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Abstract. It is by now well established that during normal conversation talkers often
produce large variation in the rate at which they speak. However, existing research sug-
gests that this modification is largely due to changes in the amount of pausing during con-
versation, and much less to actual changes in articulation rate, that is, the rate at which the
speech itself is produced. In an attempt to examine this issue further, we used a modified
measurement procedure to reanalyze the speech data from 30 talkers in an interview situa-
tion. In contrast to the earlier analyses, we found that there was indeed substantial varia-
tion in articulation rate for these speakers, even within a single utterance of a single talker.
The implications of these findings for theories of segmental perception and for models of

speech planning are discussed.

Introduction

A primary goal of research on speech
perception is to specify the mapping be-
tween the acoustic signal of speech and its
phonetic structure. Over the years, it has be-
come increasingly clear that this mapping is
complex. One aspect of this complexity is
that many of the properties of the speech
signal that convey segmental information
typically vary as a function of a number of
factors including, for example, speaker,
phonetic context, stress pattern, intonation
contour, and speaking rate. Indeed, a major
goal of research has been to specify pre-
cisely how the acoustic form of speech

varies with these factors and to explicate
the manner in which the listener accommo-
dates for this variation in the course of de-
riving the phonetic structure of an utterance
[for reviews of this literature, see Jusczyk,
1984; Liberman et al., 1967; Pisoni, 1978;
and for a different perspective on the prob-
lem, see Stevens and Blumstein, 1981].

One source of variation that has recently
received particular attention is speaking
rate. Numerous studies have shown that in
a laboratory setting speakers are able to
produce specified utterances (e.g. single
words, simple phrases) at varying rates of
speech [Port, 1981; Tuller et al., 1982], and
acoustic analyses of utterances produced in
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such controlled experimental situations
have shown that the alterations in rate mod-
ify the acoustic fine structure of individual
syllables, affecting many of those properties
that convey segmental information, for both
consonants and vowels [Port, 1981; Sum-
merfield, 1975]. Moreover, perceptual re-
search has revealed that listeners are ex-
tremely sensitive to these variations and
that, during the course of speech process-
ing, they treat the segmentally relevant
acoustic properties in a rate-dependent
manner [Summerfield, 1981]. That is to say,
during the course of identifying the segmen-
tal structure of speech, listeners take into
account the rate at which the speech was
produced [Miller, 1981; Nooteboom et al.,
1978 for pertinent reviews].

The significance of this research for the-
ories of segmental perception derives in
part from the belief that changes in rate oc-
cur not only in a laboratory setting, but also
in the course of normal conversation. The
critical assumption is that speakers in a
spontaneous setting change their rates con-
siderably, with concomitant changes in the
acoustic fine structure, such that the type of
rate-dependent processing demonstrated in
perceptual experiments plays an important,
perhaps necessary role in natural language
understanding. However, the existing spon-
taneous production literature would appear
to call this assumption into question. Many
studies have shown that overall speaking
rate — typically measured in words or syl-
lables per minute — does indeed vary con-
siderably, depending on such factors as the
individual speaker, the emotional state of
the speaker, the type of speaking situation,
the familiarity of the material being dis-
cussed, and the like [Goldman-Eisler, 1968;
Grosjean and Deschamps, 1973, 1975]. Over-

all speaking rate is a complex variable,
however, as it is composed both of the rate
at which the speech itself is produced — arti-
culation rate — and the number and dura-
tion of pauses in the utterance — pause rate.
And it has been well established that the
overall changes in speaking rate that occur
both within and across speakers are largely
due to changes in the pause rate, with the
articulation rate remaining relatively stable
across changes in conditions and within a
single conversation [Goldman-Eisler, 1956
Grosjean, 1980]. From these findings one
could conclude that the changes in overall
rate that occur during conversational
speech do not greatly alter the acoustic
structure of the speech itself, calling into
question the need for rate-dependent seg-
mental processing.

But this conclusion is premature, in that
two issues have failed to be addressed in
the literature: the magnitude of variation
issue and the measurement issue. The first
issue concerns what constitutes significant
variation. Although the changes in articula-
tion rate that occur during conversation
may indeed be considerably less than the
changes in pause rate, they may still be
quite substantial with respect to the dura-
tional characteristics of the acoustic prop-
erties specifying phonetic structure, which
are often in the range of tens of millisec-
onds.

Consider the three investigations that
have, to our knowledge, provided the most
detailed analyses of speaking rate in con-
versational speech, beginning with that of
Goldman-Eisler [summarized in Goldman-
Eisler, 1968]. Over a number of years, Gold-
man-Eisler conducted extensive studies on
the temporal structure of speech produced
in a variety of situations, including psychi-
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atric interviews, collegial discussions, and
descriptions and summaries of cartoons.
Regarding speaking rate, her major conclu-
sion was that both across speakers and situ-
ations, articulation rate remained relatively
stable compared to pause rate. But consider
the magnitude of changes in articulation
rate that were reported in a representative
study [Goldman-Eisler, 1956]. The speech
from 8 persons being interviewed in a psy-
chiatric setting was measured; this included
5 patients and 3 staff members. For each in-
terview, the speech was divided into utter-
ances, with an utterance defined as the
speech between successive questions of the
interviewer. For each utterance, the number
of syllables, speech time, and pause time
were determined, and articulation rate was
computed as the number of syllables per
time speaking (discounting time pausing).
Thus, one articulation rate was computed
per utterance. The mean articulation rate
for a given speaker, averaged across utter-
ances of that speaker, ranged from 4.4 syl-
lables/s for the slowest speaker to 5.9 syl-
lables/s for the fastest speaker. In terms of
the average duration of a syllable within an
utterance, this constitutes a range between
227 and 169 ms. Especially important for
our purposes is the standard deviation
in rate across the utterances of a given
speaker; this value ranged from 0.54 to 1.48
syllables/s, yielding a coefficient of varia-
tion ranging from 11.5 to 25.1%. Thus, at
least for some speakers, we can conclude
that there was reasonable variation in the
articulation rate per utterance across the in-
terview situation and this despite Goldman-
Eisler's [1968, p. 25] conclusion that *... rate
of articulation is a personality constant of
remarkable invariance’.

A second major examination of speaking

rate was conducted by Malécot et al. [1972],
as part of a larger study of numerous acous-
tic-phonetic characteristics of conversa-
tional French. The corpus consisted of 50
half-hour conversations with members of
the Parisian ‘establishment’. The articula-
tion rate of each utterance in the corpus
was determined; in this study, an utterance
was defined as a stretch of speech, two syl-
lables or greater in length, between two
pauses. The mean articulation rate across
all utterances in the corpus was 5.73 syl-
lables/s — the lowest articulation rate was
1.67 syllables/s and the highest was 9.67
syllables/s, with a standard deviation of
0.83 syllables/s, or a coefficient of variation
of 14.5%. Recomputed in terms of average
time per syllable within an utterance, the
mean rate is 175 ms/syllable, with a range
from 599 ms/syllable for the slowest utter-
ance in the corpus to 103 ms/syllable for
the fastest utterance in the corpus. Al-
though these statistics do not allow us to
determine the extent of variation in rate for
a single speaker (and the data for individual
speakers were not reported), they clearly
suggest that average syllable durations in
conversational speech are quite variable.
Finally, we turn to the study of Grosjean
and Deschamps [1975], which forms the ba-
sis of the present investigation. These inves-
tigators examined conversational speech
from radio interviews with 30 French and
30 English speakers. A main finding was
that for both languages, changes in overall
speaking rate were due primarily to changes
in pausing, with considerably smaller
changes in articulation rate. But the
changes in articulation rate were not negli-
gible. Across speakers and ‘utterances’ (de-
fined below), the average articulation rate
for French was 5.29 syllables/s with a
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standard deviation of 0.40, yielding a coeffi-
cient of variation of 7.5%0, and for English
it was 5.17 syllables/s with a standard devi-
ation of 0.52, yielding a coefficient of varia-
tion of 10%. These values alone indicate
that there is variation in syllable duration
during conversational speech. But they do
not indicate the extent or pattern of local
variation within a single utterance and, in-
deed, given the method used to calculate ar-
ticulation rate, the extent of variation is
most certainly underestimated.

More specifically, articulation rate was
computed in the following manner. For
each speaker, each response to an inter-
viewer’s question was divided into stretches
of speech that contained no pauses: these
were called runs. The number of syllables in
each run and its duration were determined.
Next, successive runs of speech were
grouped together, beginning at the onset of
the first response, so that successive groups
would each contain approximately 30 syl-
lables. The articulation rate of each group
(‘utterance’) was then computed by dividing
the total number of syllables in the group
by the cumulative duration of the runs com-
prising the group (excluding any pause
time). With this procedure, then, a single
value of articulation rate was based on ap-
proximately 30 syllables of speech; these 30
syllables typically involved more than one
run from a single response and often runs
from different responses. Note that this
procedure is similar to that used by Gold-
man-Eisler [1956] in the respect that each
data point represents the average across an
often considerable stretch of speech. And it
is precisely this type of measurement proce-
dure that constitutes the measurement is-
sue, the second major reason that it is pre-
mature to conclude that there is little varia-

tion in articulation rate during conversa-
tional speech. Namely, the data reported in
the literature are, for the most part, based
on averages across long stretches of speech,
and thus do not reveal the extent of local
variation in speaking rate within a given ut-
terance of a given speaker.

The purpose of the present investigation
was to begin to examine more closely the var-
iation in articulation rate that occurs within
a single utterance of a speaker during con-
versational speech. Specifically, we under-
took a reanalysis of the English protocols of
Grosjean and Deschamps [1975], concentrat-
ing on local variation in rate of articulation.
In the next section of the paper we present
the methodology and the results of this anal-
ysis. In the final section we consider the sig-
nificance of our results for theories of speech
perception and we discuss their implications
for issues of speech planning.

The Reanalyses

Method

As indicated above, the original Gros-
jean and Deschamps [1975] analyses were
based on interviews with 30 speakers. All
interviews were taped from the BBC pro-
gram ‘The World at One’. Each speaker was
being interviewed on a familiar topic, for
example, the war in Northern Ireland, the
adequacy of news coverage, or the arms
race. Our analyses were based on the writ-
ten protocols that were prepared for the ori-
ginal study. Each protocol consists of a
written transcript of the speaker’s answers
to the interviewer’s questions, with various
linguistic and acoustic parameters marked
on the protocol. The acoustic measurements
were originally made from a visual display
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of the speech waveform on a chart recorder,
and are accurate to the nearest 20 ms.

The data base from each interview thus
consists of the speaker’s responses to ques-
tions. Each response is divided into a series
of runs. A run is defined as a stretch of
speech that contains no pauses, with a
pause defined as a silent interval of 250 ms
or greater. The protocol indicates, for each
response to a question, the number of syl-
lables in each run of speech and the dura-
tion of the run. There is thus sufficient in-
formation in the protocols to compute the
articulation rate of each individual run, i.e.,
articulation rate averaged over a single
stretch of pause-free speech. As noted
above, however, in the original analysis a
single value of articulation rate was not
computed over an individual run, but over
as many runs as necessary to yield approxi-
mately 30 syllables of speech. For the new
analysis, we computed articulation rate for
each individual run of speech, within each
response. Across all utterances the mean
number of syllables per run was 11.68, with
a standard deviation of 8.82. The rate of
each run was computed in terms of milli-
seconds per syllable; this measure provides
an index of the average duration of a syl-
lable in a single run of speech. Of primary
interest is the extent of variation in this
measure of articulation rate for individual
speakers.!

! In the original Grosjean and Deschamps [1975]
study, for each speaker the first 15 groups of syl-
lables (each approximately 30 syllables long) in the
interview were included in the analysis. In nearly
every case, this resulted in only part of the data
from the final response being analyzed. Since it was
important to base our analysis on only complete re-
sponses, we did not include the partially analyzed
final responses in our data base. Thus, the two data
bases are not absolutely identical.

Results

Summary data for the 30 speakers are
presented in table I. Consider first the left
section of the table, which provides statis-
tics based on all responses of the speaker
(ranging from one to five). The six measures
are as follows: N is the total number of runs
across all the responses; X and SD are the
mean articulation rate (in ms/syllable) and
standard deviation across all the runs; S is
the articulation rate of the slowest run (i.e.,
longest average syllable duration), F is the
articulation rate of the fastest run (i.e.,
shortest average syllable duration), and
S—F is the difference in articulation rate be-
tween the slowest and fastest run. Clearly,
across the interview, the articulation rate —
in terms of average syllable duration in a
stretch of pause-free speech — changed con-
siderably for an individual speaker. The av-
erage standard deviation was 67 ms, which,
for a mean of 216 ms, yields a coefficient of
variation of 319%0. Moreover, for all but 1
speaker (FLA) the difference in average syl-
lable duration between the fastest and slow-
est run was over 100 ms, and for 20 of the
30 speakers it was 300 ms or greater; on av-
erage, the difference was 323 ms. Thus,
across the interview, individual speakers ef-
fected large changes in the average duration
of a syllable — on the order of hundreds of
milliseconds.

Next consider the middle and right sec-
tions of the table. The middle section gives
the data for the response of the subject dur-
ing the interview that yielded the greatest
difference in average syllable duration be-
tween the fastest and slowest run. On aver-
age, this difference was 309 ms: thus, even
within a single response to a question, there
can be considerable variation in rate. Fi-
nally, the right section provides data for the
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response of the speaker that yielded the
least change in average syllable duration
between the fastest and slowest run. Even
here, the variation in rate is considerable;
on average, the difference between the fas-
test and slowest rate is 169 ms/syllable.

In addition to the extent of variation in
rate, the pattern of variation across a re-
sponse is of interest. Figure 1 (continuous
lines) displays how speaking rate changes
during the course of the interview for a
speaker with an average degree of rate vari-
ation (GAT). For each of the two responses
produced by the speaker, the articulation
rate (ms/syllable) is plotted as a function of
consecutive runs of speech. The most strik-
ing characteristic of the graph is that during
a given response, articulation rate does not
gradually increase or decrease, but changes
course a number of times. This general pat-
tern was typical of the 30 speakers in the
corpus. Thus, the average duration of a syl-
lable can change substantially not only over
the course of an entire interview or even a
single response during an interview, but be-
tween adjacent stretches of pause-free
speech.

Finally, it is instructive to compare di-
rectly the pattern of results found in the
current analysis with that reported by Gros-
Jjean and Deschamps [1975]. As noted above,
those investigators reported a mean articu-
lation rate, averaged across all speakers and
groups (each consisting of roughly 30 syl-
lables of speech), of 5.17 syllables/s with a
standard deviation of 0.52, yielding a coeffi-
cient of variation of 10%0. To obtain com-
parable statistics from our analysis, we con-
verted the articulation rate of each run of
each speaker from milliseconds per syllable
to syllables per second. Averaging across
speakers and runs, we obtained a mean rate
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Fig. 1. Pattern of variation in articulation rate
across two responses of a single speaker (GAT) in
an interview. The continuous lines, which are based
on the current analysis, display the articulation rate
(in ms/syllable) as a function of consecutive runs of
speech. The individual horizontal lines display the
results of the analysis reported by Grosjean and
Deschamps [1975]. Each horizontal line represents
the mean articulation rate (in ms/syllable) across a
group of syllables, each group being approximately
30 syllables in length.

of 4.97 with a standard deviation of 1.35,
yielding a coefficient of variation of 27%0.2
Thus, as expected, the current analysis
procedure reveals greater variability in rate
than did the original. This can be seen
graphically in figure 1. Superimposed on
the graph of the current analysis (continu-

2 In order to ensure that the difference between
studies was not due to the fact that slightly different
data bases were used (see footnote 1), we recom-
puted the statistics for the individual runs on the en-
tire data base used by Grosjean and Deschamps
[1975], that is to say, on the incomplete final re-
sponses as well as the complete responses. The
mean articulation rate (syllables/s) across speakers
and runs was 4.96 and the standard deviation was
1.34, values nearly identical to those based on com-
plete responses only (4.97 and 1.35, respectively).
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ous lines) is a display of the results from the
original study (individual horizontal lines).
Each horizontal line represents the mean
articulation rate across a single group of
(approximately 30) syllables. With a single
exception, every group involves more than
one run and, in addition, one group in-
cludes runs from both the first and second
responses. It is readily apparent from the
superimposed graphs that the averaging
technique used in the original analysis
greatly underestimated the variation in rate.

Discussion

The most important finding of the pres-
ent investigation is that during conversa-
tional speech the variation in average syl-
lable duration for a given speaker is sub-
stantial, typically on the order of hundreds
of milliseconds, and given that our analysis
was based on the average syllable duration
over a stretch of speech (i.e, a run of
pause-free speech), and not on individual
syllable durations, the results provide at
best a conservative estimate of the extent of
variability in articulation rate.

Our findings raise questions about the
results obtained by earlier researchers
[Goldman-Eisler, 1968; Grosjean and Des-
champs, 1975; Malécot et al., 1972] as well
as about the interpretations that accompany
them. It would appear that too much em-
phasis has been placed on the rather ‘low’
variation in articulation rate as compared to
the rather high’ variation in pause rate (the
magnitude of variation issue), and this has
led researchers to conclude that articulation
rate per se does not vary substantially either
between or within speakers. In addition, ar-
ticulation rate typically has been measured

over large stretches of speech, such that the
local variation characterized by the peaks
and troughs that can be seen in figure 1 is
neutralized (the measurement issue). Our
reanalysis clearly shows that articulation
rate varies quite considerably within and
across speakers, even when the unit of anal-
ysis is an entire run of pause-free speech,
and not an individual syllable. This finding
raises interesting issues concerning both
speech perception and speech production.

As for speech perception, the variation
we have found is significant with respect to
the durational properties that specify many
segmental distinctions. Consider, as an ex-
ample, the segmental distinction between
syllable-initial stop consonant /b/ and
semivowel /w/. A major distinguishing
characteristic of /b/ and /w/ is the abrupt-
ness of the consonantal onset, with the on-
set for /b/ being more abrupt than that for
/w/ [Dalston, 1975: Fant, 1960: Fischer-
Jorgensen, 1954]. One aspect of abruptness
that is perceptually relevant is the duration
of the initial formant transitions: Numerous
experiments have shown that syllables with
short initial transitions are perceived as be-
ginning with a stop consonant whereas
those with longer transitions are perceived
as beginning with a semivowel [Cooper et
al., 1976; Liberman et al., 1956; Schwab et
al., 1981].

In a recent investigation, Miller and Baer
[1983] examined how syllable duration and
transition duration for the initial conso-
nants in the syllables /ba/ and /wa/
change as a function of speaking rate. They
asked speakers to produce these syllables at
rates ranging from very fast to very slow.
For both /ba/ and /wa/, the speakers pro-
duced syllables ranging from under 100 ms
to over 600 ms, a range that is comparable
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to the range of average syllable durations
produced by speakers in the current study
(table I). Of particular interest was how
transition duration changed as a function of
syllable duration. As /ba/ became longer,
transition duration remained relatively con-
stant at approximately 40-50 ms; however,
as the duration of /wa/ increased, so too
did the transition duration, from a value of
approximately 50 ms for the shortest syl-
lables to one of approximately 140 ms for
the longest syllables. With this pattern of re-
sults, the criterion transition duration that
would most effectively differentiate /ba/
from /wa/ is not constant, but rather in-
creases as syllable duration increases. And,
indeed, perceptual studies have shown that
listeners do process transition duration in
such a rate-dependent manner: As the dura-
tion of the syllable increases, an increa-
singly longer transition duration is required
to perceive /wa/ as opposed to /ba/ [Miller
and Liberman, 1979]. Interestingly, the lar-
gest effects of syllable duration on the per-
ception of /b/ and /w/ have been found
across syllable durations ranging from ap-
proximately 80 to 200 ms — a range that is
covered by speakers in natural conversa-
tion, as table I indicates. Of course the /ba/
-/wa/ data are based on individual syllable
durations whereas the current analysis con-
siders only average syllable duration across
a stretch of speech. Nevertheless, the com-
parison suggests that the type of rate-de-
pendent processing found in the perceptual
experiments with isolated syllables may
well be critical to perception of spontane-
ous speech, and it sets the stage for more
fine-grained acoustic analysis of individual
syllables in conversational speech.

Our findings are not only relevant to the-
ories of segmental perception, as discussed

above, but have interesting implications for
models of speech planning. One question of
interest concerns the factors that lead to the
variability we have observed in articulation
rate. Researchers such as Goldman-Eisler
[1968] have isolated ‘macro variables’ that
influence rate, that is, those variables that
have an effect on the rate of the global re-
sponse. Among these we find the emotional
state of the speaker, the type of speaking
situation, the familiarity of the material be-
ing discussed, and the like. But because re-
searchers were unaware of the variation in
local articulation rate, they have not studied
the ‘micro variables’, that is, those variables
that have local but also quite large effects
on change of rate (as we have seen). Future
research will want to isolate the many fac-
tors that play such a role, for example, lexi-
cal access difficulties, syntactic construc-
tion delays, semantic planning problems,
and so forth, and to account for them in
models of planning and execution of
speech.

A second question of interest concerns
the domains over which a change in articu-
lation rate can occur. More specifically, can
articulation rate be modified within any do-
main — phonological, morphological, pros-
odic, syntactic, discourse — or must it some-
times await a particular domain boundary?
A careful acoustic analysis of the speech
stream in relation to the many potential do-
mains would be able to provide an answer
to this question. It may be, for example,
that the production system can only make
rate changes at precise points: between syl-
lables but never within, between phonologi-
cal words but not within, between phrases
(syntactic or prosodic) but not within, etc.
Identifying these points will not only
contribute to our understanding of the un-
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derlying mechanisms controlling rate of
speech, but will also provide basic informa-
tion about the on-line planning and execu-
tion of language.

In summary, our analyses have shown
that in a conversational setting, talkers ef-
fect substantial changes in the rate at which
they produce speech, such that average syl-
lable durations may span a range of hun-
dreds of milliseconds. The task for future
research is to explicate the operations in the
planning and execution of language that
underlie these changes, and to specify the
manner in which listeners are able to ac-
commodate for these changes in the course
of speech perception.
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