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Abstract

A fundamental problem in understanding speech production is
how the temporal coherence of the speech units associated
with a given lexical unit is maintained despite changes due to
speaking rate, prosodic embedding, and transient
perturbations. To address this, a dynamical model of temporal
planning of speech has been developed [21, 13, 26, 27). In
this model, each speech unit (constriction gesture) is
associated with a planning oscillator, or clock, and the
oscillators within the ensemble associated with a particular
lexical item are coupled to one another in a pattern
represented as a coupling graph.

Given this model, it is possible to account for syllable
structure in terms of intrinsic modes of coupling and the
topology of the coupling graph. Onset consonant gestures are
hypothesized to be coupled in-phase to the tautosyllabic
vowel (regardless of how many there are in an onset), while
coda consonant gestures are coupled in an anti-phase pattern.
This topology can account simultaneously for regularities in
relative timing and variability, and examples of this will be
discussed.

Despite successes obtained with the model, it is clear that
there are examples in which the same syllable structure can
exhibit different patterns of timing, depending, e.g., on the
place of articulation of the consonants in the cluster [10],
manner [7] and language [17]. In this paper, we will also
illustrate how these different patterns of timing can be
modeled using coupling graphs with differing topologies
and/or with different quantitative specification of coupling
strength associated with the graph’s edges.

1. Introduction

Like other combinatorial systems, phonology can be can be
analyzed into a set of primitive atoms and some glue that holds
them together in combinations. From the perspective of
articulatory phonology [3], the atoms are the distinct vocal
tract actions (gestures) used by talkers and listeners to
distinguish words from one another in a communication
system. Words are composed of an ensemble of gestures,
organized in time in a particular fashion. The temporal
organization is itself informational. An example of this can be
seen in Figure 1, which shows gestural scores for the words
“mad” and “ban.” The scores show the temporal intervals
during which gestures of the various vocal tract constriction
devices are active and control their corresponding articulator
sets to produce the constriction task goals. The time at which
the velic lowering (wide) gesture occurs is the only difference
between the scores. Thus, the speech production system must
include some kind of glue that insures the temporal stability of

the informational pattern, for example in the case of Fig. 1,
insuring that the velum lowering gesture does not stray too far
during the production of “mad,” so that “ban” is perceived
instead.

wide oL
-2
“mad” | I | T
-1
- time -
wide
|
-~ T8
“b 29
an” |

’

Figure 1. Gestural Scores for “mad” and “ban’

The hypothesis that underlies our recent modeling efforts
[23, 26, 27] is that the required glue is to be found in
dynamical coupling in a system of planning oscillators, or
clocks. Coupled oscillators, when entrained, can exhibit the
property of phase-locking. They oscillate with a stable
relative phase and if perturbed, they return to their stable
relative phase. If the gestures are associated with such clocks,
and if their activations are triggered at particular phases of
their clocks, stable relative phasing would be insured.

Given the decision to employ coupled oscillators in
speech production planning, there are at least two alternative
system architectures that could be constructed. In one, each of
the gesture oscillators is coupled to an external master clock.
This will allow the temporal stability of the gestural pattern to
be maintained, and will allow some flexibility: as the master
clock changes its frequency, this will induce temporal
changes in the patterns of gestural triggering. This type of
system is similar in several ways to the C/D model of
Fujimura [12], in which each gesture is timed to some phase
of a syllable pulse. The alternative, which we have pursued in
our model, is to couple the gesture’s clocks to one another in
a pair-wise network, described as a coupling graph. (In more
recent work [27] hierarchical coupling of gesture clocks to
foot and phrase level oscillators is also implemented, but not
every gesture is coupled to a higher-level oscillator).

There are at least two reasons for preferring the pair-wise
coupling network to the master clock:
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* The stability of relative phase of neighboring gestures
can vary as a function of several factors. For example, [7]
the relative phase of consonant gestures in a syllable
onset is less variable than the relative phase of the same
gestures in a syllable coda. If all gestures were coupled to
an external clock, such differential stability would not be
expected.

* Coupled oscillators can entrain in intrinsically accessible
modes, and applying those modes to pair-wise inter-
gestural coupling provides the basis for an embodied
theory of syllable structure. As discussed in section 2,
this theory can account for macroscopic universals of
syllable structure, and at the same time, microscopic
properties of gestural relative timing and its variability.

2. Coupling modes and syllable structure

In the model of speech production we have been developing
[27, 27], the planning of gesture relative timing (the gestural
score) takes place through an oscillatory process. Each gesture
of the utterance is associated with a planning oscillator, or
clock, and gestures are coupled pairwise to one another in an
utterance specific manner. As planning for an utterance is
initiated, all of the gesture clocks begin oscillating at random
phases with respect to one another. Over time (oscillator
cycles) coupling forces cause local changes in phase of
individual planning oscillators, and the system eventually
settles into a stable pattern of oscillator relative phases. Once
the system stabilizes, activation of a gesture (left side of its
gestural score box) is triggered at phase 0 of its component
oscillator.

The pattern of interoscillator coupling associated with a
particular lexical unit is represented using a coupling graph.
The nodes of the graph represent the oscillators associated
with individual gestures, the edges of the graph connect pairs
of coupled oscillators. The edges (or links) specify the target
relative phase of the associated pair of oscillators. In the task-
dynamic model of relative phase planning, the target relative
phase acts as the minimum of a potential function [24], that
induces forces on the component oscillators so that relative
phase of the pair is attracted to its target value.

VEL(wide)
LIPS (clo) TT (clo alv)
TB (wide phar)

Figure 2. Coupling graph for “mad”

The coupling graph for the word “mad” is shown in
Figure 2. The four gestures (also seen in the gestural score in
Figure 1) composing the word are the nodes. Edges come in
two types: lines and arrows. The lines represent edges whose
target specification is in-phase (zero degrees relative phase),
the arrows represent edges whose target specification is anti-
phase. For anti-phase targets, an additional bit of information
is required to specify the order in which gestures are triggered
(which oscillator’s phase 0 triggers its oscillator first). The
arrow points from the earlier gesture to the later one.

2.1. Coupling Modes and syllable structure

Research on coordination of multiple rhythms has shown that
there are two intrinsically accessible, stable modes in which
subjects can, for example, coordinate the movements of
multiple limbs—in-phase and anti-phase [15, 29]. Intrinsic
accessibility means that the subjects can perform the task in
one of these modes without training or learning. Of these two
modes, in-phase is more accessible and stable. We have
hypothesized that these same stable modes are also relevant to
the coordination of multiple planning oscillators. Further, we
hypothesize that for a system such as speech, which can be
successfully acquired spontaneously (without explicit training)
by most members of the population, intrinsically accessible
modes are exploited as much as possible.

If a consonant (C) gesture and a vowel (V) gesture are to
be coordinated in an intrinsic mode, there are just two
possibilities: in-phase and anti-phase. We have hypothesized
[13] that selecting in-phase mode produces the coordination
underlying CV structures (C is a syllable onset), while
selecting anti-phase produces VC structures (C is a syllable
coda). Evidence for the in-phase coordination of onset C and
V can be found in [19], which shows that onset C and V
gestures are triggered in rough temporal synchrony. The
example of “mad” in Figure 2 shows the onset gestures (lip
closure and velum opening) coupled in-phase with the V
gesture (wide pharyngeal constriction of the tongue body),
and the coda gesture (tongue tip closure) coupled anti-phase
with the V.

The coupling hypothesis constitutes a grounded (or
embodied) theory of syllable structure. It explains the fact that
there are syllables in language that have onsets or codas from
the necessity of coordinating the timing of multiple gestures
in one of two accessible modes. It can also explain
macroscopic universal patterns associated with syllable
structure, for example, why syllables with onsets (CV) are
universal while those with codas are not [13]. This follows
from the fact that the in-phase mode is more accessible and
more stable. Similarly, it can account for the fact that onsets
and Vs combine relatively freely, while combinations of V
and coda Cs can be more restricted [13] and for the fact that
onsets emerge earlier in phonological development.

2.2. Complex Onsets

A challenge to the modal theory of syllable structure can be
found in syllables with consonant cluster onsets (e.g. “spade”).
The oral constriction gestures associated with the /s/ and /p/
must be at least partially sequential with one another
(otherwise we could not recover them both perceptually).
Therefore, they cannot both be in-phase with the V gesture. If
in-phase coordination defines syllable onsets, how can they
both be part of the onset?

A possible solution to this [5, 21, 27] is that multiple,
potentially competing couplings can be specified in the
coupling graph. So for example in “spade,” both onset Cs can
be specified with in-phase links to the V, while they are also
specified with an anti-phase link to each other, as shown in
the graph in Figure 3. The coupled oscillator planning model
can implement this competitive graph, and oscillators will
settle at final phases that represent a stable compromise
between the competing coupling forces.
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Figure 3. Coupling graph for “spade”

Evidence of this kind of competitive structure can be
found in the relative timing of gestures in a complex onset [5].
In the word “spade,” the /s/ is shifted earlier (lefiward) with
respect to the vowel, compared to its timing in words in which
/s/ is the only onset C. Similarly, the timing of the /p/ in
“spade” is shifted later (rightward), compared to its timing in
words in which /p/ is the only onset C. These leftward and
rightward shifts have also been dubbed the C-center effect
[2,6], and they have been shown to emerge from competition
in the planning model. Additional evidence for the coupling
model has been found in the variability associated with C
clusters. Model simulations [26, 27] have shown that loops in
the coupling graph (e.g., the multiply-linked onset structure in
“spade” in Fig. 3), help stabilize the final oscillator relative
phases, and make them less sensitive to noise. This graph
property can then explain the relative temporal stability of
onset clusters [7], compared to coda clusters and
heterosyllabic clusters, whose relative timing does not show
the C-center effects exhibited by onsets [16].

While the coupling model of syllable structure has shown
promising results, there is as yet only a very small amount of
data demonstrating both leftward and rightward shifts in onset
clusters. Moreover, the symmetry (or lack of it) between the
leftward and rightward shifts has not been systematically
evaluated. In the next section, we will report on an experiment
designed to investigate the robustness and symmetry of these
shifts. Some evidence for systematically asymmetrical shifts
will be presented, and mechanisms for accounting for the
asymmetries within the coupling model will be considered. In
the final section, data on onset stop clusters in Georgian will
be presented. These have been shown [10] to exhibit different
lags as a function of the order of place in the cluster. We will
consider how this kind of asymmetry can be modeled in the
coupling model.

3. English Revisited

3.1. Method

X-ray microbeam data [20] data were collected from 6
subjects producing the utterances shown in Table 1. The
utterances were designed to allow comparison of the C-V
timing in words beginning with single Cs (/p/, /s/, /1/) with
words beginning with CC clusters (/sp/, /pl/). Two of the six
subjects were asked to produce the utterances in two different
accent pattern conditions (A: accent on pa, B: accent on
_eets). The other 4 subjects produced only accent pattern B.
Gold markers were positioned in the mid-sagittal plane at the
following locations: upper lip, lower lip, lower teeth, tongue
tip (actually about 1 behind the tongue tip), and tongue dorsum
(as far posterior as a subject was comfortable with) and 2 on
the body of the tongue, approximately equally spaced between

the tongue tip and dorsum markers. Each subject produced
between 5 and 10 repetitions of each utterance.

Table 1: English Utterances

I read pa seats again.
I read pa peets again.
I read pa leets again.
I read pa speets again.
I read pa pleats again.

The kinematic data were used in conjunction with a trace
of the subject’s palate outline to estimate constriction time
functions for the relevant consonants and the vowel /i/: LA
(Lip Aperture)—the distance between the upper and lower
lips, TTCD (Tongue Tip Constriction Degree)—the distance
from the tongue tip marker to the palate, and TBCD (Tongue
Body Constriction Degree)—the distance from the more
posterior tongue body marker and the palate. Constriction
gestures were located in the appropriate time functions (LA
for /p/, TTCD for /s/ and /1/, TBCD for /i/). For each gesture,
three points in time were detected using a velocity
threshold—onset of constriction formation, achievement of
constriction target, and release.

Mean relative timing of consonant gestures to the vowel
/i/ for each subject were calculated using the lag between
achievement of constriction of the C and /i/. For the subjects
who produced two accent patterns, means were calculated
separately for the two patterns. By comparing a given
subject’s mean lags for single Cs with CC clusters, we
calculated the subject’s leftward and rightward shifts
associated with the clusters /sp/ and /pl/. For /sp/, leftward
shift was calculated as the difference between /s/-/i/ timing in
“seats” with /s/-/i/ timing in “speets.” Rightward shift was
calculated as the difference between /p/-/i/ timing in “peets”
with /p/-/i/ timing in “speets.” Similarly for /pl/, leftward shift
was calculated as the difference between /p/-/i/ timing in
“peets” with /p/-/i/ timing in “pleats.” Rightward shift was
calculated as the difference between /I/-/i/ timing in “leets”
with /1-/i/ timing in “pleats.”

3.2. Results

Figure 4 shows the leftward (light-colored bar) and rightward
(dark bar) shifts for /sp/ and Figure 5 shows /pl/. The top pair
of bars shows the mean shifts over all subjects, and the eight
pairs below show the results for the individual subjects
(separated by accent for two subjects—s1A, s1B, s2A, s2B).

In general, clusters exhibit both leftward and rightward
shifts, supporting the multiply-linked onset (MLO)
hypothesis. For /sp/, all subjects/accents show both leftward
and rightward shifts, except for subject sl, accent pattern B,
which fails to show a rightward shifts. The mean leftward
shift is 47 ms, somewhat greater than the mean rightward shift
is 25 ms. However, this left-right asymmetry is not consistent
across speakers/accents. Five cases show a greater leftward
than rightward shift, but three show the reverse. For /pl/,
leftward and rightward shifts are found for all subjects except
s2 (both accent conditions). The left-right asymmetry of the
means is greater than for /sp/ (mean leftward = 68 ms., mean
rightward =13 ms), and it is consistent across subjects. All 8
subjects/accents show a greater leftward shift than rightward
shift.
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Figure 5: Leftward and rightward shifts in /pl/

How the difference in asymmetry between /sp/ and /pl/
clusters be accounted for? Since the leftward bias in the case
of /pl/ appears to be quite systematic, it would be desirable to
capture it in the topology of the coupling graph, ie., a different
pattern of links (edges) between nodes for /sp/ and /pl/.

/sp/
GLO(wide)

TT (crit alv) ——p

Y

GLOwide) /pV/ GLO(wide) Ipl/

LIPS (cloy —>» TT(cloalv) LIPS (clo) — TT (cloalv)

TB (nar uvu) TB (nar uvu)

Figure 6: Possible coupling graphs for /sp/ and /pl/

One possible source of such a difference is that the /I/ is, in
fact, composed is composed of two gestures: a tongue tip
constriction and a body constriction at the uvula [4,28]. It is
possible that both of these gestures are coupled with the
vowel, or just the TT gesture is coupled to the vowel. These
two possible /pl/ graphs are shown in Fig. 6, along with graph
for /sp/. The /pl/ graph with the extra link should result in a
tighter coupling of the /l/ with respect to the vowel, because
of the multiple links. This tighter coupling should also cause
a reduction in rightward shift, as is confirmed in the
quantitative modeling in the next section.

3.3. Quantitative modeling

While these results are in a general sense consistent with the
coupling graph model that includes a competitive, multiply-
linked graph of onset clusters, the details of these results are
not consistent with simplest parameterization of the model that
assumes that all coupling strengths are equal. That
parameterization should predict an equal left and right shift.
How can we model the weak left-right asymmetry exhibited
by the /sp/ cluster, the much stronger leftward bias of /pl/, and
an individual differences in both asymmetries?

Beginning with the weak leftward bias of /sp/, we
reasoned that it would be possible to induce a leftward bias by
reducing the coupling strength of C; with V to a value less
than 1, while keeping the C,-V and C;-C, coupling strengths
equal to 1. This should resolve the conflicting C-V and C-C
coupling in favor of keeping C, relatively synchronous with V
at the expense of C;-V coupling. To determine if the obtained
results could be predicted by adjusting the coupling strengths,
we varied the coupling strengths of all links in the graph from
0.1 to 1.0 in increments of 0.1. The resulting coupling graphs
were input to TADA, the coupled oscillator simulation model
[22], and the resulting gestural activations were calculated.
Setting all coupling strengths to 1 resulted, as expected in
symmetry, with leftward and rightward shifts equal to 30 ms.
The data for the mean values of /sp/ were most closely
modeled when C,-V and C,-C,; strengths remained equal to 1,
and C;-V strength was reduced to 0.7 (yielding shifts left =40
ms, right=30 ms) or 0.6 (left=50 ms, right=20 ms). (Since the
temporal resolution of the model is in terms of 10 ms frames,
it is not possible to model the results exactly). Individual
subject results can be approximated by reducing either C;-V
or C,-V strengths.

For the /pl/ clusters, we manipulated coupling strength in
the models with and without the TB link to the V. Coarser
increments (0.135) were employed because there were more
links to manipulate. Results for simulations without the
additional link showed that reducing the coupling strength for
C;-V to a value similar to that used to model /sp/ (0.74) while
keeping all other strengths equal to 1 gave the same results as
for /sp/ (shifts: left=40 ms, right=30 ms). However, when
adding the additional in-phase link between the TD gesture
for /I/ and the V, the shifts change to values that are close to
those observed for /pl/ in our experiment: (left=60 ms,
right=10 ms).

In summary, the English data support a view that patterns
of coupling that seem to be regular aspects of the
phonological knowledge of a language (in that they generalize
across individual talkers) can be well represented qualitatively
(discretely) in terms of the set of edges that define the



coupling graph. Individual differences in coordination
patterns can then be modeled by quantitative variation in the
coupling strength values of the graph’s edges. In this sense
(though not in the formal sense of the mathematics of the
models), coupling strength functions like articulator weights
in the constriction formation task-dynamics [25], which can
show individual variation in, for example, how much lip vs.
jaw raising an individual talkers employs to produced a lip
closure. These articulatory weights, like the coupling
strengths, are assumed to not carry phonological information,
which can be viewed as shared structure across community
members.

4. Georgian

Georgian is well known for allowing clusters of 2 or 3 stop
consonants in onset position [30]. Recently [14] we found
evidence that complex onset clusters in Georgian exhibit the
competitive, multiply-linked structure hypothesized by the
coupled oscillator model to be associated with syllable onsets.
When examined using EMMA, the timing of the cluster-final
C gesture with respect to the vowel shifted rightward when
additional Cs were added to the onset in the following words:
/riala/, /k’riala/, and /t°k’riala/. This result contrasted with
results using comparable words from Tashlhiyt Berber, a
language in which words can also begin with complex
sequences of Cs, but which are not syllabified as a complex
onset, but rather as additional syllables with consonantal
nuclei [11]. No evidence for the rightward shift was found in
Berber. Therefore, it was argued that rightward shift could be
used as a diagnostic for syllabification of consonant sequences
as part of the onset.

Stop clusters in Georgian have been shown to exhibit
different phonological [8, 30] and phonetic behaviors when
they are sequenced such that more anterior constrictions
precede more posterior constrictions (‘front-to-back’), as
opposed to the reverse (‘back-to-front’). Most relevantly,
kinematic analysis has revealed that the front-to-back
sequences are produced with a shorter lag between the gesture
onsets [9] and more overlap than back-to-front sequences.
While the earlier studies on this effect [10] hypothesized that
the basis for this asymmetry could be found in the affordance
of perceptual recoverability, more recent work both on
Georgian [9] and other languages that also appear to show this
effect (e.g., French [18]) casts some doubt on this account.
But whatever the underlying cause of the evolution of this
pattern, the planning of sequences in Georgian must produce
different relative timing of controls for two gestures,
depending on their sequential order. How can this be
accomplished in a model in which coordination is controlled
by means of only two intrinsically stable modes?

Since the lag differences between two place orders
appears to generalize across speakers and to be
phonologically relevant in Georgian, it would be desirable to
derive them from topological differences in the coupling
graph. One possibility involves participation in the coupling
graph of the release gestures associated stop closures. Active
release gestures have been shown to be necessary to account
for the kinematic and perceptual properties of stops (and other
consonants) [1], and to participate in some cases in planning
by constituting nodes in the coupling graph [21]. However,
for simplicity of exposition, the release gestures have been
left out of the coupling graph figures in this paper so far

(though they have been included in the actual simulations that
these figures are based upon). Figure 7 (a) shows a possible
coupling graph for an initial /bg/ (front-to-back) cluster in
Georgian, based on the MLO principles considered so far, but
with the release gestures displayed. The LIPS and TB closures
are both coupled in-phase with the V, and anti-phase with
each other. The release gestures are coupled only to their
corresponding closures, so their presence does don’t affect the
relative timing of the other gestures in the graph.

LIPS (clo) » LIPS (rel) TB (clo vel— TB (rel)

(a) /bg/

TB (clo ve) —TB (rel)

LIPS (clo) — LIPS (rel)

(b) /gb/
Figure 7: Hypothesized Georgian Coupling Graphs

This topology would predict a rightward shift of C,, as has
been found for Georgian. If the same graph (with the opposite
ordering of the two stops) were used for a /gb/ cluster, no lag
differences between /bg/ and /gb/ would be predicted by such
graphs. Figure 7(b) shows an alternative hypothesis for /gb/.
The only difference from Figure 7 (a) is that it is now the
release of Cy, not its closure, that is coupled in-phase with the
V. This change should, however, produce an increase in C;-C,
lag (since it is a later point in C; that is now in-phase with the
V). In fact, since C; (clo) is now anti-phase with both C, (rel)
and C2 (clo), and both of these are in-phase with the V, the
coupling specifications are all consistent—there is no
competition. The final phasing of the oscillators that is
expected to result from this graph should have C, (rel) in-
phase with both C, (clo) and V, and C,; (clo) anti-phase with
all of these.

Simulating these graph in 7(b) in TADA confirmed this
phasing pattern. In the resulting gestural score, the lag
between C; (clo) and C, (clo) was 90 ms. C; (rel), C, (clo)
and V were all synchronous. This 90 ms lag can be compared
to the C; (clo) - C; (clo) lag that results from the graph in
Figure 7(a), which was 60 ms. This difference approximates
closely the difference in lag reported in back-to-front (99 ms)
vs. front-to-back (67 ms) in [14], averaged across the two
speakers. Thus, if front-to-back stop sequences are controlled
by graphs such as that in Figure 7(a), and back-to-front
sequences by graphs such as in Figure 7(b), then the
contrasting values in these sequences can be well accounted
for, while retaining the theoretically desirable property that
both onset Cs are coupled to V.

One prediction of the coupling graph in Figure 7(b) is that
there is no rightward shift. In the output from this graph, C2 is
synchronous with V, just as it would be if it were the only C
in the onset. Here we test this prediction by examining
evidence for rightward shift in Georgian stop sequences with
front-to-back vs. back-to-front order.

Method. The words in Table 2 were recorded by two
speakers of Georgian, the same two who participated in [14].



Articulatory kinematics were measured using EMMA, with
markers placed similarly to those described for the English
study in the preceding section, except that only one marker
was placed on the tongue body, instead of the two employed
in English. Words were recorded in a frame (Sit’q’va __
gamoit"k"mis ord3zer), and between 6 and 12 repetitions of
each word type were acquired. A Lip Aperture (LA) time
function was computed as the distance from the upper lip
marker to the lower lip marker, and Tongue Tip (TTCD) and
Tongue Body Constriction Degree (TBCD) time functions
were computed as distances from the relevant marker from
the palate outline. Gesture onsets, achievement of constriction
target, and release were measured using the following time
functions: /b/ (LA), t° (TTCD), k’ (TDy), Vowels (TBCD).
The time from the constriction achievement of the C gestures
to the syllable’s V gesture was calculated.

Table 2 : Georgian words for rightward shift

Front-to-back
k’ar-eb-i ‘door’ (pl.)
t’k’ar-eb-i  (nons.)

Back-to-front
bil-i ‘bill’
k’bil-i  ‘tooth’

Results. For the front-to-back cluster, a 19 ms rightward
shift was obtained (time from /k’/ to vowel was 133 ms in /k’/
and 114 in /t”’k’/). The direction of shift was consistent across
the two subjects. This indicates that a graph like that in Figure
7 (a) is appropriate (with an initial TT gesture substituting for
the initial LIPS gesture). However, for the back-to-front
example, the mean shift was only 7 ms (146 ms in /k’/ and
139 ms in /k’b/) and was not consistent in direction across
subjects. This result would be predicted by a coupling graph
like that in Figure 7(b) (with the addition of a glottal closure
gesture).

Results from Georgian are consistent with the hypothesis
that front-to-back and back-to-front clusters are represented
using the different coupling graphs shown in Figure 7. These
graphs satisfy the theoretical goal of using topological
differences to capture robust timing effects that generalize
across subjects in a language, while also satisfying the
theoretical goal of capturing Georgian speakers’ intuitions
that even the back-to-front clusters are well-formed syllable
onsets. The syllable onset intuition can be grounded in
coupling graphs in which all onset Cs exhibit some in-phase
coupling with the V. For the back-to-front order, it is the
release, not the closure, of the initial C that bears that relation
to the V. While the mean temporal pattern predicted by that
graph might not differ from a graph in which C, is totally
uncoupled from the V, different patterns of variability would
be predicted. The variability predictions of such graphs
could, in principle, be tested in a language in which some
CCV sequences are analyzed as complex onsets and others
are analyzed as an “extra-syllabic” C followed by a CV
syllable.
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