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ABSTRACT

Rate-induced resyllabification is a speech production
phenomenon in which repeated coda consonants, when
repeated at fast rates, shift in affiliation to a following
vowel. [1, 2] This phenomenon has been cited as
evidence for modes in articulatory coordination which
underlie cross-linguistic tendencies in syllabic
patterning.[2] The current paper investigates whether
resyllabification generalizes from English to Arabic. A
speaker of American English, and of Jordanian Arabic
repeated syllables in time to a rate-varied metronome.
Glottal movement was recorded using endoscopic
glottal transillumination. The English speaker shows a
juncture-marking glottal stop at slow rates which
becomes replaced by a devoicing gesture at fast rates.
The Arabic speaker tends to retain the onset glottal
stops at fast rates, and also introduces a glottal
abduction in coda position. These effects appear due to
linguistic differences between Arabic and English.
Hence, linguistic usage partially determines what
articulatory modes appear in speech production tasks.

1. INTRODUCTION

The background for the present work can best be
summarized by a quote from Stetson’s discussion of the
basis of phonological patterning:

The possible movements and movement
combinations of the speech apparatus for any and
all languages are limited and the movements are
cross-connected and reciprocal. From the range of
these possible movements and combinations, each
language has come to select its own type of
syllable movement and to differentiate the
syllables by a group of phonetic signals. [3]

Here there are two basic claims about the basis of
phonological structure. 1) The universal inventory of
phonological structures is articulatorily determined. This
is why speakers in experiments which manipulate
production factors such as rate can be induced to shift
from one structure to another. And 2) specific languages
choose combinations for phonemic signaling.

Applying this basic approach to the question of syllable-
level patterning, there are two phenomena which have
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recently been examined. The first is rate-induced
bification.[1, 2, 4] VC syllables (such as ‘eeb’) when

ted at fast rates become perceived as CV's (‘bee’).
econd is glottal rephrasing.[2, 5] The relative timing of
l peaks and oral closure in stops differs
atically between VC’s and CV’s at slow rates. At
tes, however, the earlier timing in the VC’s shifts

nly to the later timing typical of CV’s. Tuller &
also showed that tokens with different glottal timing

entified as having different syllable affiliations.

these two phenomena, Tuller & Kelso go on to
ude that glottal-to-oral timing is a good collective
le to summarize the CV – VC differences.

ining this variable reveals modes in timing, such that
ers tend to cluster around certain values. Driving
ers’ production rate upward causes them to shift
one mode into another, more stable mode. Since the
ode is more stable than the VC mode, and since the
ructure is cross-linguistically prevalent, linguistic
ence for the CV structure is at least partially
ned by its motoric stability.

rate induced resyllabification and glottal rephrasing
st that Stetson’s basic claims about the phonological
f different syllable structures are correct. Motor
erations create an inventory of coordination modes.

elative stability of these modes encourages linguistic
unities to use certain coordinations more than
. As a step toward assessing this general model, the
t study presents a preliminary investigation of how
duced resyllabification generalizes to speakers of
ges other than English.

2. METHODS

peech samples examined here were produced in a
ontrolled repetition task. Speakers were to repeat
e mono-syllabic words in time to a metronome.
us work with this procedure has found that speakers
ery little difficulty performing this task.[6, 7]

ontrol: The metronome was varied in several ways.
ata here were taken from rate-varying conditions
the metronome began with a slow period of 450

ll, and after a fixed portion of six syllables, it began
rease in period by 12.5/syll, until stabilizing at a fast
 of 200 ms/syll.



Text Prompts: The speakers were given text prompts with
bisegmental forms consisting of a stop and a vowel. In
half of the forms the vowel came first (as in ‘eep’), in half
the consonant came first (as in ‘pea’). The consonants
included /b/, /p/, /k/, /t/, and the vowels included /i/, and
/œ/. The vowels were front vowels in order increase the
size of the pharynx to facilitate the measurement of glottal
width. The total corpus had 74 utterance types and
approximately 30 syllables per repetition trial for a total of
approximately 2220 syllables per speaker.

Speakers: Two speakers are examined here, the first
author, a native speaker of a northern Midwestern variety
of American English, and a native speaker of a colloquial
Arabic variety from Amman, Jordan.

Recordings: The speakers were recorded at Haskins
Laboratories. Recordings consisted of acoustic traces
sampled at 20 kHz, EMA recordings of tongue, jaw, and
lips, pharyngeal air pressure, and glottal transillumination
sampled at 635 Hz. Glottal transillumination traces are the
output of a photo-transducer attached externally on the
anterior surface of the trachea. The transducer detects a
light source placed in the upper pharynx, modulated by the
size of the glottis.[8] The current study focuses on the
glottal movement patterns and how they are synchronized
with the acoustic trace.

3. ENGLISH OBSERVATIONS

Previous analyses of these English productions [5] have
replicated the findings of shifts in glottal timing.

The first step in analyzing this data was to parse the glottal
traces with respect to what the movements appeared to be
for. Not all peaks in the glottal signal were due to the
same glottal gestures. For example, in VC cases where the
speaker had glottalized stops, the glottal movement for the
consonants was one of closure, not of opening. In these
cases, then, peaks in the glottal function indicate
positioning of the vocal folds for modal voicing in the
vowels, not opening for devoicing the consonants.

Examining only glottal peaks which clearly indicated
devoicing gestures revealed the same patterns found by
Tuller & Kelso. Glottal timing was much earlier for VC’s
than CV’s at slow rates. For VC’s as speakers speed up,
there is a chaotic period, followed by a sudden shift in
timing to the later values found in slow CV’s.

However, such timing shifts were not the only adjustments
being done by the speaker. There was also very clear
evidence for recomposition of the gestural regimes,
involving both deletions and additions.

Figures 1 and 2 illustrate a systematic deletion of the
glottal stop at the onset of VC forms. Figure 1 shows a
synchronized acoustic and glottal trace from a slow
repetition of ‘ip’. It clearly shows three glottal positions,
modal voicing (the shoulder in each function), glottal
abductions for the /p/ synchronized with the middle of the
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rate increases often induced the loss of gestures,
was also evidence for gestures being added at fast
Figure 3 presents the middle portion of a trial with

ed /bi/. At slow rates, there is an alternation between
l stopping at the beginning of each vowel and
g. Suddenly in the fourth syllable an additional
tion appears, synchronized with the onset of the next
. Following this is a period of chaos, typical of rate
ing trials, after which such abduction peaks regularly
r. The fast rate patterns shown here are typical.
is of interest here is that the glottal abduction

ments are not present in the slow rate repetitions but
to have been added.

mmarize, then, the difference between the slow
es and the fast ones can be quite complicated, so the
of rate is more than just one of retiming. The entire
ction strategy is affected. However, the general



contention of Tuller & Kelso that there are modes in
production which are preferred at fast rates [2] does appear
to be correct. Rate increases seem to have the effect of
moving all of the various production regimes in the
direction of one common regime in which the speaker
alternates from voiceless to voiced, and the voiceless
abduction peaks are synchronized just after the release of
the consonant.

Glottal stop 
closures
at VC vowel
onset

Introduction of 
glottal devoicing
gesture at vowel
onset

Regular pattern
of glottal 
devoicing in 
resyllabified VC's

/b/ in Coda
[... /ib /ib ... ... bibi ...]

Figure 3. Fast-rate repetition of /ib/ showing introduction
of additional glottal opening as rate increases.

4. ARABIC OBSERVATIONS

Examining the productions by the Arabic speaker reveal
some quite similar patterns to those found for the English
speaker.  However, there are also very clear differences.

The first is that the Arabic speaker tends to retain the
glottal closure at the beginning of the vowel, even at the
fastest rates. Figure 5 shows cases with only the glottal
stop alternating with modal voicing for the vowel. The
upper trace shows the English speakers’ reduction and loss
of the glottal closure about 3/4’s of the way through the
trial. The bottom trace shows some reduction of the
movement and chaotic fluctuation , but at no time does the
speaker actually loose the repetitive glottal closures.

Time from beginning 
of utterance (s)

6.5 10.5

Arabic

English

Figure 5. Illustrative traces of English and Arabic glottal
movement in repetitions of /ib/.
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sh repeated labial consonants, where listeners
tently showed a sudden shift in their labelling from
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was another, even more striking difference
en the English and Arabic speaker. The Arabic
er often added a glottal abduction at the end of the
epetitions. Figure 7 illustrates this pattern in
tions of /bi/. Here, there are clearly glottal
tions, but they are synchronized with the end of
owel. The voiced stops are pre-voiced. In
e, then, the Arabic speaker, when presented with
rms tended to produce them as CVC’s, with the

on of an /h/ in the coda position.
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This is curiously parallel to the situation with VC
forms, where she tended also to produce them as
CVC’s, by adding a /// in the onset. This effect is much
like what English speakers do, with a difference. Where
the glottal stop in English is a higher-level juncture
marker, it is a lower level lexical element in Arabic.

Hence, what seems to account for these two differences
between the speakers is two differences between
English and Arabic. The first is the use of glottal
onsets for multisyllabic prosodic units in English. At
fast rates, part of what English speakers do is group a
string of syllables into one multi-syllabic unit. The
second is a tendency in Arabic to have full CVC
templates. [9, 10] The typical syllabic structures found in
English and Arabic are quite different and show up in
these speakers’ approaches to the repetitive speech task.

5. CONCLUSIONS

The current analyses of glottal movement patterns in
repetitive speech replicate earlier studies which found
rate-induced changes in the glottal movement, though the
differences between slow and fast speech are more
complicated than was generally noted. Increasing rate
generally to shifts the glottal regimes to a preferred mode
with a glottal opening movement timed slightly after the
release of the repeated consonant. The changes in getting
to this mode can be very extensive, involving both
deletions and insertions of glottal movements.

What this, in turn, suggests is that there are indeed
articulatory modes, as suggested by Stetson’s general
model of phonological patterning. Further, some modes
are motorically preferred, since they can be induced by
manipulating production factors such as rate.

However, in these production experiments, there are large
effects of linguistic experience. How a speaker will
behave in a speech production experiment, even one
which is quite far from a natural communication situation,
is heavily determined by the linguistic function of the
gestures. Hence, there are two lessons to be learned
concerning syllabic patterning in particular.

First, syllabic patterning cannot be divorced from higher
level prosodic patterning. Especially in a language such as
English, any syllable-level modes must also be integrated
in a higher-level structured unit, since the gestures which
make up the repeated regime include markers of this
higher level structure.

Second, syllabic patterning is not the same across
languages, despite a strong bias among linguists to assume
that it is. The current analyses suggest in particular that
the preferred (‘CV’) mode induced by the rate experiment
is ‘in competition with’ a different (‘CVC’) mode which is
prevalent in the Arabic lexical system.

What both of these points have in common is an
observation that languages do not select modes, as Stetson
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