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When we compare the phonetics of today with that of the past
we see progress. Looking ahead some of us may envision a glorious
future for our discipline, others stagnation or even crisis.

Present-day phonetics differs in several ways from that of
nineteenth century pioneers such as Passy, Sweet, Rousselot and
others. We can point to the technological sophistication of our
computers, speech synthesis or other experimental equipment,
the development of an acoustic theory of speech or to the practical
use that our understanding of human speech might be put to in
various technological, educational and medical applications. It
is also instructive to contrast past and present by recalling how
classical phonetics dealt with the still current, fundamental
problem of finding a universal phonetic framework for spoken
language. This task is essentially that of describing phonetically
an arbitrary utterance in any language (analysis) and to represent
it in such a way that the description can be reproduced in audible
form (synthesis) and with the linguistically relevant features
(the original native accent) preserved.

The solution of classical auditory phonetics was the concept
of the universal phonetic alphabet and the use of skilled
phoneticians for the "recording' and "playback'" of phonetic facts.
However, this proposal fails. 1Its inadequacies cannot be remedied
by invoking the insights contributed later by functional phonemic
analysis and distinctive feature theory to define the terms
"alphabet" and '"universal'" more precisely. Nor would it matter
if the quest for the ultimate phonetic framework could be brought
to a successful close and if suddenly phoneticians became capable
of using it ideally. Contemporary phonetics rejects this solution
since the scientific description of speech sounds must necessarily
aim at characterizing explicitly and quantitatively - rather than
merely skillfully imitating - the acoustic events as well as the
psychological and physiological processes that speakers and
listeners use in generating and interpretating utterances.
Phoneticians accordingly construe their task of speech sound
specification as a physiologically and psychologically realistic
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modeling of the entire chain of speech behavior.

Experimental and theoretical progress up to now thus makes
it possible to embed phonetics within a much broader intellectual
context than previously. We might reasonably expect it to enjoy
a favored position in future research on the forms and uses of
spoken language in acquisition, production and perception. After
all, why should it not be possible, on a long-term basis at least,
for phoneticians to extend their inquiry into the sounds of human
speech to ever deeper physiological and psychological levels using
the speech signal as a window to the brain and mind of the learner,
talker and listener? Why should we not expect more complete,
theoretical models and computer simulations to be proposed for
speech production, speech understanding and speech development
that match the present quantitative theory of speech acoustics in
rigor and explanatory adequacy? There seems to be particularly
good reason for such optimism in the area of language universals
where phonetics in fact has a privileged position. Linguistic
behavior presumably arises, both ontogenetically and phylo-
genetically, as the result of an interplay between the (commu-
nicative, cognitive, social) functions that language is to sub-
serve, biological prerequisites (brain, nervous system, speech
organs, ear, psychological mechanisms such as memory etc.) as
well as environmental factors. Languages thus evolve the way they
do because of the body, the mind and the linguistic environment.
They are the way they are on account of the functions they serve
and owing to the properties of both innate and acquired mechanisms
of learning, production and perception. This view assigns a novel
and importanf future role to phonetics whose contents appears
capable of offering general linguistic theory a great deal of
explanatory force - a novel role at least to those who assign one
major responsibility to phonetics in linguistics viz., the
instrumental analysis of the phenomena below the level of narrow
phonetic transcription in grammars.

Looking back and ahead we see phonetics transform from more
or less an art into a natural science. This development has yet
to be completed but it is no doubt an inevitable consequence of
the very nature of the subject matter of phonetics and the natural
ambition of any discipline to attain scientific maturity. This
trend has been and no doubt will be further stimulated by the
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prospect of applying phonetic theory to practical needs such as
pedagogical methods and technical aids for the deaf, handicapped,
second language learners, the diagnosis and treatment of patients
with phonetic symptoms as well as the automatic analysis and
synthesis of speech for various technological purposes.

It may of course be objected that the program suggested above
is entirely premature and unrealistic. It might be argued that,
although it may be true that phonetics both could and should be
pursued along such lines the practical difficulties must not be
underestimated. At present it is far from a unified field.
Progress so far seems often to have occurred in the form of
fortuitous secondary spin-off effects from other adjacent fields
with different goals rather than as a result of premeditated
planning on the part of phoneticians and linguists. And by the
way who is a phonetician these days? The heterogeneity of educa-
tional backgrounds in our field is striking. Recruiting
researchers across disciplines has demonstrably had an extremely
vitalizing influence. However, to meet the future challenge of
developing a more comprehensive, unified phonetic theory will
such heterogeneity be satisfactory? Will scientists coming into
phonetics as basically faculty of arts students have the adequate
training in mathematics and physics? Conversely will people
trained in science and medicine have a chance to acquire the
necessary background in linguistics and psychology and so forth?
Who could claim the breadth and depth of competence that the
present goals seem to imply? Perhaps we should accept that
inevitably both applied and theoretical progress in our field
has to occur on a basis of "mutual consultation' among a diversity
of specialists. Science is a machine that develops very slowly
under the influence of many forces and possibly more according to
an open-loop mechanism than under the constraint of foresight and
negative feedback. The problem boils down to that of adjusting
research goals to the competence of the researchers or of adjusting
the competence of the researchers to the research program. The
former occurs easily enough. The latter requires more effort.

Although the preceding considerations are relevant and may
serve to temper the optimism expressed earlier we shall conclude
this summary on a positive note. Clearly there are active steps
that can and should be taken to achieve a match between the



6 PLENARY LECTURE

training for a research career in applied or theoretical phonetics
and the long- and short-term objectives of the field. There are
also ways of achieving a greater unification of phonetics and
eventually it is the questions asked that determine the future of
a discipline.

L.
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SPEECH PRODUCTION

Peter F. MacNeilage, University of Texas at Austin, Austin,
Texas, USA

To borrow and adapt a phrase from the German psychologist
Ebbinghaus (cited by Boring, 1950), the study of speech production
has a long past but a short history. Interest in the speech pro-
duction process was well developed as early as the time of Panini
(Allen, 1953). The well established discipline of Articulatory
Phonetics has been ostensibly, solely concerned with the production
of speech, even though, according to G.O. Russell (cited by Lade-
foged, 1975), phoneticians have been "thinking in terms of acoustic
fact and using physiological fantasy to express the idea." But
it has only been in the last 20-25 years that the scientific sgydy
of speech production, using sophisticated instrumental techniques,
and the experimental method, has gained any momentum. Now, in
1979, we look at a flourishing discipline. My task is to convey
the flavor of this discipline to a wide range of readers. Un-
fortunately, my own linguistic limitations prevent an adequate
coverage of work not-written in the English language. Different
limitations dictate a neglect of various subtopics, hopefully to
be corrected by my co-reporters. These subtopics include supra-
segmentals, tone, timing, phonetic influences on sound patterns
of languages, and many aspects of speech pathology. The status
report falls into three sections: 1. Functional properties of the
speech production apparatus; 2. Control principles underlying speech
production; and 3. The biological basis of the speech production
process.

1. PFunctional Properties

a. Respiratory Function

The main function of the respiratory system during speech is
to provide a relatively constant level of subglottal pressure which
serves as the power source for the speech act. In long stretches
of speech following deep inspiration, this is achieved by active
muscular forces first combating and then complementing passive
forces towards expiration (relaxation pressure) when lung volume
is larger than its resting levels, and then combating passive
forces towards inspiration when lung volume is smaller than its
resting level. For many years now the work of Ladefoged and his
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colleagues has provided the standard view of this process (e.g.
Ladefoged, 1967). According to this view the following sequence
of muscular events occurs: first inspiration is accomplished by )
the combined action of the diaphragm and the external intercostal
muscles. In the initial stage of expiration, the external inter-
costal muscles combat the (.xpiratory) relaxation pressure. At
the point when relaxation pressure alone becomes insufficient to
maintain the required subglottal pressure, the internal inter-
costals begin to exert a gradually increasing expiratory effect.
When lung volume becomes less than that at the end of normal ex-
piration, other muscles including abdominal muscles begin to sup-
plement the expiratory effects of the internal intercostals. Nor-
mal conversational speech involves a much more restricted range of
lung volumes, and only the internal intercostal muscles are re-
quired for expiratory control.

Recent work by Hixon et al. (1976) appears to require one
major modification of this view. These researchers consider the
abdominal musculature to be continuously active under speech con-
ditions, not only during expiration (for which they are anatomical-
ly suited) but during inspiration in conversational speech as well.

Hixon et al. consider that the role of abdominal muscle ac-
tivity during expiration is to allow for more efficient alveolar
pressure generation by the rib cage. This effect is explained by
analogy with maneuvers that can be carried out with an elongated
balloon in which the portion nearest the neck is analogous to the
rib cage and the distal portion is analogous to the abdomen. If
one squeezes the half of the balloon rear the neck manually, to
simulate rib cage maneuvers, pressure will build up within the
balloon, and simultaneously cause the distal half of the balloon
to expand outward. Combating this outward expansion by contracting
the abdominal muscles allows a more efficient pressure build up
immediately below the neck of the balloon when it is squeezed in
that region.

The role of the abdominal muscles in inspiration is con-
sidered to be facilitation of the role of the diaphragm. It is
noted that in comparison with quiet breathing, speech breathing
consists of "extremely abrupt inspirations and considerably pro-
longed expirations and that short inspiratory periods are desirable
for communication purposes". As Hixon et al. put it: "Because of
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inward displacement of the abdominal wall, the diaphragm is dis-
placed axially headward such that its principal muscular fibers
(costal) become substantially elongated and its radius of curvature
increased. The significance of this externally imposed adjustment
is that the diaphragm is in effect "mechanically tuned" to a con-
figuration that tends to optimize its potential for producing

rapid and forceful inspiratory efforts."

In addition to providing a relatively constant subglottal
pressure level for speech, the respiratory system provides tran-
sient increases in subglottal pressure for various suprasegmental
and segmental purposes. The precise scope of this second role of
the system is not yet well defined partly because of considerable
methodological difficulties. Appropriate EMG data is hard to ob-
tain. Body plethysmographs are limited in their sensitivity, and
effects on subglottal pressure produced by changes in glottal re-
sistance must be distinguished from effects due to activity of the
respiratory system (Ohala, 1974).

b. Laryngeal Function

Laryngeal Mechanisms were dealt with quite comprehensively
at the last International Congress (Fant and Scully, 1977) and
there has not been a great deal of change in our knowledge about
them since that time.

In the past few years there has been an increasing realiza-
tion of the versatility of the vocal folds in producing vocal
sound "at a wide range of fundamental frequencies, with great
varieties of tonal qualities."” (Hirano, 1977). The Myoelastic
Aerodynamic Theory of van den Berg (1958) according to which the
vocal folds are forced open by increasing subglottal pressure and
close again as a result of their own elasticity and the Bernouilli
force, remains an appropriate view of the phonation process. But
in order to account for the wide range of conditions under which
the vocal folds vibrate it has become useful to assume that each
vocal fold consists not of a single mass but of a lower and an
upper mass roughly corresponding to Hirano's dichotomy between the
muscular "Body" of the folds and a mainly ligamentous "Cover", re-
spectively. These two masses move to some extent independently
during normal chest register phonation, partly because contraction
of the vocalis muscle within each fold sufficiently counteracts
the longitudinal tension effect of the cricothyroid to allow the
cover to be "loose" and free to vibrate (Hirano, 1977).
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We remain relatively uninformed as to how the vibratory pat-
terns of the more unusual but nevertheless linguistically im-
portant modes of phonation such as a creaky voice and breathy
voice are achieved. With respect to pitch control, a very straight-
forward relation seems to exist between pitch increase and activity
of the cricothyroid muscle (e.g. Atkinson, 1978). On the other
hand, there is yet little agreement on how pitch is lowered (Fuji-
mura, 1977a). For one thing, the relativq role of the passive
effects of reduction in contraction of muscles associated with
pitch raising, and the active effects of contraction of pitch
lowering muscles situated extrinsic to the larynx has not been
satisfactorily established.

Lisker and Abramson's (1971) contention that "the universally
most important mechanism for the voiced-voiceless distinction is
along the glottal adduction-abduction dimension" (Fant, 1977) is
widely accepted. As Fant notes: "the posterior cricoarytenoid
muscle... which is the only abductor would accordingly be re-
sponsible for glottal opening and thus devoicing in consonants
irrespective of the degree of aspiration" (Fant, 1977).
arytenoid muscle plays the main role in adduction.

The functional role of larynx height in the achievement of
both the voiced-voiceless distinction, and the control of pitch
is not yet understood. Larynx elevation is positively correlated
with both devoicing, and pitch increase, but why this is the case
has yet to be explained.

Of the three components of the speech production apparatus
the laryngeal component has benefitted from the most sophisticated
modelling of the interaction of aerodynamic and biomechanical in-
fluences. Prominent examples of recent models of vocal fold vibra-
tion are those of Flanagan et al. (1975) and Titze (1976).

c. Articulatory Function

The articulatory system is by far the most complex of the
three components of the speech production apparatus. A great deal
is now known about the way in which vocal tract area functions
(shapes) serve to modulate the glottal sound source for speech.
But in recent years our knowledge of vocal tract shapes has been
pushed beyond the characterizations of traditional articulatory
phonetics in two important ways. First, the postures actually

adopted by the articulators have become better understood.

The inter-
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Second, using both traditional and new experimental techniques
we have gained a good deal of new information about articulatory
dynamics (Sawashima and Cooper, 1977). The following is a brief
review of some examples of recent developments, intended to illus-
trate the diversity of motivation and method characteristic of
this area of interest.

Some progress is signified by our greater readiness to accept
the fact that speech is an "output oriented" activity (Fant, 1977,
p. 8).
vey a linguistic message.

Its aim is to produce an acoustic signal adequate to con-
Because of the non-uniqueness of the
relation between vocal tract shapes and acoustic waveforms differ-
ent speakers are able to communicate the same message with dif-
ferent articulatory postures. From the study of X-ray movies of

5 speakers, Ladefoged et al. (1972) showed that the traditional
characterization of vowels in terms of the high~low and front-back
dimensions of the tongue is not appropriate, and that there is
considerable variation in the tongue configurations adopted by
different speakers producing the same vowel. In a similar vein,
Bell Berti (1975) has described individual differences in articu-
latory maneuvers assisting in control of the voiced-voiceless di-
stinction, primarily by controlling vocal cavity volume so as to
influence the pressure drop across the glottis.

The articulatory system consists of a set of interdependent
structures innervated by a large number of muscles. Part of the
search for functional principles underlying articulation has been
an attempt to define the number of degrees of freedom in the opera-
tion of the system. For example Ladefoged and his colleagues
(Harshman et al., 1977; Ladefoged, 1977) have used the statistical
technique of Factor Analysis in an attempt to define the number
of degrees of freedom in the production of tongue shapes for Eng-
lish vowels. Their analysis revealed two components, one re-
presenting "an upward and backward movement of the tongue", and
the other representing "a forward movement of the tongue together
with a raising of the front of the tongue" (Ladefoged, 1977, p.
217).

in terms of the action of the styloglossus muscle and the latter

Ladefoged notes that the former component can be thought of
in terms of the action of the genioglossus muscle. But he cautions
that the two components "if they have any physiological reality

at all, are best thought of as high level cortical control func-
tions." (p. 218).
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A number of researchers have formulated articulatory models
in an attempt to characterize various functional aspects of the
articulatory system. Lindblom and Sundberg (197la) have presented
a model which is an attempt at an explicit quantitative specifica-
tion of the contribution of the individual articulatory structures
-- the lips, jaw, tongue and larynx (height) -- in the production
of vowels. They also consider that tongue positions can be speci-
fied by 2 components, choosing the anterior-posterior location of
the tongue body, and the extent to which the tongue body has been
deformed from its natural shape. They justify the introduction of
the jaw as a parameter in articulatory models on the grounds that
it "makes it possible to explain why openness occurs as a universal
phonetic feature of vowel production." 1In their view "the degree
of opening of a vowel corresponds to a position of the jaw that is
optimized in the sense that it cooperates with the tongue in pro-
ducing the desired area function" (p. 1166).

An approach to modelling the physical properties of the tongue
by computer simulation has been reported by Fujimura. The model
"consists of 44 tetrahedral elements as internally uniform sub-
units of a linear elastic medium. These subunits are organized
into 14 prism-shaped functional units representing independently
controllable substructures." (Fujimura, 1977b, p. 226-7). The in-
put forces, representing both intrinsic and extrinsic lingual

muscles, "...can be specified as a linear combination of any number
of internally uniformly distributed stresses within specified
functional units, and forces acting directly (externally) on any
of the nodal points of these units" (Fujimura and Kakita, 1978).
The choice of forces is guided by EMG studies of the activity of
lingual muscles during various speech gestures. An example of the
outcome of this work, which is still in its earlier stages, is the
interesting claim that the required vocal tract configuration for
/i/ is relatively insensitive to the precise amount of contraction
of the genioglossus muscle. This claim is analogous, at the phy-
siological level, to the Quantal Theory of Stevens, based on ob-
servations of the relation between articulatory configurations

and sound attributes: "For a particular range of an articulatory
parameter, the acoustic output from the vocal tract seems to have
a distinctive attribute that is significantly different from the
acoustic attributes for some other region of the articulatory
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parameter. Within this range of articulation, the acoustic at-
tribute is relatively insensitive to perturbations in the position
of the relevant articulatory structure." (Stevens and Perkell,
1977, p. 324).

If these approaches to articulation have anything in common,
it is an attempt to define the constraints that determine the ob-
served articulatory events and the absence of other articulatory
events that seem logically possible. Attempts have also been made
to specify constraints on articulatory dynamics associated with
the production of stress and with changes in speaking rate. In an
initial spectrographic approach to these questions Lindblom (1963,
1964) concluded that, in Swedish, vowel reduction in unstressed
syllables' and at faster speaking rates might simply be a mechanical
result of the decreased time available for articulatory movements
under these conditions. More recent EMG studies (e.g. Gay, 1977)
have shown instead that there are differences in control signals
to the articulators when stress level or speaking rate is changed.
Apparently these stress and rate dependent changes in control can-
not be accounted for in terms of any one simple algorithm. Con-
sonants and vowels must be considered separately, as reduction
effects are greater in vowels and segment durations reduce more
in vowels than in consonants. Stress and rate effects are not
always the same. Whereas vowel reduction is characteristic of
unstressed syllables, it is only one of the 2 choices of an indi-
vidual speaker in increasing speaking rate, the other being an
increased rate of articulator movement to avoid reduction (Mac-
Neilage, 1978a). Even reduction, when it occurs, is not simply
accomplished by a uniform reduction in force of articulation.
Amount of undershoot has been observed to differ on different
vowels (Gay, 1977). The intuition that stress and rate modifica-
tions can be achieved by merely changing the values of some general
time-dependent motor control variable has not yet been adequately
supported.

2. Control Principles

Parallel with work on the functional properties of the speech
apparatus has been a concern with the general control principles
underlying speech production. Interest has focussed on easily
identifiable articulatory gestures associated with individual
speech segments -- particular tongue and lip configurations, jaw
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positions and velar positions. A most deep-seated conviction is
that there must be some invariance underlying the achievement of

a configuration for a particular vowel or consonant, regardless of
its segmental context. An early hypothesis was that this in-
variance might lie in the motor command sent to the muscles and
observable by means of electromyograms (EMG) . However, EMG studies
showed, on the contrary, that context dependence in motor commands
was the rule (MacNeilage, 1970). For other approaches I quote
extensively from a recent review (MacNeilage, 1978a):

"Another group of theorists focussed on the fact that the
results of gestures associated with a given phoneme (i.e. the posi-
tions achieved by them) remained relatively invariant in different
contexts and suggested that therefore gestures were controlled in
terms of the specification of invariant goals or targets. As to
the nature of these goals or targets, I suggested in 1970 that
they could be points specified within an internalized space co-
ordinate system of the kind Lashley (1951) considered to underlie
all movement control (MacNeilage, 1970). One indirect argument
for this view is that visual-motor coordination is certainly
guided by an abstract conception of space and therefore the audi-
tory-motor coordination of speech may be also. 1In addition, con-
trol of the speech apparatus in the absence of an auditory com-
ponent, as in the acts o. mastication, and perception of oral
stereognosis, would seem to require an abstract spatial analysis
mechanism.

Informal evidence of the controlling role of goal or target
specification during speech can be obtained by observing a speaker
speaking with clenched teeth. Under this condition, acoustic out-
put seems minimally impaired, suggesting that goals are success-
fully approximated, even though extensive compensatory articulation
is probably required. More formal evidence comes from Lindblom
and his colleagues who have twice performed an experiment in which
subjects were required to produce vowels with bite blocks up to
25 mm in size between the teeth (Lindblom and Sundberg, 1971b;
Lindblom et al., 1978). They found that immediately after bite
block insertion, subjects achieved the correct formant frequencies
in the first pitch period of the subsequent vowel. A subsequent
midsaggital X-ray of these subjects during vowel production with
a bite block inserted showed close approximation to normal vocal
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tract shapes. This result suggests that even under the bite block
condition articulators may be successfully controlled by invariant
spatial goals or targets. However, in an experiment in which
Folkins and Abbs (1975) unpredictably impeded jaw elevation move-
ments associated with closure for a bilabial stop, the upper lip
responded with active compensatory lowering, resulting in bilabial
closure at a different (lower) point in space than normally ob-
served. Such a finding suggests that the specification of goals
or targets may not be in terms of absolute space in this case, but
in terms of some other end such as articulator contact, or intra-
oral pressure buildup. In addition, goals specified in terms of
pressure would seem to be plausible in the respiratory system,
where relatively constant subglottal pressure is preserved during
speech, using widely varying muscular forces and lung volumes
(Hixon et al., 1976)."

"In recent years a number of writers have emphasized the
possible role of auditory targets in speech gesture control (e.g.
Nooteboom, 1970; Ladefoged et al., 1972). Informal evidence for
the necessity of auditory targets in some sense of the term is
quite conclusive. The auditory information provided by our lan-
guage community is the only source of goals for our acquisition of
speech production. A given auditory goal is sometimes achieved
in a single subject by more than one spatial configuration of the
speech apparatus. For example single intervocalic [p] is produced
in English with vocal fold abduction (Lisker et al., 1969). But
cluster-initial intervocalic [p] as in "upbringing" is produced in
some subjects by vocal fold adduction (glottal stop) (Westbury,
1978). Thus it is the auditory goal that remains invariant in
this case at the expense of invariance in spatial configurations.
Further evidence on the relation between internalized auditory
standards and movement control comes from an experiment by Riordan
(1977). She reported that if rounding gestures of the lips are
mechanically prevented, compensatory larynx lowering occurs, to
achieve the lengthening of the vocal tract necessary to produce
the formant frequencies of rounded vowels. This result shows that
the control mechanism is capable of going beyond shape constancy
in achieving auditory constancy.

The kinds of targets discussed so far are static targets.

But when I produce the diphthong /au/ there is no evidence that
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any static auditory or spatial target is being aimed at. In the
period during which formant frequencies are relatively unaffected
by preceding and following segments, the second formant for /au/
is in continuous motion. The perceptual importance of the dynamic
properties of formant transitions, even for vowels, leads us to .
believe that some specification of dynamic properties must underlie
the talker's production of them. Of course, close specification
of the dynamics of speech movements is always made by the talker
in an utterance whether it has any obvious perceptual consequences
or not. Thus the issue to be raised here, ----, is the relation
between static and dynamic aspects of the operation of the system."
(MacNeilage, 1978a).

A good deal of work has been done on coarticulation, the study
of the temporal scope of particular articulatory gestures and how
this changes with segmental context. Coarticulation effects have
been of interest because of the hope that the precise temporal
scope of these effects would provide us with an understanding of
the role of various linguistically defined units (e.g. the phoneme,
the distinctive feature, the syllable, the word) in the movement
control stages of the speech production process. Coarticulator:’
effects have been observed for up to 7 segments in the anticipatory
(right to left) direction (Benguerel and Cowan, 1974) and in the
Although

they occasionally seem to respect syllable boundaries (Ushijima

perseveratory (left-to-right) direction (Ghazelli, 1977).

and Hirose, 1974) and word boundaries (Ghazelli, 1977), more often
their temporal scope seems independent of the boundaries of lin-
guistic units. They are sometimes not even blocked by mechanical
incompatibility between the coarticulatory gesture and gestures
The only thing that

seems to reliably block these effects is the avoidance of produc-

for other segments (Sussman et al., 1973).

tion of an "immediate successional impact" ~- a change in the
acoustic properties of a neighboring segment which would change
its message status for the listener (Kent and Minifie, 1977).
Thus, all in all, the use of coarticulation to determine the basic
properties of the control system has been relatively unsuccessful.
In conclusion, it must be conceded that we still know very
little about the issue of invariance in the control of gestures
or about the principles underlying coarticulation. What we have

done so far is little more than to point to aspects or consequences
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of gestures that possess invariance and suggest that the goal of
the control system must be to achieve this invariance.

In some sense, what we are seeking is biological equivalents
of linguistic units. But the precise relation between linguistic
units defined primarily by means of analysis of the message struc=~
ture of language, and control units, compatible with speech signal
characteristics, is extremely hard to define. As Stevens and
Perkell (1977) point out "There is little argument among students
of speech and language that speech events at one level are organ-
ized in terms of segments and features." (p. 323). But the lack
of argument may only exist because there has been comparatively
little effort to reconcile the message and signal levels of con-
ceptualization. The two researchers who have made the greatest
recent effort to characterize speech from the traditional view-
point of articulatory phonetics, Catford (1977) and Ladefoged
(1975, 1978) both warn against assuming any simple relation be-
tween signals and message units. Catford has concluded that the
attempt to define a finite universally applicable set of distinc-
tive features is at best procrustean. Ladefoged concludes that
it is erroneous to assume that a phonological feature can be de-
fined in terms of a single physi