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The stop-glide distinction: Acoustic analysis and perceptual effect
of variation in syllable amplitude envelope for initial /b/ and /w/
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Amplitude change at consonantal release has been proposed as an invariant acoustic property
distinguishing between the classes of stops and glides [Mack and Blumstein, J. Acoust. Soc.
Am. 73, 1739-1750 (1983)]. Following procedures of Mack and Blumstein, we measured the
amplitude change in the vicinity of the consonantal release for two speakers. The results for
one speaker matched those of Mack and Blumstein, while those for the second speaker showed
some differences. In a subsequent experiment, we tested the hypothesis that a difference in
amplitude change serves as an invariant perceptual cue for distinguishing between continuants
and noncontinuants, and more specifically, as a critical cue for identifying stops and glides
[Shinn and Blumstein, J. Acoust. Soc. Am. 75, 1243-1252 (1984)]. Interchanging the
amplitude envelopes of natural /bV/ and /wV/ syllables containing the same vowel had little
effect on perception: 97% of all syllables were identified as originally produced. Thus,
although amplitude change in the vicinity of consonantal release may distinguish acoustically
between stops and glides with some consistency, the change is not fully invariant, and certainly
does not seem to be a critical perceptual cue in natural speech.

PACS numbers: 43.71.Es, 43.70.Fq

ANTRODUCTION

Much research in speech perception has focused on dis-
covering acoustic properties invariantly associated with
phonological categories. For the most part, this work has not
been successful. Rather, it has tended to show that the acous-
tic attributes associated with the perception of a particular
category vary with phonetic context. However, there are ex-
ceptions to this trend. For example, Stevens and Blumstein
(1978) found that the spectral tilt of the aperiodic energy
immediately following syllable-initial stop release was invar-
iantly related to the perception of place of articulation. Kew-
ley-Port (1983) also reported invariant features distinguish-
ing among places of articulation for syllable-initial stop
consonants; these features were dynamic in nature.

Further, Mack and Blumstein (1983) reported a possi-
ble invariant cue for the stop—glide manner distinction: the
ratio of the rms energy of a brief acoustic segment immedi-
ately following “release offset” to the rms energy of a brief
acoustic segment at “release onset.”! This ratio is large for
stops and small for glides. In other words, stops have large
and rapid increases in amplitude in the vicinity of consonan-
tal release, while glides exhibit no such rapid amplitude
change. The amplitude change itself largely results accord-
ing to the acoustic theory of speech production from the
narrowing of the pharyngeal cavity as the jaw lowers, and
the consequent, correlated rise in frequency and amplitude
of the first formant. The amplitude change in the first for-
mant also, of course, spreads to the second and higher for-
mants (Fant, 1960). In fact, Mack and Blumstein attribute
their success in identifying an apparent invariant acoustic
property to their use of a measure encompassing the whole
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spectrum of natural speech.

As a possible explanation for why earlier perceptual ex-
periments failed to establish invariant relations between the
acoustic signal and linguistic description, Mack and Blum-
stein (1983, pp. 1739-40) suggest:

“... in their search for a particular attribute of the signal
which categorizes the stop—glide phonetic contrast, re-
searchers have typically used highly stylized and sche-
matized test stimuli to the extent that these stimuli have
shared all attributes save the particular dimension in
question. The use of such stimuli may involve failing to
manipulate or ignoring critical acoustic attributes for
stops and glides present in natural speech.”

While this criticism may be reasonable, it should be
stressed that discovering an invariant acoustic property is
not the same as demonstrating that the property has an in-
variant perceptual effect. If it were, perceptual studies would
be supererogatory, and we could confine our attention to
acoustic analysis. Mack and Blumstein’s (1983) results
therefore offer strong support for the well-known fact that
differences in amplitude change in the vicinity of consonan-
tal release are invariantly associated with the different pro-
ductions of stops and glides, but do not address the question
of whether these amplitude patterns invariantly lead to the
corresponding percepts.

In an attempt to address this latter question, Shinn and
Blumstein (1984) conducted a perceptual experiment using
stimuli synthesized to approximate the natural tokens mea-
sured by Mack and Blumstein (1983). Two separate con-
tinua were constructed, one with formant values appropriate
for /i/, and one with formant values appropriate for /a/.
Three amplitude envelopes were given to both the /bi-wi/
and the /ba-wa/ continua. For one set, the amplitude enve-
lope varied systematically between the /b/ end and /w/ end
of the continua, according to values derived from Mack and
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Blumstein (1983). In a second set, all tokens were given a
/b/ amplitude contour, and, in the third set, all tokens were
given a /w/ contour. Combined results of forced choice and
free identification tasks led to the general conclusion that the
amplitude envelope invariantly distinguishes between con-
tinuants and noncontinuants, and is a critical perceptual cue
for the specific distinction between stops and glides. This
conclusion was summarized by the observation that the am-
plitude envelope was “... sufficiently strong to override the
formant frequency, rate, and duration cues...” (Shinn and
Blumstein, 1984, p. 1249).

One potential problem with this study is that, although
the manipulated acoustic attributes of the stimuli were de-
rived from analysis of natural speech, they were nonetheless
synthetic. Whether they could be accurately characterized
as “highly stylized and schematized” (Mack and Blumstein,
1983, p. 1739) is debatable, but clearly they were not natu-
ral. Accordingly, the possibility exists that some critical at-
tribute for stops and glides present in natural speech may
have been ignored (cf. Mack and Blumstein, 1983, p. 1740).

We therefore undertook a small study to determine, first,
if we could replicate the acoustic measurements of Mack and
Blumstein (1983), and second, to see what perceptual effect
appropriate manipulation of the amplitude contours would
have in natural samples.

l. ACOUSTIC ANALYSIS

Two male speakers were recorded reading CV syllables
consisting of either /b/ or /w/ followed by one of the vowels
/i,e,a,0,u/ using a TEAC recorder and Sennheiser micro-

TABLE 1. Mean ratios of rms energy at release offset to rms energy at re-
lease onset. Data (means and ranges of four speakers) from Mack and
Blumstein (1983), and from the present study (means of five tokens from
each of two speakers). “Original” refers to mean values of original syllables.
“Modified” refers to syllables with amplitude envelopes transposed to
match those of appropriate templates.

Present study
Syllable Mack and Blumstein Original Modified
/bi/ 4.28 6.62 1.06
(3.39-5.98) 3.76 1.35
/be/ 4.22 5.54 1.05
(2.62-6.02) 2.63 1.28
/ba/ 3.47 7.62 1.14
(1.70-6.93) 2.03 0.86
/bo/ 3.77 5.48 1.01
(2.15-5.33) 2.54 1.31
/bu/ 2.49 6.77 1.10
(1.37-3.21) 1.45 0.97
/wi/ 1.12 1.24 7.07
(1.05-1.16) 1.64 5.35
/we/ 1.16 1.00 5.64
(1.09-1.31) 1.31 3.30
/wa/ 1.13 1.09 10.70
(1.06-1.20) 1.11 7.46
/wo/ 1.20 1.31 9.47
(1.06-1.32) 1.00 - 1.96
/wu/ 1.10 1.12 4.47
(1.05-1.11) 1.70 248
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phone. Five samples of each syllable were obtained, yielding
50 tokens per speaker (25 each of /b/ and /w/). Tokens
were digitized on a DEC Vax computer using a 10-kHz sam-
pling rate and 2 4.9-kHz low-pass filter setting. Release onset
and offset were identified using the criteria described by
Mack and Blumstein (1983 ). Amplitude ratios between rms
values obtained immediately after release offset and at re-
lease onset were computed for each syllable. Table I reports
mean values for samples for the two speakers in this study
(column 3, “Original”) as well as mean values and ranges
obtained by Mack and Blumstein for four speakers (column
2).

It can be seen that, in large part, we replicated Mack and
Blumstein’s findings. All /b/ amplitude ratio means are
above the criterial value of 1.37 proposed by Mack and
Blumstein, and all but two /w/ amplitude ratio means are
below the criterial value of 1.36. More precisely, 96% of
speaker 1’s tokens and 66% of speaker 2’s tokens were cor-
rectly discriminated by Mack and Blumstein’s metric. (Per-
centages ranged between 86% and 98% for individual
speakers in their experiment.) Thus, although our second
speaker does not exhibit perfect invariance,? the data con-
firm the fact that stops generally exhibit large amplitude
increases in the region of consonantal release while glides

generally exhibit little or no amplitude increase in this re-
gion.

Il. PERCEPTUAL EXPERIMENT

The general method used for the perceptual study was
based on the hypothesis that if the amplitude envelope in the
vicinity of the release is an invariant cue to either the contin-
uant-noncontinuant or the stop-glide distinction, then
changing this characteristic should have a pronounced effect
on perception. Specifically, if stops and glides (or stops and
continuants) are distinguished by the amplitude contours
described by Mack and Blumstein, then transposition of a
stop-vowel amplitude contour onto a glide-vowel syllable
should shift the listeners’ judgments from glide to stop, and
vice versa. To accomplish this manipulation, an amplitude-
matching program was used to modify the amplitude con-
tour of a syllable to match that of a template. Tokens to serve
as templates were selected by picking syllables closest to the
mean ratio values for a given context. For example, the /bi/
syllable for speaker 1 with an amplitude ratio closest to the
mean of the speaker’s five /bi/ tokens was the template im-
posed on all /wi/ syllables for speaker 1. The two exceptions
to this method were the glide templates for speaker 2’s /bi/
and /bu/ tokens: Since the mean amplitudes of the /wi/ and
/wu/ syllables for this speaker exceeded Mack and Blum-
stein’s criterial value (see Table I), the glide-vowel syllables
with the lowest amplitude ratios were used as templates in
these cases. The template and the syllable to be modified
were aligned at release onset to preserve the critical ampli-
tude characteristics in the vicinity of the release. Figure 1
displays samples of a /bV/ and /wV/ syllable produced by
speaker'2 both before and after amplitude modification. The
vertical lines indicate points of release onset and release off-
set, as defined by Mack and Blumstein. Comparing samples
diagonally illustrates that modified tokens had amplitude
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original

modified

/b/

/w/

FIG. 1. Samples of a /bV/ and /wV/ syllable produced by speaker 2, both
before and after amplitude modification. Vertical lines indicate release on-
set and release offset, as defined by Mack and Blumstein.

envelopes similar to original tokens of the alternative type.
Modified tokens were the length of either the template or the
original syllable, whichever was shorter. This manipulation
did not create any systematic variation in length because
there was no systematic length variation in the original to-
kens.

To check the effectiveness of the amplitude transposi-
tion, amplitude ratios were computed for the modified to-
kens using the spectrally defined acoustic segments of the
original syllables.> Mean ratios for modified syllables are
given in column 4 of Table I. In all cases, modified /b/ to-
kens exhibited ratios appropriate for glides (i.e., < 1.36),
and modified /w/ tokens exhibited ratios appropriate for
stops (i.e., > 1.37). '

A test tape was made consisting of all the original and
modified tokens in random order. Using a free identification
task (Shinn and Blumstein, 1984), 19 undergraduate stu-
dents listened to the tape under headphones and wrote the
consonant they heard at the beginning of each syllable. The
total number of responses for each syllable type—e.g., origi-
nal /b/ syllables—was 2 speakers X 25 tokens X 19 listen-
ers = 950. A response was scored ““correct” if it matched the
consonant of the original syllable. Therefore, if amplitude
contour was an invariant cue to the stop/glide distinction, a
100% error rate would be predicted for modified syllables.
Results arelisted in Table IT as percentages of total responses
identified as the original syllable.

TABLE II. Percentages of responses (N = 950) given as original syllable,
by 19 subjects.

/v/ /w/
Original Modified Original Modified
/v/ 100.0 100.0 99.5 97.9
/e/ 100.0 98.9 97.4 93.2
/a/ 98.9 99.5 95.3 81.6
/o/ 99.5 98.9 99.5 90.0
/u/ 98.9 99.5 100.0 91.1
X 995 99.4 98.3 90.8
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These results indicate that, overall, amplitude transpo-
sition had little effect on perception. The mean score across
all subjects and tokens was 97% correct recognition. Modi-
fying /b/ syllables to match the amplitude contour of glides
had essentially no effect: Five errors were made to original
/b/ syllables, and six were made to modified /b/ syllables.
The /w/ syllables were identified less accurately overall. Six-
teen errors were made to original /w/ syllables (2% of the
950 responses). All errors involved the identification of the
consonant as /b/, errors were evenly divided between speak-
ers, and all but two of these errors were made to syllables
ending with /a/ or /e/. Thus these 16 errors cannot be attri-
buted to speaker 2’s /wi/ and /wu/ tokens which demon-
strated amplitude ratios above the 1.36 criterial value. The
highest error rate was on the modified /w/ syllables with 88
incorrect responses (9% of total). Of these 88 errors, 35
(40%) occurred for the vowel /a/ and another 36 (41%)
were evenly spread between the back vowels /o/ and /u/.
Seventy-nine of these errors to modified /w/ syllables (90%
of the 88 incorrect responses) consisted of /b/ responses.
The other nine errors were spread between /h/ responses
and “no consonant heard.”

It might be suggested that modifying the amplitude en-
velopes as we did failed to provide critical information in the
glide prevoicing and, therefore, was not an appropriate test
of the hypothesis. That is, because speaker 1 did not prevoice
his /b/ syllables when these tokens were given /w/ contours,
they lacked the prevoicing information normally present in
glides; conversely, when his /w/ tokens were given /b/ con-
tours, prevoicing information was destroyed. However, this
suggestion can be refuted on both theoretical and empirical
grounds. Theoretically, Mack and Blumstein’s hypothesis
contains no provision for glide prevoicing. Empirically, if
this concern were valid, then speaker 1’s modified /w/ to-
kens should strongly bias responses toward “b” since they
contain no prevoicing, and speaker 2’s modified /w/ tokens
should bias responses toward “w” since they retain prevoic-
ing (speaker 2 prevoiced both /b/ and /w/ in his original
utterances). In fact, 10% of reponses to speaker 1’s modified
/w/ tokens and 7% of responses to speaker 2’s modified /w/
tokens were “b.” Thus there seems to be little difference in
responses as a function of prevoicing.

lil. DISCUSSION

To a great extent, the acoustic results reported here re-
plicated Mack and Blumstein’s (1983): Stop-vowel syllables
generally demonstrated large amplitude changes in the vi-
cinity of consonantal release, while glide-vowel syllables
demonstrated little or no amplitude change. However, the
pattern was not fully invariant for one of two speakers.

In the perceptual experiment, the results were very dif-
ferent from those of Shinn and Blumstein (1984). In the
present study, the amplitude envelope certainly did not over-
ride other perceptually relevant acoustic attributes of the
signal. Consequently, perception of both the continuant—
noncontinuant and the stop-glide distinction was affected
only slightly by modifying the amplitude envelope. Perhaps
the different results of the two studies reflect their different
stimulus materials. While we manipulated natural tokens,
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Shinn and Blumstein used synthetic stimuli and this may
have “...involve(d) failing to manipulate or ignoring critical
attributes for stops and glides present in natural speech”
(Mack and Blumstein, 1983, p. 1740). As to what these at-
tributes may be, the present study is silent. However, much
previous work (e.g., Liberman ez al., 1956; Miller and Liber-
man, 1979; Schwab et al., 1981; Miller and Baer, 1983; Pi-
soni et al., 1983) suggests that critical information for the
syllable-initial stop-glide (/b/ vs /w/) distinction is carried
by the rate and extent of formant frequency change over the
first 10 to 100 ms. In general, these results support the con-
clusion of Shinn ez al. (1985): Many experimental effects
disappear when stimuli are made to resemble natural speech.
Thus it would seem that natural speech provides the listener
with a complex of information for making phonological de-
cisions, any one of which may be severely degraded or inap-
propriately manipulated without seriously affecting percep-
tion.
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'Mack and Blumstein computed the rms energy for 15-ms segments, except
at stop releases where 5-ms segments were used. Relevant segments were
defined as follows:

stops

(1) release onset: that point, clearly visible in the waveform, where
aperiodic noise occurs.

(2) release offset: that point, also visible in the waveform, where glottal
pulsing begins.

glides

(1) release onset: the portion of the utterance characterized by a “visu-
ally perceptible increase in waveform amplitude and/or complexity”

(Mack and Blumstein, 1983, p.- 1741).
(2) release offset: the point where F2 appears as distinct from F1 in the
LPC analysis.

The use of different definitions for stops and glides raises problems which
we have ignored. We simply followed the procedures of Mack and Blum-
stein. )

The term “invariance” may be used slightly differently in this paper and in
that of Mack and Blumstein. We have used the term in its literal sense to
refer to something that “...remains the same irrespective of the context,
something that is free of coarticulatory effects...” (Suomi, 1985, p. 268).
This may not be the sense applied to the term by Mack and Blumstein.
(See Suomi, 1985, for a complete discussion. )

*Because the acoustic segments used in computation of amplitude ratios for
the original syllables were spectrally defined, it was impossible to redefine
these segments for the modified syllables in exactly the same way. Modi-
fied syllables maintained the spectral characteristics of the original sylla-
bles. However, if amplitude ratios were computed for modified syllables
using the same absolute time locations as the templates, these ratios obvi-
ously would be the same as those of the templates. Thus, no matter how

amplitude ratios were computed, they met the criterion of Mack and
Blumstein.
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