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ARTICULATORY ORGANIZATION

Thomas Gay
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Centér; and Haskins Laboratories

Tﬁié papef summaiizes the results of several experiments
that used the techniques of cinefluorography and electromyo-
graphy to study the organization of speech gestures. As such,
it does not répresent a comprehenéivé review of current speech
production thebf&, but rather is directed towards a discussion
of several specific issues that‘afe best studied by these tech-
niques: the d&namicsvof articulatory movements and the motor
command structure that underlies those movements.

Although speech is usually described in terms of a string
of invariant segmental units (phonemes), the act of speaking
imposes on this string a complex encoding. This is a conse-
quence of the series of events that comprises the speech'pro-
duction chain: the conversions of motor command-to-muscle con-
traction, muscle contraction—to-vocal>tract shape, and vocal
tract shape-to-acoustic signal. The result of this encoding
is observed as variation both in the production of a given
phone and in its acoustic representation. This paper will be
concerned with allophonic variation as it appears at the arti-~
culatory level, specifically, variations which arise from
changes in phonetic context, and variations which arise from
changes in the suprasegmental structure of the string, partic-

ularly changes in speech rate.

THE ORGANIZATION OF SEGMENTAL GESTURES

Coarticulation is usually defined as allophonic variation
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of a given phone due to changes in its phonetic environment.
The production of a phone can be conditioned by a phone that
either precedes it (left-to-right or carryover effects) or fol-
lows it (right-to-left or anticipatory effects).

Anticipatory coarticulation effects are essentially timing
effects: movements toward some parts of a feature target of
a given segment begin before others. Kozhevnikov and
Chistovich (1965) studied the anticipation of lip rounding
which occurs when a rounded vowel follows a consonant and sug-
gested that the forward extent of this anticipatory gesture
was limited by the position of the syllable boundary. Daniloff
and Mo11(1968), however, showed that lip rounding can’begin
ahead of the syllable boundary, and across as many as four con-
sonants preceding the vowel. In their experiment, anticipation
of lip rounding for the vowel /u/ was studied for a number of
mono- and disyllabic single and two-word utterances imbedded
in sentence frames, using lateral view x-ray motion pictures.
Onset of lip rounding usually began with the first consonant
of the utterance. Another type of anticipatory coarticulation
was shown to exist by Ohman (1966).. In a spectrographic study
of coarticulation in VCV sequences, Ohman concluded that the
variability observed in transitional movements to the consonant

P

could be predicted by the formant frequencies of the second
vowel. This led Ohman to conclude further that vowel—to;vonel
movement in a VCV is essentially diphthongal with the consonant
simply superimposed on the basic gesture; in other words,’move—
ments toward the second vowel begin independently from tnose
toward the consonant. These studies, among others, suggest
that articulatory encoding is a complex phenomenon whose ef-
fects can spread across several adjacent segments. Most;sup-
port, either explicitly or implicitly, Henke's (1966) articu-
latory model that proposes the operation of a mechanism that
scans future segmental inputs, or features thereof, and sends
commands for the immediate attainment of those feature targets

that would not interfere with the attainment of immediately
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intervening articulations. However, in two recent studies,
both cinefluorographic (Gay, 1976) and electromyographic (Gay,
1974a), evidence were used to argue against the ubiquity of an-
ticipatory coarticulation in speech. ,

In the cinefluorographic experiment, conventional high speed
(60 fps) lateral view x-ray films were recorded from two sub-
jects who produced various VCV syllables that contained the
vowels /i,a,u/ and the consonants /p,t,k/, in all possible com-
binations. Articulatory movements were tracked by recording
the positions, frame-by~frame, of 2.5 mm diameter lead pellets
that were attached to the upper and lower lips, jaw, and sev-
eral locations along the surface of the tongue relative to a
reference pellet attached at the embrasure of the upper central
incisors. -These data will be used to explore the question of
whether, in a VCV, an intervening consonant constrains move-
ments of the articulators, in particular the tongue body and
lips, from one vowel to another: is the movement from one vow-
el to another essentially diphthongal or is it somehow locked
to the consonant (Ohman's model); and does the lip rounding
gesture for the postvocalic rounded vowel begin ahead of the
intervocalic consonant (Henke's model)?

The dynamic properties of articulatory movements in a VCV
sequence are illustrated in Fig.l for an utterance where the
intervocalic consonant is /p/. This figure shows the movement
“tracks of the tongue body, lips, and jaw in the height dimen~
sion for the sequence /ipa/. Each track was graphed from dis-
crete points measured every film frame, that is, at approxi- ‘
mately 17 msec intervals. Measurements begin during the clo-
sure period of the initial /k/ and end at the time of closure
for the final /p/; O on the abscissa corresponds to the time
of consonant closure. This figure illustrates the general
finding that the intervocalic consonant affects the timing of
the movements of the tongue body from vowel to vowel. The
movement of the tongue body from the first vowel to the second

vowel does not begin until after closure for the intervocalic
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consonant is completed. This was found to be a salient fea-

ture in the production of all VCV utterances. The only varia—"u

bility in the timing effect appears in the delay time between

re and tongue body movement. While the lag was}
it varied anywhere from 10- '

consonant closu
usually of the order of 30 msec,
This figure also shows that the movemen
because they begin ahead of those for the jaw,
ds the vowel.

60 msec. ts of the
tongue body,
y independent of jaw movements towar

are probabl
upper '1ip contributions toib

As is also evident in this figure,
Finally, this subject showed a

1lip closure were negligible.
ized by continij

pattern of lip closure that was often character

ression throughout the closure period.

ued comp
nts on vowel-to— '

It was also found that consonant constrai

1 movements were as evident in the front-back dimension

and the same rules that apply to.f
onant is either /t/ZJ

vowe
as in the height dimension,

/ also apply when the intervocalic cons

/p
of consonantal con-= i

or /k/. Perhaps the best illustration

straints on tongue body movements is o

second vowels of the utterance are the same. Figure 2 show-}

the movement tracks for the jaw and four tongue pellets dur :

the production of /iti/ for Subject FSC.” Instead of the to"{
maintaining the /i/ target during
blade and both tongue body pellets show movement throughout’
The blade and anterior tongue body
s of the tip while the posterir

the consonant, the tongue]

v

the consonant gesture.

let appear tovshadow movement

tongue body pellet moves in the opposite direction (lower);,

probably in a facilitory gesture.

body gesture (when it does appear) does not reach a specifl

repeatable location, i

rected.

The discontinuit
the same two vowels are separated by a consonan
evel (Gay, 1974a). The average EMG activl

, ]

and /it}

y of the vowel target in an utterance Wi
t is also €}

dent at the EMG 1

of the genioglossus muscle for the sequences /ipi/

is illustrated in Fig.3. The genioglossus muscle,



Articulatory Organization: X-Cine and EMG Studies 89

+3 Subject FSC —=—== Upper Lip
[ ———Lower Lip
+2} ——Jaw

+
—
]

.............. Tongue Body
REFp T __ T _"_'..... —_————— —_—
"‘\\_ - — \~\\~ ....................
-..__,—-//

RELATIVE HEIGHT (cm)
8

1 L

1 1 ) 1 1
.f2OQ ~100 0 ‘ "IOIO‘ 200 300

Fig.l. Movement tracks for the sequence /ipa/. Relative
tongue height (ordinate) is plotted as a function
of time (abscissa) in msec.

— — Jaw
———— Tongue Tip -

3 ———=— Tongue Blade
< +2’- .............. Tongue Body(])
g +F -=-~-=-~Tongue Body(2)
E REE|l ::',"—'}"V""-'-":::‘..,-,:z:;':;-‘u)"ﬂﬁ"(.ﬂ
V24 e

ao- —]_———_.._—// \\\~—__
I.I>-' —2 ™ rest SN — T ——
—

<

-

L

[+ 4

1 1 1 1
-200 -100 0 100 200
DURATION (msec)

Fig.2. Movement tracks for the sequence /iti/, Subject
FSC. :



90 T. Gay

prises the bulk of the tongue body, is primarily responsible
for the protruding and bunching associated with the vowel /i/.
This figure shows three Séparate peaks associated with the ut-

terance. The first peak corresponds to the initial /k/ while

GENIOGLOSSUS
Subject FSC

w
o
c? .

EMG Activity (uwv)

(@

100 msec

Fig.3. Average genioglossus muscle activity for the ut-
terances /ipi/ .and /iti/, Subject FSC. The line-
up point is ‘the time of voicing offset of the
first vowel.

the second and third correspond to the first and.second vowels.
Of particular interest is the deep trough that separates the
two vowel peaks. The presence of a trough, which signifies a
cessation of genioglossus activity, suggests that thé two vow-
els, although phonetically identical, are organized as two sep-
arate events. If the.movement of the tongue body dﬁfing the
production of the consonant as observed in the x-ray data (ref.
Fig.2) was the result of other articulatory influences, tongue
tip or jaw movements for example, positional constancy would
exist at the EMG level in the form of one broéd genioglossus
peak across the.entife gttérénce. However; the existence of
two distinct peaks separated by a deep tfough suggests that

the intervocalic consonant has more than a passive effect on
tongue body movement at that time.

For VCV utterances containing either /p/, /t/, or /k/ as
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the intervocalic consonant, the usual sequence of articulatory
events is as follows: movements of the jaw, tongue body, and
primary articulator begin at about the same time, with jéw
closing continuing past the time of occlusion for the conso—
nant. Shortly after closure for the consonant occurs, tongue
body movement toward the second vowel begins. - This movement
is followed independently by jaw opening and release of the
consonant. Articulatory movements for the post-vocalic vowel
always begin between the time of consonant closure and conso-
nant release. Constraints of the intervocalic consonant are
also evident at the EMG level in the form of a separate muscle
peak for .each syllable.

The data from both the cinefluorographic and electromyo-
graphic experiments, in showing consonant constraints on vowel
movement in a VCV utterance, argue against Ohman's (1966) mod-
el that suggests vowel-to-vowel movement is essentially diph-
thongal. If Ohman's model were correct, tongue body movements
toward the second vowel would begin at about the time of onset
of closing for the consonant. However, movement toward the
second vowel begins much later, some 10-16 msec after closure
for the consonant has already been completed. This would sug-
gest that either the tongue body itself attains a target dur-
ing consonant production or, more likely, that the intervocal-
ic consonant and the following vowel are linked in a basic
gesture. The very short lag time between consonant élosure
and movements toward the second vowel suggest the latter pos-
sibility.

In addition to placing constraints on the movements of the
tongue body from one vowel to another, an intervocalic conso-
nant also affects the onset of lip rounding for a rounded sec-
ond vowel. These constraints are evident in our data at both
“the articulatory’énd EMG levels; Lateral view X-rays can pro-
vide an indication of 1lip rounding in the form of degree of
lip protrusion. In those cases where a rounded vowel appears

in a post-consonantal position, the rounding gesture, like
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tongue body movements, does not begin until after closure fo
the intervocalic consonant is completed. This is true even
for the most sensitive case, namely, two rounded vowels sepa
rated by a close consonant. Figure 4 shows the movement
tracks of lower lip height, lower lip protrusion, and tongue
tip height plotted against the same baseline for the syllabl
Jutu/, produced by Subject ONS. In this example, it appears
that the rounding feature of the first vowel is not continuo
through the consonant. Rather, what appears to be an additi
al (although small) closing and protruding gesture-is superi
posed on the rounding pattern. This discontinuity of round
ing during the consonant is also evident in the EMG data (Fi
5) which show a trough in orbicularis oris muscle activity :
during the production of the same syllable. Both sets of daj
argue against the Daniloff and Moll (1968) anticipatory effe
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Fig.4. Movement tracks (tongue height and lip protrusiof
for the utterance /utu/. B
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Fig.5. Average orbicularis oris muscle activity for the
utterance /utu/.

An alternative interpretation of Daniloff and Moll's result

is that the early onset of 1lip rounding corresponded to a clos-
ing or protruding gesture of one or more of the intervening
consonants in the utterance (for example, the /n/, /s/, It/

or /r/ in the word "construe') or some special property of the
cluster itself. This explanation is compatible with the EMG
data of Bell-Berti and Harris (1976) , which show that the be-
ginning of orbicularis oris muscle activity in utterances con=
tainirng the syllables /stru/ and /stri/ occurs at the same
time.

To summarize the data thus far: the relative timing of ar-
ticulatory movements in a VCV sequence is affected by the inter-
vocalic consonant, even if the gesture for the consonant is
not a contradictory one. The intervocalic consonant shows ef-
fects on tongue body movements toward and the lip rounding
gesture for the second vowel at both the articulatory and EMG
levels. Anticipatory movements toward the second vowel begin
during the closure period of the intervocalic consonant, sug-
gesting that the CV component of the VCV sequence might be

produced as a basic unit.
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Unlike anticipatory coarticulation effects which are essen-
tially timing effects, carryover coarticulation effects are
positional effects and exist in the form of Variability in
target (or targe: feature) positions as a function of changes
in phonetic context. Carryover effects have traditionally
been attributed to mechanical or inertial effects and, in gen-
eral, have been studied less extensively\tbgn anticipatory ef-
fects. Although carryover effects have beén'shown to exist at
both the:EMG and articulatory levels, the pervasiveness of
these effects is somewhat in doubt. In a study of the produc-
tion of thirty-six CVC monosyllables, MacNeiiage and DeClerk
(1969) found that some aspect of the production of every phone
was always influenced by a follow1ng phone., In particular,
the size of the EMG signal would be different depending on the
identity of the adjacent vowel or consonant. In countering
the argument that a motor command representation of the phone
shows less variability than an articulatory target representa-
tion, MacNeilage (1970) later proposed that the observed EMG
variability reflected a complex motor strategy, the underlying
goal of which is a relatively invariant articulatory end. The
concept of an articulatory based target system as proposed by
MacNeilage was further supported, at least for vowels, by the
cinefluorographic data of Gay et al. (1974) and Gay (1974b).
In the latter study, lateral view x-ray motion pictures were
obtained from two speakers who produced the vowels /i,a,u/ in
a variety of VCV contexts. The results of this experiment
showed that for both subjects, the tafget positions for both
/i/ and /u/, in bnth pre- and post-consonantal -positions, re-
mained quite stable (within 2-3 mm) across changes in the con-
sonant and trans-consonantal vowel. . Although target stability
for /a/ was also the rule rather than the exception, some in-
dividual differences did appear. However, the articulatory
variability, when it did appear, did not correlate with any
acoustic variability.

Similar results were also reported in a more recent cine-
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fluorographic study (Gay, 1976). Carryover effects of an in-
tervocalic consonant on the following vowel again appeared
only for the open vowel /a/, and were reflected in differences
in jaw, and consequently tongue body, height. However, carry-
over effects of a preceding consonant on the attainment of
target positions for the vowels /i/ and /u/ were minimal, with
the tongue body ﬁargets of both vowels falling within a range
of 2.5 mm for one subject and 3 mm for the other. This lack
of variability is illustrated in Fig.6. The figure shows the
relative positions of the upper lip, lower lip, jaw, and
tongue body at the time the tongue body reached its target

(point of maximum displacement) for each of nine utterances

SUBJECT FSC SUBJECT GNS

«t : ] WJb " ™ | Tongue Body

- W -TongueBody(l) ] A t—— T Upper Lip
e [ UpperLip :

-l.

B .—4”‘*“/A\\\‘/’ ’ - ’/K\'/A\~’f—'—‘\\ Jaw
Jaw

-2t J

L v/—\/ ] L /—\_\\,\ lowerLip

Lower Lip

RELATIVE HEIGHT cm

155 456789 . S w5 6789
UTTERANCE

Fig.6. Coordinate positions (height) of upper lip, low-
er lip, jaw, and tongue body corresponding to the
target positions of the vowel /i/.

containiﬁg the vowel /i/ in final position. As is evident,
variability of tongue body target positions is minimal. Lower
lip and jaw positions, on the other hand, vary within a larger
range, approximately 5 mm for Subject FSC and 10 mm for Sub-
ject GNS. Interestingly, lower lip and jaw targets seem to

vary independently from tongue body positions but covary for
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both subjects. This finding contradicts that of Hughes and
Abbs (1976), who showed that mouth opening for /i/ remained
relatively constant because of trade-offs between lower lip
and jaw displacements. This type of equivalence was not evi-
dent in the present data for either /i/ or /u/.

Carryover effects, then, when they do appear, are unlike
anticipatory effects in that they depend on the phonetic iden-
tity of the particular segment. Like anticipatory effects,
however, carryover effects seem to spread no farther than the
neighboring phone. Stability of tongue body targets for vow-
els (at least /i/ and /u/) is the rule rather than the excep-
tion. The only substantial articulatory. variability occurred
in jaw displacement, with /a/ showing the greatest effects and
/u/ the least. However, variability in jaw displacement for
/a/, as measured anteriorly at the incisors, might be either
exaggerated or irrelevant in relation to variability that
might exist in the pharyngeal constriction for /a/. Likewise,
the variability of maximum jaw displacement for both /i/ and
/u/ is unrelated to the variability observed in the position
of the tongue body for those vowels. Thus, the two features,
tongue body height and jaw displacement, are probably indepen-
dent ones, with jaw opening being a facilitory gesture and an

unmarked phonetic feature.
SUPRASEGMENTAL ORGANIZATION: THE CONTROL OF SPEECH RATE

In the preceding section, variability in the production of
a phone due to changes in phonetic environment was discussed.
In this section, questions concerning allophonic variation
that arises from a differenf source, the suprasegmental fea-
ture of speaking rate, will be explored.

Experiments on the effects of speaking rate and stress have
been concerned primarily with the question of whether all such
effects can be attributed solely to changes in the timing of

commands to the articulators. The classic experiments on the
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effects of stress and speaking rate on vowels were conducted
by Lindblom (1963, 1964). By inferring changes in articulator
positions from sound spectrograms, Lindblom found a positive
correlation between vowel reduction, oT "undershoot," and ei-
ther decreased stress Or increased speaking rate. The failure
of the articulators to reach the vowel "target" was attributed
to the close temporal succession of motor commands, and so to ’
insufficient time to complete the component gestures. In ad-
dition, Lindblom's speaking rate data showed that the rate of
target-directed articulator movement remained constant across
changes in duration. This supported the concept of undershoot
as being a time-based phenomenon; also, it implied a simple
model to account for the effects of stress and speaking rate,
i.e., a cut-off of the commands rather than a complete reorgan-
ization of the gesture.

However, in two separate experiments, one cinefluorographic
(Gay et al., 1974) and one electromyographic (Géy and Ushijima,
1974), it was found that changes in speaking rate are brought
about by a complex re-programming of the input to the speech
string. For example, in a combined electromyographic—cineflu-
orographic study of speaking rate control (Gay et al., 1974),
it was found that an increase in speaking rate was accompanied
by a decrease in vowel duration and, for the most part, artic-
ulatory undershoot. However, the degree of articulatory under-—
shoot varied with both the individual subject and phonetic i-
dentity of the vowel. These differences are illustraféd in
Fig.7. This figure shows tongue body and jaw movement for the
sequence /api/, for two different speaking rates. It is evi-
dent that the degree of undershoot is considerably greater for
the open vowel /a/ than for the close vowel /1/.

More interesting than the existence of articulatory under-—
shoot for fast speech are the underlying muscle action patterns
that control those movements. The EMG data provide a fairly
complete account of this control mechanism. These data show

that lip muscle activity (orbicularis oris) associated with
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Fig.7. Articulatory movements‘fof two speaking rates.
The filled circles correspond to the slow rate
and the unfilled circles to the fast rate,

labial consonant production and foﬁgﬁé fip muscle activity (su-
perior longitudinal) associated withjiinéual consonant produc~
tion increase for fast speech while.éeﬁiéglossus muscle activ-
ity for tongue body movement during vowel production decreases
during fast speech. These results a?e’illustrated for the se~
quence /ipip/ in Fig.8. ‘ . :;Q,; .
The first finding implies an increase in articulatory effort
and an increase in the speed of arficuiatory movement: the
production of both /p/ and /t/ reqﬁireé a complete occlusion
of the vocal tract, which must be prqdﬁced more quickly and
with greater effort during fast speecﬁ.» The reduction in EMG
activity for the vowel during fast speech, on the other hand,
is cbmpatible with the view that a vowel target has a built-in

error or tolerance factor that can absorb the extra demands of
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Fig.8. Averaged EMG plots for the genioglossus and orbic-
ularis oris muscles for two different speaking

rates.  The utterance is /ipip/.

an increase in speech rate.
Two other interesting results appeared in these experiments.
One was that lip muscle activity associated with rounding for
Ju/ also increases with an increase in speaking rate. This
implies that the different effects of changes in speaking rate
are related either to specific muscle systems or individual
phonetic features rather than basic differences in phonetic
categories. The other was that, for both subjects,

king rate was accompanied by an increase in the frequen-

an increase

in spea

cy levels of both the first and second formants. Thus, since

the acoustic triangle was not reduced toward the neutral schwa,

articulatory undershoot during fast speech does not produce

the same acoustic result as articulatory undershoot during de-
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stressed speech,

The most important aspect of the electromyographic speaking
rate data is not the direction in which the amplitude of the
signals change for consonants and vowels, but rather the fact
that they change. Changes in both the timing and amplitude
of the EMG signals with changes in speaking rate signified
that the control of speech rate requires complex motor program-
ming, and not simply a reordering of the timing of motor in-
structions (Lindblom, 1963).

SUMMARY

The major points discussed in this paper are as follows:
First, our data suggest that anticipatory movements toward the
second vowel in a VCV sequence begin during the closure period
of the intervocalic consonant. This restricted coarticulatory
field includes both the tongue body movement and lip rounding
gesture associated with the second vowel. Furthermore, the
size of this field is not affected by the identity of the in-
tervocalic consonant. Second, like anticipatory effects, car-
ryover effects do not extend beyondlaﬁ'ihmediately neighboring
segment. Unlike anticipatory effects, however, the appearance
of carryover coarticulation effects depends on the phonetic i-
dentity of the particular segment on which these effects might
act. ‘ o

The implication of these findings is that the rules govern-
ing the segmental input to a VCV string might not be as com-
plex as present models suggest. The fact that anticipatory
movements begin and primary carryover effects end at about the
same time during the closure period of the consonant, suggests
that the release of the consonant and movement toward the vow-
el are organized and produced as an integral articulatory e-
vent. This formulation implies a syllable-sized articulatory
unit and argues against the operation of a scan-ahead mecha-

nism at the segmental level. Rather, all features of both el-
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ements of the syllable are contained within the boundaries of
that unit.

This does not necessarily mean, however, that a scan-ahead
mechanism does not operate at another stage of speech produc-
tion. The complex reorganization of commands accompanying
changes in speaking rate suggests that the temporal features
of a dovnstream segment are known in advance.

Thus, while it has been traditionally considered that the
serial ordering of segments is governed by complex rules whose
effects can spread across several adjacent segments and the
temporal control of speech is governed by a simple adjustment
of timing of commands to the articulators, it may well be that
the reverse is true: the segmental input to the speech string
is governed by simple rules which act upon syllable sized u-
nits, while the temporal formulation of the string requires
complex articulatory adjustmen;s‘based on advance info:mation

obtained from a higher level scanahead mechanism.
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DISCUSSION

Sawashima: What I understood by the data of Tom Gay is that,
in a V1CV2 sequence, the articulatory transition from V; to
Vy ig definitely affected by the presence of the intervocal-
ic consonant. The deviation would be the suppression of the
muscle activity in one case, or a consonant-specific gesture
in the other case.

However, for me, the daéa do not reveal the fact that the
influence, the coarticulatory effect, of V, is completely
blocked by the i{ntervocalic consonant.

You are opposed to Ohman according to your Fig.l, but
your Fig.7 shows clearly, for slow speech particularly, that
the tongue movement from Ja/ to [i/ does begin prior to the
closure of the intervocalic /p/. You said that "the tongue
movement from the first vowel to the second wvowel does not
begin until after closure for tﬁe intervocalic consonant is
completed," and further, "this was found to be a salient fea-
ture in the production of all VCV syllables." But your data
appear to me to show that this is not true.

In a Japanese V1CV2 sequence, tongue movement from the
first vowel to the consonant closure {s clearly different
when we compare, for example, /aka/ with /aki/ as seen in
this slide. Thus, 1 would like to ask you whether you have
consistent findings with your conclusion when you compare
Japi/ with /apa/, or /ipa/ with /ipi/, etc.

Secondly, I am a 1ittle bit puzzled in making time cor-

respondence between EMG patterns and speech segments in Fig.3.
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Gay: In response to your first question, movements toward the
second vowel cannot be Separated frop those toward the cop-
‘sonant when going from an o°pen to a closed vowel, for exam-
Ple, from /a/ to /i/. Your comment ig correct, though, ang
I should have qualified that Particular Statement,

With respect to your second question, the line-up point
in Fig.3 is the onset of voicing for the Second vowel, Al-

80, where /k/ is the intervocalic consonant, I believe that

the one presented by the author on the range of anticipatory
and carryover effects. Though 1 agree with the author that
carryover effectg cannot entirely be accounted for by a sim-

ple inertia]l smoothing Process, we cannot deny the fact that

yond an immediately neighboring segment. What we really

need, I believe, is a more quantitative measure to decide
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stances.

Gay: I fully agree that more data are needed to support any
existing model of articulatory organization. Indeed, the
purpose of the paper was primarily to show that a substan~
tial amount of contradictory data still exists and that mno
present model can adequately account for these differences.

Hirano: When a young child learns speech, the minimum unit of
speech, I think, is not the phoneme, not the syllable but the
word. The extent of the carryover or anticipatory effect
should greatly depend on how each individual is accoustomed
to uttering a given word. It should also depend on the way
he speaks. 1 appreciate your comments on this.

Gay: This is a very basic question and one which I am usually
successful in repressing. However, I believe that we can
learn much about both the nature of units and segmental or-
ganization by studying the variability that exists in artic-
ulatory flow.

Moll: In relation to your Fig.l, you conclude that the tongue
does not begin movement to /a/ until the lips have made con-
tact for /p/. Since the tongue position is expressed in
terms of a coordinate system fixed on the upper skull and
since the jaw is moving downward, adjustments must be being
made to keep the tongue position constant. The point is
that it would be more meaningful to separate the jaw compo-

nent from the tongue measure.



