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IS COARTICULATION A MERE INTERSEGMENTAL OVERLAP?
CRITICAL INSIGHTS INTO THE THEORIES AND MODELS
Dr. Kanak Kanti Bera 1 

Abstract:
In speech production, no segment within connected speech can have its surface output in
isolation. Rather, the input necessarily undergoes moderations through close interactions
with the adjacent/neighbouring segments. In speech, the discrete, invariant unit (input) gets
obscured with overlapping boundaries at both the articulatory and acoustic levels. Coming
down to the word domain, it is universal that vowels interact with each other (V-to-V
interaction) even across consonants that often can act upon the vowel gestures (C-to-V
interaction). While vowels have global gestures, consonants have local ones. But, since
gesture may be both articulatory (time-based) and acoustic (formant-based), the
intersegmental interaction can be manifested through some overlap that is pivotal to
coarticulation (CoA). It can be defined as an overlap between the global (vocalic) and local
(consonantal), or even between articulatory gestures of vowels. This interaction can take
place even at the phonological level, e.g. when betrayed through feature spreading.
Coarticulation models and theories that have evolved in the last 60 years try to define the
nature of this transition from the discrete input to the variability of articulation of an output.
This paper is a critical review of these recent models dealing with the variable, indiscrete
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outputs at the production level. CoA is such a complex phenomenon with different aspects
like articulation, acoustics, time, gesture, feature etc., that any single theory or model fails to
capture. It is an attempt to look into the incompleteness and inadequacies of these models
that point out the need for a composite CoA model.

Keywords: acoustic interaction, coarticulation, coarticulation model, gesture,
gestural overlap, input-output.

Introduction
In the connected speech, adjacent or neighbouring segments influence each other, to
varying degrees, at the acoustic or articulatory level. This intersegmental impact is
called coarticulation. It can affect adjacent segments (Ashby & Maidment 2005,
Fowler 1981a, 1981b) or distant segments (Moll & Daniloff 1971, Dixit & MacNeilage
1972, McClean 1973, Benguerel et al. 1977a, 1977b, Magen 1997). It often takes the
form of a gestural or temporal overlap.
Coarticulation (henceforth CoA) is a linguistic universal, always present across
languages (Greenberg 1963, Öhman 1966, Manuel & Krakow 1984, Farnetani 1997:
376, Farnetani & Recasens 1999, Manuel 1999, Lindblom & MacNeilage 2011). It is a
complex phenomenon because necessarily involves a close interaction among the
segments themselves (their quality and quantity) and the other variables like
articulators, their kinemotor characters, time, speech rate, etc. Various coarticulation
models that evolved mainly in the second half of the 20th century are the attempts to
look at this phenomenon from different perspectives and to explain the ways this
complex mechanism works.
Scope of the study:
Coarticulation can function both tonally (Palmer 1969, Han & Kim 1974, Abramson
1982, Shen 1990, Gandour et al. 1992, 1994) and segmentally (Bell-Berti & Harris 1976,
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Hardcastle & Hewlet 1999). Here the scope of the article is limited to the segmental
coarticulation only.
Coarticulation: different theories and models:
Since the 1960’s, researches on coarticulation (CoA) have advanced significantly. As
a natural outcome of this, there emerged a number of coarticulation models that
represent different schools or research traditions in the premises of vowel-to-vowel
(henceforth V-to-V), consonant-to-vowel (henceforth C-to-V) and vowel-toconsonant (henceforth V-to-C) coarticulation. These models as diverse theoretical
enterprises intend to explain the true nature of the mechanism active in this crosslinguistic phenomenon.
In the discussion below the chronological order has been followed as much as
practicable. It marks the diachronic development in research tradition dealing with
the different aspects of the phenomenon of CoA (like gestural movement,
temporality, acoustics etc.) on one hand, and on the other hand, the complications of
it as well as the inadequacy of any single model to explain them all together.
Theoretical models of CoA:
The articulatory syllable model or goal-oriented model of Kozhevnikov &
Chistovich (1965), following the concept offered by Stetson (1951) of CV-type
syllable as the fundamental unit of speech production, argues that speakers organize
their articulatory movements in syllable comprising the final vowel preceded by any
number of consonants, i.e. CnV, as expressed by Benguerel & Cowan (1974). This
model has originated from a study of Russian where the lip protrusion was seen
starting with the very first member in a consonant cluster preceding a rounded
vowel. The following shows how the vowel roundedness affects the preceding
consonants in the same syllable:
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(1)

Kent & Minifie (1977)

Moreover, the theory proposes that, along with the production of a syllable-final
vowel, motor programming of speech is discontinued and the next programming
unit is to begin after an interval.
The model has its limitations. First, it confines the motor programming to a syllable
only. Secondly, it fully concentrates on the programming about anticipatory
consonantal adjustments under the triggering effect of the following vowel. The
study of Moll & Daniloff (1971) exposed the first limitation, when it reports about an
anticipatory nasal impact on the vowel /i:/ across word boundary. The vowel can be
programmed in a larger unit than a syllable, as in the phrase free Ontario the first
vowel has a velar lowering as an anticipation of /n/ in the following word. Later on,
it has also been reported that the programming unit can be even as larger as to
accommodate a vowel, a consonant, a word boundary and a diphthongal vowel. In
the phrase having three syllables I intend the velopharyngeal property of /n/ in
imposed on the first diphthongal segment (Kent et al. 1974). Little before that, other
studies (Öhman 1966, Kent & Moll 1972a, 1972b) on different or larger phonetic units
like V1V2 or V1CV2 sufficiently proved that CoA is complicated enough never to be
restricted to any particular canonical form.
Öhman (1966) proposed (later followed to some extent by Perkell (1969) and Fowler
(1977) a model (often termed as top-down model) where stress and time hold the
key for CoA effect in a minimum disyllabic domain of V1CV2. Here the range of CoA
is stretched between two stressed vowels. There can be some coproduction between
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a consonant and a vowel because of their complementary segmental gestures (vowel
is global, consonant local), but never between two vowels. Thus, the model
postulates that the motor unit is programmed around a stressed vowel, whereas the
consonant(s) and unstressed vowel are superimposed. But it fails to explain the
temporal relationship between the medial consonant string and the entire V 1CnV2
sequence. The superimposition theory leads to the generalization that temporal
frame for the articulatory unit centring on one stressed vowel should always remain
constant. Two things happen simultaneously with the temporal increase in the
medial consonant string:
(i) the string occupies more acoustic space of the stressed vowel, and
(ii) the increase in the medial consonant string durations leads to a change in the
time of the stressed vowel (and also to the overall increase in the time for the
sequence), in spite of the shortening of the unstressed vowel (Bell-Berti &
Harris 1981).
If this top-down model is based on stress and time, the bottom-up paradigm, as
proposed by Henke (1966), is purely a feature-based model of CoA. A string of
phonemes is actually a bundle of feature sets embodying invariant articulatory
goals. When, as an input to the articulatory mechanism, the phoneme string
undergoes the process of realization, the goal (target features) of the last phoneme
significantly impacts the earliest as well as the intervening vocal tract configurations
for all the preceding members in the string until the influence is interrupted by any
contrary goal. This ‘look-ahead’ or scanning procedure is confined to no certain
temporal frame; compatible feature can spread regressively up to the segment as
early as possible in the string. Thus nasality of /n/ can affect the preceding vowels,
even a diphthong across word boundary (Moll & Daniloff 1971, Kent et al. 1974).
This model provides a strong explanation of anticipatory coarticulation as a kind of
systematic pre-programming depending upon the invariant generative attributes of
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the input string. But it’s very weak in explaining how the context-dependent
phonetic alternations occur at the lower level or how the carry-over CoA (left to right
) occurs as a natural consequence of the production process (but never preprogrammed at the input level) where the featural goals are sure to undershoot the
target being constrained by the temporal limitations. The mechano-inertial
consonantal impact on vowel has a significant role too in this undershooting. The
inert articulators for the pre-vocalic consonant lag in carrying out motor commands
and force the vowel values fail to achieve target. Thus, following the explanation of
Stevens & House (1963) to account for vowel reduction, this Henke model offers a
passive type mechanism working behind L-to-R CoA. The active-type mechanisms
also (e.g. scanning or ‘look ahead’, compatibility, and ‘gamma loop’ as proposed by
MacNeilage & DeClerk 1969) can’t fully account for L-to-R CoA effects. Information
about a sound’s articulatory gesture can guide and modify the following sound’s
motor commands. The adjustments should be made most compatibly, and for that
purpose articulatory information are collected from the succeeding sounds, either
from their muscle feedback or from neural aspect of their motor commands. Then
‘gamma loop’ mechanism refers to another motor control system where a muscle is
adjusted to a given command, no matter how long is the distance between the source
and target of that command.
Context-sensitivity model of Wickelgren (1969), alternatively called Allophonebased Model, is in sharp contrast with the model of Kozhevnikov & Chistovich
(1965) because it argues for a bilateral coarticulatory interaction among segments.
For Wickelgren, not the syllable but tauto-syllabic or cross-syllabic tri-segmental
sequence like XYZ is the basic programming unit of articulation (for the medial
segment Y). Thus Y is to be realized necessarily as allophonic xYz through the
interactions with the adjacent segments X and Z, since an allophone is defined as ‘a
phoneme in a particular context of phonemes on either side’ (p. 6). Thus, these context-
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sensitive allophones occurring in the immediate bilateral context (e.g. xYz mentioned
above) are highly relevant to CoA, as Wickelgren (ibid) claimed:
By assuming (context-sensitive) allophones to be the basic unit of
articulation, rather than (context-free) phonemes, it is trivial to account for
how the ‘same phoneme’ in different phonetic environments can be and
must be different in some respects at all levels of the speech process,
including the acoustic, vocal tract, and motor neuron levels.
(Wickelgren 1969: 11)

Sensitivity of the underlying segment to the immediate context entails its elementary
motor responses to the adjacent segments when realized as allophones. But the
serious fault with the model is that it ignores the impacts of the distant segments like
intervocalic CoA across consonants or the rounding impact of /u:/ on /s/ in the
English word /skru:/ ‘screw’. In fact, for each elementary motor response additional
contexts need to be specified; but following Kent & Minifie (1977), we can say, the
unpredictability about the range of basic motor programming unit makes the matter
much complicated. Another hurdle for any universal articulatory model about basic
programming unit to evolve is the language-specificity and respective phonotactic
constraints.
Target-based model originated from the works of Stevens & House (1963), Stevens
et al. (1966) and was later modified by MacNeilage (1970). It is founded on the
idealistic notion of phonemic invariance of a segment or its intrinsic articulatory
configuration: specified through acoustic targets for vowels and place of constriction
for consonants. But in practice, the connected speech being a swift continuum of
gestures, articulatory system exhibits a tendency toward the mechano-inertial
undershoot. That’s why, muscular commands overlap while realizing successive
phonemes to the effect that articulators fall short of their targets. Larger the distance
between the successive targets, greater the deviation or target undershooting.
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The model puts emphasis on a phoneme-based production unit from which
information about the utterance is conveyed to a space coordinate system. Once the
space target comes under the motor control mechanism, then the patterns of
command to the movement are to be transmitted to the muscles. This model is in
line with the context-sensitivity model of Wickelgren (1969) because the command
patterns for a phonemic movement are always dependent on the preceding and
following sounds. Furthermore, anticipatory CoA effect impacts the adjacent as well
as the distant segments (as evident in the rounding effect of /u/ or nasal effect of /n/)
because CoA originates more from some active control on the articulatory structure
than from its mechanical properties (Öhman 1966, MacNeilage & DeClerk 1969).
But the model invites criticism on the ground that, rather than a rule, acoustic
invariance is merely an exception. The segment-specific articulatory invariant target
is yet to be located. According to Kent & Minifie (1977), well-defined targets are
never to be expected to explain some CoA effects, whereas loosely-defined targets
might jeopardize phoneme identification.
Feature spreading model, propagated by Daniloff & Hammarberg (1973) and
Hammarberg (1976) rejects the idea of coarticulation being a result of inertia. The
theory accepts neither that coarticulation is governed by any universal rule nor that
it is to originate from the mechanism of human speech production. Emphasizing the
dichotomy between the intent and the execution, command from the mind and the
ability of the speech organs to act accordingly, Daniloff & Hammarberg (1973)
undervalued the physiological account of coarticulation, and argued for CoA being
more a phonological process of feature spreading than a physiological process of
intent→command→execution in a linear fashion.
The theory is based on the canonical idea of a phoneme as a bundle of distinctive
‘features’ (Chomsky & Halle 1968, Jakobson & Halle 1956); and each feature
specifically refers to a special configuration in the articulatory tract. In this model it
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is argued that, in anticipatory CoA, out of the subset of all possible features of the
late phoneme at least one feature spreads up to a certain number of preceding
phonemes. The first the study by Daniloff & Moll (1968) and then another by Moll &
Daniloff (1971) supported this theory of feature spreading. In the latter study, it was
shown how the feature [+Round] can be anticipated across a number of segments:
(2)

The test showed that this kind of anticipatory lip rounding can even spread up to
three/four segments before the influencing one, as (2) above shows. Thus, it can be
premised on the phonological ground that the anticipatory coarticulation is more a
deliberate spreading of features like [+nasal] indicating lowered velum, [+round]
than a result of inertia. This ‘feature-spreading’ theory involves both the manner
features and the place features. When a place feature is deliberately spread from
right to left, there is some spatial adjustments in anticipation of the subsequent
segments (Daniloff & Hammarberg 1973).
Anticipatory coarticulation became the centre of research activities approximately in
the last 50 years. In the articulatory domain, analyses and theoretical discussions
supported by empirical investigations took the form of a debate between the
supporters of two contradictory modeling approaches. One group considered
anticipatory COA a maximal ‘look ahead’ behavior (Look-ahead model). Another
group thought it to be a fixed pattern (Time-locked model). The debate has become
virtually longstanding and almost permanent because empirical results never guide
us to any conclusive model; rather they vary greatly depending greatly upon both
the language and variety.
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In look-ahead model of anticipatory coarticulation (Henke 1966, Kozhevnikov and
Chistovich 1965, Perkell 1980) the corresponding variants are the targets, features,
and goals. The model explains the nature of right-to-left (anticipatory) V-to-V
coarticulation pattern. In a VCnV sequence, as the model posits, the gestural impact
of a vowel on the articulatory movements of other vocalic segments starts from the
last preceding vowel rather than from a given time indicating the temporal onset of
the trigger segment itself. And the intervening segments do not necessarily get
influenced that much by that triggering gesture of the late segment. The study
conducted by Benguerel and Cowan (1974) supported this argument.
For anticipatory velar lowering movement triggered by a nasal, a study on Japanese
by Ushijiama & Sawashima (1972) and another on French by Benguerel et al. (1977a)
found the model partially applicable in the sense that the lowering of velum is
spreading leftward beyond the trigger, but not much. The works by Lubker (1981)
and Wood (1991) also provided experimental support for this model. But, on the
other hand, some other studies by Bell-Berti & Harris (1979, 1981, 1982) fully
contradicted the assumption of the model and showed that the temporal onset of
velum lowering and lip rounding is fully time-locked. Similarly data used by Boyce
et al. (1990) couldn’t find much consistency in the look ahead model.
Low-cost production model of Lindblom et al. (1975) refers primarily to the CV or
VC coarticulation. It suggests that the exact place of consonantal constriction for an
apical consonant is not always uniform, rather dependent on the adjacent vowel. In
such VCV sequences as /iɖi/ and /uɖu/, the constriction locality for /iɖi/ is to be
comparatively fronter than that for /uɖu/. Because of the neighbourhood of the front
vowel /i/, the consonantal constriction is brought forward, whereas it shifts
backward when neighboured by /u/ the back vowel. By this way, the tongue tip
always tends to have a movement that is most economical. That means, in the VCV
minimal sequences for V-to-V coarticulation to work, the tongue gesture is adjusted
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according to the articulatory demands of the adjacent segments minimizing the
contrast between the contrastive gestures.
But the intervocalic consonants (ICs) also exercise some impact on the adjacent
vowels as well as confirmed by Bladon & Al-Bamerni (1976). And this consonantal
impact is definitely to interfere with the degree and extent of intervocalic interaction
across at least one IC in trans-syllabic CoA. This coarticulation resistance model,
proposed originally Bladon & Al-Bamerni (ibid) claims that a single consonantal
phoneme does not behave uniformly in resisting CoA; rather its allophonic
variations often differ in triggering the coarticulation resistance (henceforth CR). In
their study on this CR effect of /l/, they found that V-to-C effect gradually decreased
from clear to dark to syllabic /l/—that means, syllabic /l/ is most resistant to the CoA
effect of any adjacent vowel, whereas the clear /l/ is least resistant. Here binary
feature specification fails to explain this: otherwise it is to be taken for granted that
[+back] (assigned to a velarized /l/) is a more resistant feature that [+Front] feature
(assigned to a clear /l/). In order to explain the graded pattern of CoA or its
resistance, one has to look deeper than the featural level. Herein lies the importance
of the CR-coefficients. Some specific CR-coefficient is assigned to the feature
specification

of

every

allophone

and

every

boundary

(/intonational

phrase/word/syllable boundary) adjacent to that allophone. Bladon & Nolan (1977)
found that in English the apical sounds /n/ and /l/ turn into laminals under the
triggering effect of /s/ and /z/, but the two laminals never become apical when
adjacent to /n/ and /l/. It means, the CR-coefficient assigned to [+laminal] feature is
higher than that assigned to [+apical].
Time-locked model (Bell-Berti & Harris 1981, 1982) or coproduction model (Öhman
1966, 1967, Fowler 1980, Saltzman & Munhall 1989) is based on the time frame of
articulatory gesture. Assuming that gesture is an independent entity and taking up
the protrusion influence of a vowel, the Time-locked Model posits that the gestural
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movement toward protrusion starts at some certain time (that is ‘locked’) before the
onset of the vowel.
In the coproduction model, the time courses in the respective (independent) gestures
of the adjacent vowel and consonant overlap. Gestural overlap in CV context during
the time course can happen due to the fact that there is an essential difference
between the subsets of consonantal and vocalic musculatures in the vocal tract
(Öhman 1966, 1967). Following this, Fowler (1980) and Saltzman & Munhall (1989)
also argued for the simultaneity in the activation of ‘coordinative structures’
involving a single musculature. The finding of Boyce et al. (1990) and Fowler &
Saltzman (1993) justify the claims made by this coproduction model in the later
years.
While ‘time-locked model’ proposes a fixed target time course for a segment, the
time course is highly variable and context dependent in the ‘look-ahead’ model. In
the latter, at least one feature can be produced as early as possible, earlier than the
influential segment to which that feature is attached. As for the example, in the word
/ikkh u/ ‘sugar cane, the lip rounding for the second vowel is to be temporally locked,
according to the coproduction model, to the acoustic onset of the vowel /u/ itself
(Bell-Berti & Harris 1979); but as per the prediction of the other model, the gestural
configuration in the vocal tract for the feature [+high] starts from the onset of the
first vowel /i/ (French: Benguerel & Cowan 1974, English: Sussman & Westbury
1981). As a kind of compromise between these two models, there emerged the
hybrid model proposed by Al-Bamerni & Bladon (1982), Perkell & Chiang (1986),
Boyce et al. (1990), Perkell & Matthies (1992) that fairly combines aspects of both.
This model tends to dissect the whole temporal movement in coarticulation into two
parts or phases. The slower first part starts with the (variable) temporal onset much
prior to the context vowel as proposed in the look ahead model, and the second
phase, the faster and steadier one, begins at the point marked as the trigger onset in
the time-locked model (Figure 1):
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Figure 1: Three anticipatory CoA models (Perkell 1990)

The experimentation conducted by Perkell (1990) with the data collected from three
English speakers reveal that two of them supported that two-stage ‘hybrid model’ in
anticipatory coarticulation.
The adaptive variability proposed by Lindblom (1983, 1989, 1990) directly connects
coarticulatory effects in speech to the speech as a biological mechanism that always
tends to practise economy of effort in communication. It’s based on an interaction
between the speaker and the listener, between the speech production and
perception, economized effort and successful communication (that depends on
perceptibility). Thus, adapting to the contextual constraints, to the demands of
situations in which communication is to take place, sounds are either overarticulated or under-articulated, but never modeled upon the invariant formant
structures for each and every sounds.
Window Model originally proposed by Keating (1985, 1988a, 1988b, 1990) argues
that the coarticulation should be accounted for by both the components of linguistic
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grammar: phonetics and phonology. The model converts a phonological feature
(value range of which is called the ‘window’) into some target based on time and
space. CoA has its phonological aspect because it results from feature spreading and
at least one attribute is shared fully by the successive segments. Then, it’s phonetic
since with a spatio-temporal aspect it affects portion of a segment ununiformly
though. The range of feature values for every segment is ununiform depending
upon the context-specific variability. The ‘window’ stands for the sum total of this
variability. Exactly as more ventilation is assured by larger window, here also, wider
the window, greater the amount of coarticulation on that certain feature (Figure 2).

Figure 2: Window Model of CoA (from Farnetani 1997: Fig. 12.8)

Thus, through these windows of consecutive segments (i.e. segments named as A, B
and C above), coarticulation takes place phonetically by finding out the pathway
most efficient and most economical in terms of gestural movement. In the above
figure, CoA is smoother for the cases 2 and 4 because of the wider range of B. In a
way, this model supplements the CR model: Keating’s model also proposes that the
coarticulatory resistance can be equated with the coarticulatory aggression.
The concepts of inter-gestural compatibility and timing relations are very much
central to the gestural overlap model. Though specifically proposed by Fowler and
Smith (1986), the origin of any gesture-based CoA model can be traced back to
Henke (1966) and Öhman (1966) and and MacNeilage & DeClerk (1969). They found
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CoA as the result of an active control on the articulatory structure, but not so much
on its mechanical properties. The articulatory compatibility among gestures lead to
CoA, but the absence of it tends to block it. CV or VC coarticulation is the most
favoured as well as inevitable, since the articulatory requirement of one gesture is
fully compatible with the adjacent segment gesture. Vowels require an all-rounded
vocal shape, but articulatory control mechanism for the consonant involves only
specific articulators. As such, spared regions uncontrolled by the consonantal
gesture can freely coarticulate. This model has its sophisticated version in the works
of Fowler (1980), Fowler et al. (1980) and Fowler & Smith (1986), as mentioned
earlier.
From the point of view of articulatory phonology, CoA is a process involving some
gestural overlap (Browman & Goldstein 1989, Byrd 1996, Zsiga 1995). Speech can be
defined as a continuum, a systematic chain of articulatory gestures overlapping each
other in a complex way. The sound segment, never being isolated, is always subject
to the articulatory influence of the adjacent or neighbouring segment in the lexical
domain or beyond. It is

a ‘pattern of coordination, between the articulatory gestures of neighboring
segments, which result in the vocal tract responding at any one time to
commands for more than one segment.’

(Manuel 1987: 179).

However, articulatory and gestural movements are not always the same 1. When
gestural overlapping takes place in transconsonantal V-to-V context, it is not the
acoustic but articulatory gesture that temporally starts before and ends after its
acoustic gesture, as shown (Figure 3) by Bell-Berti & Harris (1981).
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Figure 3: (from Bell-Berti & Harris 1981)

Articulatory gesture relates to time, and CoA involves some temporal overlap in the
articulation of more than one gesture (Browman & Goldstein 1989, Byrd 1996).

Figure 4: V-to-V Coarticulation as Overlapping of only articulatory Gestures

When overlapping, these gestures are not necessarily synchronized for the
requirements of sequencing, articulator contrast (or incompatibility) or articulator
inertia. According to Fowler (1980), articulatory timing pattern is intrinsically related
to speech motor organization, and the speech unit is the sum total of dynamic
gestures. The model posits the idea of contingent sequential gestures with
superimposition of the consonantal gesture (Öhman 1966) upon the string of
underlying transconsonantal intervocalic gestures in a VCV sequence.
Despite some overlapping (more specifically an articulatory continuum), separate
acoustic periods for the transconsonantal vowels in VCV context are a phonetic
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obligation both for maintaining contrast and blocking glide-formation. Thus the
vowels can never be perfectly coproduced, only can be coarticulated.
With the quantitative increase in the intervocalic consonant string and consequently
in the interruption duration for the underlying continuum of vocalic gestures the
whole temporal frame for the articulatory gestures is enlarged, though not in a linear
fashion (Bell-Berti & Harris 1981). The IC occupies the both the articulatory and
acoustic periods of the adjacent vowel to a variable degree because of the gestural
compatibility (global-local contrast being conducive for coproduction), but for the
vowels (having a global-global parity) the incompatibility serves as a safeguard
against perceptual confusion.
This model has opened up discussion about the potential anti-CoA properties
specified through the IC being overlaid on the intervocalic gesture string (Tuller &
Kelso 1984).
The movement expansion model first developed by Abry & Lallouache (1995)
proposes that a rounded vowel can exert its lip-protrusion effect from right to left
and expanded it as much as possible. It came up as a supplement to the earlier three
models for anticipatory lip-protrusion: Look-ahead (Henke 1966, Benguerel & Cowan
1974), Time-locked (Bell-Berti & Harris 1982) and Hybrid model (Perkell & Matthies
1992). In another major study on upper lip-displacement in /iCn u/ sequences, Perkell
and Matthies (ibid) tested the relative validity of all these three models. The test
results yielded as much variability as to force them to the conclusion: data […] allow
us to reject strong versions of all three models. In this context, the movement expansion
model of Abry & Lallouache (1995), a further attempt to explain temporal expansion
of the labial rounding movement, attempts at empirically accounting for the
anticipatory lip-rounding behavior in French (Abry & Lallouache 1995, Farnetani
1999, for a short presentation and concordant Italian data). Abry & Lallouache (ibid)
showed that the lip-closing movement for the following rounded vowel /y/ started
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during the articulation of the underlyingly unrounded /i/ in /iC ny/ sequences. But it
started inside /i/, while the sound is stable all around, because, as explained by Boë
and Perrier (1988), the lip closure reduces F3 in the lip area that has substantially
small values.
Henke (1966) first used the computer technology in order to capture the complexity
of articulator movements. It became popular in the later speech production studies
and literature (e.g. Boyce et al. 1990, Wood 1991), though it was Saltzman & Munhall
(1989) whose computational model of speech production, called the task-dynamic
model, was the most comprehensive because it was able to explain a wider range of
CoA and the motor mechanism involved (Kröger 1993). Guenther (1995) adopted
this computational model in order to examine the nature of anticipatory
coarticulation resulting from the target reduction in size based on context. He made
the computer simulation verify the properties of the model which generalizes the
popular look-ahead coarticulatory model. This model is a further development of
Keating’s Window Model, according to which—
acoustic and articulatory targets are defined in terms of acceptable ranges or
windows. The window model explicitly relates contrasts with coarticulation
so that contrastive elements have narrower target ranges than elements that
are not contrastive for that same property. Thus the claim … that minimal
contrast limits phonetic patterns can be captured within this phonetic model.
Furthermore, Keating’s proposal and developments by Guenther (1995) state
that the phonological, featural representation can be mapped into acoustic
and /or articulatory targets in the phonetic component.
(Astokiza 2007: 10)

Phase window model (Byrd 1996, Saltzman & Byrd 2000) is an extension of this idea
of Keating to the concept of timing in between any two different between gestures.
The model posits that, there are many linguistic and extra-linguistic factors (called
‘influences’ by Byrd 1996) which eventually affect the phasing among articulatory
gestures that are otherwise volatile and highly prone to change. Astokiza (2007) also
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contributed to this phase window model by pointing fingers to the ‘influences’
responsible for changes in relative timing among these articulatory gestures.
The basic assumptions of the target approximation model (Xu & Wang 1997, 2001) is
often applied to coarticulation to account for the acoustic variability the speech
sounds always undergo. The model is based on the idea that phonologically the
surface tones are actually the variants of certain basic tones associated with the ideal
pitch target. The surface, hardly synonymous with the ideal target, is articulatorily to
index the approximation (implementation) of that underlying target. And this
approximated form or the target results always from the interaction between the
communicative demands (that are voluntary) and the articulatory constraints
(involuntary).

Figure 5a: Schemata of Target Approximation model-1
(from Xu and Wang 2001)
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Figure 5b: Schemata of Target Approximation model-2
(from Xu 2004)

The figures above (5a and 5b) are the schemata of the model proposed (syllable
boundaries are shown as vertical lines; underlying pitch targets by dashed lines; F 0
contour by thick curve).
This model served as an impetus to the evolution of CoA model of target
approximation where segments hold the key instead of tones. In the V-to-V CoA the
surface acoustic forms of the participating vowels are always the result of
articulatory approximation of the underlying forms of targets, where each
approximation has a unidirectional movement with a specific starting point and a
specific ending point of time.
Time-structure model of the syllable (Xu & Wang 2006) recognizes the role of coda
consonant as an agent creating temporal intervention between two vowels in the
minimal VC.CV domain. However, the onset consonant is only embedded in the
articulatory gesture of the following vowel, as shown (Figure 6); as such,
additionally, the model fully supports the argument for the CV coproduction when
the C is an onset.

Figure 6: Schemata of Time-Structure Model (from Xu & Liu 2006)

Therefore, this model assumes that, syllable onset is formed by a temporal left-edge
alignment of four constituents: Consonant as onset (C), Vowel as nucleus (V), Tone
(T) and Phonation register (P) observing the two following principles:

~ 83 ~

i.

There would be a perfect sequentiality for the non-initial segments,
whether V or C, after the first syllable nucleus;

ii.

The association among Tone, Phonation and the entire syllable (to which
the first two are associated) is perfectly synchronized.

Inadequacies of the CoA models:
This round-up of the CoA models emphasizes the fact that researchers could have
hardly arrived at any consensus on what CoA is, or how it works and why. Models
concentrate on either phonetics (e.g. gesture-based models) or phonology (e.g. both
feature-based and syllable-based), but none can prove itself all-inclusive and
sufficient to explain all these questions. A composite model is required that can be
efficient enough to address both the phonetic and phonological issues. After all,
CoA is, as Daniloff & Hammarberg (1973) put it, a context-sensitive assimilation
between segments at the level of feature values, and also as a temporal overlap
(coproduction) when the segment (originally having a context-free independent
phonetic identity at the other level) is only instantiated in the vocal tract through
some inter-constraint coordination (Fowler 1977, Hardcastle 1985, Marchal 1988).
The review by Kent and Minifie (1977) pointed out that a single model is bound to
fail in accounting for all the coarticulatory patterns reported in the experimental
literature from across the languages. In fact, language-specificity and contextdependency often working together entail the inadequacy of these models to explain
the CoA effects universally across languages. It follows that, some model is fit for a
certain language, but the other is required for a different language. As for examples,
the look-ahead model explains CoA better in Turkish and Swedish while the timelocked model fits better into the essentials of CoA patterns in American English. This
inadequacy can be easily attributed to the fact that CoA is a very complex process.
It’s universal as well as highly context-dependent or even language-specific.
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Word Note:
1. Phonetic gestures are formed by the coordinated articulatory movements, but
all articulatory movements are not gestures. Gestural movement takes place
as an active synchronized response to a number of vocal tract constraints to
achieve a significant phonetic goal. It can never be passive or parasitic; that’s
why the variable inter-labial distance in /i/ versus /ɛ/ is never gestural, rather
parasitic on variable degree of jaw-opening gestures.
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