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Abstract

The aim of this paper is to investigate the influence
of a prior knowledge of the vocalic context on stop
burst perception. A previous experiment [2], during
which the listeners were unaware of the identity of the
following vowel, showed that bursts provided very re-
liable information about stop place but also that the
performance variation significantly depended on the
syllable and on the following vowel. We used fixed-
length burst stimuli of approximately 25 ms in which
all traces of vocalic segment have been set off. We re-
port another experiment concerning the perception of
the same stimuli but during which the identity of the
following vowel was specified to the subjects. Results
showed that the specification of the vowel identity led
to a slight but statistically significant improvement
in stop recognition. Nevertheless, the effects of this
knowledge were selective and varied with the context.

1 Introduction

In a previous experiment [2], we investigated the per-
ception of release bursts extracted from natural stop-
vowel syllables independently of the context (i.e. the
listener was unaware of the identity of the following
vowel). Results showed that the burst provided very
reliable information about the place of articulation
of stops. Nevertheless, performance variation signifi-
cantly depended on the syllable and on the following
vowel. This result, in good agreement with those re-
ported in other acoustical or perceptual experiments
[1,3], drew our attention to the need to investigate the
extent to which a prior knowledge about the follow-
ing vowel could improve stop identification, at least
in the worst contexts.

To do so, we carried out another experiment con-
cerning the perception of the same stimuli, but during
which the identity of the following vowel was revealed
to the listener. From the results of this perceptual ex-
periment, we tried to determine the importance of a
prior contextual information on stop burst identifica-
tion.
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Repp and Lin [5], who studied the perception
of whispered transients, have reported that the ex-
plicit knowledge of the identity of the vowel led to a
slight irnprovement in transient recognition (an over-
all marginally significant improvement of 3%). The
identification of /k/ followed by front vowels was
largely improved. However, according to the experi-
ment by Winitz et al. [6] investigating the perception
of the entire burst of voiceless stops, the specification
of the vocalic context did not improve the overall
scores.

2 Stop burst identification un-
der unspecified vocalic con-
text

This chapter is a succinct presentation of a previ-
ous experiment [2] which dealt with the perception
of stop burst independently of the knowledge of the
identity of the following vowel.

A preliminary experiment verified the listeners’
ability to identify relatively long stimuli (bursts plus
more or less important portions of the following
vowel), as well as burst-only stimuli. The results
showed that the presence of a vocalic segment, be
it long or very short, allows near perfect stop iden-
tification, since we obtained the following error rates
for bursts followed by 20ms of the subsequent vowel:
0% for /t,k/ and 6% for /p/.

Without receiving any training, subjects obtained the
following rates of correct responses for the burst-only
stimuli:

76% for /p/, 91% for /t/ and 94% for /k/.

The burst duration seems to explain the difference in
the identification rates of labials as opposed to other
consonants. These relatively high rates suggest that
the entire burst conveys significant and relevant in-
formation about stop place and led us to propose an
experiment concerning the perception of burst on-
sets.

Experimental protocol. We constructed our stim-
uli from CVC and CV monosyllabic words which
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combined the three initial voiceless stops /p,t,k/ with
the eleven vowels /i,ee,ay,¢,08,u,0,0,5/. Each sylla-
ble, extracted from the BDSONS database, was ut-
tered twice by five male speakers.

The principal aim of this experiment was to sin-
gle out and highlight the importance of the spectral
‘burst characteristics. To this end, we neutralised the
effect of the duration and cut off all traces of vocalic
segment. Indeed, onset stop-vowel syllables with a
same duration may contain few periodic pulses of the
subsequent vowel while stimuli made up of the entire
burst provide a duration cue and, when bursts are
aspirated, contain substantial formant transition in-
formation. Consequently, bursts whose duration was
shorter than 20 ms (essentially labial bursts) were
lengthened to a final duration not exceeding 25 ms
with the exact length depending on the location of
an appropriate zero crossing. For this purpose, the
burst tail end (essentially the weak frication noise of
the /p/ bursts) have been duplicated. Bursts longer
than 25 ms (essentially velar bursts) were truncated
and bursts with duration between 20 and 25 ms were
unmodified. The preparation of all the stimuli was
done with the help of the Snorri signal editor [4].

Eight native speakers of the French language, with
no prior training in phonetics, served as listeners in
this experiment. None was suffering from any hear-
ing defects. The subjects listened to the sounds,
using Seinnheiser HD520 II headphones, in a quiet
room with the sound volume adjusted to a comfort-
able level.

They received an intense training, in order to make
them reach the utmost of their ability to identify
stops and so to facilitate the assessment of the ef-
ficiency of bursts as a cue to stop place. During this
training session, subjects listened to variable-length
stimuli and simultaneously read their corresponding
identity, then they underwent a little test followed by
the correction of their errors. The experiment (the
training and the test) took two consecutive days.

Results. The average identification rate was 87%
(89% for /p/, 86% for /t/ and 87% for /k/). All
the scores were relatively high, whatever the vowel
was. Nevertheless, the analysis of variance ANOVA
showed that performance variation significantly de-
pended on the syllable and on the following vowel.
Only the eight vocalic contexts /i,e,a,y,8,u,0,0/ were
submitted to ANOVA. Scores ranged from 71% for
/k/ followed by front vowels /i,a/ and /t/ followed
by /y/ to 98% for /k/ and /t/ followed by /u/. Table
I (right hand side) shows the consonant confusion ma-
trices for stops followed by the three vowels /i,a,u/
used in all the experiments. For these vowels, the
overall identification rate was 85%. The Scheffé test
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was used for all post-hoc comparisons. It showed that
the stops were best identified when they preceded the
vowels /u,0/ and most poorly identified when they
preceded the vowels /y,a/. In the latter context, the
spectral maxima of the three consonants are often lo-
cated in the same frequency region (2-3 kHz). In the
former context, (/u,0/), the maxima of dentals and
velars are located in very distinct frequency regions.
The Scheffé test also showed that the interaction be-
tween /t/ and /i/ and between /k/ and /u,0,0/ im-
proved the intelligibility of the consonant. The rela-
tive proximity of the articulations of the stop and of
the following vowel seems to constitute a favourable
combination for the intelligibility of the consonant.
The interaction between the consonant and its vo-
calic context reduced the intelligibility of /k/ when
followed by the unrounded front vowels /i,e,a/ and
that of /p/ when followed by /u/. The spectrum of
/k/ followed by front vowels, high-frequency domi-
nated, is often confused with the dental spectrum.
Given the discrepancies observed in some contexts,
we proposed another experiment which addressed the
following question: can knowledge about the identity
of the vowel improve stop identification, at least in
the worst contexts 7 We used the same stimuli, since
we believe that it is all the more interesting to study

‘the influence of vowel on burst perception with stim-

uli in which all traces of vocalic segment have been
removed.

3 Influence of a prior knowl-
edge of the vocalic context

3.1 Experimental protocol

The corpus was made up of 90 tokens comprising
three voiceless stops each of which was uttered twice
in the three vocalic contexts /i,a,u/ by five male
speakers. These tokens were part of the tokens used
in the previous experiment.

The experimental protocol was similar to the pro-
tocol of the preceding experiment (see section 2), and
the same listeners were submitted to both experi-
ments.

Since nearly five months separated this experiment
from the previous, we decided to submit the subjects
to two training sessions. In a first training session,
subjects were made to listen to variable-length stim-
uli (bursts plus more or less important portions of the
following vowel, and burst-only stimuli). The second
training corpus was made up of 54 fixed-length burst
stimuli (3 voiceless stops x 3 vowels (/i,a,u/) x 3
speakers x 2 repetitions). All these stimuli were dif-
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ferent from the test stimuli. A training session was
devoted to each vocalic context and the identity of
the vowel was announced to the listeners. During
each session, subjects listened to the training corpus
and at the same time read the identity of the stimuli.
Then they underwent a test followed by the correc-
tion of their errors.

Before the test session, listeners were asked to
choose their response from among the list /p,t,k/ and
to write it down on answer sheets prepared for the
purpose. There were three test sessions which were
devoted to the three vocalic contexts. A test session
devised for a given context was preceded by an ap-
propriate training session devised for the associated
context. Sessions were separated by a 10 mn break.
The identity of the vowel was systematically revealed
to the listeners. The experiment took two consecu-
tive days.

3.2 Results

The overall identification rate was 89% (91% for /p/,
88% for /t/, 89% for /k/) which exceeds by 4% the
mean identification rate obtained under the unspec-
ified vocalic context condition for the three vocalic
contexts /i,a,u/. The consonant confusion matrices
for each context are displayed in table I (left hand
side).

A three way analysis of variance, ANOVA, was
conducted in order to highlight the effects of the au-
ditory session (two levels, one per each day during
which the experiment lasted), of the vowel (three
levels) and of the stops (three levels). Only one
significant main effect was observed, the vowel one
(F(2,166) = 13.28,p. < 0.001), and a single signifi-
cant interaction (F'(4,166) = 7.67,p. < 0.001), which
occured between the consonant and the vocalic con-
text. The Scheffé test again confirmed /u/ as the best
vocalic context, while the intelligibility of the conso-
nant was still reduced by the interaction between /k/
and /i/.

3.3 Comparing the specified and un-
specified vocalic context

The data obtained for the three vowels /i,a,u/ un-
der each experimental condition, i.e. the “unspeci-
fied vocalic context condition” (previous experiment)
and the “specified vocalic context condition”, were
all submitted to a four way repeated analysis of vari-
ance, ANOVA. This analysis was conducted in or-
der to highlight the effects of the auditory session
(two levels, one per each day during which each ex-
periment lasted), of the vowel (three levels), of the
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p t k p t k
pi 8 6 5 pi 92 1 7
ti 0 90 10 ti 0 86 14
ki 0 28 72 ki 0 22 78
pa 87 10 3 pa 8 8 b
ta 16 79 6 ta 9 79 12
ka 0 28 72 ka 1 9 90
pu 8 6 9 pu 93 3 4
te 0 97 3 tu 0 99 1
ka 0 2 98 ka 1 1 98

Table 1: Consonant confusion matrices for fixed-
length stimuli in an unspecified vocalic context con-
dition {(on the left hand side) and in a specified vocalic
condition (on the right hand side). Columns display
the responses.

stop (three levels), and of the condition (two lev-
els). The significant main effect of the condition
(F(1,336) = 7.05,p. < 0.01) proved that knowing
the vowel improved the identification of stop bursts.
This result is in good agreement with the findings of
Repp and Lin [5].

The effect of the vowel was significant (F'(2,336) =
28.83, p. < 0.001) just as was the interaction between
the consonant and the vocalic context (F'(4,336) =
14.40,p. < 0.001). As in the previous experiment,
the Scheffé test revealed that /u/ represented the
best vocalic context, and /a/ the worst. The interac-
tion between /k/ and /i/ and between /p/ and /u/,
reduced consonant intelligibility whereas interaction
between /k/ and /u/ favoured consonant intelligibil-
ity. All these contextual effects were found for the
previous experiment.

There was a weak significant interaction be-
tween the condition and the place of articulation
(F(2,336) = 1.90,p. < 0.25). The Scheffé test in-
dicated an improvement in the identification of /k/
under the specified vocalic context condition. The
mean improvement in the identification of /k/ was
8%. There was however no change for /k/ followed
by /u/, clearly identified under the unspecified vo-
calic context condition. Identification improved by
6% and 18% respectively when /k/ was followed by
/i/ and by /a/. The identification of /p/ was slightly
improved (4%) while that of /t/ fell by 2%.

A further more significant interaction was the
triple interaction involving the condition, the place
of articulation, and the vowel (F'(4,336) = 2.42,p. <
0.05). The Scheffé test showed that the improvement
in the identification of /k/ followed by /a/ under the
specified vocalic context condition (18%) was very
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Figure 1: Consonant identification scores for fixed-
length stimuli under the two conditions of unspecified
(black) and specified (grey) vocalic contexts

significant while the improvement in the case of /p/
followed by /u/ (8%) was only slightly significant -
only one utterance for /p/ was very clearly improved.
Consequently, the knowledge about the vocalic con-
text had a selective effect (see Fig. 1). As regard the
/a/ vocalic context, the improvement in the identi-
fication of /k/ occured without a concomitant de-
crease in the identification of /p/ and /t/ (even if
confusions between consonants were distributed dif-
ferently). Consequently, foreknowledge of this con-
text was useful. Specification of the /i/ context was
accompanied by a decrease in the intelligibility of /t/,
while confusions of this consonant with /k/ increased
(the reverse situation was observed for /k/).

It seems that the lack of specification of the vowel
identity favours the intelligibility of /t/ and creates
response biases towards this consonant - the spec-
trum of /t/ in this context, diffuse and high frequency
dominated is very characteristic of a dental. In view
of the slight improvement in the intelligibility of /k/
and /p/ and the slight worsening of the intelligibil-
ity of /t/, foreknowledge of the vocalic /i/ context
appeared to be of little use. The /u/ context was
the “best” context whether explicitly specified or nor.
The consonants /t/ and /k/ were all well identified
under each condition. Consequently foreknowledge
of the /u/ context was of little use.

It can be observed that one of the worst con-
texts under the unspecified context condition, namely
/k/ followed by front vowels /i,a/, improved with
‘the specification of the vocalic context. Statistically
speaking, the improvement of /k/ in the /i/ context
did not however exceed the overall improvement in a
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significant way. The improvement of /k/ when fol-
lowed by front vowels was noted by Repp and Lin
(1989).

4 Concluding remarks

As regards the results of our two perceptual exper-
iments, it appeared that the impact of a foreknowl-
edge of the vocalic context was limited (the overall
improvement was slight and only few contexts have
clearly improved). Nevertheless, the contribution of
contextual information for burst recognition may not
be limited to a foreknowledge of the vocalic context.
In fact, contextual information is present in the (on-
set) burst itself. Recent experiments have shown that
listeners were able to identify-certain -vowel features
from the burst [5,6]. Another experiment would be
necessary to determine the presence of this informa-
tion in our stimuli - in which all traces of vocalic
segment have been set off- and to try to determine
the effect of this information on listeners’ responses.
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