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ABSTRACT

Theories on the mechanisms of phoneme identification
generally involve only the actual segment and the
transitions to and from neighbouring segments. In two
listening experiments we tested the importance for vowel
and consonant identification of the presence of speech
segments beyond the transition parts. The results clearly
show that identification continues to improve when

‘speech is added beyond the boundaries of the transitions

to neighbouring phonemes. Adding speech in front of the
target segment improved identification more than adding
speech at the back of the target segment, even if the
sound added in front was actually not part of the target
phoneme itself. We also show that the identification of
consonantal segments depends on the correct
identification of the vowel, and vice versa, in CV-type
stimuli, but not in VC-type stimuli. From these results,
we conclude that context beyond the CV- and VC-
transitions is used for both consonant and vowel
identification.

1. INTRODUCTION

One of the currently most popular paradigms for the way
speech segments are identified states that the identity of
a segment, i.e. a phoneme, is primarily determined by
the spectro-temporal structure of its “kernel” (see figure
1). In addition, the identity of consonants is generally
known to depend on the transition part of any
neighbouring vowel, i.e., the part outside the actual
vowel kernel. For the vowels themselves, there is a
discussion about the importance of the transition parts of
the vowel segment for correct identification (see [1] and
[2]). At the one hand, there are models that emphasize
the importance of the Consonant-Vowel transitions for
correct vowel identification, i.e., using Dynamic
Specification [1]. At the other hand, there are models
that exclude any use of these transition parts to identify
vowels, so called elaborate target models [2].

The importance of the consonant-vowel transition for
consonant identification is well established. Any
influence of the vowel transition on vowel identification
itself is generally interpreted as resulting from an
extrapolation of formant tracks into the vowel kernel (for
an overview, see e.g., [2]. [31, [4], [5]). The idea then is
that, by “overshooting” the actually produced formants
of the vowel kernel in perception, listeners could
compensate for the “undershoot” effects of coarticulation
[6]. However, in an earlier vowel identification study we
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found that the shape of the vowel formant track in itself
was not enough to induce this kind of “perceptual
overshoot” in our subjects ([31, [7]). In a detailed review
of the relevant literature, it was shown that none of the
studies reviewed could distinguish between the effects of
the context of the vowel realizations and the effects of
the vowel formant track shape ({31, [4]). There are also
reports in the literature indicating that presenting vowel
segments in their natural context decreases the
identification error-rate considerably with respect to
presentation in isolation (for VVV sequences, see [8];
for CVC, see [9]; see discussion in [2], [3], and [10]).
However, from these studies it is not clear how much of
the context was really removed in the “isolated”
presentation.

In the present listening experiment we tried to answer
the question whether the identification of vowel and
consonants is influenced by the presence of context
outside the consonant-vowel transitions proper. This
results in two separate questions, first, does the presence
of consonantal segments enhance the identification of
vowel segments, and second, does the presence of the
vowel kernel enhance the identification of neighbouring
consonantal segments?

2. MATERIALS AND METHODS

We performed two listening experiments using 120
natural Consonant-Vowel-Consonant segments taken
from a pre-existing set (see [3], [7] for details). All
segments were uttered as part of a long read text,. Vowel
boundaries were determined using audio-visual clues
from a waveform-display. Each vowel segment
contained all pitch periods that could not be attributed to
the neighbouring segments. As a result, almost all vowel
segments contained audible clues about their context.
The CVC segments used for the listening experiment
were randomly selected from the total set of over 1,000
segments. In the selection we ensured an even
distribution over all formant excursion sizes (i.e., AFj
and AF5,, which are related to coarticulation-strength)
and vowel durations of 100 ms or more. The median
vowel duration was 132 ms. The distribution of
phonemes over the tokens is given in table 1.

In the first experiment, 17 subjects heard fragments of
the vowel of each segment. Each token could be either
the central 50ms of the vowel (kernel), the complete
vowel segment with 10ms trimmed from each side (V,
trimmed to ensure that no consonant was perceived), or
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Figure 1: The prevalent paradigm of segment
identification (see text). Formant tracks are used to
illustrate spectro-temporal structure, but note that these
are often not defined for consonants.

the complete vowel segment+10ms of the consonant
(CVC). The difference between the V- and CVC-type
tokens is just 20 ms on each side. The CVC type of
token was also presented with the trailing transition
removed (CV) and the leading transition removed (VC).
All fragments were windowed with a 2ms Hanning
window on both sides to smooth the on- and offset of the
sounds. The subjects were asked to identify the vowel in
each token.

In the second experiment, 15 subjects, 14 of which had
also participated in the first experiment, heard fragments
of the CV and VC transitions of the original segments.
Tokens could include only. the consonant-vowel
transition outside the central 50ms of the vowel and
10ms of the consonant (CT, TC). Furthermore, the
tokens could consist of the transition and the vowel
kernel (CV, VC, identical to the tokens used in the vowel
identification experiment), the transition (T) and 25ms of
the consonant (CCT and TCC), and finally the vowel

Table 1. Number of C1VC7 stimulus tokens containing
specific consonants and vowels.

Cons Cj Co Vowel vV
fIv 14 mn a 10
sz 8 9 a 34
1) 4 0 € 16
X 3 5 i 19
h 5 1 u 1
p/b 10 2 o 37
t/d 16 12 y 3
k 4 5
m 12 1
n 17 11
r 10 35
1 3 18
w 7 6
j 2 0
g 0 3
# 5 1
Total 120 120 120
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Figure 2: Results of the vowel identification
experiment. The error-rate is presented ignoring
long-short vowel errors, i.e., /a-ay and /o-oY/
confusions in our experiment. Most differences
between conditions are significant (p<0.001,
McNemar’s test, not significant between CV and
either V or CVC). For symbols, see text.

kernel, the transition, and 25ms of the consonant (CCV,
VCC).

In both experiments, subjects heard each token twice in
quick succession and then had to select a response (i.e.,
forced choice) from the orthographic set of all Dutch
monophthongs (experiment 1) or all consonants
(experiment 2). Presentation of phonemes in
orthographic form poses no problems in Dutch and no
training was required.

3. RESULTS

The results are presented in figure 2 for the vowel
identification experiment, and figure 3 for the consonant
identification experiment.

In figure 2 it can be seen that the vowel kernel by itself,
i.e., only the central 50 ms of the vowel, is ruefully
inadequate for determining vowel identity. Even if long-
short vowel confusions are ignored, one in three
identifications is incorrect. Adding most of the CV and
VC transitions, but excluding the consonants themselves
(V), more than halves the error-rate, but still leaves an
error-rate of almost 15%. Including the consonants
reduces the error-rate by almost a fifth to 12% (CVC).
This is still a large error-rate given the fact that the
original speech was very intelligible and the vowels are
fairly long. From figure 2 it can also be concluded that
the trailing VC transition and consonant is a less
powerful clue to vowel identity than the leading CV
transition and consonant.

Figure 3 presents the resufts of the consonant
identification experiment. Figure 3.a contains the results
of the experiment with the pre-vocalic CV-type
consonant stimuli,, figure 3.b the results with the post-
vocalic VC-type consonant stimuli. Error-rates are
calculated based on either exact identification
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Figure 3.a: Error-rates for the CV-type consonant
identification experiment. Differences between
conditions are all significant (p<0.001, McNemar’s
test), except between CCV and CCT (Manner), and CT
and CCT (Place). For symbols, see text.
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Figure 3.b: Error-rates for the V C-type consonant
identification experiment. Differences between
conditions are all significant (p<0.001, McNemar’s
test). For symbols, see text.

{Consonant), ignoring Voiced/Unvoiced distinctions (No
Voicing), just the manner of articulation (Manner:
plosives, fricatives, nasals, vowel-like), or just the place
of articulation (Place: labio-dental, alveolar, palatal,
uvular/glottal). For all’ conditions it can be seen that
adding more signal to a fragment always reduces the
error-rate. Furthermore, adding signal to the front of the
fragment reduces the error-rate more than adding signal
to the back of the fragments, i.e., the error rates of CCT
< CV and VC < TCC. Note that the difference between
the conditions VC(C) and TC(C) is the presence of the
vowel kernel.

The results of the vowel and consonant identification
experiments indicate that identification benefits from the
presence of context in the stimulus. This implies that the
errors in both experiments are not independent. In our
experiments, 14 subjects identified (on separate
occasions) both the vowel and the consonant of each
CV- and VC-token. It showed that the correctness of the
identification of the vowel and the consonant in CV-
tokens, but not in VC-tokens, depended strongly on each
other. This was found for both the consonant identity
(ignoring voicing) and the manner of articulation (Table
2). For place of articulation, the dependency was
statistically not significant (p>0.01).

A closer look at the results shows that (Table 2), while
the error-rate for the initial consonant is moderate when
the vowel is identified correctly (38%). This error-rate is
very high (63%) when the vowel is identified
incorrectly. For the final consonant, the error-rates
associated with correctly and incorrectly identified
vowels are indistinguishable (42% and 41%). Also, in
the CV-segments, the vowels were identified
significantly better when the preceding consonant was
identified correctly than when this consonant was mis-
identified (error-rates of 9% versus 17%). Note that,
overall, the same vowels were identified better in CV
context than in VC context (error rates of 13% versus
21%, p<0.01, two-tailed McNemar’s test, Z > 8, see also
figure 2).
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4. DISCUSSION

For both vowel and consonant identification, the error-
rate decreased in all respects when more of the original
signal was added, even when this extra signal originated
from a neighbouring segment. In both experiments,
lengthening the leading part of the tokens decreased the
error-rate more than adding at the trailing end. For CV-
type tokens, the errors in vowel and consonant
identification were inter-dependent. For VC-type tokens
there was no relation between the identification of the
vowel and consonantal segments.

Qur results cannot be explained using “elaborate target
models of vowel perception” that try to explain the
identification without resorting to the CV- and VC-
transitions or the context ({1], [2]). However, even
models of vowel perception using “dynamic
specification”, i.e., the transition parts [1], cannot readily
explain the difference in error rate between our V- and
CVC-type stimuli (see figure 2) and the inter-

Table 2: Distribution of correct and incorrect responses
in C1V and VC2 segments (Vowels V, and Consonants,
C1 and C»p, ignoring Long-Short vowel confusions and
consonantal voicing, see text). The (in-) correct
identification of consonants and vowels in CV segments
was inter-dependent (p<0.01, 2 = 28.7, v = 1). In VC
segments, no relation was found (p>0.01, 2 = 0.06, v =
1). Corr: Correct responses, Err: incorrect responses.
Plain (top) values: actual number of responses; italic
(bottom) values: expected number of responses given
row and column totals, N = 1680.

civ VC>
)\ Corr Err \4 Corr Err
C1 Corr| 835 79 Cy Corr| 770 206
799 115 772 204
Err 633 133 Err 559 145
669 97 557 147
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dependence between vowel and consonant identification
in CV-type stimuli, but not VC-type stimuli.

These facts indicate that the identity of a segment is
determined by taking into account the context in which it
is presented. This context includes at least enough of the
neighbouring segments to be able to identify it (at least
to some degree). There is a strong asymmetry in the
influence of context. Speech sounds preceding the target
segment have a much stronger positive effect on the
error-rate than speech sounds following the target
segment. Furthermore, in CV-type tokens, it is much
more likely that both segments (vowel and consonant)
are identified correctly or incorrectly than that only one
of them is identified correctly. For VC-type tokens, no
such relation was found. We must stress that this
dependency could be the result of the fact that when the
vowel is pronounced carefully, the consonant will
generally be pronounced carefully too, making both
conspicuous at the same time. The same holds, mutatis
mutandis, for sloppy pronunciation. However, if this
“equally-careful-pronunciation” had been the cause of
the dependency in CV-type stimuli, it would have been
expected to cause a similar dependency in vowel and
consonant identification in VC-type tokens. The total
absence of such a dependency in VC-type tokens makes
this explanation unlikely.

5. CONCLUSIONS

The results of the identification experiments discussed in
this paper lead us to conclude that identification errors
of both vowels and consonants in natural (= read) speech
are measurably reduced by the presence of the original
speech context beyond the CV- and VC-transitions.
Identification seems to benefit more from speech sounds
preceding than from speech sounds following the target
segment. Furthermore, its shown that the correct
identification of vowels and consonants in CV-type
stimuli, but not in VC-type stimuli, was inter-dependent.
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