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Abstract

Despite being highly intuitive and widely recogrizesyllable continues to be a
controversial notion. It is argued here that a kg may lie in recognizing that
speech is a highly skilled motor activity with aregoroblem shared with other
motor skills: how to reduce degrees of freedom (p@rthe extent that makes its
central nervous control possible. The most effectivay of reducing DOF is to
synchronizemultiple articulatory movements, and the syllab@ves exactly this
function for speech. This synchronization hypotteaiso offers resolutions to
coarticulation and many other unsettled problems, laas implications for motor
control in general.
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Introduction

The nature of the syllable remains a mystery te tlay: ‘although nearly
everyone can identify syllables, almost nobodydefine therh(Ladefoged
1982: 220). Existing proposals (e.g., Browman & dstdin 1992,
MacNeilage 1998) are not able to answer some ofrthgt basic questions
about the syllable: a)vVhy are there syllabl@sb) Do syllables have clear
phonetic boundariés c) Do segments have definitive syllable affiliati®ns
Without clear answers to these questions, manyr ésisees about speech
also remain unresolvable, including, in particutararticulation.

Syllable as a synchronization mechanism

This article is a brief introduction of synchronization hypothesthat can
address all three questions mentioned above. Tkheawhing proposal is
that syllable is a temporal coordination mechanighose function is to
synchronize multiple articulatory movements so as ntake speaking
possible. The coordination involves three basic hmatsms: target
approximation edge synchronizatioandtactile anchoringAccording to this
hypothesis, speech encodes information by gengratiriations in phonetic
(segmental, tonal and phonational) properties irtkgguccession, which
requires concurrent articulatory movements towardltiple underlying
targets (arget approximation The central nervous control of the concurrent
movements is made possible by synchronizing theterend offsets of the
movements €dge synchronizatigrto critically reduce degrees of freedom
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(DOF). And tactile sensation during the closed pha$ each syllable
provides alignment references for the synchroropatif movementstéctile
anchoring.
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Figure 1. Spectrogram of the Mandarin phrale#kZ2{AZE" /bl ma I wa
shan/ [more hypocritical than Ma Li], with broadgpietic transcriptions. In
both panels, C, V and T stands for consonant, vosredl tone. The
segmentation in a. is conventional, while that ini® based on the
synchronization hypothesis.

A direct consequence of synchronization hypothissssmajor change in the
acoustic segmentation of the syllable, as illusttain Figure 1. The
conventional segmentation is shown in Figure lereltsyllable onsets are
aligned to points of abrupt spectral shift correspog to the moments of
complete oral closure (with the exception of /af, Which there is not even
a widely-agreed segmentation). The segmentationedbasn the

synchronization hypothesis is shown in Figure 1beme all the segmental
boundaries are shifted leftward from those in Figlia. Theseonceptual

shifts are based on tharget approximationprinciple that the onset of a
segment is when the spectral pattetarts to move towards prototypical

configuration. For /I/, for example, the onset s the middle of the

“preceding” vowel, where F1 starts to drop towahe bral closure. The
leftward shift of vowel onsets is even more exteasFor example, the first
/al now begins from the middle of the first convenal /i/ interval where F2

starts to drop toward its prototypical level; ahd second /i/ begins from the
middle of the conventional /a/ interval where Fartst to rise toward its
prototypical level. Thus each vowel onset is sHifteftward, across the
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conventional consonant interval, and well into tomventional interval of
the preceding vowel.

The newoffsetof a segment is where its prototypical configunatis
best approach, but not necessarily attained. Foiofi example, it is at the
peak of F2 and F3, for /a/ it is at the peak oBRdl valley of F2, and for /w/
it is at the valley of F2, where intensity is alaba minimum. For the
obstruent consonants, the offset is no longer atetind of its prototypical
spectral pattern (e.g., closure gap in /b/, nas#teral formants in /m/ and
I/, and the frication ing/), but in the middle of those intervals.Furthersor
as shown in the bottom tier of Figure 1b, the nemet interval fully
coincides with that of the entire syllable, whicbnsists of not only the
initial consonant and the nuclear vowel, but als® ¢oda consonant, as in
the case of /shan/.

Coarticulation and DOF

A major impact of the new syllable segmentatioonsthe understanding of
coarticulation. Because the initial movement towardocalic target is now
viewed as the vowel proper rather than its antimpa it is no longer
considered as evidence of either long-distance cipatory V-to-V
coarticulation (Ohman 1966) or local V-to-C antatipry coarticulation.
Instead, because initial consonant and the firsieVstart at the same time,
they are considered as fulbpproducedor coarticulated for the duration of
the consonant. Also no longer needed is the notidn carryover
coarticulation. Due to inertia, an articulatory es toward a target has to
be one of moving away from its initial state, whiishthe end result of
approaching the preceding target. Overcoming mdherefore necessarily
carries the influence of the preceding target ihab longer being executed.
So, what is carried over is only its remnant effiether than its continued
articulation.

This view of coarticulation differs from both thasamilation account
and gestural overlap account (Saltzman & Munha89)9as illustrated in
Figure 2. In paneh we can see that smooth surface trajectories can be
generated by strictly sequential target approxiomathovements. In panél
the first movement is much shortened from thatangba, resulting in an
undershoot of the first target. Because the undetsis due to a premature
termination of the first movement, which is effgety truncated by the
second movement, there is neitlassimilationnor anticipation In panelc,
instead of truncation, the first two movements paetially overlapped via
gestural blending The resulting trajectory, however, is not verjfatent
from the one in pandd. More importantly, such a blending requiresre
degrees of freedonhan sequential target approximation, as the amotint
overlap and its exact location both have to beifipdc
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a. Figure 2. Sequential vs. blending
3215’ """"""""""" target approximation. Ira, the three
g ! \/\ movements are strictly sequential, and
e 2 the vertical line divides the first two
o o1 02 03 o4 movements. I, the vertical reference
b. remains at time 0.15, but the first
£15 R movement is shortened by 0.05 unit.
8 17 Ass'm"?t"’"' e All the movements remain sequential,
705 7% funcate so that the first movement fruncated
o (’Jl PP 0 3 """""" o by the second. Inc, the flrst_ and
c second movements overlap with each
RT3 R — other by 0.05 units. The overlap is
% 14 implemented by applying a blended
Zos \ target (horizontal green dotted line),
0 : : : which is the average of the first two

0 ol 02 03 04 targets. All trajectories generated by
the gTA model (Prom-on et al. 2009).

Tactile anchoring

This mechanism is the final piece that completessifilable puzzle, because
it provides solutions to three critical issues. sEirit explains how
synchronization is achieved: by tactile feedbackrduthe closure phase of
consonants. Second, it points out that it is thgeedrather than the center of
the syllable (where sonority is the highest, cliee by Ohala 1992), that is
the essence of the syllable. Finally, it predittat tsyllable onset, where a
maximum number of gestures can be coproducedpétar synchronization
site than syllable offset, which in turn explaingyywCV is the more
prevalent syllable structure than VC and CVC.
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