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ABSTRACT

An X-ray motion film study of the
palatalisation of Bulgarian apico-alveolar
stops and Swedish dorsovelar stops is
presented. The gestures involved in an
assimilation are initiated earlier, or are
held longer, than in nonassimilated situ-
ations. This revision of gesture timing in
relation to adjacent activity indicates that
assimilation is preplanned and does not
reflect coarticulation or vocal tract bio-
dynamics. Gestural coordination for these
examples is best described as copro-
duction than feature spreading.

INTRODUCTION

Ever since the 1960s it has been
customary to distinguish between univer-
sal articulatory constraints and arbitrary
language-specific speech habits [1]. The
former were said to be intrinsic to the
"speech mechanism” (i.e. the regular con-
sequence of the speech motor system and
the biodynamics of the vocal tract), the
latter were said to be extrinsic (i.e. con-
trolled from the brain). For many
phoneticians, assimilation has come to be
seen as an intrinsic process, often ex-
plained in terms of Ohman's model of
coarticulation [2], where it is proposed
that alveolars are palatalised and dorso-
velars fronted by being superimposed on
and summed with the underlying tongue
body activity for a front vowel. This
contrasts with the view of classical pho-
neticians like Sweet and Jespersen who
saw assimilation as the result of pre-
planned reorganisation of articulation
changing phoneme targets [3,4].

Two rival processes have been pro-
posed for assimilation, feature spreading
and coproduction [5]. With the feature-
spreading approach, inherited from
classical phonetics, the articulatory target
of the assimilated phoneme is said to be
changed by having the assimilating
articulation incorporated into its own
plan. With coproduction, the assimilating
articulation is never actually copied to the
assimilated phoneme but remains the
exclusive property of the assimilating

phoneme and is produced simultaneously
with the assimilated phoneme.

These two issues, extrinsic vs intrinsic
production of assimilation, and feature
spreading vs coproduction, are investi-
gated here.

This study is part of an investigation
of the temporal organisation of coarticu-
lation and assimilation [6,7,8,9]. Artic-
ulators were moved into position, their
postures were retained for a while, and
then they were withdrawn (these three
phases of an articulator gesture are
referred to here as the onset, the hold and
the withdrawal, respectively). While
different gestures were allocated simul-
taneously to different phonemes, any one
articulator gesture was invoked for just
one phoneme at a time. Whenever
mutually antagonistic articulator gestures
were required for successive phonemes,
they were implemented sequentially, as
expected by [10], rather than blended
simultaneously as expected by [2].

PROCEDURES

The data has been obtained from X-ray
films by procedures described in [6,8].
The films were made at 75 frames/sec
(13.3 msecs per frame), with a 3 msec
exposure during each frame. Background
information on Bulgarian vowels is given
in [11,12].

The Bulgarian utterance, spoken by an
adult male from Sofia, was Deteto xodi
po patishtata, /de'teto 'xodi 'po ‘pétiftatal,
[dr'teto 'xodi 'po ‘petiftata], the child was
walking along the path.

The Swedish utterance, spoken by an
adult male from Helsingborg in South
Sweden, was a nonsense word kacki-
kakor, I'kaki katkur/, ['’kakikatkus].

Articulator movement was.deteqled
and recorded by comparing midsagittal
profile tracings from one film frame to the
next. The articulator gestures that are
relevant for the assimilations reported
here are four tongue body gestures rela-
tive to the mandible (palatal, velar, uv
and pharyngeal) as described in [13], and
coronal elevation relative to the tongue

ICPhS 95 Stockholm

Session 13.16

Vol. 1 Page 393

frame 83

— lcm
----- frame 89

Figure 1. Two profiles from /t/ in /ati/
(patishtata), comparing the nonpalatalised
implosion (film frame 83, final frame in
14/ vocoid before /t/ occlusion) with the
palatalised release (film frame 89, first
frame of /i/ vocoid following /t/ occlu-
sion). Note the more gradual tapering of
the vocal tract posteriorly to the apico-
alveolar constriction in the palatalised
case. The tongue body gestures (a,b) are
explained in the text.

body [6,8]. This set of tongue gestures is
available to both vowels and consonants,
contrary to the view put forward by
Ohman [2] and argued for by Fowler [14]
that vowels and consonants are produced
by independent systems. The palatal
gesture is needed for front vowels and
palatal consonants, the velar gesture is
needed for high back vowels and dor-
sovelar consonants, the uvular gesture is
needed for mid back vowels and uvular
consonants, the pharyngeal tongue body
gesture is needed for low vowels and low
back consonants. The coronal gesture
hg:lps control vocal tract resonance con-
ditions during rounded vowels [12,15].

RESULTS

Bulgarian apicoalveolar stops

The alveolar stops were palatalised on the
flank that was adjacent to a_front vowel.
Figure 1 shows an example of a pala-
talised release (/t/ in /ati/ in pdtishtata),
comparing the implosion and the release.
The profiles selected are the final film
frame of the vocoid segment of /4/ and
the first film frame of the vocoid segment
of /i/, as these are the audible parts of the
signal nearest to the silent occlusion.
Figure 2 shows an example of a palatal-

frame 20

—dem - ____, frame 27

Figure 2. Two profiles from /t/ in /eto/
(deteto xodi), comparing the palatalised
implosion (film frame 20, final frame of
/e/ vocoid before /t/ occlusion) with the
non-palatalised release (film frame 27,
first frame of the /o/ vocoid following /t/
occlusion). Note the more gradual
tapering of the vocal tract posteriorly to
the apico-alveolar constriction in the
palatalised case. The tongue body
gestures (a,b,c) are explained in the text.

ised implosion (/t/ in /eto/ in deteto xodi),
again comparing the implosion and the
release. What is interesting here is the
different timing of the articular gestures
for these two contextual situations.

Gesture timing is not illustrated. For
the palatalised release in Fig. 1, the
pharyngeal tongue body withdrawal from
/4/ (a) and the palatal tongue body onset
for /i/ (a,b) commenced already during
the pre-stop vocoid segment of /&/. They
continued during the /t/ occlusion, and
had progressed sufficiently by the /v
release to palatalise it. The palatal tongue
body gesture was phased relative to the
coronal gesture and alveolar occlusion in
such a way that the release was
palatalised but not the implosion. This
phasing of articulator gestures is typical
of coproduction (with the palatal tongue
body gesture of the post-stop vowel
implemented simultaneously with the
alveolar occlusion and timed to arrive at
the release), rather than anticipatory
feature spreading from the vowel to the
alveolar stop (where the stop would get
its own palatal articulator gesture copied
from the vowel).

For the palatalised implosion in Fig. 2
the palatal tongue body gesture of /e/ was
held until the end of its pre-stop vocoid
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——— frame 78
----- frame 83

Figure 3. Two profiles from /&/ in /aki
(kackikakor), comparing the nonpalatal-
ised implosion (film frame 78, final frame
in /a/ vocoid before /&/ occlusion) with
the palatalised release (film frame 83, first
frame of /i vocoid after the /k/ occlu-
sion). The centre of the linguo-palatal
contact shifted anteriorly from (I) to (R).
The tongue body gestures (a,b,c) are
explained in the text.

— lcm

segment. The uvular tongue body onset
for /o/ (a) and the palatal tongue body
withdrawal from /e/ (a,b) did not
commence until after the /t/ implosion. In
this particular instance there is also a velar
tongue body onset for the dorsovelar
fricative /x/ of xodi (c) that commenced
together with the palatal withdrawal and
velar onset during the /t/ occlusion.

The palatal tongue body gesture of a
front vowel in Bulgarian is thus phased in
two different ways relative to the
occlusion of an adjacent alveolar stop. To
palatalise the implosive flank the palatal
posture of the assimilating vowel is held
until the end of the pre-stop vocoid
segment before being withdrawn. To
palatalise the release flank, the palatal
onset of the post-stop vowel is activated
already during the pre-stop vocoid seg-
ment and continues during the alveolar
occlusion in order to be in place at the
release. The palatal gesture of the vowel
1s not only locked to its own vocoid
segment, it is also locked to the respective
flank of an adjacent alveolar stop. The
two different phasings point to pre-
planning of this assimilation,

Fant reports X-ray and acoustic data
on palatalisation in Russian [16). The
vocal tract posteriorly to palatalised alve-
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——— frame 92
----- frame 99

— lcm

Figure 4. Two profiles from /K/ in fikal
(kakikakor), compariing the palatalised
implosion (film frame 92, final frame in
/¥ vocoid before /k/ occlusion) with the
nonpalatalised release (film frame 99,
first frame of /as vocoid after the &/
occlusion). The centre of the linguo-
palatal contact shifted posteriorly from (I)
to (R). The tongue body gestures (a,b,c)
are explained in the text.

olar occlusion is more narrowly tapered,
with consequently greater coupling of the
turbulence source to high frequency back
cavity resonances, produqmg a burst
spectrum with more energy in the 8-9000
Hz region. The F2 locus is about 200 Hz
higher. The narrower tapering can be
seen in Figs. 3 and 4.

Swedish dorsovelar stops

Figure 3 shows an example of a
palatalised relcase (/k/ in /aki/ in
kackikakor), comparing the implosion
and the release. The profiles are selected
as before. Figure 4 shows an example 0
a palatalised implosion (/k/ in /1kal()f.
Here again, the gestures were timed dif-
ferently for each situation. 3

For the palatalised release in Fig. i
the pharyngeal tongue body w1thdrawal
from /a/ (a), the palatal tongue body onsc
for /i/ (a,b) and the velar tongue body
onset for /k/ (c) all commenced during the
pre-stop vocoid segment of /a/., c.onu'r;
uing during the occlusion (shifting 1
centre about 5 mm from I to R). R

For the palatalised implosion in Fig. ;
the palatal tongue body gesture of /i/ w2
held almost until the end of its pre-stog
vocoid segment. The the velar tor{ggl
body onset for /k/ (a) and the pala
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tongue body withdrawal from /i/ (b,c)
commenced simultaneously just before /k/
occlusion. The retraction from I to R
during the occlusion was so slight that the
release was almost as palatalised as the
onset, which is surprising considering
that the post-stop vowel is a dark [a]-like
allophone of /a/ (compare this relcase
with the more retracted implosion after /a/
in Fig. 3). The pharyngeal tongue body
onset for pre-stop /ay/ (c) did not com-
mence until after the /k/ release, which is
later than the activity in Fig. 4, and did
not have any effect on the vocal tract
configuration for the /k/ occlusion.

CONCLUSIONS

The timing of articulator gestures for
palatalisation is best described as copro-
duction rather than feature-spreading.

The different phasing patterns of the
palatal tongue body gesture for palatal-
isation of implosions and releases, for
alveolar stops in Bulgarian and for dorso-
velar stops in Swedish point to specific
gestural reorganisation for this assim-
ilation that is different from the regular
interweaving of gestures for coarti-
culation. They are an example of how
assimilation is a preplanned process that
applies to specific phonemes in defined
situations distinct from the coarticulatory
adjustments of all phonemes to their
neighbours.

REFERENCES
(1] Wang, W. S-Y. and Fillmore, C. J.
(1961). Intrinsic cues and consonant per-
«eption. Journal of Speech and Hearing
Research Vol. 4, pp- 130-136. )
2] Ohman, S. (1966). Coarticulation in
VC utterances: spectrographic measure-
ments. Journal of the Acoustical Society
of America Vol. 39, pp. 151-168.
Bl Sweet, H. (1877). Handbook of
Phonetics. Oxford: Clarendon. )
[4] Jespersen, O. (1897). Fonetik.
Copenhagen: Det Schubotheske Forlag.
(5] Fowler, C. A. (1980). Coarticulation
and theories of extrinsic timing control.
{ggmal of Phonetics Vol. 8, pp. 113-

(6] Wood, 8. A. . (1991). X-ray data on
the temporal coordination of speech
8stures. Journal of Phonetics Vol. 19,
Pp. 281-292,

Session 13.16

Vol. I Page 395

[7] Wood, S. A. J. (1993). Crosslin-
guistic cineradiographic studies of the
temporal co-ordination of speech ges-
tures. Working Papers Vol. 40, 251-263,
Dept. of Linguistics, University of Lund.
[8] Wood, S. A. J. (1994). Syllable
structure and the timing of speech ges-
tures: an analysis of specch gestures from
an X-ray film of Bulgarian speech. In R.
Aulenko and A-M. Korpijaako-Huuhka
(eds), Proceedings of the Third Congress
of the International Clinical Phonetics and
Linguistics Association, pp. 191-200.
Publications of the Dept. of Phonetics
Vol. 39, University of Helsinki.
[9] Wood, S. A. J. Assimilation and
coarticulation - evidence from the co-
ordination of tongue gestures for the pala-
talization of Bulgarian alveolar stops.
Proceedings of the Barcelona symposium
on modelling tongue articulation. Journal
of Phonetics, forthcoming.
{10] Kozhevnikov, V. A. and
Chistovich, L. A. (1965). Speech,
Articulation and Perception. Washington:
Joint Publications Research Service.
[11] Pettersson, T. a_nd .Wood, S A. L
(1987). Vowel reduction in Bulgarian and
its implications for theories of vowel
production. Folia Linguistica Vol. 21,
pp. 261-279. T
{12] Wood, S. A. J. and Petters§on', .
(1988). Vowel reduction in Bulgarian: the
phonetic data and model experiments.
Folia Linguistica Vol. 22, pp. 239-262.
[13] Wood, S. A. 1. (1979). A radio-
graphic analysis of constriction locauor;s
for vowels. Journal of Phonetics Vol. 7,
. 25-43. .
F&] Fowler, C. A. (1983). Realism and
unrealism, & replyé.z.éournal of Phonetics
1. 11, pp. 303-322.
K%] Wogg, S. A. J. (1986). The ?cou:;
tical significance of t:ndgl.g?a%lapt :lngots% o
in rounde A .
.%itnrenl:z‘;erosf the Acm?«);tlicgélsvcwf)’ of
America Vol. 80, pp. 391-40L.
(16] Fant, C. G. M. (1%60‘)1- c{i:ne
Acoustic Theory of Speech Production.
The Hague: Mouton.

dish

i as supported by the Swed

Tgl(futxvgiikf:r, Resegrch in the Humanities
and Social Sciences



