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ABSTRACT

V.V, tokens were digitally synthe-
sized, with the transition plus the V,
segments cut back to various degrees.
Listeners were asked to either identify
the vowel at the end of the stimulus
(Exp. 1) or to judge its proximity to a
designated target (Exp. 2). Results sug-
gest that the overshoot effect in the dy-
namic perception of vowels may be at
least partially attributed to cochlear proc-
esses. Thus, while results are consistent
with a gesture-bound theory of speech
perception, they also support alternative
accounts.

INTRODUCTION

It has been known for some time that,
for a vowel embedded in a C;VC, or
ViV,V, context to be recognized, its
formant frequencies do not need to reach
the values characteristic to those of the
same vowel in isolation {1]. This phe-
nomenon has been termed “vowel reduc-
tion” or “perceptual overshoot.” Recent
results in this area overwhelmingly sug-
gest that vowel reduction is an integral
part of the production and perception of
connected discourse [2](3], and it repre-
sents an accessible point of entry into the
study of the dynamic aspects of speech.
One aspect of vowel reduction and the
associated perceptual overshoot that has
not received sufficient attention is its de-
pendence on the velocity of vocalic
transitions {4]. The experiments pre-
sented in this paper investigated the ef-
fect of transition velocity on vowel per-
ception and addressed two specific ques-

tions: (1) Can formant transitions lead-
ing to a certain vowel target define the
target as a function of the transition ve-
locity alone? (2) Is the trajectory leading
from vowel V; to vowel V, perceived
identically to the trajectory leading from
Vz to V]"

EXPERIMENT 1

V.V, samples were generated digitally
using a PC computer. Each sample had a
falling fo-contour cormresponding to that
of a male voice. In Experiment 1, the
two vowels were selected at either end-
point or midway between the linear tra-
jectory between the two French vowels
fa/ and fi/, represented in the FI1-F2
plane. The vowel exactly bisecting this
trajectory was one which French-
speaking listeners identified as an accept-
able token of /e/. The trajectory in the
F1-F2 vowel space is illustrated in Fig.
la. The duration of the V, segment was
held constant at 100 ms. Two velocities
of frequency change were synthesized,
one covering the distance between /a/
and /i/ in 100-ms, and the other in 200
ms. The trajectory thus reached the
vowel /e/ in 50 or 100 ms, respectively.
A 100-ms terminal steady-state portion
of V, was appended to the transition.
From each V,-V, complex, a series of
tokens were generated by cutting back an
increasingly longer segment from the end
of the complex. The duration difference
between any two adjacent tokens was 5
ms. Four V,V, pairs, /ai/, /ia/, /ag/, and
fie/, were investigated. A schematic of a
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Figure 1. Stimuli used in Experiment 1. A: FI-F2 plane represeniation of the lil-la/

transi

tion trajectory. B: Spectrographic representation of /ail and /a€ | at the two

transition velocities (shown as different line styles).

sample stimulus is shown in Figure 1b.
Three experienced subjects served as lis-
teners. They had to indicate, by key
press, which of the four vowels /a/, e/,
/e/, or /i sounded most similar to the fi-

Blocks of stimuli contained 10 repetitions
of 10 to 16 different tokens. Each token
was introduced by the monosyllabic word
“dis” (="'say”).

Figures 2a-d illustrate combined re-

nal vowel of the stimulus they just heard sults of three subjects. Each panel repre-
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Figure 2. Results of Experiment 1. A: Percentages of a final “i" reported f.or /ail with
a 100-ms transition and for 18! with a 50-ms transition (solid lines in Fig. 1b). B':
Same as “A”, but with 100-ms /ag/ transition. C: Same as “B”, but with ZOQ-m lail
transition. D: Percentage of “@’ reported for lia with 100-ms and /ie{ with 50-ms
transitions. Note the compressed ordinate scale. Averaged data for three listeners.
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sents the proportion of the responses in
which the terminal vowel segment was
heard as the remote anchor of the trajec-
tory, i.e., /i/ for the /ai/ and /ag/ transi-
tions, and /a/ for the /ia/ and fig/ transi-
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tions. The three main results are: (1) For
identical Hz/ms transition rates, re-
sponses to the /ai/-/ag/ and /fia/-fie/
pairs overlap even beyond the onset of
the steady-state /e/. (2) For the low
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Figure 4. Results of Experiment 2 represented in the F 1-F2 plane. Each small open
triangle represents data from one of the four subjects and the large filled triangles, the
average data for any condition. Data represent estimated formant frequencies for ter-
minal vowels judged to reach the target V, with a 50-percent confidence rating. Each
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Figure 3 . Spectrographic representations of stimuli used in Experiment 2. A: F1-F2-F3
of the eight lial tokens used in the constant transition duration series. B: FI1-F2-F3 of
two of the eight /ail tokens used in the constant transition velocity series.

transition rate, there is little or no over-
shoot. (3) The fia/-fie/ and /ai/-/ag/ tran-
sitions are judged asymmetrically.

EXPERIMENT 2

Experiment 2 was designed to test for
overshoot along trajectories outlined by
the three corners of the vowel triangle
with series of tokens differing either in
transition velocity or in transition dura-
tion. Two series of eight tokens were
generated from the six V,;V, complexes
fai/-fial, /au/-fua/, and hi/-fiu/ with the
final formant frequencies of the tokens
covering the V;-V, formant space, with
transition duration (Fig. 3a) or transition
velocity (Fig. 3b) fixed. Four trained
subjects served as listeners and rated, on
a four-point scale, the proximity between
the V, target and the terminal vowel
segment of the token.

From the results, we estimated F1 and
F2 values of the final vowel which was
judged with a 50 percent confidence to
be the target. Figure 4a shows these fre-
quencies for the constant-duration and
Fig. 4b for the constant-velocity series
and demonstrate consistent overshoot.
The largest overshoots are found in the

constant duration conditions, indicating
that, as the transition velocity increases,
the final vowel is increasingly heard as
the V; target. Although the overshoot
for the constant-velocity vowel pairs is
more modest, the variability is also less.
The small size of these overshoots may
be due to the averaging process that
computes the pitch of sounds with
changing frequencies [S). Large direc-
tional asymmetry was observed only for
one vowel pair and only in one series.

DISCUSSION AND CONCLUSIONS

The above two experiments demon-
strate that, although contrast and linguis-
tic context may influence vowel recogni-
tion, they do not represent sine qua non
conditions for the phenomenon of over-
shoot to occur. The present results sug-
gests that peripheral auditory processing
may play a substantial role in the dynamic
perception of vowels. In Fig. 4, it scems
that the overshoot is associated with ei-
ther a large F1 difference (/ua/-/au/) or
an F2 trajectory that traverses low-
frequency (<1000 Hz) regions. Since
adjacent harmonics are individually re-
solved at low frequencies, both inter-

triangle points toward the target V, frequency, e.g., on the trajectory berween [u/ and il
triangles pointing downward are data for liul, and those pointing upward are data for
Juil conditions. Panel A: results of the constant transition duration series. Panel B:
results for the constant transition velocity series.

harmonic and broad (especially low-by-
high-frequency) suppression may shift
the effective formant peak (i. e., the peak
in the peripheral excitation pattern) away
from another, relatively high-energy re-
gion [6].

Fig. 2 also suggests that the presence
and extent of the overshoot depend
heavily on the slope of the transition. In
fact, the intended target may not even
matter: An /ag/ doublet will generate the
percept of a terminal /i/ as long as the
transition velocity is identical to that of
an /fai/ doublet. This illusion is strongest
at the very beginning of the transition and
remains quite compelling as long as a fi-
nal steady-state /¢/ is absent. Since in the
natural production of such vowel pairs
the first part of the transition coincides
with a period of maximum acceleration of
the articulators (i.e., a period of maxi-
mum force), our data are consistent with
a speech-gesture interpretation but also
with certain alternative accounts.
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