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ABSTRACT

This paper presents a perceptual
experiment on the effect of prior knowl-
edge of the vowel on the identification of
French stop bursts in natural speech. In
order to evaluate the discrimination
power of only spectral characteristics of
the burst, stimuli consisted of fixed-
length bursts of approximately 25 ms
(neither VOT nor transitions are present).
Results showed that knowing the identity
of the following vowel caused a slight
but statistically significant improvement
of stop identification.

1 INTRODUCTION
Several studies have indicated that the
release burst provides reliable informa-
tion to correctly identify the stop place of
articulation [1] {S] [6]. Nevertheless, in
current recognition systems, the recogni-
tion rates of the palatovelars in front con-
texts and the dentals in rounded contexts
are still far from human performance.
Moreover, questions still remain about
the role of the knowledge of the identity
of the adjacent vowel on the identifica-
tion of stops. In order to better under-
stand the discrimination power of the
burst for identifying the stop articulation
place, three perceptual experiments were
carried out: the first tested listeners’ abil-
ity to identify the burst plus a segment of
the following vowel, the second investi-
gated the identification of fixed-length
bursts independent of the knowledge of
the following vowel, the third dealt with
the effect of knowing the vowel on this
identification. The first and the second
experiments are described in [2] [3]. In
the following section, we present them
briefly in order to introduce the third
experiment which is the central issue of
this paper.

2 PERCEPTION OF STOP BURSTS
WITHOUT KNOWING THE
VOWEL

2.1 Preliminary experiment
_ We checked the listeners’ ability to
identify i) bursts plus a segment of the

following vowel, and ii) bursts only. The
results indicated that the presence of a
vocalic segment, even a very short one,
allowed an almost perfect stop identifica-
tion. The high identification rates
obtained for the burst-only stimuli
encouraged us to propose the following
experiment in which we tried to clarify
the contribution of just the spectral burst
characteristics.

2.2 Identification of fixed-length bursts

2.2.1 Corpus and stimuli

The stimuli were extracted from a cor-
pus made of CVC and CV syllables, in
which each of /p, t, k/ appeared in combi-
nation with each of the 11 vowels /i, e, y,
9, €, a, &, 2, u, 0, 3/. The stimuli con-
sisted of burst portions of the same dura-
tion (25 ms) with no remaining vocalic
segment. Figure 1 presents the spectro-
gram of a few stimuli.

2.2.2 Major results

The average identification was 87%.
Table 1 shows that, independent of con-
text, all the identifiication rates were not
only well above chance but also very
high. A three way repeated analysis of
variance, ANOVA, was performed in
order to estimate the effects of the audi-
tion (2 auditions, one per session), of the
vowel (8 vowels) and the stop (3 stops).
Moreover, we used the Scheffé test for
all post-hoc comparisons. These tests
indicated significant main effects for all
the parameters but only one significant
interaction, the stop-vowel one.

To summarize, the burst onset pro-
vides reliable spectral information about
the place of articulation of the stops,
independent of explicit knowledge of the
identity of the vowel. Neverthless, listen-
ers’ performance varied significantly
depending on the following vowel and on
the syllable. Does the knowledge about
the identity of this vowel improve stop
recognition, at least in the worst con-
texts? This question is the object of the
following experiment.
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Tuble 1. Consonant confusion matrice
for fixed-length stimuli in eleven
unknown vocalic contexts.

p(%) (%) k(%) ]
7 89 6 3
i 0 90 10
i/ 0 28 72
Tpel 89 9 2
el 2 94 4
Tpel 87 1T 2
el 1 85 14
e/ 1 28 71
Tpal 87 10 3
ot 15 79 6
/Ka/ 0 28 72
ipyl 83 7 10
/?3/ 0 72 28
IKy! 3 13 84
Tpol 97 2 I
Ao 1 0 83 17
kg | 2 6 92
Ticel 0 98 2
Tkee/ 1 12 87
Tpw/ 85 6 9
i 0 97 3
k! 0 2 98
Tpol 91 8 I
ol 1 86 13
Ixol 0 1 99
Tpol 93 4 3
ol 8 83 9
o/ 1 1 98
Tp5l 92 6 2
13/ 8 77 15
3/ 2 0 298
3 EFFECT OF KNOWING THE
IDENTITY OF THE VOWEL

Winitz et al. [8] have shown that,
when listening to the entire burst of /p, t,
k/, subjects could identify the adjacent
vowel better than chance. According to
Repp and Lin [6}, the explicit kr_lowledge
of the following vowel slightly improved
(3%) the consonant recognition. In order
to verify whether Repp and Lin’s results
would be the same for natural (non whis-
pered) bursts, we conducted an experi-
ment to test the influence of the explicit
knowledge of the vowel on the identifica-
tion of the stops.

3.1 Identification of fixed-length bursts
with knowing the vowel

3.1.1 Corpus and stimuli
The corpus was made up of 90 tokens:
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/p, t, K/ uttered twice by 5 male speakers,
in each of the 3 vocalic contexts /i, a, u/.
We used all the burst stimuli of 'the
"vowel unknown" experiment appearing
in /i, a, u/ contexts.

3.1.2 Subjects and procedure

The subjects were submitted to 3 ses-
sions on 3 days, each day a session. The
first session was a familiarization task,
which consisted in hearing the stimuli of
the preliminary experiment. The second
session included 3 stages, one per vowel.
At these stages, the identity of the vowel
was revealed to the listener. Each stage
was composed of a training phase, a test
then a rest. The training phase was
divided in 3 tasks. )
s First, the subjects listened to the trai-
ning corpus (/p, t, k/ appearing before
each of /i, a, u/, and uttered twice by 3
male speakers) and simultaneously read
the corresponding answers.

« Second, they underwent a test on the
same corpus, but randomized, and they
were asked to choose their response from
among /p, t, k, %, the symbol /?/ means
they were unable to supply an answer.

* Third, they compared their false res-
ponses by looking at the correct answers,
and by simultaneously listening to the
sounds. ) )

The test task consisted in hearing the
test corpus devised for one of /i, a, v/ (30
stimuli). The third session is a replication
of the second one but the corpora were
randomized differently. In this way, we
obtained 2 auditions for each stimulus.

3.1.3 Acoustic analysis of the stimuli

In order to interpret the perceptual
results, we analyzed the release burst of
voiceless stops in all vocalic contexts.

« Palatovelars. As might be expeptedi

frequency of the most prominen

;)l::‘:k vgried )a’ls a function of both the
place of articulation and the degree of
rounding of the following vowel. More
precisely, the mean values were 1020 Hz
in the back context /u, o, 3, 3, &,
2500 Hz in the central context /a, &, e/
and 2800 Hz in the front context /y, @, 1,
Sli/antals In the rounded context, they
had a prominent peak at a relatively low
frequency, at approximately 2500 Hz.

In the central context, the spectra of our
dental stimuli were either flat or promi-
nent at 1800 Hz (Locus).
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Figure 1.
pa, ta, ka, pu, tu, ku/.
» Labials. The maximum was not situa-
ted in a well defined region, even for the
same vocalic context. Nevertheless, the
energy was stronger in low frequencies
in the back context, and in mid frequen-
cies in the central and front contexts.
Moreover, the global form of the spec-
trum did not always fit the templates pro-
posed by Blumstein and Stevens [1]. In
fact, the spectra of our dental stimuli fol-
lowed by rounded vowels were not dif-
fuse and those of our palatovelar stimuli
followed by centrals and unrounded front
vowels were not always compact [4].

3.1.4 Results

The overall identification rate was
89%, 4% higher than the identification
rate obtained in the "vowel unknown"
experiment for the same vocalic contexts
/i, a, u/. A three way repeated analysis of
variance was conducted in order to esti-
mate the effects of the audition (2 audi-
tions, one per session), of the vowel a3
vowels) and the stop (3 stops).

There was only one significant main
effect, the vowel one [F(2,166)=13.28,
p-.c.<0.001], and one significant interac-
tion [F(4,166) = 7.67, p.c.< 0.001]
which occurred between the consonant
and the vocalic context. According to the
Scheffé test, /u/ was considered as the
best vocalic context, and the interaction
tlzglt'\tfveer} /l}c]/ and /i/ reduced the intelligi-

ity of the consonant. Let us i
briefly these results.  fmierpret
* Context /u/. In this context, the very
high rate of identification of /k/ is most
probably due to its particular spectral
form (2 prominent peaks separated by a
region without energy: generally the
most prominent was situated at the F2 of
the following vowel and the second one
at 4000 Hz). Similar identification rates

have been reported in [1] and [5).
Although the spectral form [of] t/ was [nclt
diffuse, it was correctly identified; the
spectral maximum frequency of /t/ in this
context was clearly different of that of /p/
and /k/. /p/ was mostly confused with /k/
because its relatively prominent peak
situated in the low frequencies.

Table 2.  Consonant confusion matrice

for ﬁx.ed-length stimuli in three known
vocalic contexts.

p( ;0) t( % ) E( ljo;

o/ 92 T i
i/ 0 86 14
i/ 0 22 78
fpal 87 8 5
hal 8 79 13
/ka/ 0 9 90
/pu/ 93 3 4
ftu/ 0 99 1
/ku/ 1 1 98

. Conte?(t /a/. In most cases /k/ was con-
fused with /t/ because: i) its non compact
_spectral‘form, and ii) the frequencies of
Its maxima were situated in the same
region as those of /. /t/ was confused
with /p/; the missclassified stimuli had a
weak energy and their maxima were
snuatgd bellow 2500 Hz. /p/ was very
well identified; it might be due to its
weak energy.

* Context /i/. Most of the confusions
were between /t/ and /k/. The latter was
not always compact, and the frequencies
of the maxima of the two stops were
situated in the same region (3500 Hz-
4500 Hz).

:l COMPARISON BETWEEN THE
':VOWEL UNKNOWN" AND

VOWEL KNOWN" EXPERI-
MENTS
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A four way repeated analysis of vari-
ance, was conducted in order to estimate
the effects of the audition (2 auditions,
one per session), of the vowel (3 vowels),
of the stop (3 stops) and of the experi-
ment (2 experiments).

The significant main effect of the

experiment parameter [F(1, 336) = 7.05,
pc. < 0.01] proved that knowing the
vowel improved the identification of stop
bursts. There were significant effects of
the vowel [F(2,336)=28.83, p.c. < 0.001]
and a significant interaction between the
consonant and the vocalic context
[F(4,336) = 14.40, p.c. < 0.001]. The
Scheffé test revealed that /u/ was the best
vocalic context, and /a/ the worst one.
The interaction between /k/ and /i/, /p/
and /u/, reduced the intelligibility of the
consonant, while the interaction between
/k/ and /u/ favored it. There was a mar-
ginal significant interaction between the
experiment and the place of articulation
[F(2,336)=1.90; p.c.< 0.25]. The Scheffé
test indicated an improvement in the
identification of /k/ in the "vowel known"
experiment: there was no change for /k/
followed by /u/, already very well identi-
fied in the "vowel unknown" experiment,
whereas the improvement for /k/ fol-
lowed by /i/ and by /a/ was 6% and 18%
respectively. The identification of /p/ was
slightly improved (4%), while that of /t/
was reduced by 2%. Another more sig-
nificant interaction was the triple interac-
tion between the experiment, the stop,
and the vowel [F(4,336) = 2.42, p.c. <
0.05]. The Scheffé test indicated that the
improvement of the identification of /k/
followed by /a/ in the "vowel known"
experiment was very significant while
the improvement of /p/ followed by /u/
was only slightly significant. Conse-
quently, vowel knowledge was especially
beneficial to the identification of /p/ fol-
lowed by /u/ and /k/ followed by /a/.

5 CONCLUDING REMARKS

The explicit knowledge of the vowel
caused a slight but statistically significant
improvement of stop identification. More
precisely, knowing the vowel was of ben-
efit to /k/ followed by /a/ and to /p/ fol-
lowed by /u/. The increase appeared
without an accompanying decrease of
other stops in the same vocalic context,
therefore the knowledge of the identity of
the vowels /u/ and /a/ had only positive
effects. On the other hand, the listeners’
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performance remained constant in the /i/
context. These deductions allowed us to
appreciate how the vocalic information
may help stop recognition. For this pur-
pose, we are developing a system that
uses vowel features to recognize the stop
place of articulation.
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