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Stop Duration and Volcing in English

Leigh Lisker*

Haskins Laboratories, New York City

A good deal of what is known about the acoustic cues to
the volced-voiceless contrast in English stop consonants 1s due
to the work of Pierre Delattre and his colleagues of the Hasklns
Laboratories, (Delattre 1958; Liberman, Delattre and Cooper
1958; Liberman et al. 1959). A recent summary statement of Del~-
attre's (1965) emphasizes the multiplicity of acoustic features
to which the listener attends in deciding whether a stop belongs
to the /bdg/ or the /ptk/ set. This multiplicity is not hope-
less diversity, however; some, and perhaps all, of the acoustic
cues to the voicing contrast are certainly interconnected as
consequences of a much simpler articulatory difference between
the two categories of stops. Thus Arthur Abramson and I have
for some time been trying to understand many of these features
as the acoustic consequences of a difference in the slze of
glottal aperture (Lisker and Abramson 1964, 1965, 1967, 1968;
Abramson and Lisker 1965, 1968a, 1968b). Two features, very
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likely not independent of one another, are less plausibly con-
sidered to be related directly to glottal aperture; these are
the durations of stop closure and of an immediately preceding .
syllabic, 1In the present discussion attention will be limited
to the feature of closure duration.

In a paper (Lisker 1957) published some years ago I report-
ed finding that the voilced-voiceless contrast of English stops
may have, as one of its phonetic manifestations, a difference in
the duration of closure. The evidence was a set of spectrographic
measurements showing that in intervocalic position within trochaic
words /p/ is regularly longer than /b/. Moreover there were data
from a series of tape-cutting experiments to indicate that this
difference 1s of some perceptual significance. Since these find-
ings are consistent with certaln current views which relate the
/ptk/ : /bdg/ contrasts to a "fortis-lenis" differencel, and this
iIn turn to a long-short difference, it is perhaps worth emphasiz-
ing the fact that medial /p/ and /b/ were found not to differ
significantly except when preceded by a stressed syllabic and
followed by an unstressed onez. Moreover, 1t was also pointed
out in my paper of 1957 that the measure of closure duration is
further limited in usefulness because, in the nature of thlings,
an acoustical measure of closure duration cannot be applied to
stops either in initial position or finally when there is not
acoustic lndlcation of a release. The purpose of the present
discussion 1s to present some additional measurements of stop
closure duration, this time derived not from acoustic records at
all, but taken instead from records of the intraoral air pressure
developed during stop productions in various positions within
isoiated wordSB. These new data corroborate the earlier acoustic
measurements of medial stop durations, and also enable us to
define a measure of closure duration for stops in utterance-
initial position.
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Pressure traces of the kind shown in Figure 1 were obtalned
by introducing a pressure transducer (Statham Pressure Transducer
Model P 23-BB) into the hypopharynx by way of the nose and record-
ing its output on one channel of a penwriter., Simultaneous re-
cordings of the speech waveform and glottal signal on other chan-
nels of the penwriter made it a fairly simple matter to correlate
aspects of the intraoral pressure profile for a given utterance
with features of the acoustlic signal, and hence indirectly with
the séquence of articulatory events performed by the subject.

If we suppose that when oral closure occurs there is a rise in
the intraoral pressureu, and that the point in time at which the
pressure drops sharply corresponds to the release of the occlus-
ion, then we have in the interval between these two points of
pressure change a measure of the duration of the stop closure,

In the representative pressure trace of the word tepid (Figure 1)
such intervals, indicated by the horizontal bars, have durations
of 150, 105 and 95 msecs. for the initlal, medial and final
stops respectively. There is reason to be cautious about accept-
ing the value determined for the final stop as a true measure of
5, but the duration of 105 msecs, for the
medial /p/ is in very close agreement with the value obtained by

its closure duration

measuring the length of the formantless interval in the spectro-
gram for the same utterance token. This agreement argues for the
reasonableness of the measurement convention adopted.

The data to be reported are derived from pressure profilles
recorded from ten productions of a set of twenty disyllabic ut-
terances, all by a single talker, The items were pronounced in
isolation in a "normal conversational manner at a fairly uniform
rate and loudness level, Each utterance was produced with unem-
phatic declarative sentence intonation, Values obtained for the

initial and medial stops included in the test utterances are
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glven as frequency distributions in Figure 2, From these dis-~
plays 1t is very clear that, if these values represent durations
of stop closure, then the two categories of stops differ dramat-
ically in this feature only in medial post-stress position, where
mean values and ranges are remarkably similar to those determined
spectrographica11y6. It is In jJust this position that a duration-
al difference in the syllables preceding the stops is most appar-
ent. Initially and in medial position after unstressed syllabics
the voiced and voiceless categories differ only negligibly in
duration, There is, to be sure, a difference between the two
categories in respect to closure duration, in that stress con-
ditions the duration of the voiced stops, but plays essentially

no role in the case of the voiceless category. The durational
differences between voiced stops preceding stressed and unstressed
syllabics are certainly as much to be remarked as the difference
between voiced and voiceless categories in the one position where
a serlous difference is found.

From the above it appears that a difference in closure dura-
tion is far from being a regular feature of the contrast between
English /ptk/ and /bdg/. It thus becomes impossible to assert
both that a durational difference i1s the regular mark of a forp-
tis~lenis contrast and that /ptk/ are everywhere fortes as con-
trasted with lenes /bdg/. If the vitality of the fortis:lenis
view of the contrast is maintained, then the durational feature
18 no more serviceable as an index of force of articulation than
 other proposed measures have proved to be, If, on the other hand,
it is supposed that the two stop categories differ in force of
articulation only where they differ in duration, then the fortis-
lenis difference no longer can be said to fulfill the distinctive

feature role as this is usually understood.
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Footnotes

Thus Roman Jakobson, C. Gunnar Fant and Morris Halle (1963)
state that "in consonants tenseness 1is manifested primarily
by the length of their sounding period, and in stops, 1n
addition, by the greater strength of the explosion,"

Perhaps because this point was made in a footnote in my
paper of 1957 (fn. 6, p. 43), A. Malécot (1961) interpreted
my data as lending strong support for the Jakobson, Fant
and Halle statement cited in fn. 1.

This experiment is described in Lisker 1965,
More precisely, to be sure, we must suppose that the alr

pressure begins to rise before the mouth is completely
closed.

Articulatory changes other than release of the stop occlusion

may play major roles in effecting a drop in the intraoral
alr pressure.

"Closure durations for p fall in the 90-140 msec. range,
with an average value of about 120 msecs.,, while values for
b vary from 65 to 90 msecs., with an average of 75 msecs,"
(Lisker 1957, 43). However, a more recent study by Sharf
(1962) reports mean values of 92 and 60 msecs. for p and b
respectively. Whether the differences 1n the values glven
in the two reports are substantive or merely due to differ-
ent measuring conventions is not clear, but it should be
noted that the ratios of b to p closure durations are
almost identical.
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