md
R Frame 89, release of /t/ at beginning of /i/ vocoid
segments W W ) W
[ o B & 1 i]
SO B'P & t S
Profiles | f

The palatal tongue body approach of /i/ was initiated in frame 77 during the vocoid segment
of /4/, continved through the occlusion of /t/ (frames 84-88), and was sufficiently advanced
in frame 89 to palatalize the /t/ release



Example(2: Bulgarianalveolars between palatalland monpalatal

Articulatory [profiles

Two profiles from /t/ in feto#x/ com -
paring the palatalized closure (frame
20) with the nonpalatalized release
iframe 27).

(b}
rf = F - Film frame 20: final frame of fe/
W vocoid before /U occlusion
xx - Film frame 27: first frame of fo/

vocoid after /tf occlusion

These are the audible parts of the
gpeech signal nearest to the silent
occlusion of /tf

o Sldney Wiood 1995

— frame 20

Iem ——— frame 27

Note the more gradual tapering of the vocal tract posteriorly to the apicoalveolar constriction
in the palatalized case (profile )

The difference between the two profiles represents tongue movement during the /t/ occlusion
due to (a) palatal tongue body withdrawal of /e/, (b) uvular tongue body approach of /o/, and
{c) velar tonguee body approach of /x/.
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Bulgarian alveolars between(palataland monpalatal(contd.)

Gesturelcoordination

Interweaving of articulator gestures for /eto/ (in deteto xodi)

Frame no. 5 - = I = =

T: palatal PO S — —— The articulator gestures are listed down the left, the
b e B Rk film frames are numbered along the top

T: welar ++++++++ |+

HHEEEEEE|R __ - . -
A row shows activity of the respective articulator.

T wwular B A Each instance of a gesture is assigned to the phoneme
uluininln] {ufuin}ululululn] fu] . = = .
the articulator happens to be busy with
T: pharyngeal
A column shows all activity during the respective

———= [t —_— - . . . .

tttt tt|ttttit|trtttt film frame. Coarticulation dppears as simultaneous
activity for different phonemes

corornal

-

+4+4====—|= +=
EEEEEEE T[T T LTt 0000000

M depression

-
(=]

LIL: approsx.
+ Gesture approach (movement towards target)
_ = Gesture hold (no movement)
LL: appiax : . 3
- Gesture withdrawl (movement from target)
u |_; FIT‘IIItT‘ +tt=|=m=m=mmmmm—| —

ulnluln][ululuyuyuinlalul

=]

V Phonetic vocoid segment in sound wave
LL: protr Y S N () Phonetic occlusive segment in sound wave
uiu]imluluininln] {uin}ulnfululnln] fu]

I Frame 20, closure of /t/ at end of /e/ vocoid

8] W . . . . ,
R Frame 27, release of /t/ at beginning of /o/ vocoid

1
1

Segrents

_-— O
o om
oo
W I
—

L.
i
Profiles | F.

The palatal tongue body of /e/ was held through the latter part of the /e vocoid segment and into
the /t/ occlusion, frames 16-21. palatalizing the closure

The uvular tongue body approach of /o/ was initiated in frame 22 during the /t/ occlusion, and had
progressed so far by frame 27 that the /t/ release was not palatalized
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Bulgarian alveolar(stops: Discussion

Thelinstancesoflalveolar(stops(presented (onthepreceding pages(werepalatalized[onlthe
flankadjacent(to a[palatalvowel.

Thelfirstlexample[(comparing/the [¢losure(dnd [the [release (ofl/t/ [in[/ati/[1n patishtata)

showedalpalatalized release:
Thelsecond lexample, (comparing/the(closureland releaselof!/t/[inl/eto/[in deteto
xodi)lshowslapalatalized(closure.

Whatlis[interesting[ is[ the different timing[ ofl the  articulator[ gestures| forl these two
contextuallsituations.

Forlthepalatalized release((example(1(p.7), the pharyngeal tonguebodywithdrawal ofl/a/

(a)land(thepalatal tonguebodyapproach of'/i/[(a,b)[commenced|as(earlyas the(pre(stop
vocoidl segment! of! /a/.[ They! continued ! through(thel/t/[ occlusionland[ hadl progressed

sufficiently by the(/t/[felease to[palatalizelit. The(palatal tongue body[gesture was(phased
relative(to[the(coronal gesturednd(laveolar(dcclusionlinlsuch(alway[that/the[/t/releasewas
palatalized[ butl Inot[ itheIclosure.[ 'This[jphasing[ lof JarticulatorIgestures! lis[ ftypical [ lof
coproduction[(with(the [palatal tongue body! gestureloflthe poststop vowel implemented
simultaneouslywith(thelalveolarlocclusion(andtimed(tolarrivelat/the[stop[telease) rather
than(anticipatory(feature spreadingfrom[the post(stop vowellto[thelalveolar[stop (where
the [stop would(getlapalatallarticulator/gesture [oflits Own/duplicated from(the vowel).

Forlthepalatalized(closure((example(2 [p.9)(the [palatal tongue (body[gestureofpre Stop /e/
was(held [untiltheénd oflthe(vocoid[segment/and [into [the beginning ofithelocclusion. The
palatalal(tongue (body (withdrawllof!/e/[(a) dnd the uvularfonguebody approachlofl/o/[(b)
didhot[commencel untillafter(thel/t/[closure.[ This articulator [phasinglislalsoltypicallof
coproduction butnot/oflfeature [spreading.
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Bulgarian(alveolar stops: Discussion((contd.)

Thelpalatal tonguebody[gesture ofla front [ vowelwas[thus[phasedlin/two[different ways
relativeltolthe occlusionloflanladjacentlalveolar[stop.[Tolpalatize[the c¢closure! flank, the
palatall posturelofl thel pre(stop [ front[ vowellis[ held[until[thelend[ oflits[Vocoid segment
beforebeingwithdrawn.[Topalatalize the releaseflank, the[palatal tongue [body dpproach
oflalpost/stop frontvowellisactivated aslearlylas/the eéndoflthepreceding/vocoid [segment
and(continuesduring(thealveolardcclusion [in/order(to Be in[place atithe release.

Thelpalataltongue (body gesture oflafront vowellis thusmot(only locked tolitslownvocoid
segment, itlis(alsollocked(to[thelappropriate[flank[oflanladjacent alveolar(stop. Theltwo
different phasings [ ofl thel palatall tongue[ body![Igesturel point! tol preplanning! ofl this
assimilation.

Fant[(1960) reports X[raydand dcousticdatalon/palatalization (0f [Russian(dlveolars. There,
the [vocalltractlis[ more narrowly[tapered posteriorlytolalpalatalized alveolarlocclusion,
withldonsequently(greater(couplinglofithe(turbulencesource [to high frequency[back(cavity
resonances, producing/alburst/spectrum with morelenergy [around 89000 Hz. The[F2locus
islabout(200Hzhigher thanlotherwise. Similar narrower ! taperingin(the palatalized/case
canlbelseenlin/the[twolexamples[presented here.
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Example3:[Swedish velars between nonpalataland [palatal

Articulatory profiles

Two profiles from /k/ in faki/ (kacki), comparing
the nonpalatalized closure (frame 13) with the
palatalized release (frame 18)

- Film frame 13: final frame in /a/ vocoid
before /k/ occlusion

- Film frame 18&: first frame in /e/ vocoid after
/k/ occlusion

These are the audible parts of the speech

@ Sidney Wood 1995 signal closest to the silent occlusion of /k/

frame |3

1 cm

The center of the linguopalatal contact
shifted anteriorly from I to R during the
occlusion

— — frame |8

During the fa/ vocoid, the pharynx was widened by the pharyngeal tongue body withdrawal
of fa/ (a) and the faucal passage narrowed by the velar tongue body approach of /k/ (b)

The difference between the two profiles represents tongue movement during the occlusion
due to continued tongue body withdrawal of fa/ (a), velar tongue body withdrawal of /k/,
and the palatal tongue body approach of /i/ (c)
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Swedish velars between monpalataliand(palatal((contd.)

Gesturelcoordination

Interweaving of articulator gestures for /aki/ (in kaki)

The articulator gestures are listed down the left, the
film frames are numbered along the top

A row shows activity of the respective articulator.
Each instance of a gesture is assigned to the phoneme

Frame no. = = = . .
the articulator happens to be busy with
T: palatal +++++H++++|[====
Piifiiifiii
A column shows all activity during the respective
T: welar = - — i i i = )
Kk kkkkkk bbbk bkl kb film frame. Coarticulation appears as simultaneous
R TR F— activity for different phonemes
A333333333333|a
P depression  =|===ti====—--—|s===|==== + Gesture approach (movement towards target)
KlkkkaaaaaakkkEkERLE[TT 11
a . 0 = Gesture hold (no movement)
Seamems [k 5 b0 - Gesture withdrawl (movement from target)
Dk 3 ki f
Profiles | R V Phonetic vocoid segment in sound wave

O Phonetic occlusive segment in sound wave

I Frame 13, closure of /k/ at end of /a/ vocoid
R Frame 18, release of /k/ at beginning of /i vocoid

The palatal tongue body approach of /i/f commenced during the vocoid segment of /a/,
simultaneously with the pharyngeal tongue body withdrawal of /a/ and velar tongue body
approach of /k/. It continued through the /k/ occlusion, while the velar tongue body gesture
of /k/ was being withdrawn, causing (i) the occlusion to be shifted anteriorly along the
palate and (ii) the /k/ release to be palatalized.
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Example(4: SwedishvVelars between/palatal and mnonpalatal

Articulatory profiles

Two profiles from /k/ in [ika/ (kacki kakor),
comparing the palatalized closure (frame 27)
with the release (frame 34)

- Film frame 27: final frame in /i/ vocoid
before /k/ occlusion

- Film frame 34: first frame in /a/ vocoid after
{k/ occlusion

These are the audible parts of the speech
signal closest to the silent occlusion of /k/

) Sidney Wood 1995

frame 27 The center of the linguopalatal contact
— — frame 34 i shifted posteriorly from I to R during the
occlusion, but only slightly

—1com

During the /if vocoid, the palatal tongue body posture of /if was held almost until the /k/
closure before being withdrawn slightly (a). simultaneously with the velar tongue body
approach of /k/ (b). The pharyngeal tongue body approach of /a/ (¢} did not commence until
the /k/ release.

The small difference between the profiles represents tongue movement during the /k/
occlusion due to continued palatal tongue body withdrawal of /if and velar tongue body
approach of /k/.
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Swedish velarsbetween [palatal and monpalatal((contd.)

Gesturelcoordination

Interweaving of articulator gestures for /fika/ (in kacki kakor)

Frame no.

T: palatal

T: welar

T: pharvngeal

M: depression

Segments

Profiles

= ++

k kK]

piiiiiii
Ky

++ ++++

bk kb kb

ar

kkkkkkk

+H b=
333a33aa

==+++++=
kkaaaaaa

The articulator gestures are listed down the left, the
film frames are numbered along the top

A row shows activity of the respective articulator.
Each instance of a gesture is assigned to the phoneme
the articulator happens to be busy with

A column shows all activity during the respective
film frame. Coarticulation appears as simultaneous
activity for different phonemes

+ Gesture approach (movement towards target)
= Gesture hold (no movement)
- Gesture withdrawl (movement from target)

V Phonetic vocoid segment in sound wave
O Phonetic occlusive segment in sound wave

I Frame 27, closure of /k/ at end of /i vocoid
R Frame 34, release of /k/ at beginning of /a:/ vocoid

The palatal tongue body posture of /if was held through the latter part of the vocoid
segment of /if, palatalizing the closure of /k/. The palatal tongue body gesture of /i/ was
withdrawn simultaneously with commencement of the velar tongue body approach of /k/.
This withdrawal of /i and approach of /k/ continued through the /k/ occlusion, causing
the occlusion to be shifted posteriorly along the palate from [ to R, although only slightly.
The pharyngeal tongue body approach of /a/ did not commence until

the /k/ release, simultaneously with the velar tongue body withdrawal of /K/.



16

Swedish(dorsovelar stops: Discussion

Twolexamples[ ofl palatalized [ Swedishl velar[$topshavelbeenl shown, [with profiles’ and
gesturelscores/for/each:

Thelfirstlwas(anleéxampleloflalfronted release (/k/in//aki/),
Thelsecond was/anléxample/oflafronted (closure((/k/[inl/ika:/).

Here again(thelarticulator(gestures(were timed [differently for €ach(situation.

Forlthelfirstlexample [with[the fronted[release[(example[3 [p.13), the[pharyngeal [tongue
bodywithdrawal ofl/a/,[the[velartongue body dpproach(ofl/k/[dnd the [palatal tongue bBody
approach ofl /i/[all_.commenced [ during[ theprestop[ vocoid[segmentl ofl /a/.[ Thel palatal
tonguebody! gesturelofl/i/[¢ontinued through(thel/k/ 0cclusion, [shiftinglits/¢center about
Smmlanteriorlylandpalatalizing/the [release.

Forlthesecond/eéxample(with [the fronted [closure[(example 4 [p.15), the palataltonguebody
gesture [0fl/i/(was [held [almost ntil the [énd [oflits [prestop[vocoid[segment, [palatalizing (the
closure. Thenl the palatall tonguel body[ withdrawall ofl/i/[ and[ thel velar[ tongue[ body
approach/ofl/k/[commenced [simultaneously [justbeforethe/k/[0cclusion. [Thelcenteroflthe
occlusionlwas [tetracted[only very[slightly[so(that the telease was almost(as/fronted asthe
closure. Thislis! surprising[ considering[ that! thel post(stop[ vowell is| thel dark [a][like
allophoneofl/a/[(since/a/[is long here), (but(there[was [notonguebody imovement [into[the
pharynx[for(/a/untillafter/the(releaseand during/thevocoid[segment(ofl/a/.
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Conclusions

Theltiming[ loflarticulator(Igestures| for[ palatalization[in[ thesel twol cases[ (Bulgarian
apicoalveolar[stopsland[Swedish[dorsovelar(stops)!is[Bestldescribed as/coproduction/rather
than(feature Spreading.[Thelgesturescores/show [that(the[palatalizing tongue body[gesture
remained/the [property [0flthe vowelland wasnot[passed on/tolthestop.

Thel different[ phasing[ patterns/ ofl the palatal tongue body![ gesture! for[palatalization[ of
closures/dand(teleases[point/tolspecific[gestural (teorganisation/for(thislassimilation/thatlis
different(from/theltegularinterweaving [oflarticulator(gestures for[coarticulation. They(are
anlexampleloflassimilation/as(a preplanned[process!that/applies tolspecific[phonemes(in
defined![ | situations ] distinctl | from[ | the[ ] coarticulatory]adjustments( | ofl | all[] phoneme
instantiations/toltheir neighbours.
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