Phonetica
Editor:

K. Kohler,

Kiel

Separatum
Publisher: S. Karger AG, Basel
Printed in Switzerland

........................................
Anna Marie Schmidt
James Emil Flege
Department of
Biocommunication,
University of Alabama at
Birmingham, Ala., USA

·····
···
···
··
···

Original Paper

-----.-

Phone~ca 1995;52:41-54

··
Effects of Speaking
Rate Changes on Native and
Nonnative Speech Production

Abstract

Twenty monolingual English speakers and 40 native Spanish
speakers, who were either relatively proficient or nonproficient
in English, produced English Ipl at self-selected normal and
fast speaking rates. The native English (NE) subjects showed
much the same rate effect on voice onset time (VaT) seen in
earlier studies. Native Spanish (NS) subjects who were relatively proficient in pronouncing English used fewer short-lag
stops and showed an English-like rate effect on VaT. NS subjects who were relatively non proficient in English, on the other
hand, used more short-lag stops and did not show a significant
speaking rate effect on VaT, although they did demonstrate
speaking rate effects on vowel duration and phrase duration.
Among the NS subjects were 21 whose VaT values closely
matched those of the NE subjects at both speaking rates, and
who showed a rate effect similar to that found for the NE subjects. Their ability to modify VaT across speaking rates suggested that these NS subjects may have established a phonetic
category for English Ip/.

Introduction

Acoustic measures of voice onset time
(VaT) in syllable-initial stops produced by native English (NE) speakers reflect changes in
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speaking rate. In a study by Summerfield
[1975],6 NE speakers produced CV syllables
in a sentence at (self-determined) normal,
slower, and faster rates of speech. Mean VaT
values in the four syllable-initial stops Ipi/,
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IpaJ, /kil and IkaJ decreased significantly as

speaking rate increased. Diehl et al. [1980]
noted similar speaking rate effects on mean
VOT in IkaJ, as well as corresponding differences in IkaJ syllable duration at slow and fast
rates of speech. Also, Miller et al. [1986] measured tokens of Ipil and /bil spoken by 3 NE
speakers at six speaking rates. The measured
syllables were divided into three subsets based
on the total syllable duration. The distribution
of VOT values in the Ipil tokens shifted toward
shorter values as the total syllable duration decreased. Taken together, these production studies suggest that NE speakers alter VOT in syllable-initial tokens of Ip t k/ in systematic ways
when speaking at different rates.
Changes in segmental articulation that occur as speaking rates change have a direct corollary in speech perception. Using a labeling
task, Miller and Volaitis [1989] found that the
/bi/-/pil phoneme boundary occurred at significantly shorter VOT values for a set of 125-ms
syllables in which VOT was varied than for a
set of 325-ms syllables with the same VOT
values. The authors suggested that the observed changes in labeling reflected the 'internal perceptual structure' of phonetic categories that enable listeners to reconcile the variation in VOT they are apt to hear. It is not
known at present whether the VOT changes
observed at different simulated speaking rates
reflect production constraints to which the
listeners' perceptual phonetic category systems have been attuned, or language-specific
motor realization rules which specify VOT according to speaking rate requirements, or both.
To our knowledge, the effect of speaking
rate on the production of syllable-initial stop
consonants has not been examined for languages other than English, or for the production of English stops by nonnative speakers.
The purpose of this investigation was, therefore, to examine the effect of changes in
speaking rate on VOT in English Ipl produced
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by native Spanish (NS) speakers who learned
English as adults. In English, word-initial Ipl
is realized as an aspirated long-lag stop. In
other languages, such as Spanish, the 'same'
stop is realized with short-lag VOT values
[Lisker and Abramson, 1964]. For example,
VOT values for Spanish Ipl in one study
ranged from 0 to 60 ms, though few tokens
had VOT values greater than 30 ms. The majority of the VOT values clustered at 10 and 20
ms [Williams, 1977]. We were interested in
learning if NS speakers would show the effect
of speaking rate on VOT in English shown by
NE speakers.
Many previous studies have measured VOT
values in English stops produced by adult
learners of English as a second language (L2).
Most of the earlier studies examined what was
likely to have been a single speaking rate since
the words had been read from a list. (But see
Major [1992] for a study of stops in casual
speech.) For example, Caramazza et al. [1973]
found that French/English bilinguals produced
Ip t k/ with VOT values that were significantly
shorter than the VOT values in Ip t k/ produced by NE speakers. Flege and Eefting
[1987a] found that Spanish/English bilinguals
produced It! in English with VOT values that
were larger than the VOT values found in
Spanish monolinguals' productions of It!, but
shorter than the VOT values for It! produced
by English monolinguals in the same study.
The general finding of these and other studies
is that most native speakers of languages with
short-lag stops who learned English as adults
produce English long-lag stops either with
VOT values that are characteristic of the shortlag values in their first language (L1), or with
VOT values that are intermediate to those in
the L 1 and their L2. However, VOT values for
some individual adult learners of English in
some studies [e.g., Schmidt, 1988; Flege,
1991] have been observed to equal or even exceed those observed for NE speakers.

Rate-Dependent Production by
Bilinguals

Although speakers of languages with shortlag Ip t k/ who later learn English as an L2
have been observed to produce the long-lag Ip
t k/ of English with varying degrees of accuracy, the question arises as to whether or not
such nonnative speakers exhibit the same effect of changes in speaking rate on VOT in
English that has been observed for native
speakers of English. Answering the question
might shed light on the issue of phonetic category formation in an L2. That is, those L2
learners whose normal-rate VOT values in
English Ip t k/ equaled or exceeded the values
found for NE speakers might have established
new, English-specific, motor realization rules
for English initial stops. If such individuals'
stop productions are also affected by changes
in speaking rate in the same way as are stops
produced by NE speakers, we might infer the
establishment of separate English phonetic
categories by these L2 speakers.
There are several possible outcomes for the
present study in light of previous studies mentioned above. The first possibility is that some
NS speakers produce English Ipl with Spanish-like short-lag VOT values at both the normal and fast speaking rates. Since few data exist pertinent to the effects of changes in speaking rate on short-lag stops, such a finding
would be of interest in itself. Short-lag stops
might not be affected in the same manner by
changes in speaking rate as are long-lag stops.
In fact, Miller et al. [1986] found that distributions of VOT values for short-lag English /bil
tokens produced by NE speakers at different
speaking rates decreased only slightly when
speaking rate increased. Inspection of figure 2
in Miller et al. [1986] suggests that VOT values for /bil (disregarding prevoiced tokens)
ranged from 10 to 40 ms, with a peak in the
distribution of values around 20 ms for medium-length syllables (which we take to be
representative of a normal speaking rate).
Only a small percentage of the tokens ap-

peared to fall into the 30- to 40-ms range. The
VOT range for shorter syllables (which may
be representative of a fast speaking rate) was
0-30 ms with peaks in the distribution at 10
and 20 ms. For the longest syllables (which
may be representative of a slow speaking
rate), the range of VOT for /bil was 10- 50 ms
with a peak in the distribution around 20 ms.
Again, only a small percentage of the tokens
fell in the 30- to 50-ms range. The finding that
the majority of the VOT values for short-lag
/bl clustered around similar small VOT values
suggests little effect of changes in speaking
rate on short-lag stops. If the NS subjects in
the present study used Spanish-like short-lag
stops in English, then only a small VOT difference might be expected for stops produced at
different speaking rates.
A second set of possible outcomes is that
NS speakers produce Ipl at a normal speaking
rate with VOT values intermediate to Spanish
short-lag stops and English long-lag stops.
VOT in Ipl produced at a fast speaking rate by
these speakers might be unaffected by the
change in speaking rate, or they might show
various degrees of influence from changes in
speaking rate.
The third possible outcome is that NS
speakers produce English Ipl with VOT values
matching those of the NE speakers at a normal
speaking rate. There are at least three potential
findings for their fast-rate English Ip/s. First,
NS speakers might produce Ipl with VOT values exceeding those produced by NE speakers
at a fast speaking rate. They might have accurately assessed the acoustic phonetic properties of English Ip/, but might not have established English-specific motor realization rules
for English stops. In English, they could, thus,
use a form of production strategy such as simply substituting Spanish Ipl produced emphatically. Another production strategy might result from the volitional addition of extra aspiration to a Spanish short-lag stop. In either
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case, NS speakers would be expected to show
little effect of changes in speaking rate in English if they substituted the same long-lag stop
at all speaking rates. Second, NS speakers who
produce /p/ with English-like long-lag VaT
values at a normal speaking rate might produce /p/ with shorter VaT values at a fast
speaking rate, but the fast-rate stops, again,
might not match the fast-rate stops of NE
speakers. Very short VaT values in fast
speech might derive from the substitution of
short-lag /p/ found in Spanish. Third, some,
but not all, NS speakers might show the same
effect of speaking rate on VaT expected for
the NE speakers. Such a pattern of results
would be interpreted to mean that some NS
speakers have established English-like motor
realization rules for English voiceless initial
stops.
In summary, the primary goal of the present
study was to determine, for the first time, if
NS speakers show an effect of speaking rate in
the production of English initial /p/. A secondary goal was to determine how many, if any, of
the NS speakers resembled NE speakers in the
effect of changes in speaking rate on their
VaT values for /p/.

Method
Subjects
A total of 20 NE speakers (5 male, 15 female) and
40 bilingual NS speakers (13 male, 27 female) participated in the present study. All subjects were residents
of Birmingham, Ala., at the time of the study and were
paid for their participation. The NE subjects were
between 21 and 55 years of age (mean = 32 years),
and all passed a pure-tone hearing screening. Eight
subjects came from the Midwest, 7 from the Southeast
(mostly Ala.), 3 from the Northeast, and 2 from the
West. We are aware of no data indicating differences
in VaT related to English dialects. On a language
background questionnaire, the NE subjects indicated
that they could not carry on a simple conversation in
any language other than English (although most had
had exposure to an L2 in high school foreign language
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courses). Therefore, these subjects will be referred to
as 'monolingual.'
The NS subjects met the same age and hearing
criteria, but were required to have learned English after age 13. They were between 19 and 54 years of age
(mean = 32 years). Nine NS subjects came from Columbia, 9 from Mexico, 6 from Peru, and 5 from
Puerto Rico. Published data indicate no differences in
VaT related to Spanish dialects [Williams, 1977].
The subjects' average age of arrival in the US was 26
years (range = 14- 39 years); they had lived in the US
for an average of 6 years (range = I month to 35
years). The bilingual NS subjects estimated using
English 48% of the time on a daily basis (range =
3-93%).
The 40 NS subjects were assigned to relatively
'proficient' and 'nonproficient' subgroups according
to their pronunciation of the following English sentences: I call read this for you. The red book was
good. The good shoe fit SlIe. These sentences were
rated for degree of global foreign accent using procedures described previously [e.g., Flege and Fletcher,
1992]. The sentences spoken by the 40 NS subjects,
and by 5 randomly selected NE subjects, were bandpass-filtered (80-9,000
Hz), digitized at 20.0 kHz,
normalized for peak intensity, and stored on disk. The
sentences were randomly presented in separate blocks
to 10 monolingual phonetically untrained NE listeners. The listeners were instructed to position the lever
on a response box along a continuum ranging from
'no foreign accent' at the top of the lever's range, to
'medium foreign accent' at the middle of the range, to
'strongest foreign accent' at the very bottom of the
range. The listeners were further instructed to reserve
the top of the scale for sentences they believed to have
been spoken by a native speaker of English. They
were to reserve the bottom of the scale for the aile
talker who had the strongest foreign accent of all talkers being considered. A value ranging from I (strongest accent) to 256 (no accent) was stored on disk. A
mean rating for each sentence was based on the final
three (of four) replicate judgments.
Intrac1ass correlation analyses of the ratings obtained for the 10 listeners were carried out for each of
the three sentences. The R values ranged from 0.912
to 0.953 (p < 0.00 I), indicating that the listeners performed the foreign accent rating task in much the
same way. The scores obtained for the Spanish
subjects' productions of the three sentences were correlated moderately (r = 0.70 to 0.77, p < 0.001).
Therefore, a single mean foreign accent score was calculated for each of the NE and NS subjects. These
means were based on 90 ratings (10 listeners x 3 sentences x 3 replicate judgments).

Rate-Dependent Production by
Bilinguals

Table 1. Mean values for characteristics

of the 20 NS subjects in the relati vely proficient and non proficient

subgroups
0.209
Proficient
Difference
8.24
0.532
0.000*
3.98
0.043*0.63
2.10
t1.28
24.6
32.3
2.5
(38)
(1.9)
(6.7)
(7.7)
30.8
(7.2)
138
73
26%
(9)
(35)
65
(6)
(18)
Probability
1.5
(2.3)
27.1
(5.4)
61
%(1.90)
(22)
36%
(18)
4.0
7.7
(7.7)
Nonproficient
3.7(3.3)

The NS subjects' mean ratings averaged 102
(range = 29- 238). Only I NS subject obtained a
score that fell within the range obtained for the NE
subjects' (i.e., 236- 251). The NS subjects were rankordered according to their mean foreign accent scores.
The 20 NS subjects with the highest scores (i.e. least
foreign-accented), which ranged from 95 to 238, were
assigned to the relatively proficient group. Those with
the 20 lowest scores, which ranged from 29 to 94,
were assigned to the relatively nonproficient subgroup. The variation in foreign accent scores was unlikely to have been determined by non-English VOT
values, since the sentences examined contained just a
single prestressed voiceless stop. However, we reasoned that the proficient NS subjects would probably
produce English stops with larger (more English-like)
VOT values than the nonproficient subjects, as was
shown by Flege and Eefting [1987b] for Dutch learners of English. Characteristics of the two groups are
summarized in table I. As expected, the two NS
groups differed in their length of residence in the US
as well as in the percentage of the time they used English.
Procedure
Recordings were made in a sound-attenuated
booth using a Sennheiser microphone. The spoken
material was preamplified and recorded on a Sony
(model DTC-75ES) OAT tape recorder. The 60 subjects first read a list of words in a carrier phrase, and
then read a list of sentences (some of which were used
in the foreign accent rating experiment described earlier). A magnitude production task [Miller et aI.,
1986] was used to elicit the test phrase A green pea at
three different speaking rates. Subjects read the
phrase, and then practiced saying A green pea at what
they considered to be their normal speaking rate, then

at a speaking rate that they felt was twice as fast as
their normal speaking rate, and finally at a speaking
rate that they felt was half as fast as their normal
speaking rate. After the practice, the 60 subjects were
recorded saying A green pea 5 times at each speaking
rate in the following order: normal, fast, slow, normal,
fast, slow, normal.
The first normal rate set and the two slow rate sets
were discarded. The middle three productions at the
remaining normal and fast rates were digitized using
the Kay Computerized Speech Lab (CSL). Productions were digitized at a 10-kHz sampling rate which
automatically set the low-pass filter to a cutoff frequency of 4 kHz. Because of low frequency noise in
the recordings, the tokens were high-pass-filtered using a 125-Hz Blackman digital filter before temporal
measurements were made on the CSL. In 4 of the 720
utterances examined, I of the 3 middle tokens was unmeasurable due to noise or very breathy production.
In these cases, the last of the 5 tokens was used instead.
A total of 12 productions of A green pea at two
speaking rates was measured for each subject. Three
temporal measurements were made in each utterance;
VOT, vowel duration, and phrase duration. Measurements were made to the nearest 5.0 ms. Syllable duration was defined as the sum of VOT and vowel duration. VOT was measured from the release burst of Ipl,
to the onset of periodicity in the following vowel. The
burst was usually marked by a clear vertical striation
in the spectrogram in the region of F2 and higher formants. The oscillogram and energy trace were inspected to ensure that low intensity bursts or aspiration were not missed. Onset of the vowel was defined
as the onset of visible energy in the region of F, and
higher formants on the spectrogram, with supplementary use of information in the oscillogram and energy
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trace as needed. In instances in which the following
vowel exhibited little or no periodicity in the region of
F2 and higher formants, the onset of periodic energy in
F I was used as the demarcation for the onset of the
vowel.
In addition to VOT, the duration of the vowel and
the duration of the entire utterance were measured.
Onset of the first vowel in the utterance and offset of
the final vowel in the utterance were defined primarily by the onset/offset of energy in the region of F) in
the spectrogram. This point often aligned closely with
the cessation of energy in the oscillogram and the return of the energy trace to the floor (set at 40 dB). Energy in F2 and higher formants was not used in determining the onset and offset of the utterances because
voicing was sometimes not initiated after production
of the /pl. In instances where tokens were produced
without a pause between a final vowel and the initial
vowel of the next token, measurements of the phrases
and vowels were taken at the beginning of steady
states with reference to the oscillogram and energy
trace as mentioned above.
All measurements were made by the first author.
Forty-eight (7%) of the utterances already measured,
including 6 tokens each from two rates spoken by 2
NE subjects and 2 NS subjects, were selected at random and remeasured. (Only the first measurements
were used in subsequent analyses.) Mean absolute
intraobserver difference for VOT was 3.7 ms (range =
0-11 ms). Mean absolute vowel measurement difference was 9.6 ms (range = 0-58 ms), and mean absolute phrase difference averaged 12.1 ms (range =
0- 81 ms). Intraclass correlation analyses of the two
measurements were carried out. The R values ranged
from 0.966 to 0.983 (p < 0.001).

Results

Speaking Rate Effects

In order to test for between-group differences in speaking rate, the mean VOT values,
mean vowel durations, mean syllable durations, and mean phrase durations for the
phrase A green pea spoken at the normal
speaking rate and at the fast speaking rate
were calculated for each of the subjects. Figure I displays the mean values for VOT, vowel
duration, syllable duration and phrase duration
by group.
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Vowel durations for the Iii vowel in Ipi/
were first examined to determine if the NE, the
relatively proficient NS subjects, and the relatively nonproficient NS subjects changed rates
of speech as instructed and changed speaking
rate in the same way. The mean vowel durations for the 60 subjects were submitted to a
3 x 2 (Group x Speaking Rate) ANOVA with
repeated measures on the rate factor. This
analysis yielded a significant main effect of
Speaking Rate [F(l, 57) = 78.5, P < 0.0 I], but
no significant main effect of Group [F(2, 57) =
2.7, P > 0.05] or interaction [F(l, 57) = 0.45,
p > 0.05]. Thus, one might conclude that all
subjects changed speaking rates similarly. Additional ANOVAs were carried out for syllable
duration and the duration of the entire phrase.
For syllable duration, there was a significant
main effect of Group [F(2, 57) = 8.29, p <
0.0 1], but no significant interaction. Tukey's
HSD tests indicated that the NE subjects produced significantly longer Ipil syllables (278
ms) than the nonproficient NS subjects (219
ms). For phrase duration, there was a significant main effect of Speaking Rate [F( 1, 57) =
142.9, P < 0.0 I] but no significant main effect
of Group [F(2, 57) = 0.515, p > 0.05], and no
significant interaction. All three groups produced significant differences in syllable duration and phrase duration (p < 0.0 I ) at the two
speaking rates.
As just discussed, the NE and NS subjects
changed the durations of at least some parts of
the test phrase at different speaking rates.
However, our primary interest was in the effects of changes of speaking rate on VOT values. The NE subjects and the proficient NS
subjects produced a larger difference in mean
VOT for Ipl produced at the normal and the
fast speaking rates (57.3 vs. 42.9 ms, 41.7 vs.
34.0 ms) than did the nonproficient NS subjects (24.7 vs. 22.9 ms). The VOT values were
submitted to a 3 x 2 (Group x Speaking Rate)
ANOVA with repeated measures on the
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Fig. 1. Mean values, in milliseconds, at normal and fast speaking rates for VOT (a), vowel duration (b), syllable duration (c), and phrase duration (d) for 20 monolingual English subjects and two groups of 20 Spanish
subjects differing in English-language proficiency. Error bars indicate standard error.

47

Speaking Rate factor. The ANaVA yielded a
significant main effect of Group [F(2, 57) =
17.0, P < 0.01], a significant main effect of
Speaking Rate [F(1, 57) = 46.4, P < 0.01], and
a significant interaction [P(2, 57) = 9.8, P <
0.01].
Tests of simple main effects revealed that
the NE and proficient NS subjects produced
stops with significantly different mean VaT
values at the two speaking rates (p < 0.01),
whereas the nonproficient NS subjects did not
(p > 0.10). The simple main effect of Group
was significant at both speaking rates (p <
0.01). Tukey's HSD tests indicated that, at the
normal rate, the NE subjects' mean VaT
value (57 ms) was significantly larger than the
proficient NS subjects' mean VaT value (42
ms), whose mean VaT value was significantly
larger than the nonproficient NS subjects' (25
ms, p < 0.01). At the fast rate, the NE (43 ms)
and the proficient NS subjects (34 ms) did not
differ, but both of these groups produced stops
with significantly longer VaT values than the
nonproficient NS subjects (23 ms, p < 0.01).
These results indicate that the proficient NS
subjects were intermediate to the NE subjects
and nonproficient NS subjects at the normal
rate, but did not differ from the NE subjects at
the fast rate. The NE subjects and the proficient NS subjects showed a significant speaking rate effect on VaT, but the nonproficient
NS subjects did not.
Short-Lag /p/

If the NS subjects were substituting Spanish /p/ for English /p/, one would expect them
to have produced short-lag stops with VaT
values of about 0-30 ms [Williams, 1977].
The possible use of short-lag VaT was further
explored by tabulating the number of stops
with a VaT value of less than 30 ms for all
groups at both speaking rates. The NE subjects
were included because at least some VaT values produced by NE speakers can be expected
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to fall into the short-lag region [Miller et aI.,
1986]. Indeed, the NE subjects produced 39
(14%) stops that fell into the short-lag region.
The relatively proficient NS subjects and relatively nonproficient NS subjects produced 98
(41 %) and 185 (77%) short-lag stops, respectively. A one-way ANaVA comparing the
number of short-lag stops produced by the 20
subjects in each group yielded a significant
main effect of Group [F(2, 57) = 17.8, P <
0.01]. A Tukey's HSD test revealed that the
NE and proficient NS subjects produced significantly fewer short-lag stops than did the
nonproficient NS subjects, but the NE and NS
subjects did not differ significantly from each
other (p < 0.05). This suggests that the relatively proficient NS subjects were less likely
to substitute short-lag Spanish /p/ for English
/p/ than were the relatively non proficient
Spanish subjects.
Phrase Level Speaking Rate Effects

The speaking rate effect on stop production
noted in earlier studies of English monolinguals involved a decrease in the mean VaT
value with an increase in speaking rate, where
rate was assessed by measuring the duration of
another part of the utterance in which the stops
occurred. For example, Summerfield [1975]
found a significant 9.8-ms mean VaT difference for /pi/ between the fast and medium
rates, and a mean 117-ms difference in the four
syllables preceding the CV syllables in which
the /p/ occurred. (Similar differences were observed for the other sounds measured.) However, in previous studies the relationship
between vaT in stops and other stretches of
surrounding speech was not examined in detail.
Figure 2 shows a scattergram of VaT plotted against syllable duration, defined as the
total duration of the VaT interval and the
vowel in /pi/. The plot for each group shows
the 240 tokens at both speaking rates. VaT is
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on the x axis and syllable duration is on the y
axis. A regression line was fitted to the data.
Figure 3 shows VOT plotted against phrase
duration for the utterance A green pea. In order to examine more closely the effect of
speaking rate on VOT, correlation coefficients and slopes of regression lines were
computed for each talker, based on 12 tokens.
VOT was regressed on syllable duration,
vowel duration, and phrase duration. The individual correlation coefficients and slopes
were submitted to separate one-way ANO-
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VAs. For the correlation coefficient scores,
the main effect of Group was significant for
all three analyses [for syllable duration, F(2,
57) = 6.8, p < 0.0 1; for vowel duration, F(2,
57) = 4.2, P < 0.02; for phrase duration, F(2,
57) = 6.5, P < 0.01]. Tukey's HSD post-hoc
tests showed that the correlation between
VOT and total syllable duration, between
VOT and vowel duration, and between VOT
and phrase duration was greater for NE and
the proficient subjects than for the nonproficient subjects for all three analyses (p < 0.01).
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The NE subjects and the relatively proficient
NS subjects did not differ significantly (p >
0.10). Although the slope of the regression
lines in figures 2 and 3 appeared to indicate
distinct patterns for the groups, ANOVAs examining individual slopes did not prove significant. For the slope of the regression lines,
there was no main effect of Group in any of
the three analyses [for syllable duration, F(2,
57) = 2.9, P > 0.05; for vowel duration, F(2,
57) = 2.9, P > 0.05; for phrase duration, F(2,
57) = 1.3, P > 0.5].
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These results suggest that the relatively
proficient NS subjects modified stop production as a function of speaking rate in the same
manner as the NE subjects. That is, as their
phrase, syllable, or vowel durations decreased
from the normal speaking rate to the fast
speaking rate, their VOT values also decreased. However, the weaker correlations obtained for the nonproficient NS subjects may
have been due to the incompressibility of
VOT. As discussed earlier, VOT values in
short-lag English fb/ tokens changed little
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across speaking rate [Miller et aI., 1986]. The
range of the nonproficient NS subjects' VaT
values at the nomal speaking rate was small
and was located at the shorter end of the VaT
range. Perhaps the already short VaT values
could not be reduced further. If so, then no
strong correlation between VaT and the other
measures could have emerged.
English-Like Production
by Some NS Subjects
In the results discussed above, the mean
VaT values for the relatively proficient NS
subjects were found to be intermediate to

those observed for the NE subjects and the
relatively non proficient NS subjects at the
normal speaking rate. However, in the
'introduction' we discussed the possibility that
at least some NS subjects might show the
same effect of speaking rate on VaT that was
expected for NE subjects. Figure 4 displays
frequency histograms for each of the three
groups. Each histogram shows the distributions of VaT values, in successive 7.S-ms
bins, for /p/ in the phrase A green pea spoken
at the normal and fast rates. There are 240 data
points per group (20 subjects x 2 rates x 6 tokens). The black bars represent the vaT val-
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ues from the fast speaking rate; the white bars
represent vaT values from the normal speaking rate. A cubic spline connects the bars.
The NE subjects (fig. 4a) exhibited two
overlapping distributions of vaT values at the
normal and fast speaking rates. At the normal
speaking rate, the NE subjects' VaT values
for Ipl ranged from 22 to III ms (mean = 57.3,
SO = 16.8). The majority of their stops had
VaT values between 35 and 65 ms. At the fast
speaking rate, smaller vaT values, which
ranged from 14 to 96 ms (mean = 42.9, SO =
15.3) were observed.
The relatively proficient NS subjects (fig.
4b) also showed a difference in the distributions of VaT values for the two speaking
rates. Their normal speaking rate VaT values
ranged from 11 to 105 ms (mean = 41.7, SO =
17.8). At the fast speaking rate, the distribution of vaT values for the entire group of relatively proficient NS subjects shifted to
shorter VaT values ranging from 8 to 85 ms
(mean = 34.0, SO = 15.8) with a peak at about
20 ms. The distributions of normal and fastrate vaT values were different for the two
groups of NS subjects. The relatively nonproficient NS subjects (fig. 4c) showed little difference in the distribution of VaT values at
the two speaking rates. Their normal speaking
rate VaT values ranged from 7 to 77 ms
(mean 24.7, SO = 11.8), with a peak around 20
ms. Their fast-rate VaT values ranged from 4
to 85 ms (mean = 22.9, SO = 11.1), with a peak
at the same VaT value. Most of the stops the
nonproficient NS subjects produced had VaT
values of less than 30 ms.
Although the mean VaT values for the relatively proficient NS subject group were intermediate to the mean VOT values of NE subjects and the relatively nonproficient NS subjects, examination of figure 4 suggested that
the VOT values for at least some NS subjects
might show the effect of changes of rate
shown by the NE subjects. In order to test this,
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three criteria were established. The first two
criteria were mean VOT values at the normal
speaking rate and at the fast speaking rate that
fell within 2 SD of the mean VaT values for
the NE subjects. The third criterion was a
speaking rate effect, defined as the difference
between VaT values at the normal and fast
speaking rates, that also fell within 2 SO of the
mean rate difference for NE subjects. Nineteen of the 20 NE subjects met these criteria.
Of the 40 NS subjects, 16 of the proficient and
5 of the nonproficient subjects had VOT values and differences that met the criteria. The
subgroup of 21 NS subjects' VaT values
ranged from 19 to 83 ms (mean = 44 ms, SO =
15.9) at the normal speaking rate and from 16
to 66 ms (mean = 36 ms, SO = 14.9) at the fast
speaking rate. The difference in vaT values
between speaking rates ranged from - 2.67 to
39.5 ms (mean 12.76, SO = 11.46) for the NE
subjects who met the criteria. The VaT difference ranged from -0.667 to 24.7 ms (mean =
7.87, SO = 7.13) for the subgroup of 21 NS
speakers. Based on the criteria described,
these NS subjects may have established English-like motor realization rules for English
Ip/. The average foreign accent score for the
subgroup of 21 NS speakers ranged from 35 to
238 (mean = 95, SD = 47.66) and included the
highest rated NS subject. The average foreign
accent rating for the 19 NS subjects who did
not meet the criteria for English-like motor realization rules ranged from 29 to 191 (mean =
109, SO = 44.71).

Discussion

The effect of changes in speaking rate on
vaT in English syllable-initial Ipl was examined for native speakers of English and two
groups of NS speakers. All NS and NE subjects demonstrated at least some changes in
speech production in English related to speak-
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ing rate. The duration of the phrase in which
the syllable of interest (/pi/) occurred, the
vowel Iii, and the syllable Ipi/, were all shorter
at a fast speaking rate than at a normal speaking rate. This indicates that all subjects, including the nonproficient NS subjects, followed the instructions to change speaking
rates. However, VOT was differentially affected by speaking rate for NE subjects and
some of the NS subjects.
As expected from earlier studies, NE subjects produced Ipl with significantly shorter
mean VOT values at a fast speaking rate than
at a normal speaking rate (43 vs. 57 ms). A
speaking rate effect on VOT was not found for
the nonproficient NS subjects (fast: 23 ms,
normal: 25 ms). This is not surprising since, as
noted earlier, Miller et al. [1986] did not find
much change in the distribution of short-lag
English /hI VOT for NE speakers. The relatively nonproficient NS subjects may have
been substituting a Spanish short-lag Ipl for
English Ip/. Although some individual nonproficient NS subjects showed small speaking
rate effects on mean VOT values, 6 of the 20
showed effects in the wrong direction. (None
of the proficient NS showed a reverse speaking rate effect, although 2 of the NE subjects
did.) The nonproficient NS talkers might have
been unable to control the speech production
mechanism precisely enough to reduce their
short-lag mean VOT by more than a few milliseconds. Or it may be that compression of
short-lag voiceless stops is not specified in the
motor realization rules. The data presented
here are not sufficient to answer this question.
However, the relatively proficient NS subjects produced Ipl with significantly shorter
VOT at the fast rate than at the normal rate (34
vs. 42 ms). They also, as expected from earlier
studies, produced Ipl with VOT values at a
normal speaking rate that were intermediate to
those found for the English subjects (57 ms)
and for the nonproficient NS subjects (25 ms).

These NS subjects demonstrated a speaking
rate effect on VOT. However, because they
differed from NE subjects at the normal speaking rate, they cannot be said to have produced
English Ipl authentically.
If NS speakers are to produce English Ipl
authentically, they must use fewer Spanishlike short-lag stops. The proficient NS subjects differed from the nonproficient NS subjects in their use of short-lag Ip/, and did not
differ from the NE subjects. Apparently, these
proficient subjects were not substituting Spanish Ipl for English Ip/.
As expected from some earlier studies, a
subgroup of 21 NS subjects, mostly from the
proficient NS group, produced English Ipl
with VOT values at normal and fast speaking
rates that closely matched the Ipl produced by
NE subjects. The evidence presented here indicates that the 21 NS subjects who seemed to
produce Ipl authentically in English were not
simply substituting a modified short-lag NS
Ipl for all English Ip/s, at least in the context
tested. They also did not appear to use an English-like Ipl at a normal speaking rate while reverting to a Spanish-like Ipl at a fast speaking
rate. To the extent that speaking rate effects on
VOT values are indicative of English-specific
motor realization rules, these NS subjects appear to have met at least one criterion for establishment of an English /p/ category. However, the context was limited to one word,
spoken repetitively, in a laboratory setting.
Additional evidence for English motor realization rules due to speaking rate must be gathered from a wider range of words and sounds,
produced in a more natural speaking situation.
At least one other problem remains, however. It is conceivable that, as a universal
phonetic phenomenon, long-lag VOT values
would be systematically reduced as rate increases simply as a result of increased speed of
stop production rather than as a result of language-specific rules. In that case, those sub-
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jects who seemed to resemble NE speakers at
a normal speaking rate would also seem to resemble NE subjects at a fast speaking rate.
Further research is needed regarding the
possible existence of speaking rate effects in
short-lag VOT languages such as Spanish and
French to see if the lack of a speaking rate effect found for the VOT values of nonproficient
NS subjects is due to the use of /p/ from Spanish and if, indeed, ~panish does not show
speaking rate effects for voiceless initial stops.
It would also be of interest to examine other

languages with long-lag stops as well as languages such as Thai, which have short-lag and
long-lag voiceless initial stops, for effects due
to changes in speaking rate.
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