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Acoustic reduction is widely attested in speech, but how this takes place in articulation is
not as well known. The aim of this study is to examine how reduction takes place in
articulation, taking the example of the English price /a1/ diphthong. We identify four
articulatory mechanisms that could potentially result in similar reductions in acoustic
duration: increased gestural overlap, undershoot, shortening of gestures, and increase in
stiffness (resulting in faster movement).

Previous research has found evidence suggesting the nature of temporal coordination
in diphthongs, but has not directly tested the predictions of such coordination patterns using
simulation. Acoustic reduction of Spanish diphthongs across task conditions was studied by
[1], who constructed a continuum of reduction as hiatus—diphthong—monophthong, but the
articulatory manifestation of this process is not clear. Differences in articulation of the /a1/
diphthong (in English and German) have been studied in terms of the Euclidian distance
travelled between the targets [2][3]. Gestural timing has been identified as a key difference
between diphthongs and hiatus sequences in Romanian [4][5]. Changes in the timing of
gestures play an important role in diachronic sound change, as has been shown in Romance
[6] and English, including the price vowel which is the focus of this study [7]. In sum,
previous work suggests that diphthong reduction could involve changes in the timing of
gestures as well as their targets.

The simulation procedure used the Task Dynamics Application (TADA) [8], with an
analysis-by-synthesis approach similar to [9]. Unlike [9], the present study focuses solely on
articulation rather than matching acoustics, and adds undershoot and changes to stiffness.
After initially generating a gestural score based on the Coupled Oscillator Model of Syllable
Structure [10], TADA uses this gestural score as input and simulates the trajectories of the
vocal tract organs. We successively modify gestural score files according to a specified set of
reduction rules. The “reduced” versions of these utterances produced by our script are then
used as input for the TADA trajectory simulation algorithm.

This procedure was used to generate 65,536 variations (combinations of 16 parameters
each with two values) of the English word five, which were compared with 425 examples
from 48 speakers in the X-Ray Microbeam Database [11]. Analysis was performed using
Dynamic Time Warping (DTW), [12], as implemented by the DTAIDistance Python package
[13], with an additional penalty for durations that differ substantially from the XRMB data.
Examples of good and bad fits between simulated and actual gestures are shown in Figures 1
and 2. To understand the reduction strategies, regression analyses were used to predict
acoustic duration with the best fit articulatory parameters, controlling for speaker, text, task
type and giveness.

Results show that the best-fit simulations tended to use gestural shortening and overlap of
both [a] and [1] components of the diphthong, but all four strategies were observed. However,
a correlation analysis between each dimension of reduction and acoustic duration showed the
strongest correlation with gestural shortening. Overlap resulting from earlier phasing of [1]
was also correlated with duration, but was even more strongly correlated with shortening of
[1]. We interpret this as evidence that gestural shortening is the most important articulatory
correlate of overall acoustic duration, but that the other forms of reduction contribute to the
shape of an articulatory trajectory, and likely to other aspects of acoustic detail.



Figure 1. A good match between real and Figure 2. A poor match between real and
simulated tongue dorsum trajectories (the simulated trajectories.
lower half is the real utterance).
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