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Removing the release burst from original word-final English /g/
tokens influenced the stop voicing judgments of native French but not
native English subjects. The results suggest that the French subjects
gave greater weight to release burst information because stops are
usually released in the word-final position of French words.

1. Introduction
Listeners can detect auditorily small acoustic differences resulting from differences in
how phonetic categories are realized in different languages (Flege, 1984). The ability to
do so suggests that the prototypes which mediate phonetic perception reflect in detail the
way phonetic categories are realized (Massaro & Oden, 1980; Samuel, 1982). One might
hypothesize that, if a phonetic contrast is realized differently in two languages, native
speakers of those languages will perceive the contrast differently if the acoustic stimuli
they are judging reflect Ihe cross-language
differences in phonetic realization.
Two recent experiments examining the effect of vowel duration supported this view.
In one, native English listeners showed a larger effect of vowel duration than French
listeners in identifying vowels (Gottfried & Beddor, 1984). In the other, English listeners
showed a larger effect of vowel duration than French listeners in identifying the voicing
1985). The differences between the
feature in word-final fricatives (Flege & Hillenbrand,
French and English listeners could be traced to differences in how vowel duration is used
productively to contrast vowels and fricatives in the listeners' native language.
This study examined how native speakers of French and English perceive the voicing
feature in word-final stop consonants.
Stops are usually released in French but not
English (Rositzke,
1943; Umeda & Coker, 1975; Delattre, 1953; Fischer-J0rgensen,
1972). Removing the release burst from English Jp, t, kJ (or replacing it with a voiced
stop burst) increases the frequency of voiced stop judgments by native English listeners
to a much greater extent than removing release bursts from Jb, d, gJ (or replacing them
with voiceless stop bursts; see Mal<~cot, 1958; Winitz Scheib & Reeds, 1972; Revoile,
0095-4470/87/020203

+

06 $03.00/0

©

1987 Academic Press Inc. (London) Ltd.

204

Letters

to the editor

Picket, Holden & Talkin, 1982; Raphael, 1981). Less is known about the perceptual
effect of release bursts in French, but Valdman (1976, p. 37) asserted they are "essential"
to the perception of final stops by native French listeners. This suggests that voiced stop
release bursts may be more important to stop voicing judgments for French than English
listeners.
Some part or all of the stop closure interval of /b, d, g/ is often silent in English but
not French (Lisker, Sawashima, Abramson & Cooper, 1970; Delattre, 1953; Fischerj0rgensen, 1972; Flege & Hillenbrand,
1985). Perhaps as a result, glottal pulsing may
also be a more important cue to voiced stops for native speakers of French than English.
Removing glottal pulsing from the closure of /b, d, g/ yields only a modest increase
in voiceless stop judgments by native English listeners (Wolf, 1978; Wardrip-Fruin,
1982; Raphael, 1981; but see Revoile et al., 1982). Hillenbrand,
Ingrisano,
Smith
& Flege (1984) found that native English listeners did not give predominantly voiceless stop responses until glottal pulsing was removed from nearly the entire closure
interval of word-final tokens of /b, d, g/. However, van Dommelen (1983) found that
French listeners gave predominantly
voiceless responses when glottal pulsing was
removed from only about half the closure interval of word-final French /d/. Since
the speech material and procedures used by van Dommelen (1983) and Hillenbrand
el af.

(1984) differed considerably, the present study directly compared the effect of

varying the duration
listeners.

of glottal pulsing on the voicing judgments

of French and English

2. Methods

et al., 1984) were used again here. Two
Stimuli from a previous study (Hillenbrand
continua ranged from /pEk/ to pEg/, and two from /pik/ to /pigj. Briefly, clear tokens of
peg and the non-word peeg spoken by a native English talker were digitized at a 10 kHz
rate with 12-bit amplitude resolution. Both tokens were produced with glottal pulsing
through the entire closure interval (76 ms for /pig/, 73 ms for /pEg/), and an audible final
stop release burst (13 ms in /pig/, 8 ms in /pEg/). The vowel in /pig/ was shortened from
149 ms to 110 ms by deleting alternate glottal periods. The already short (106 ms) vowel
in /pEg/ was not modified.
Portions of the two stimuli were removed through signal attenuation, beginning from
just before the final stop release burst and working back towards the vowel nucleus. Up
to twelve 10-ms segments were removed, so all the glottal pulsing, plus part of the
formant transitions, was removed from some stimuli. A final stop was evident perceptually to the first author in all with-burst stimuli. but not always in no-burst stimuli in
which 80-120ms of the signal had been attenuated.
The 15 English subjects (mean age, 21 years) were North western University students
who spoke only English. Most of the 15 French subjects (mean age, 30 years) were
recruited at the same location in Paris as the subjects examined by van Dommelen (1983).
The subjects were told in their native language that they would hear naturally produced
English words that had been computer-edited,
that they were to circle "g" or "k" on an
answer sheet, and to guess if uncertain. To ensure they fully understood the task, subjects
were required to identify the final stop in unedited tokens of endpoint stimuli (either
peek and peeg, or pick and pig) in 19/20 trials in a pre-test. The French subjects seemed
to find the task more difficult than the native English subjects, perhaps because the
stimuli were derived from English words. They were told the English phonetic contrast
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being examined was analogous to the contrast distinguishing the French words pique and
figue.

The stimuli were presented (Sony Model TC05M) over headphones (TOH-49) at
a comfortable level (76 ± 2.5 dB), with an inter-trial interval of 2.5 s, and a 5.0-s
interval between to randomizations of the stimuli. The order of the four continua
was counterbalanced. The category boundaries computed by linear interpolation from
identification functions were submitted to a Language x Vowel x Condition (burst,
no burst) ANOV A.
3. Results and discussion
Figure I shows that removing glottal pulsing had a similar effect on the French and
English listeners. Predominantly Ikl judgments were not obtained until all but 0-16 ms
of glottal pulsing had been removed from stop closure intervals. The mean boundary of
the French subjects in the Iii no-burst continuum was 58 ms (SO = 8), as compared to
60 ms (SO = 6) for the native English listeners. The boundaries of the French (74 ms,
SO = 8) and English subjects (71 ms, SO = 8) were also similar in the lEI with-burst
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Figure 1. Mean percent identification of final stops as Igl by native speakers of
French and English as a function of preceding vowel (IiI. IE/) and the presencel
absence of the original/gl release burst; "voicing removed" refers to the
amount of signal attenuated to zero (see text). _, With burst; 0, burst
removed.
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continuum. In the Iii with-burst continuum, however, the
(72 ms, SO = 7) occurred at a longer mean value (i.e., more
the English subjects' (59 ms, SO = 9). The French subjects'
a shorter value (59 ms, SO = 8) than the English subjects'
no-burst continuum.

French subjects' boundary
signal was attenuated) than
mean boundary occurred at
(73 ms, SO = 9) in the lEI

The English but not French listeners showed a difference between the continua with
boundaries averaged 72 ms in the IPEk/-/pEgl continua,
but only 60 ms in the Ipik/-/pigl continua. The French listeners' boundaries averaged
66 ms in the continua with Iii and lEI. This resulted in a significant Language x Vowel
[F(I,28)
= 19.2; P < 0.01] interaction. As expected, the simple main effect of Vowel
was significant for the English [F(I, 14) = 26.3; p < 0.0 I] but not the French listeners
[F(I, 14) = 0.97].
The between-group difference may have resulted from unequal lexical biases. Listeners
tend to favor response alternatives which are real words. The French listeners were probably biased equally towards Ikl responses in the continua with Iii and lEI, but the English
listeners may have shown such a bias only in the continua with Ii/. (Just the Ikl
alternative for the Ipik/-/pigl
continuum is a word in French and English; both the Ikl
and /g/ alternatives for the /pek/-/peg/ continuum are words in English, but only the
Ik/ alternative in that continuum
is a word in French; Robert, 1972). This may explain
why the English but not French listeners required more glottal pulsing to be removed in
than Ipik/-/pigl
continua before giving predominantly
Ikl responses.
the Ipek/-/pr.gl
Removing release bursts affected the voicing judgments of the French but not English
subjects. For the French subjects, Ikl judgments began to predominate when an average
59 ms of signal was removed from the stimuli without bursts (i.e. all but about 16 ms of
the original glottal pulsing). Voiceless stop judgments did not predominate
until an
average 73 ms was removed from the with-burst stimuli (i.e. nearly all the glottal pulsing). The /g/-/kl boundaries of the native English subjects, on the other hand, occurred
at 65 ms both for continua with and without bursts. As a result, the Language x
Condition [F(I, 28) = x 44.8; p < 0.0 I] interaction reached significance. The simple
main effect of Condition was significant for the French [F(I, 14) = 115.3;p < 0.01] but
not English subjects [F( I, 14) = 0.31].
The lack of an effect of removing release bursts for the native English subjects
replicates a finding obtained with the same stimuli by Hillenbrand et al. (1984). The effect
seen here for French subjects is consistent with van Oommelen's
(1983) finding that,
when the intensity of the release burst in a French It I (a voiceless stop cue) was increased
by 85%, French listeners required 20 ms more glottal pulsing to be inserted before giving
predominantly
Idl responses. The between-group
difference suggests that acoustic
information
in release bursts may be a more important
stop voicing cue for native
French than English subjects, perhaps because word-final stops are released more
consistently in French than English. This does not necessarily mean that native English
speakers make no use of voiced stop release bursts, simply that removing release bursts
did not affect how much glottal pulsing had to be removed before predominantly
voiceless stop judgments were obtained. An effect of release burst removal might have
been obtained if some other dimension (e.g. preceding vowel duration or F, offset
frequency) had been varied, or if glottal pulsing had been inserted into the closure of a
Ikl token.
Van Oommelen's (1983) results led us to think that French listeners would require
the removal of less glottal pulsing than the native English listeners before giving
Iii and lEI. The English listeners'
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predominantly
jkj responses. However, it was necessary to remove glottal pulsing from
nearly the entire closure interval to elicit predominantly
jkj responses for both English
and French listeners. It therefore appears that glottal pulsing is equally important for
native speakers of French and English.
However, we must note several reasons for caution in accepting this conclusion.
Although the French and English listeners consistently identified the endpoint stimuli in
all four edited speech continua as jkj or jgj, the stimulus manipulation might have had
a differential influence on how French and English subjects responded to changes in
glottal pulsing duration that was independent of the change in duration itself. Native
speakers of French may tend not to hear unreleased stops as stops (Valdman, 1976). The
stimulus manipulation removed part of the formant transitions (which may have resulted
in a perceived change in stop closure duration). This made it difficult, even for the native
English subjects, to hear a word-final stop when the release burst had been removed.
Additional work is needed to determine how removing a release burst interacts (or is
integrated) with glottal pulsing and other acoustic cues to stop voicing. It would be
useful to present sets of French and English minimally paired words to French and
English listeners (e.g. French bee and begue, English beck and beg). This would minimize
the confounding effect of unequal lexical biases. Stimuli derived from words spoken by
multiple French and English monolinguals should be used, because even highly proficient bilinguals may not realize phonetic categories according to the differing phonetic
norms of their two languages (e.g. Flege, 1987; Flege & Eefting, 1987). The generality
of the release burst effect could be assessed by removing both voiced and voiceless stop
bursts. Assuming the differential effect of removing release bursts on French and English
listeners can be replicated, it would be useful to determine if native speakers of French
become less sensitive to information in release bursts as the result of learning English,
and if native English speakers become more sensitive to bursts while learning French. If
so, it would suggest that phonetic category prototypes are modifiable after being established in L I acquisition.
This research was funded by NIH grant NS20963.
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