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The purpose of this éxperiment was fo study the effects of changes in speaking rate on both the e

‘attainment of acoustic vowel targets and the relative time and speed of movements toward these presumed - - -

" vowels did not vary as a function . of rate. However, for fast speech the onset frequencies of second "
formant transitions were. closer to their target frequencies while CV transition rates remained essentially = .
- unchanged, indicating that movement toward the vowel simply began earlier for fast speech. Changes in . )
:+- both speaking rate and lexical stress had different effects. For stressed vowels, an increase in speaking -
733 ate was accompanied primarily by 2 decrease in duration. However, destressed vowels, even if they were ..
Tlof the same’ duration as quickly prgduced stressed vowels, were reduced in overall amplitude, fundamental
 frequency, ‘and to some éxtent, v?q‘wé{ olor. These results suggest that speaking rate and lexical stress are
" controlled b twodiﬁ‘ eﬂt m h'a;hi-sms?'_ vt s TE;. R ;-,: .
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Within certain limits, speech pérception does not ap-
" pear to b constrained by rate of speech production; the 5% tys festien s ke
. information-bearing elements o ségmental units arepre-’ “control mechanism X
served across a wide range of speaking rates, 'Does the ¥.." -, -,

tio)
A

PR

. to sugg estthelatter.lna seﬁésof experiments (Gay -

* Speskers wers four adil, three males (W8, 16, LR)"
and oné female (KH), all native speakers of American
English, " Two (TG, LF) spake a New York dialect,” on

(KH) a New England dialect, and one (WE) 2 General

.,

' -and Hirose,’ 1973; Gay ef al.," 1974; Gay and Ushifima,

- 1875) it was shown that the motor patterns underlying
- astleulatory movements for fast speech were not only

G T

American (West Coast) dialect.' While all four ‘speakers
‘were phonetically trained and experimentally sophisti
cated, “ioné,” except the atithor,’ knew the specific 1
search goals, e

 activity associated with tongue body movements during

- vowel production decreased during fast speech,” while |
activity associated with both labial and alveolar stop co .

- sonant production increaséd with Aéh’ﬁéi‘éé'sé"'i'txl"'sﬁeakigig
- rate.” At the movement level, “while it would appear that

* vowel targefs ‘are not always réached during fast speech S ree e Maln set consisted of les con
(Gay et al,,"1974)," the tradeoffs between articulatory . ° - taining the nine vowels, //itemasvua/,ina /p_p/ envi- ="

displacement and velocity seem o vary for individual ~  Tonment.” This frame was used for two r easons:. . One. . -

speakers (Kuehn and Moll,” 1976)."" .~

" was that it'paralleled that of an'earlier'physiolo'g"ical.ex‘-“ .

LT R T S .7, periment (Gay et al,, 1974), and the other is that it

While it i apparent that changes in both motor pro- . . would probably produce minimal contextual effects, A ..
gramming and articulatory movements occur for changes second set consisted of a corresponding CVC subset with
In speaking rate, it is not known how these changes are . the point vowels, /iau/ in a /b_p/ environment, anda -
reflected in the acoustic signal,” Are acoustic targets .. third consisted of CVCVC sequencies of the type, /kipap*/,
the same for ‘speech produced at slow and fast rates, or .. /ki‘pap/, /kapip’/, /ka’pip/. The second set was used

 are these presumed targets systematically centralized, . to provide a voicing contrast to parallel poists of the ' **
or otherwise shifted in frequency, as a function of rate? ~ main set,"while the third was used to study the effects - -

. What are the temporal properties of CV transition move- .~ of changes in both speaking rate and lexical stress on ot
ments for different speaking rates; do onset frequencies  the same syllable types. The 16 speech samples were .-

-.and rates of transition movements change for fast speech ? . arranged, randomly within each set,” ,1ntoﬁa'1ist," Each’
The experimént reported in this paper was designed to ' " utterance was embedded in the carrier phrase, “It’s a
study these questions by ‘mapping the acoustic vowel i

- again,” Five such lists were constructed, one for
" space of several speakers across changes in speaking each of five repetitions by each speake
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FIG. 1. Schematic illustration indicating points where dura-
tion a.nd_ formant frequency measurements were made,

B. Data recording

The original protocol called for three different speak-
ing rates to be used: one slow, or normal, and two
fast, However, none of the speakers could comfortably
or reliably produce speech at two different “fast” rates,
An additional rate, slower than that of the normal one,
was also considered, but it, too, was unnatural and re-
sulted in obviously contrived renditions, Apparently,
these four speakers, at least, have two natural rate
modes, one normal (or slow) and one fast, with rates
outside those two being difficult to control or maintain,
Thus, only two rates were studied, both determined by
each speaker’s own judgment of natural slow and fast
rates, Each speaker read each of the five utterance lists
through, first at the slow rate and then at the fast rate,
For the CVC utterances, subjects were instructed to
place sentence stress on the test word, For the stress

_contrasts, the speakers were Instructed to destress the
appropriate syllable while stil'lf maintaining its phonetic
identity, in other words; not to the point where the vowel
would be reduced in color to a schwa, All subjects re-
ceived detailed instructions about the tasks before the
recording session began, and had ample practice time
with the utterances, All recordings were made ina
sound-treated room. ;

C. Data analysis

A total of 640 utterances were analyzed (18 samples
% § repetitionsx2 ratesx4 speakers). Spectrograms
were made for each utterance on a Voice-print Labora-
tories Sound Spectrograph, using the extended frequency
scale, wide-band filter (300 Hz), and highshaping set-
ting, In addition, fundamental frequency and overall
amplitude measurements were made for the stress con-
strasts using a specially modified pen writing oscillo-
graph (Mingograf, 34T), Duration and formant frequency
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_ measurements were made from the spectrograms at

points indicated in Fig, 1, Duration measurements were
made for the stop gap closure of the initial consonant, .

- CV transition, a combinied measurement of the vowel

nucléus and, if present, the final VC transition, and
closure for the final consonant. The VC transition com-
ponent was included in the vowel nucleus measurement
because it was difficult to segment out. Formant fre- -
quency measurements (F1, F2, F3) were made at the
time of release of the initial consonant, the vowel mid-
point, and at the time of closure for the final consonant,

* If the CV transition was not visible at the time of conso-

nant release, its position was straight-line extrapolated.
The vowel midpoint was defined in one of three ways:
(1) the point where the F2 {ransition reached a steady
state, (2) if a steady state was not reached, the point -
where the F2 transition reached maximum displacement
before changing direction, or (3) if the transition was
unidirectional, at a point midway between the onset of
voicing and closure for the final consonant. Most of the
vowels met criteria 1 or 2; however, for two speakers,
both /u/ and /3/, consistently, and /1/ and /e/, occa-
sionally, were characterized by unidirectional glides
from initial consonant to final consonant. The method
of tracking and locating the measuring points was the
usual one: A pencil line was drawn through the center
of both the transition and steady-state (where present)
portions of the formant; measurements were made where
the line intersected the point of consonant release (for
the transition onset) and at either the center of the
steady~-state portion or where the line intersected that
of the CV transition, R

First and second formants were visible for all sub-
jects, but F3 did not always appear clearly for speakers
TG and LR, and for most samples of the destressed syl-
lables. As would be expected, CV movements for F1
were small, while those for F2 provided the most reli-
able and useful transition movement information, " Re-

. peated measurements of selected samples reyéaledfairly

consistent error ranges. Duration measurements were
accurate to + 10 ms, while formant frequency ‘measure-
ments were accurate to +25 Hz, The latter range is
consistent with that of other reports (Lindblom, 1961;
Ohman, 1965). For the most part, the token-to-token
variability for each subject was small. Durations, (as
measured from closure of the initial consonant to re-
lease of the final consonant) usually varied by no more
than 25 ms within each rate compared to an average of
45 ms for across-rate differences, Similarly, token-
to-token formant frequency variations usually fell within
the range of error measurement (+25 Hz). This stabil-
ity might be due to the highly structured nature of the
utterances and the stress pattern of the sentence, There
were, of course, some exceptions to this general stabil-
ity; these exceptions will be discussed in the following
section,

I, RESULTS

The effects of differences in speaking rate on the dur-
ations of each of the segments of the main set of CVC
syllables are summarized in Table I, The purpose of
this table is to show how the overall decrease in syllable
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' TABLE I. Mean duratlonslof consonant closure (1), vowel, and
consonant closure (2), pooled over all repetitions and speakers.

Thomas Gm): Speaking rate and vowel formants

For each vowel, values for the slow rate appear on the first

row, those for the fast rate on the second Trow,

Consonant - ) Consonant
closure (1) Vowel closure (2)
Duration  Ratio Duration Ratio  Duration Ratio
i - 100 . 120 80
95 0,95 90 0.75 . o 0.88
1 105 105 80
95 0.90 85 0,81 75 0.94
e 108 “130 - 90 -
95 0,90 105 0.81 80 0.89
) 105 : 155 80
; 95 0, 90 125 0.80 o 0.88
2 100 " 145 80 -
. 90 0,90 s - 0. 7? 5 0,94
b ] 105 ! 1685 . 80
100 0.95 130 0.79 70 0.88 .
v 105 . . 110 85
100 0.95 %0 0.82 75 0.88
u 100 120 80
95 0.95 90 0. 7§ po 0.81
A 100 116 - . 80
20 0.90 P 0.74 s 0.94
Mean 105 130 - 80
95 100 - 75

dﬁration dﬁring faster speech is absorbed by each of the
‘constituent segments, The table shows the durations of
initial /p/ closure, CV transition, vowel nucleus, and
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differences in duration for initial and final cénsonant
closure were considerably less between the two rates;
also, greater variability and even some overlap occurred
in certain instances at the individual token level, Pre-
stressed initial /p/ is consistently, and usually substan- -
tially, longer than poststressed final /v/, for both rates,
as expected. Interestingly, although the vowel portion
is most affected during fast speech, the contributions of
the initial and final consonants account for at least one
third of the total reduction in syllable duration, It was
also found that the transition durations within each rate
were relatively stable across the different vowels, How-
ever, transition time was reduced somewhat during fast
speech, to about the same degree as that for consonant
closure, some 5-10 ms, Transition times ranged from
40 to 50 ms for the slow rate and 35 to 45 ms for the
fast rate, The stable transition times across vowels are
consistent with the articulatory data of both Kent and
Moll (1969) and Kuehn and Moll (1976), but shorter and
less variable than those reported by Lehiste and Peterson
(1961) and Ohman (1965). These differences might be
due to differences in overall duration, phonetic context,
and carrier structure, :

The major question of interest in this paper is whether
the acoustic targets of vowels (as measured at the mid-
point) vary, either systematically or ’imsystematically,
as a function of speaking rate, Spectrographic measure-
ments of first, second, and third formant frequencies
show that they do not, Figure 2 shows the F1-F2 vowel
space for all nine vowels produced by each speaker,

final /p/ closure, pooled over both utterance repetitions
and speakers, :Each value represents the mean of 20 (5
repetitionsx 4 speakers) tokens, While the actual dura-
tions of the different syllables varied for the four speak-
ers, relative differences, both among vowels and be-
tween rates, are represented in the means,

The table shows, not unexpectedly, that the reduction
in duration during fast speech is reflected primarily in
the duration of the vowel, although perhaps not to as
great a degree as might be intuitively expected, Differ-
ences in the durations of the vowel nuclei for slow and
fast speech ranged from 20 to 85 ms, depending on the
particular vowel, While the overall duration of the vowel
varied from 105 ms for /1/ to 165 ms for />/ at the slow

. rate, the percentage change did not vary as a function of
duration, For example, the phonetically long vowels /&=/
and /5/ were not reduced to any greater or lesser per-
cent during fast speech than the phonetically short vow-
els, /1/ or /u/. The slow rate vowel durations obtained
in this experiment are considerably shorter than those
reported by Peterson and Lehiste (1960) (245 ms) for
CVC words in a similar carrier, but slightly longer than
those reported by Klatt (1975) (110 ms) for vowels spoken
in connected discourse, These differences are probably
related to differences in phonetic context as well as ut-
terance position in the sentence carrier,

Although the vowel nucleus absorbed most of the de-
crease in duration during fast speech, the consonant seg-
ments were also consistently shorter as well, However,
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FIG, 3 Midpoint formant frequencies for F1, F2 and F3, as
- a function of duration, for the vowel /1/ (speaker TQ).

Each data point represents the mean of the five repeti-
tions by that speaker at each rate, The overall picture
is one of little variability, - For the most part, the means
for each rate (both F1 and F2) are quite close, usually
falling well within the range of error measurement, How-
ever, some instances of variability between the slow and
fast rates do occur, For speaker WE, F1 for /x/ is ap-
proximately 50 Hz lower for the fast rate. This differ-
ence, statistically significant at the 0. 02 level of confi-
dence (¢ test for independent means), might be explained
by jaw undershoot during fast speech; however, if this
is true, it is curious why the other open vowels are not
similarly affected. Speaker LR also showed some front
vowel variability, but in this case, only F2 for /e/ is
significantly different (0, 01 level of confidence), The
greater variability between rates appears in the data for
the single female speaker (KH), While the rangeof vari-
ability is still small, it is nonetheless greater than that
for the other speakers, -In addition, variability within
each rate is greater for this speaker than for any of the
others, The wider range of variability for this speaker
might be a simple consequence of the increased probabil-
ity of error encountered when measuring female formant
frequencies, a speculation that is supported by the fact
that only the means of F1 for /=/ were significantly dif-
ferent (0, 05) as a function of rate,

While vowel durations for three of the four speakers
were distributed essentially bimodally between the two
speaking rate conditions, one speaker (TG) often showed
considerable temporal variability, with vowel durations
distributed along a continuum. One such instance was
for the vowel /i/, Figure 3 shows the first, second, and
third formant frequencies (measured at the midpoint) for
/i/ plotted as a function of duration (transition+ nucleus),
The 20 tokens represent all of those produced at both
rates for both the /p/ and /b/ syllables for this speaker,
It is apparent from this figure, that the effect of speak-
ing rate on the attainment of acoustic vowel targets is
negligible, even over a wide (55 ms) range of durations.
The ranges of formant frequency variations are 50 Hz
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for F1, 75 Hz for F2, and 75 Hz for F3, It should be
noted that these midpoint frequencies are attained through
CV transitions that originate, at consonant release,
some 300-400 Hz lower in frequency. It is also appar-
ent that the observed variability is not correlated with
duration along any part of the continuum,

Assuming that the same acoustic target is reached for
a vowel spoken at both slow and fast rates, the question
becomes how the underlying articulatory gesture is mod-
ified to achieve that constant end. Either of two types
of adjustments seem likely. First, articulator move-
ment toward the vowel target can begin earlier in time, ~
that is, closer to the time of initial consonant closure,
or second, the movement can be produced at a faster
rate of speed Evidence for the first can be seen spec-
trographically by a change in the position of the onset
frequency of the CV transition as a function of rate;
specifically, the onset frequency of the formant transi-
tion would be closer to that of the target frequency for
faster speech., An estimation of the second could be

. made by simply calculating the overall velocity of the

formant transition itself. These measurements appear
for the vowel /i/ for all speakers in Table II, This ta-
ble shows the mean durations for /p/ closure, the CV
transition and the vowel nucleus, and the F2 onset and
midpoint frequencies and F2 rate of change, for both
speaking rates. The measures are pooled over utter-
ance repetitions. The F2 rate was calculated by dividing
the difference between the F2 midpoint and F2 onset fre-
quencies by the transition duration,

1

For all subjects, the onset frequency of the second
formant transition is higher for the fast rate condition,
while the F2 midpoint frequencies and F2 rates of change
remain essentially unaffected across the two rates, The
differences in mean onset frequencies are statistically
significant (at various levels of confidence) for all but
the female speaker, The mean differences range from
40 Hz for subject WE to 80 Hz for subject TG, The cor-
responding differences in midpoint frequencies, how-
ever, are only of the order of 15-25 Hz for all speakers,
It should also be noted that these shifts occur in sylla-
bles whose closure durations are shorter, a condition
which, -theoretically at least would tend to minimize the
observed effects,

TABLE II. Duration and formant frequency measurements for
the vowel /i/, pooled over utterance repetitions.

Frequency
Speaker . Duration F2 F2 F2
(S/F) Closure Transition Vowel onset midpoint rate
WE 95 45 115 1925 2150 4.5
80 40 - 95 1965* 2125 4.3
G 95 50 95 1765 2105 7.7
90 50 75 1845¢ 2115 6.9
KH 105 55 140 - - - 2230 2700 8.8
110 45 105 2300 2685 8.9
R 110 50 130 1735 2100 7.7
105 40 95 1780° 2115 8.4

Agignificant at 0, 10,

®Significant at 0, 01.
bSignificant at 0. 05, :
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. TABLE III. Duration and formai;t frequency measurements for
volced-voliceless contrasts. Values are pooled over all repe-
titions for the three male speakers,

e

Utterance Closure Transition F2 F2 F2
(S/F) duration  duration onset - midpoint . rate
pip 100 50 1810 2120 6.6
90 45 1885 2120 6.5

bip 105 45 1980 2120 3.8
95 40 <1985. 2105 3.2

pap 95 50 1340 1170 2.1
85 45 1325 1180 3.0

105 e 1130 1150 oee

b

ap 95 .or 1160 1170 e
pup 95 40 1250 1000 3.6
- 85 . 40 1200 990 3.9
bup 100 45 1065 990 0.8
20 35 1080 990 1.2

. A difference in second formant transition onset fre-
quencies between slow and fast speech is also evident
where./b/ is the initial consonant, Measurements for
/o/ appear in Table III, which contains essentially the
same data as in Table II but for the /pip-bip/, /pap—
bap/, and /pup—bup/ contrasts, pooled over the three
male speakers, For these three vowels, at least, the
rate effects that exist for /p/, exist for /b/ as well, ex-
cept perhaps to a slightly lesser extent, Again, for all
three vowels preceded by /b/, the onset frequency of the
second formant transition is closer to the midpoint fre-
quency, while the midpoint frequencies, themselves, and
the F2 rates remain largely unaffected., The differences
in onset frequencies is slightly less for /b/ than /p/.
For /bip/, the shift across rates is 25 Hz, while for
/vip/, the shift averages 60 Hz. For /a/ and /u/, how-
ever, the shifts are more comparable,

More obvious than the rate differences are the differ-
ences in second formant transition onset frequencies and
rates of change between /p/ and /b/, within each speak-
ing rate condition. For all three vowels, it is apparent
that the onset frequencies are considerably closer to the
midpoint frequencies, and the F2 rate is correspondingly

slower, for /b/ as opposed to /p/. All frequency differ-
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ences between /p/ and /b/ were statistically significant
for all four speakers at either the 0, 05 and 0, 01 level of

~confidence, The absence of a CV transition for /bap/

indicates that the movement towards /a/ from /b/ was
probably completed before release of the consonant oc-
curred, much earlier than the corresponding transition
from /p/. The greater range of F2 onsets for /b/ as
opposed to /p/ is consistent with Fant’s (1969) calcula-
tions for similar CV syllables; even the extent of the dif-
ferences is similar., One explanation for this frequency
shift is that because of the greater tenseness associated
with /p/, the tongue is not as free to move toward the
vowel as it is for the more lax /b/; in other words, the
tongue is more free to coarticulate with the following
vowel during /b/ than it is during /p/. A second possi-
bility is that the voiceless consonant /p/ occurs earlier
in time during the vowel-to-vowel movement than /v/,
producing transitions that are temporally offset to the
left, It is also conceivable that part of the frequency dif-
ference between /pap/ and /bap/ is due to the presence
of an additional subglottal formant associated with /p/
release (Fant, 1972). In any event, while changes

in phonetic context affect the pattern of movements to-
ward the vowel target, the frequencies of the targets,
themselves, do not appear to be affected, nor is the ba-
sic rate effect on the movements different, The rate
effects seem to be superimposed on the context depen-
dent articulatory movements, and are not affected by,
or assimilated into, these movements,

The final set of measurements is related to the ques-
tion of how changes in both speaking rate and lexical
stress affect the acoustic properties of vowels, Are the .
effects of these two features, both of which affect vowel
duration, additive or independent? The duration and fre-
quency measurements for both the /i/ and /a/ stress’
contrasts appear in Tables IV and V.. These tables show
the measurements of vowel duration, relative overall

- amplitude, fundamental frequency, and first and second
formant frequencies for the second syllable of the utter-
ance, for each speaker, All frequency and amplitude
measurements were made at the vowel midpoint, The
amplitude measurements are in dB relative to the least
intense utterance (=0) for each speaker, All values are
pooled over the five utterance repetitions,

For both /i/ and /a/, a number of differences appear

TABLE IV, buration, relative amplitude, and frequency measurements for the vowel /1/ as a function of

both stress and speaking rate.-

Stressed Unstressed
Speaker Rel, . Rel,
(S/F) Duration Amp, Fo F1 F2 Duration Amp, Fo F1 F2
WE 140 6 140 - 300 2150 115 0 110 300 2125
90 6 150 300 2120 95 0 110 325 2100
TG 90 6 125 315 2155 80 5 95 335 2085
70 8 135 325 2125 70 0 95 330 . .2050
KH 125 7 225 340 2710 100 . 3 150 425 2530
105 4 220 330 2670 » 75 0 160 430 2505 -
LR 115 10 140 315 2085 95 0 110 320 2090
) 95 7 135 335 2120 80 0 110 330 2010

J. Acoust. Soc, Am., Vol. 63, No. 1, January 1978
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TABLE V. Duration, relative amplitude,
stress and speaking rate,

228

and frequency measurements for the vowe] / a/ as a function of both

Stressed' Unstressed
Speaker Rel, . Rel, :
(S/F) Duration - - Amp,. Fo - F1 F2 Duration Amp, Fo F1 F2
WE 150 4 140 665 1125 130 2 110 650 1150
105 4 145 875 1150 85 0 115 640 1125
TG 120 3 110 675 1158 115 1 90 660 1190
100 6 125 . 675 1165 100 0 95 625 1175
KH 145 5 23‘0 ’ 910 1400 140 0 155 850 1450
~-116 5 - 7220 880 1380 - 95 1 165 800 1500
LR 155 4 140 665 . 1230 120 1 110 650 1240
125 8 130 660 1250 100 0 110 600 1250

between the stressed and unstressed pairs for each
speaking rate, but virtually-no differences emerge be-
tween rates for the same stress condition, The slow
and fast pairs within each stress condition are charac-
terized by essentially the same overall amplitude, fun-
damental frequency, and first and second formant fre-
quencies, However, the corresponding unstressed syl-
lables at each rate are consistently lower in overall am-
. plitude and fundamental frequency, and somewhat re-
duced in vowel color, Fundamental frequency differences
were st'atistically significant for all speakers (0, 01) for
the stressed-unstressed pairs while reduction of F1 and
F2 was significant (0, 05) only for speaker KH.

-The overall stress findings are, of course, consistent
with those of a number of earlier studies (Fry, 1955;
Lieberman, 1960; Lindblom, 1963; Brown and McGlone,
1974), Of particular interest 1in the present data, how-
ever, is that these differences are apparently not related
primarily to differences in duration, For example,
while the “unstressed-slow” syllables are, in at least
half the cases, roughly comparable in duration to the
“fast-stressed” syllables, they are nonetheless consid-
erably reduced in fundamental frequency, and somewhat
reduced in overall amplitude and vowel color with re-
spect to their “fast-stressed” counterparts. These data
seem to indicate that while speaking rate and lexical
stress both affect the duration of vowel segments, they
‘have different effects on several acoustic parameters,
‘and are probably independently controlled by different
physiological mechanisms,

fll. DISCUSSION

The results of this experiment show that differences
in vowel duration due to changes in speaking rate do not
seem to have a substantial effect on the attainment of
~ acoustic vowel targets. The formant frequencies of these
presumed targets remained essentially unchanged across
changes in speaking rate, It was also shown that the
probable mechanism by which these targets were achieved
was an earlier onset of the transition movement from
consonant to vowel, The speed of movement from the
consonant to the vowel, however, did not seem to change,
While these patterns were consistent across sll five
speakers, they were observed for only a small number
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of phonetic samples produced by phonetically trained
speakers in a precise manner, Further, the present re-
sults might also be affected by several additional factors .
that were not studied in the present experiment, One
such complicating factor might be differences in phonetic
context. For example, the effect of anincrease ihspeak—
Ing rate on transition movements might be different de-
pending on whether the movement is from an alveolar or
labial consonant, Likewise, because vowel duration is
conditioned by factors other than spéa.king rate,[differ -
ences in speech material, phonetic. context, and word
position in a sentence, for example (Klatt, 1976)], shorter
segment durations associated with one of these factors
might produce 2 different pattern of CV transition move- .
ment, :

Differences in overall duration might account for the
differences between the present results and the articula-
tory data of Kuehn and Moll (1976). Kuehn and Moll
showed that different speakers can use different strate-
gies to control speaking rate, with one such observed
strategy being an adjustment of articulatory velocity, -
This obvious inconsistency between the two sets of data
might be related to differences in corresponding across-
rate durations, In the present expei-iment, transition
durations for fast speech were approximately 90% of
those for slow speech, while the corresponding fast
speech durations measured by Kuehn and Moll were on
the order of 50% of those for slow speech, "Thus, it
might be suggested that if changes in articulatory veloc-
ity (and corresponding transition rate of change) appear,
they might do so primarily at very fast rates of speech,

The present acoustic data are also inconsistent with
earlier EMG data (Gay et al. » 1974; Gay and Ushijima,
1975) that showed 2 change 'in the level of muscle activ-
ity for vowels in response to a change in speaking rate,
The EMG data showed that the activity levels of the ge-
nioglossus muscle for the vowel /1/ decreased with an in-
crease in speaking rate, The genioglossus is a prime
mover of the tongue and is active during, and probably
responsible for, the bunching and protruding movement
.of the tongue for /i/, The decrease in activity implies
either, or a combination of both, a decrease in articu-
latory displacement or a decrease in the speed of artic-
ulatory movement, However, the present acoustic data
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~ show that neither of these parameters (as reflected in

ferent interpretations that arise from the physiological
and acoustic data might be explained ina number of ways,
none of which seem entirely satisfactory, First, the
reduction in EMG activity might not reflecta correspond-
ing difference in articulatory displacement, that is, un-
dershoot at the muscle contraction level might not pro-
duce undershoot at the articulator movement or acoustic
level, Second, a totally different motor strategy using
different muscles in different ways might come into play
during fast speech. Third, the peak of the integrated .
EMG envelope might not provide an accurate indic-
ation of the maximum strength contraction of an ac-
tive- muscle when the duration of the muscle con-
traction’ is charged. Changes in the peak of the
EMG envelope are usually interpreted as reflecting
(without being able to separate) changes in either

the displacement of the articulator that the muscle is
acting directly upon, or changes in the speed of move-
ment of that articulator, However, it is also possible
that the summated potentials of the integrated signal
might peak differently if the duration of the contraction
changes, Thus, with all other parameters held constant,
a reduction in the peak of the integrated EMG envelope
might also reflect simply a reduction in the contraction
time of that muscle.

The inconsistencies between the physiological and
‘acoustic data aside, it would appear from the data of this
experiment that the coordination of articulatory move-
ments is adjusted in some way in order to preserve the
information bearing elements of segmental units across

- changes in speaking rate. The reduction in duration of
all segments (Ref. Table I) coupled with the relative
constancy of acoistic (vowel) targets, suggest that this
adjustment involves primarily a horizontal compression
along the time dimension., This type of compression; the
existence of which was suggested some 30 years ago
(Joos, 1948), is a nonlinear one, and one that causes
both a decrease of duration within segments and an in~
crease in coarticulation between segments, It also ap-
pears that temporal restructuring for changes in rate is
superimposed on the basic serial ordering process,

The control of, and effects of changes in, speaking
rate and lexical stress seem to be different in a number
of ways. The data of this experiment show that for
stressed vowels, only duration is reduced to any sub-
stantial degree, However, destressed vowels, even if
they are of the same duration as quickly produced
stressed vowels, are reduced in overall amplitude, fun-
damental frequency, and to some extent, vowel color,

The finding that a destressed vowel was not substan-
tlally reduced in color toward the neutral schwa does
not completely coincide with either Lindblom’s (1963)
acoustic data or Harris’ (1975) EMG data, These dif-
ferences are probably due to the fact that in the present
* experiment, speakers were explicitly instructed to main-
tain the phonetic identity of the vowel during destressing.
It might be suggested that if extended stress contrasts
were studied in the present experiment, agreater degree
of vowel reduction might have been observed, While dif-
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A . ferences in the degree of voWel reduction between Lind-
the acoustic signal) are substantially affected, The dif- -

blom’s (1963) findings and the present data can be ex-
plained, the question of the relationship between reduc-
tion.and duration is.more difficult to resolve, Because
vowel reduction appeared for changes in both stress and
speaking rate in Lindblom’s data, he concluded that re-
duction (and undershoot) was caused solely by changes
in duration, and not the suprasegmental features of
stress and rate, per se. However, the present data lead
to the opposite conclusion, Because the tendency for
formant frequencies to be reduced toward the neutral
schwa occurs only for an unstressed vowel, even if it is
of the same duration as its stressed counterpart, the
present data suggest that the degree of reduction is
linked to stress, regardless of the relative or absolute
duration of the segment. The suggestion that stress,
and not duration, determines target attainment has also
been put forth by both Harris (1975) and Nord (1975).

In this experiment, it was also shown that destressing
affected the fundamental frequency and overall amplitude
of the vowel, indeed, even more so than the formant
structure, These effects, which are consistent with
those described by Fry (1955) and Lieberman (1960)
among others, are compatible with an “extra effort”
model of stress, such as the one proposed by Ohman )

(1967). A reduction of overall articulatory effort can

result in corresponding reductions in the four parameters
measured in this experiment: fundamental frequency,
overall amplitude, duration, and vowel color. Thus,
the findings of this experiment suggest that two Separate
and independent physiological mechanisms control
changes in speaking rate and lexical stress, one that -
horizontally compresses the string and the other that

.modulates overall articulatory effort, A change in dur-

ation is a deliberate strategy of the first, while only a
consequence of the second,
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