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ABSTRACT - Duration differences resulting from speech rate changes are assessed
from three perspectives: linear rescaling, gestural overlap and planned shortening.
A method of analysis is provided to distinguish between linear rescaling and
gestural overlap. The results of the research suggest a range of processes create

e

the durational differences.
INTRODUCTION

The literature on articulatory variation across different speech rates provides a range of opinions on
the processes underlying syllable lengthening and shortening. As was suggested by Gay (1981), it
is perhaps intuitive to think of duration reduction as the compression of an utterance. Alternatively,
the recent task dynamic model (Browman & Goldstein, 1980; Saltzman, 1991) suggests two main
processes for the reduction of a syllable based on the dynamics of articulatory movements:
interarticufatory overlap of neighbouring gestures and the intra-articulatory stiffness.

Lindblom (1963) associated smaller amplitudes and stable peaks in velocity at faster speech rates
with target undershoot, and suggested that the duration reduction occurred as a result of
physiological constraints. Wieneke, Janssen & Belderbos (1987) aiso found that jaw movements
did not reach the same peaks in displacement at fast speeds as were found at slower rates. Whilst
these resulis can be associated with the compression of speech, it is equally possible that adjacent
gestures are overlapped. Intergestural overlap, or the truncation of the gestures, creates similar
Kinematic characteristics as for linear rescaling of the gestures (Harrington, Fletcher & Roberts,
submitted). In order to assess these two theories the first section of this paper provides a method
of analysing the differences between the linear rescaling of an utterance and the overlapping of the
gestures.

An alternate view in the literature is that increasing speech rate does net produce a decrease in the
disptacement of the movement, but rather an increase in the peak velocity (Kuehn & Moll, 1976;
Edwards, Beckman & Fletcher, 1991). It has been suggested that the increase in velocity results
from an increase in the force with which the movement is produced, and that this increase in force
reflects the "planned shortening" of the utterance from an increase in muscutar stiffness (De Jong,
1991). The second section of the paper assesses the extent of planned shortening in reducing the
duration.

METHOD
Three adult speakers of Australian English (female speakers: CR, KC, JF) were asked to produce
the sentence “say barb naturally, not bub” at both a normal and fast rate. Fifteen repetitions of the

nuclear accented syllable "barb” were elicited. The speech data from two of CR'’s tokens, and one
of KC's, were not correctly aligned with the movement data, so these tokens are not included.
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Figure 1. Trajectory differences from linear rescaling and gestural overlap.

The movements of the upper lip, lower lip and jaw were recorded using a Movetrack system with a
sampling rate of 200 Hz, and the speech signal was recorded simuitaneously with the acoustic
sampling rate at 20 kHz. The phonetic boundaries were marked using Waves+ and subsequent
analyses were executed using mu+. The opening gesture was determined as the movement from
the minimum displacement of the initial /b/ to the peak displacement in the vowel, and the closing
gesture from the peak displacement to the minimum displacement for the final /o/. Only jaw
movements are analysed in this paper.

THE ANALYSIS OF LINEAR RESCALING COMPARED WITH GESTURAL OVERLAP

Although for rescaled and overlapped gestures the peak displacements and velocities are similar, it
is possible to define three parameters on which the trajectories differ. Primarily the shape of the
waveform between the peak velocities converges to a sharper peak in the truncated gesture than in
the rescaled gesture (Harrington, Fletcher & Roberts, submitted). Figure 1 provides an example of
the differences in the shape of the duration, velocity and acceleration as a result of artificial linear
rescaling and gestural overfap (both duration and velocity are aligned at the time of the first
minimum in displacement, and the acceleration is aligned at the time of the peak in displacement).

The first parameter locks at the duration between the peak velocities as a proportion of the syllable.
As gestures in the syllable overlap more, the proportion of the syllables between the peak velocities
decreases. This proportion remains the same when the syllable is rescaled.

The second metric is based on predicting the syllable duration from the ratio of the displacement to
the peak velocity (Beckman, Edwards & Fletcher, 1992), assuming that the movement approximates
a constant velocity. When the velocity is constant the time taken to complete the movement equals
the peak displacement/velocity ratio. If the velocity deviates from the peak velocity, i.e. the
movement slows or speeds up, a discrepancy is created between the predicted duration and the
actual duration. This is applied to the difference between rescaled and truncated movements: the
sharper the peak of the opening and closing gestures the more constant the velocity is, and
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consequently, the better the displacementivelocity ratio is as a predictor of the time it takes to
complete the movement (refer to Figure 1). Thus it is expected that this ratio will be closer to the
duration of the truncated syllables than the rescaled syllables. This parameter is calculated as the
percentage of the syllable underestimated.

The final parameter considers the shape of the acceleration curve, which should show a peak
corresponding to the peak displacement in the truncated gestures, where there would be no
equivalent peak in the rescaled gestures. This results from the faster transition from the opening
gesture to the closing gesture in the truncated syllable (see Figure 1). This parameter is quantified
by taking the biggest peak in the acceleration curve, and determining the distance between this
peak and the place of the peak displacement.

In order to determine whether the tokens produced at the fast rate are more like truncated or
rescaled gestures, the normal syllables are truncated and rescaled by the average duration
difference between the rates {speaker CR by 45 msec, KC by 90 msec, and JF by 55 msec), and
compared with the fast tokens.

Results and discussion

Figure 2 shows a plot of the proportion of the syllable between the peak velocities and the
praportion of the syliable which is underestimated. This figure shows that for speakers CR and KC
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Figure 2. Ellipse plots including 95% of the fast, rescaled and truncated tokens.
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the tokens produced at a fast rate conform to neither the truncated group nor the rescaled group.
JF, however, is best modelted by the group of truncated tokens (the Bayesian distances from the
fast tokens to the truncated centroid were less than the distances to the rescaled centroid; £=2.27,
p<0.05). The acceleration traces in Figure 3 indicate that the fast tokens are more similar in shape
to the rescaied group than the truncated group (the Bayesian distances from the fast tokens to the
truncated mean, as opposed to the rescaled average distance, were not significant).

THE ANALYSIS OF PLANNED SHORTENING

Two characteristics of the movement trace are appropriaie for assessing the extent of the planned
shortening of fast syllables: the peak displacements and the peak velocities. If the speaker plans to
decrease the duration of a syllable the result might be that the speaker speeds up the gestures
while preserving the amplitude of the movement (De Jong, 1981). Thus the peaks in displacement
would remain the same for different speech rates, whereas the peaks in velocity would increase as
a result of producing the gestures with more force.

As the increase in muscular stiffnress may differ between gestures, the opening and closing
gestures are considered separately for each speech rate. The differences in duration for each
gesture and rate are illustrated in Figure 4 so that any gestural effect can be considered. The peak
displacement is measured at the point where the opening and closing gestures meet, so only one
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Figure 3. Averaged acceleration traces for fast, truncated, and rescaled tokens. The vertical
line corresponds o #=0, the time of the peak dispiacement.
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Figure 4. Mean durations, peak displacements, and peak velocities.

value is shown in Figure 4. The peak velocities, also shown in Figure 4, will be compared to
determine any increase in force.

Results and discussion

The results of an analysis of variance (rate x gesture) show support for the planned shortening
hypothesis as the peak displacements do not decrease significantly at the fast speech rate for any
of the subjects (see Figure 4). Contrastingly, the resulls from a second analysis show the peak
velocities neither increase nor decrease significantly as a result of the increase in rate, which
indicates the movements may not be produced with an increase in force. The results from the rate
by gesture interaction from speaker CR show a significant difference in the velocity dependent on
which gesture of the syllable is involved (F=13.03, p<0.05), but no difference when considering the
overall rate. While Figure 4 shows all subjects decrease duration, the closing gesture decreases
more than the opening gesture (this interaction was significant for speaker CR, F~=12.02, p<0.01;
and for KC, F= 7.05, p<0.05), which is inconsistent with the patterns in velocity across the gestures.

CONCLUSION
Variation across subjects for the differences in rate is a commonly reported phenomenon (e.g.
Kuehn & Moll, 1976; Gay, 1981), and it does not seem inconceivable that different people employ

different strategies to reduce duration. From the support for the gestural overiap hypothesis shown
by Speaker JF a wider study using the methodology presented for distinguishing between rescaling
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and truncation may provide clearer results.

The resuits from the second section of the paper are of some concern. If speakers are reducing the
duration of the utterance, but are not decreasing the displacement in the reduction process, and
additionaily, they are not increasing the veiocity in creating the duration difference, then what is
changing to resuit in the reduction in duration? :

The results suggest that the closing gesture’s duration may decrease more than the opening
gesture. The transition from the final closure into the next syliable could be having an effect on the
closing gesture's duration. If, rather than raising the jaw fully for the final &/, the speaker leaves
the jaw quite low for the next gesture, then there would not necessarily be a decrease in the peak
displacement of the /ba:b/ syllable, and nor would the velocity necessarily change. The closure for
the final /b/ may be created by compensation from the lips, which has not been considered here.
Further work on this topic could consider the intragestural coordination of the articulators at the
point of closure in the final consonant.
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