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ABSTRACT

This paper deals with the perception of vowels from French stop
bursts. The corpus was made up of 90 stimuli of 20-25 ms duration
extracted from natural CVC and CV words. The syllables combined
the initial stops /p,t,k/ with the vowels /i,a,u/. In order to cut off all
traces of vocalic segment, bursts whose duration was too short were
lengthened. Eight native speakers of French served as listeners in
the experiment. Results showed that a burst onset which did not
contain any traces of vocalic segment provided substantial vocalic
information (the overall identification rate was 80%). The vowel /i/
was clearly identified from /t/ and /k/, and the vowel /u/ very clearly
identified from /k/. The vowel /a/, with high identification rate, was
often chosen in the absence of a clear vocalic timbre.

1. INTRODUCTION

The burst onset provides very reliable information about the place
of articulation of stop consonants ([10, 11, 6, 7], among others).
Knowledge about the identity of the following vowel, -whether its
identity is revealed to the listeners, or whether the vowel, without
any transition, is added to the burst signal-, leads to a slight im-
provement in stop identification [9, 1]. The aim of this paper is to
investigate another kind of contextual information: the vocalic in-
formation provided by the burst itself.

Winitz et al. [12] reported that subjects could more than acciden-
tally identify the adjacent vowels/i/, /a/ or /u/ from the entire burst
of voiceless stops1, the corresponding rates of recognition being
90%, 54% and 50%. Subjects were revealed the identity of the con-
sonant during the vowel recognition task. Repp et al. [9] found that
the vowel class, defined as the vowel and its nearest neighbours,
could be identified by listening to whispered transients (61% while
33% represented the chance level). The vowels were not identi-
fied as accurately, but nevertheless better that could have been done
by chance: 28% on the average, for the nine vowels of the corpus,
with large individual differences since, from one listener to another,
scores varied from 14% to 41%. The vowel /i/ was the most easily
identified. Cullinan and Tekieli [3] found that vocalic cues were also

1Stop bursts can be decomposed in the following successive segments:
the transient, the fricative segment which contains frication noise, and the as-
pirative segment [4]. The aspirative segment is generally absent from French
bursts.

present in the first milliseconds of natural bursts. They showed that
listeners had more than by chance ability to identify the front-back
feature 10 ms after the release, and the vowel height feature 20 ms
after the release. When the burst lasted 30 ms, the front-back fea-
ture was correctly identified at least 90% of the time, but the height
feature only 60% of the time. With 50% as the chance level, it ap-
peared that only the front-back feature could be clearly identified by
listeners. /I/ was the vowel best identified, /i/ being confused with
it. The results of the three experiments thus concurred to show that
the subjects could recover the high front characteristics of vowels
/i/ from bursts. Ohde and Sharf[8] showed that vowel identification
from bursts was greater in CV syllables than in VC syllables.

The aim of the present experiment was to verify whether the burst
of French stops, containing no trace of vocalic segment, provides
information about the identity of the following vowel.

2. PROCEDURES

We used the corpus and the stimuli of a previous experiment con-
cerning the perception of the place of articulation of French stop
bursts [1]. The corpus was made up of 90 isolated monosyllabic
CV or CVC words, extracted from the French database BDSONS
[2], which combined the three initial voiceless stops /p,t,k/ with the
three vowels /i,a,u/. Each of the nine syllables was uttered twice by
five male speakers.

Our stimuli were made up of fixed-length bursts of 20-25 ms dura-
tion containing no trace of vocalic segment. The duration was cho-
sen in order to fulfill the following conditions: it must be sufficiently
short to contain only syllable onset, and sufficiently long to allow
the stimuli to be well perceived. In order to eliminate all traces of
vocalic segment, burst signals whose duration was too short (three
dental bursts and eleven labial bursts) were lengthened. For this pur-
pose, we duplicated the burst tail end (essentially the weak frication
noise of the bursts of /p/). Consequently, bursts longer than 25 ms
were truncated, bursts shorter than 20 ms were lengthened to a final
duration not exceeding 25 ms (the exact length of all the stimuli de-
pending on the location of an appropriate zero crossing). We did not
modify bursts with a duration of 20-25 ms. The preparation of the
stimuli was done with the help of the Snorri signal editor designed
by Y. Laprie [5] which displayed speech signals and spectrograms
simultaneously and allowed to play back stimuli.
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Eight native speakers of French (four women and four men) served
as listeners in this experiment. They all reported to have normal
hearing. None of them had participated in the previous experi-
ment. The subjects listened to the sounds using Sennheiser HD520
II headphones, in a quiet room, with the sound volume adjusted to
a comfortable level.

The listeners were first submitted to a training session containing
various-length stimuli. The training corpus contained 27 syllables
which combined the three voiceless stops with the three vowels
/i,a,u/ and were uttered by three male speakers. These utterances
were different from the utterances used in the test. From each of the
27 syllables, we generated four different stimuli: the burst plus 2/3,
and 1/3 of the following vocalic segment, the burst segmented from
the release to just before the onset of the first formant as well as
fixed-length stimuli of 20-25 ms duration with no trace of vocalic
segment. The training stage was conducted in three steps. In the
first place, while reading the identity of the stimuli, subjects also
listened to the training corpus. Next, they were tested on a random-
ized version of the corpus, and finally, while listening to the sounds,
they compared their false and correct answers. The training lasted
approximately 12 m.

The subjects then participated in three test sessions, each of them
with a randomized version of the test corpus. Before the test ses-
sions, they were asked to choose their response from among /i,a,u/
and to record it on answer sheets designed for the purpose -they put
a cross in a column corresponding to their response. A ten minute
break separated the training and the first session from the two re-
maining sessions. The stimuli were presented by blocks of nine
tokens with the insertion of a ten-second inter-block interval and a
four-second inter-stimulus interval. Each of the eight listeners gave
3 responses to each stimulus (one per session). We thus collected 24
responses per stimulus, and 2160 (24x90) responses on the whole.

3. RESULTS

The average identification rate was 80%. Tables I and II show the
vowel confusion matrices for each context and each vowel. A two-
way repeated analysis of variance, ANOVA, was performed to ex-
amine the effects of the vowel (three levels), and the stop (three
levels). The Scheff´e test was used for all post-hoc comparisons.
The vowel effect was not significant (p = 0:14). Although the
identification scores for each vowel were well distinct (84% for /a/,
80% for /i/, and 75% for /u/), the corresponding standard deviations
were large. The consonant effect was significant (p = 0:02). The
average identification scores were 88% from /k/, 79% from /p/ and
76% from /t/. The Scheff´e test showed that the vowels were better
identified from the consonant /k/. This result was expected since
the articulation of /k/ varies a greatly deal with the articulation of
the following vowel. The interaction between vowels and stops was
very significant(p < 0:0001).

The subjects spontaneously told us that they could not actually rec-
ognize the timbre of the vowel /a/ while they sometimes clearly
identified the timbre of the vowels /i/ and /u/. Paradoxically, the
vowel /a/ obtained an high identification rate. In fact, it seems that
listeners have chosen the /a/-response in the absence of a clear vo-

i a u

pi 63 31 5
ti 90 9 1
ki 86 13 1

pa 1 85 14
ta 3 94 3
ka 21 74 5

pu 0 9 91
tu 2 61 37
ku 0 1 99

Table 1: Vowel confusion matrices. Scores (%) for each context. Columns
display the responses.

i a u
i 80 18 2
a 9 84 6
u 1 24 75

Table 2: Vowel confusion matrices. Scores (%) for each vowel. Columns
display the responses.

calic timbre. This probably explains the high rate of confusion of
/i/ with /a/ (18%) and of /u/ with /a/ (24%). The opposite confusion
rates of /a/ with /i/ and of /a/ with /u/ were lower (9% and 6%, re-
spectively). It thus appears that the /a/-response has been given for
the vowel /a/ and for the vowels /i/ and /u/ which were not clearly
identifiable.

Confusions between /i/ and /u/ were scarce (1% and 2%). With
regard to the identification of vocalic features, these low confusion
rates confirmed the very high intelligibility of the front-back feature,
already noted in previous studies, especially in [3].

If we except the /a/-context, whose identification process was partic-
ular, we observed that the proximity of both the articulations of the
stop and the following vowel constituted the best combination for
the identification of vowels from bursts2. This was clearly shown by
the identification rates of /u/ from /k/ (99%), of /i/ from /t/ (90%),
and of /i/ from /k/ (86%). It is worth recalling that /k/ is velar when
followed by the velar vowel /u/, and post-palatal when followed by
the palatal vowel /i/. The high identification rates of the vowel /u/
from /k/ and of the vowel /i/ is in good agreement with results of
previous experiments [9, 12, 3]. The vowel /u/ was very poorly
identified from /t/, the places of articulation of the stop and of the
following vowel being probably too far from each other to allow the
vowel articulation to be achieved at the consonant release.

The vowel color seems to be, at least partially, determined by the
global form of the spectrum. In /i/-context, especially for the den-

2This proximity also favoured the consonant identification (Bonneauet
al., 1996)



tal and velar consonants, we observed the presence of a long and
intense frication noise, dominated by high frequency-peaks, which
probably favoured the identification of the vowel (see Fig. 1). On
the contrary, the concentration of energy in low frequencies proba-
bly favoured the identification of /u/ (see /u/ from /k/, 99%, and /u/
from /p/, 91%).

Figure 1: Spectra of the frication noise of the bursts (the transient is not
included). From top to bottom: /k/ followed by /i/, /t/ followed by /i/, /t/
followed by /a/, /t/ followed by /u/. The frequency is expressed in kHz and
the intensity in dB.

We investigated the relations between the results of our previous
experiment [1], concerning the identification of stop bursts as well
as the influence of the specification of the context on this identifi-
cation, and the results of the present experiment. The same stimuli
were used in both experiments. Table III displays the confusion
matrices for the three stops /p,t,k/ in the three contexts /i,a,u/.

There was no clear relation between the identification of bursts
(without specification of the context) and of vowels from bursts.
It is worth noticing that most of the identification rates of both the
stop and the vowel were concentrated at a small range of (relatively
high) values, which was not favourable to find clear correlations
between data. In fact, when all the contexts and all the data were
considered, there was no correlation between vowel and burst iden-

p t k

pi 89 6 5
ti 0 90 10
ki 0 28 72

pa 87 10 3
ta 15 79 6
ka 0 28 72

pu 85 6 9
tu 0 97 3
ku 0 2 98

Table 3: Stop bursts confusion matrices (results of a previous experiment
[1]). Scores (%) for each context. Columns display the responses.

tifications. Nevertheless, if 20% of the outliers were eliminated,
there was only a weak correlation (r = 0:6). When we analysed
the data of each syllable separately, we found only three correla-
tions. There were negative correlations between the identifications
of /i/ and /p/, and between the identifications of /i/ and /k/. We ob-
served that the presence of very high frequency peaks on the bursts
of /k/ and /p/ followed by /i/ led to a perfect identification of the
vowel /i/ and to few /t/ responses. When the peaks were lower in
frequency, the identification of the vowel decreased sligthly while
that of /k/ and /p/ increased. We also observed a positive correlation
between the identifications of /k/ and /a/. This correlation reminds
us one of the main results of our previous experiment: the a pri-
ori knowledge about the identity of the following vowel /a/ led to
an improvement of 18% in the identification of the consonant /k/.
However, the results concerning the contexts should be confirmed
with a larger corpus -there were ten stimuli per syllable.

4. CONCLUSIONS

Our experiment showed that vocalic features could be identified
from the bursts of French stops containing no vocalic segment. The
front-back feature was particularly well identified since only 2% of
the vowels /i/ and /u/ were confused one with another. The present
study and our previous experiment concerning stop burst identifica-
tion showed that the proximity between the articulations of the stop
and of the following vowel always led to a clear identification of
both the stop and the vowel.
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