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ABSTRACT

Speech rate, whether physical or subjective has often
been used as an experimental condition in speech perceptlon
studies, however, subjective speech rate Itself has rarely
been studied. One could simply assume that it is conveyed by
the physical syllabic rate or, equivalently, by the pertodicity
of the vocalic cycle. This study is an attempt to examine the
effect of intra-syllabic structure on perceived tempo. In
particular, the vov+2l (acoustic) duratfon 1s shown to play a
significant role, at least for producing a slow rate sensation.

INTRODUCTION

The importance of speaking rate In speech perception has
been assessed In numerous studies ([1],(2](3]) providing
evidence that listeners identify speech segments in a rate
dependent manner.

Although a large part of speaking rate variation is due to
changes in the amount of pausing ([4]), 1t is rather the
articulation rate, i.e. speaking rate In pause free stretches of
speech, which could tune speech perception. The precise range
which conveys rate informatfon to the listener, as well as its
extrinsic versus intrinsic nature, are still controversial
issues. However, it seems clear that a given syliable of
ambiguous phonetic identity with respect to some temporal
cue, only needs the context of adjacent syllables ([2]), or even
no context at all ([S]), for correct fdentification across
different rates.

Since the smallest units conveying rate Information examined
S0 far are the size of the syHable, one may ask whether or not
an even more detailed account of the intra-syllabic structure
Is required to explatn the sub jective rate of a given utterance,
Indeed, the syllabic rate should be a prominent f actor yielding
the tempo sensation, but we could also take into account
locally defined factors: the speed of acoustic changes in
. unsteady parts like release bursts and transitions, reflecting

the underlying articulatory gesture velocity, and the duration
of sustained sounds like fricatives and vowels.

The aim of this study was thus to examine more closely
the possible effects of intra-syllabfc rate manipulation. In
short, we compared 2 ways of modifying the speech rate: in
the Ist one, every portion of an original utterance was
shortened or lengthened by the same factor ("uniform
warping™); In the 2nd one, the warping factor was made
dependent on the local spectral derivative ("non uniform

warping®), ranging from 1, that is no warping at ail, in the
most unsteady parts, to a fixed warping target specification
In the most steady parts. Thus, as a general rule, steady parts
of vowels (or fricatives if any) were maximally distorted
while transition from silence to release bursts, release
bursts, onset of voicing, fast transitions and the like were
preserved in as much as they were exhibiting fast acoustic
change. Whether or not the latter warping scheme is closer to
actual human speech production than the former goes beyond
the scope of this study (anyhow, the existing data on speech
production at different rates Is quite conflicting, ranging
from the observation that vowels are more elastic than
consonants ([7]), as elastic ([6]), to less elastic ([2]). Also,
Speakers may adopt very different strategies when modifying
their speech rate).

If our 2 schemes of rate manipulation, in the absence of
any anchoring part which might yleld a contrastive effect
([SD), do not influence differently subjective articulation rate,
one could conclude that tempo sensation Is conveyed mainly
by the physical syllabic rate, or, equivalently, by the vocalic
cycle tempo. Unfortunately, this fs not apparent from our data.

METHOD

We used an AX experimental procedure to compare
unfformly warped A stimuli with non uniformly warped X
stimult. All A and X stimuli were built from an original
utterance of Japanese, /1kebukure/, pronounced by a male
speaker. This Item was chosen because its syllables were
homogeneous in structure, all one mora syllables with no
geminates. This avoided problems of vocalic or consonantal
quantity contrasts which might have interfered with tempo
perception.

Four sets of AX pairs were Prepared, using a modified
version of the SOLA (Synchronized OverLap Add) technique
(8D. This technique produces very natural sounding time
scaled speech. X stimull were butlt from the original with a
varylng warping factor depending on the local value of the
spectral derivative in the original speech and on a fixed
warping target specification, as shown in Fig. 1. The latter
was computed iteratively from the desired overall warping
factor and the spectral derivative curve (see [9)). Overall
time warping factors for A ang X stimuli together with
average syllabic and vocalic durations are reported in Table L
The overall warping factors for X stimyly were chosen on the
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basis of preliminary tests not reported here, so that extreme
X stimuli of 2 given set would be close to the hesitation
reglon. Also, since the processed speech included some stlent
portions beyond the reglon of Interest, l.e. the acoustic word
/ikebukuro/, we measured the acoustic length of all the
gdifferent versions of /ikebukuro/ from spectrograms and
energy curves. The 2 clear energy dips which consistently
surrounded the word were chosen for its acoustic boundaries.
Average syllabic duration was taken as the fifth of the
duration defined by these boundaries. In addition, vocalic
durations were estimated from the same spectrograms.

Each of the 4 sets consisted of a randomized sequence of
60 AX pairs containing 10 each of 6 AX patrs differtng by their
X stimulus only. Each pair consisted of a short SO0 Hz beep, 1
second silence, A stimulus, 1 second silence, X stimulus and 4

stimulus A X1 X2 1 X3 X4 X5 X6
warping 06| 053] 0S6|059| 061 064| 067
ST syllabic length| 155.6| 143.2(150.8 {158 [163.2{170.4(177.6
vocalic length | 103.8] 706 79.8 | 844|886 9521034
stimulus A X1 X2 1 X3 X4 XS X6
warping 08| 073 076(0.79f 081} 0.84| 087
Sre syllabic length! 207.4| 192 |199.6|208.2{212.0{219.6 (227.8
vocalic length | 138.7(107.7 { 116.1|1243]128.4; 1340|1415
stimulus A X1 X2 | X3 X4 X5 X6
warping 121 1130 116119} 1.211 1.24] 1.27
T3 Sytlabtc length| 317.8] 296.2{305.0 [312.6(316.2|324.2 [331.2
vocalic length | 213.71 204.9(213.4 {222.2{226.6 | 235.5 |240.3
stimulus A X1 X2 ] X3 X4 X5 X6
warping 1.4 11.275 [ 1.325]1.375/1.425| 1.475{1.525
T Syllabic length] 366 {334.4[346.8 |358 [372 |385.6{400.8
vocalic length | 245.4| 241.81255.6 |269.4[281.6| 293 | 304.4

Table I. Stimuli used In the 4 sets (durations are given inms).

seconds silence for written response. An extra silence was
inserted every 10 pairs. The subjects, five male Japanese
adults with normal hearing and phonetically naive, were
requiregd to select which stimulus of each pair "sounded
faster™ by circling a letter on an answer sheet. They sat for
one session per set at 2 days interval.

The result of discrimination tests can be illustrated by
Fig . 2 where the frequency of X being judged "slower™ than A
is plotted on a normal scale against its average syllabic
duration. We assumed that the experimental data could best be
approximated by cumulative normal distributions. The mean
and standard deviation of such distributions were estimated
by computing tinear regression lines out of such graphs as in
Fiq. 2. This approximation held quite well for all individual
data as well as for the pooled across subjects data . For each
subject and each set, the estimated mean of the underlying
norrnal  distribution approximates the average syllabic
duration of the X type stimulus which would sound just as
fast as the A stimulus of the set. The standard deviation can
be regarded as an index of the accuracy of listener's
discrimination. :

set 4 set 2

0.8413

PROBABILITY OF X FOUND SLOWER THAN A

——-I——-—-I——- 0.1387
T .

330 350 370 (ms)

Fig. 2. Example of indwvidual results for listener KH in the
sets 2 and 4. The regression line yields u and g of the
normat distribution best approximating the data.
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Fig. 1. a) the original utterance /ikebukuro/: audio signal and spectral
dérivative CUrvé, b) the local warping factor as a function of the spectral
derivative V and a fixed warping target specification U = 2.
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RESULTS :
Individual and pooled results are recorded in Table 11,

Subject] UH [ MH [KH | WH | SR |pooled a 1556
SET 1 N 15401583 (i57.6{156.5 [157.5[157.6 n {15674
g 99 671 112] 6 74 72 SE | 0.743

Subject! UH | MH |KH | wH | SR [pooled a 2074
SET2 | n 207.9} 208.2215.2|207.8 |209.:5| 210.9 U [209.86
o 143 112 | 14| 90 68 95 SE | 154

Subject| UH | MH | kH WH | SR {pooled a (3178
B 303.11313.31312.7]312.1{310.4 3116 131032
o 1] 161 122 |93 S6 126 SE | 1.869

SET 3

Subject| UH | MH | KH WH | SR |pooled 3 |366.0
SET4 | 3535 361.5|340.1 356.1 [343.8 353.4 u 3510
a 132 {147 | 24 0 { 187 SE | 3.957

Table Il. Individual and pooled results. The means u represent the duration
of the X type stimulus which would sound the same speed as the A
stimulus for each set. Standard deviations ¢ are an tndex of
subjects’ discrimination accuracy.. The average syllabic of A
stimulus, a, the mean and standard error of u distribution, i and
SE, yleld the t of Student used for confidence estimation

individual and pooled results are recorded in Table If.
In sets 1 and 2, which contain only shortened versions of the
original utterance, the means exhibit a very weak tendency to
be longer than A stimuli average syllabic duration (t=1.54,
p<0.2 for set 1, t = 1.6, p < 0.2 for set 2). This might mean that
shortened X stimuli are judged a little faster than A stimuli
at the same syllabic rate, although this trend is very weak.
In sets 3 and 4, which contain only lengthened versions of the
original, the means are significantly shorter than A stimull
average syllabic duration (t » 4002, p < 0.02 for set 3,
t =379, p <0.02 for set 4). Thus lengthened X stimult sound
siower than A stimuli for the same syliabic rate.
In order to check the possibility of a systematic blas
Introduced by the experimental procedure, a Sth experiment
was conducted: A stimulus was replaced by the original
utterance, and the 6 X stimull overall warping factor were
ranging from 0.93 to 1.07. The means, for all 5 sub jects, were
not found significantly different to the original utterance
average syllabic duration (t = 0.095, p > 0.5), as shown in
Table Il Thus the experimental procedure was considered as
not introducing any systematic distortion. '

Subject] UH | MH IkH | wH | R pooled a 12598
SETS u 270.8|247.31261.1| 252.0| 266 7 2618 U | 25958
o 152 121 [126 | 215 10 118 SE 144
Table 111, Individual and pooled results for the Sth experiment.

DISCUSSION -

From these results, we can h
subjective articulation rate 1Is affected, at least in the case
of Ieng;hening, by the vowel duration: for the same syllabic
rate, X stimuli which have fonger vocalic portions than A
stimuli (see Table 1), and thus shorter consonantal portions,
sound slower. Does this rule out the possibility of a competing

ypothesize that the

effect of relative consonantal shortening 7 If yes, in the case
of shortening, we should observe that the subjective rate is
Clearly affected by much shorter vowels In X sttmull than in A
stimull, but this Is not the case. We then keep hypothesizinga
competing effect arising matnly from the consonantal part of
the syllable, or more precisely from the speed of fast
acoustic changes which reflect consonantal gestures. The fact
that the consonant effect is clearly dominated by the vowel
effect In the case of lengthening, but not in the case of
shortening might be explained by the ratio of consonantal to
vocallc durations in the X type stimulus ytelding the same
speed sensation than A stimulus for each set. For each set, the
means of the approximated normal distributions for pooled
data were computed for both syllabic and vocalic durations.
We assumed that both means corresponded approximately to
the same ideal "A-equivalent” X stimulus whose consonant to
vowel ratio was taken as representative of fts set. These
ratios, shown in Table IV, are in clear agreement with the

assumption that vowel effect should dominate consonant
effect In the case of lengthening,

SET 1 2 3 4

C/Vratio 187.4% 167% | 41% |345%

Table 1V, Average consonant duration to average vowel duration

ratios for the “A-equivalent X stimuli* of the 4 sets, )

We should keep in mind that all these stimuli were
manipulated speech. In particular, shortened X stimult were
manipulated in such a way that the simulated consonantal
gesture was essentially preserved. Somehow, this gave the
feeling of a “careful” articulation which might have interfered
with the required Jjudgment of speed and could partly explain
the asymmetry of our resuylts,

Finally, if we turn to Nooteboom's research on “internal
auditory representation of syllable nucleus durations” ([10}),
1t appears that our results are in good agreement with his
finding that listeners are higly sensttive to vowel nucleus
durations. The standard deviations of the normal distributions
approximating our data (see Table ), give a quantitative
indication of listeners' Judgment accuracy: the order of
magnitude s 10 ms. Nooteboom reports an even higher

accuracy with which a Syllable nucleus duration can be
Internally representeq.

88 . 2261.1.3

i
i

el

TN
H “‘ll 0.
sHHUI D HRT]
ittt
iy

Fig. 3. Spectrograms of the portion /kebu/. a) original, b) overall uniform
warping of 0.6, ¢) overall non uniform warping of 0.59.

CONCLUSION .

To summarize, our experimental data indicates that
intra-syliabic structure of speech may modify the tempo
given by the syllabic rate. Namely, at least in the case of
lengthened speech, it {s not only the tempo given by such
perfodicity as the approximate one defined by temporal gaps
between consecutive vowels (articulatory) onsets, that
produces the speed sensation, but also, to a substantial
extent, the duration of the steady parts of the vowels.
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