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ABSTRACT 

The aim of this experiment was to analyze the coordination 
of glottal and supraglottal gestures in English stops in 
post-pausal position, and in voiceless – voiced stop 
sequences. The material consisted of words containing 
phonologically voiced stops after a pause, and of two-word 
sequences. It was observed that the implementation of 
voicing in mixed stop sequences could be accounted for in 
terms of the implementation of voicing in single stops: 
speakers who showed voicing lead in phonologically 
voiced post-pausal stops could also show regressive 
voicing into C1 in voiceless – voiced obstruent sequences. 
Conversely, speakers who showed absence of vocal fold 
vibration in postpausal voiced stops displayed partial or 
complete C2 devoicing in sequences like /t#g/. Thus, the 
habits for the implementation of voicing in post-pausal 
stops seem to be related to the voicing timing patterns 
observed in stop sequences.  

1. INTRODUCTION 

Most descriptions of the co-ordination of oral and glottal 
gestures in voiceless – voiced stop sequences in English 
show that speakers may use more than one voicing timing 
pattern. This seems to parallel the variability found in the 
production of voiced stops in initial position.  

In word-initial voiced stops, it has been observed that 
speakers may use two voicing timing patterns, one which 
involves commencing voicing before the stop release, and 
one where voicing starts at the same time as or shortly after 
the stop release [1]. Docherty [2] also points out that there 
is a lot of variability in VOT values within and across 
speakers.  

Westbury [3] studied the timing of voicing in word-medial 
stop sequences in American English. He found that there 
was a lot of variation between speakers concerning the 
voice timing patterns used, although he never found cases 
of regressive assimilation of voicing in voiceless – voiced 
sequences, i.e., cases where voicing started during the 
closure for C1. The results were explained by referring to 
the voicing timing patterns observed in the production of 
single stops in initial position: subjects who produced 
voiced stops with voicing lead also showed voicing lead in 
sequences of voiceless – voiced stops. Subjects who 
produced voiced stops with short lag, on the other hand, 
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d the same pattern in stop sequences. Thus, he 
ded that there were two patterns of co-ordination of 

l and oral gestures in voiceless – voiced stop 
nces, which were analogous to the two patterns 
ed in single post-pausal voiced stops. Finally, 

ero [4] observed that the general pattern is to partially 
pletely devoice C2, although regressive voicing of 

as also attested at fast speaking rates, reflecting 
patory gestural overlap.  

im of this experiment was to determine whether the 
 of voicing in English voiceless – voiced stop 

nces is related to the timing of voicing in word initial 
 stops. 

2. METHOD 

ATERIAL 

material used in the experiment consisted of 
ngful two-word sequences that contained consecutive 
with a different phonological specification for voicing. 
irst consonant was phonologically voiceless and the 
d was phonologically voiced. The number of syllables 
e accentual pattern of the word sequences were kept 
nt. The vowel context was identical. The sequences 
ned two monosyllabic words with the tonic stress 
 on the second word. The material was read at a 
l speaking rate. Additionally, we analyzed voiced 
in word initial position.  

consonants whose articulatory constriction involved 
e-palate contact – and which were consequently 
able in the electropalatographic frames – were used. 
means that bilabial stops were not included. 
rganic sequences of obstruents were not analyzed in 
periment because it was not possible to identify the 
ary between C1 and C2 in the EPG frames or the 
tic signal, since C1 is obligatorily unreleased when 
ed by another stop. Figure 1 below shows the stimuli 
n the present experiment. 

    Frame sentence 

top sequence fat gap:  Say ___ again    

ost-pausal stop gap: ___ again  
  
 
Figure 1. Stimuli used in the experiment. 



The two-word sequences were inserted in the frame 
sentence ‘say ___ again’. The post-pausal stops were 
inserted in the frame sentence ‘___ again’. 

The natural syntactic order of the two words in the 
sequence was respected. Thus, the modifying adjective 
preceded the head noun.  

2.2 SUBJECTS 

Two adult subjects participated in the experiment. They 
were native speakers of English. Both subjects were 
linguistically trained, and no subject reported a history of 
speech or hearing disorders. The English subject labeled 
AL spoke the variety of English known as RP and the other 
subject, labeled ME, spoke General American. The 
dialectal difference was assumed to be irrelevant for the 
experiment, since AmE and BrE have not been reported to 
differ in the realization of stops in terms of voicing. 

2.3 EXPERIMENTAL PROCEDURE 

Simultaneous acoustic, electropalatographic and 
electroglottographic data were collected for the subjects 
reading the speech material. Subjects were asked to sit in 
front of a microphone. The lights were turned off in order to 
reduce external noise to the minimum. The 
electroglottograph (EGG) and the palatograph (EPG) were 
adjusted to the speakers. Then the subjects were asked to 
read the stimuli inserted in a frame sentence.   

All the utterances were stored in a Pentium III Hewlett 
Packard Pavilion. Electropalatography was used to trace 
the movement of the oral articulators, and 
electroglottography was used to trace the activity of the 
vocal folds during the production of the consonant 
sequences. The audio signal of each of the utterances was 
obtained as well for further acoustic analysis.  

The data acquisition and analysis was carried out with the 
help of the Reading EPG3 software, which provides a 
simultaneous multi-channel representation of the EPG, the 
EGG and the acoustic waveform. The sequences were 
recorded at a sampling rate of 10,000 Hz. The duration 
measurements were double-checked by means of 
spectrograms obtained with CSL by Kay Elemetrics.  

2.4 ANALYSIS PROCEDURE 

We wanted to test whether the implementation of voicing in 
single postpausal stops is related to the implementation of 
voicing in stop sequences. Voicing was considered to be 
actual vocal fold vibration as reflected in the EGG trace.  

The EPG contacts were used to determine the onset and 
offset of the articulatory constriction for C1 and C2 in the 
stop sequences and for single word initial stops. A 
frame-by-frame representation of the articulation of the 
stops in each utterance was obtained with the Reading 
EPG3 software (see Figure 2 below). Thus, the 
tongue-palate contacts at intervals of 10 milliseconds could 
be observed. 
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 2. Schematic representation of the labeling and 
ring criteria in the consonant sequences and EPG 
ut of the consonant sequence /t#g/ in ‘fat gap’ with 
notation points indicated. 

llowing points were identified in the frame-by-frame 
ut of the stimuli following Gibbon, Hardcastle and 
aidis [5]: 

pproach to C (AC): the onset of movement of the 
e towards the maximal constriction of C, as shown on 
G signal.  

nset of C (OC): the point in time at which the total or 
al constriction for the first consonant in the sequence 

. 

elease of C (RC): the point at which the articulators 
 moving apart for the release of C. 

 annotation points were then used to determine which 
ns of the stops showed vocal fold vibration. The 
al in the EGG waveform representing glottal 
tion was measured relative to the annotation points 
e percentage of voicing for each consonant was then 
ated. Time 0 in a consonant sequence was defined as 
of the constriction for C2 where a switch in the state 
 glottis would be expected if there was perfect 

ronization between the oral and glottal articulations.  



3. RESULTS 

Figure 3 below displays the timing of vocal fold vibration 
during the constriction for word-initial voiced stops and 
Figure 4 that for voiced stops following a voiceless 
obstruent for the English subject AL. As can be observed , 
this speaker displays voicing lead in initial voiced 
obstruents in most cases (Figure 3).  

 

Figure 3. Percentage of vocal fold vibration in the 
consonant /g/ in postpausal position for the subject AL. OC 
stands for onset of the oral constriction and RC stands for 
release of the oral constriction. Each line represents one 
observation. The yellow lines represent vocal fold vibration 
and the black lines represent absence of vocal fold 
vibration. 

For this speaker /t#g/ may be implemented as voiced 
throughout by speaker AL when the sequence is uttered at a 
fast speaking rate, suggesting complete anticipation of the 
glottal gesture for C2 due to time constraints. Conversely, 
at slow speaking rates the tendency is progressive 
devoicing of C2, suggesting inertial constraints. Thus, the 
speaker’s articulatory strategies to adjust to speaking rate 
differences result in qualitatively different patterns.  

 

Figure 4. Vocal fold vibration in the consonant sequence 
/t#g/ in ‘fat gap’ for speaker AL. OC1 stands for onset of 
C1, OC2 stands for onset of C2 and RC2 stands for release 
of C2. Each line represents one observation. Speaking rate 
in milliseconds appears on the ordinate. 

Figure 5 below displays the timing of vocal fold vibration 
during the constriction for word-initial voiced stops and 
Figure 6 that for voiced stops following a voiceless 
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Speaker AL /t#g/ 

percentage of voicing 
ent for the English subject ME. It can be observed 
his speaker shows little or no voicing lead in 
initial voiced stops. In the sequence /t#g/, C1 was 
s implemented without vocal fold vibration and C2 
ither partially or completely devoiced across rates. 

 

 5. Percentage of vocal fold vibration observed in the 
nant /g/ in postpausal position for the English subject 
he yellow lines represent vocal fold vibration and the 
lines represent absence of vocal fold vibration. OC 
 for onset of the oral constriction and RC stands for 
e of the oral constriction. Each line represents one 
ation. 

 

 6. Vocal fold vibration in the consonant sequence 
n ‘fat gap’ for speaker ME. OC1 stands for onset of 
C2 stands for onset of C2 and RC2 stands for release 
. Each line represents one observation. Speaking rate 
liseconds appears on the ordinate. 

, English shows variability for the organization of 
l and supraglottal gestures during the maximal 
iction for the stops. Either there is gradual 
ation of the voicing gesture for C2 (resulting in total 

tial voicing of C1), or there are inertial effects of the 
l gesture for C1 on C2 resulting in partial or complete 
cing of C2. Besides, each of the speakers seems to 
a parallel timing of voicing in single stops and in stop 
nces. 

Speaker ME /##g/ 
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4. DISCUSSION  

The data in the present experiment show that, in voiceless – 
voiced sequences such as /t#g/, the general pattern is to 
partially or completely devoice C2, although regressive 
voicing of C1 may also occur at fast speaking rates (as 
found for speaker AL), reflecting anticipatory gestural 
overlap. Thus, the data showed large variability in the 
coordination of oral and glottal gestures in obstruent 
sequences, which is compatible with the fact that vocal fold 
vibration during the oral constriction is not a reliable cue 
for voicing in obstruents [1]. The large variability found in 
the coordination of glottal and oral gestures in English 
obstruent sequences is compatible with data by other 
investigators ([2, 3, 4]).  

The coordination of oral and glottal gestures in English 
voiceless – voiced stop sequences may be described as 
perturbation of the glottal state for C1 due to total or partial 
overlap of the competing configuration for the laryngeal 
gesture of C2. Thus, The glottal behavior in these obstruent 
sequences could be explained in terms of the habits of 
implementation of voicing in single obstruents.  

The English speaker AL mainly displays voicing lead in 
initial voiced obstruents. In consonant sequences, the vocal 
fold adduction gesture for /g/ might be advanced to the 
onset of the oral closure for C1, due to articulatory ovelap, 
and result in fully voiced sequences for this speaker. 
Speaker ME shows little or no voicing lead in initial voiced 
obstruents. Thus, for this speaker, anticipation of the glottal 
gesture for /g/ in consonant sequences would result in a 
partially or fully voiceless C2. 

The problem with the formal representation provided by 
feature-based models like autosegmental phonology [6] is 
that it is difficult to account both for the variability 
observed and for gradual, rather than categorical, 
assimilatory patterns. 

An adequate model of phonetic implementation should 
explain the variability observed in English, as well as the 
constraints that are at work in this language. In addition, it 
has to be to established how changes in glottal movements 
are coordinated in time in relation to supraglottal 
movements.  

4. CONCLUSIONS 

The present experiment analyzed the coordination of glottal 
and supraglottal gestures in English stops in post-pausal 
position, and in obstruent sequences in order to see whether 
patterns of voicing assimilation, which are found to differ 
across speakers, are related to the voicing of obstruents in 
isolation. The results obtained in this experiment showed 
great variability in the coordination of oral and glottal 
gestures in voiceless – voiced stop sequences and are 
compatible with the fact that vocal fold vibration during the 
oral constriction is not a reliable cue for voicing in English. 
In addition, it was observed that the implementation of 
voicing in obstruent sequences could be accounted for in 
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of the implementation of voicing in single obstruents: 
ers who showed voicing lead in phonologically 
 post-pausal obstruents also showed regressive 
g into C1 in voiceless – voiced obstruent sequences. 
rsely, speakers who showed absence of vocal fold 

ion in postpausal voiced obstruents displayed partial 
plete C2 devoicing in sequences like /t#g/. Thus, the 

 for the implementation of voicing in post-pausal 
ents seem to be related to the voicing timing patterns 
ed in obstruent sequences.  
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