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ABSTRACT
Aim of the present study was to give an optimal
definition of the boundary between vowel categories in
terms of perceptual and acoustic parameters. To reach
this target we performed a comparison between the
results of vowel identification tests performed with
synthetic speech sounds and tests with vowel stimuli
segmented from natural connected speech. Two

experiments aiming at the definition of vowel

boundaries will be illustrated. In both experiments our
attention is directed to that portion of the F1/F2
diagram which defines the area of existence of Italian
vowels [a, E, e, i]. The results of this work lead us to
wonder on the opportunity of looking for fixed
boundaries, weather they are acoustical or perceptual.
Our conclusions rather seems to confirm the presence
of a great adptivity in the perceptual listener’s capacity.

1. INTRODUCTION

In the attempt of describing a vocalic system we are
always fronted with one recurring problem. Data
coming from physical measurements of vowel sounds
must be classified as belonging to a given class
corresponding to one of the vowel phonemes present in
the examined language. Consequently, an ideal
geometric space, often but not always on an f1/f2 plane
can be designed: this space, defined in terms of the
acoustical parameters used for the measurements, leads
to the creation of a set of existence areas, one for each
vowel phoneme.

The function of these areas is to reduce the entropy in
the caos of sounds variability within vocalic systems,
acting as a prototypical grid for the classification and
the categorization of every vowel sounds built on the
base of the previous measurements. Unfortunately a
sistematic overlap between adjacent areas will be
encoutered with a consequent lowering of the level of
reliability of the classification processes. This overlap
result independendent both from the chosen set of
parameters and from the scale type choosen for the
representation: Peterson & Barney [1] as first
represented vowel data on an fl/f2 plane, Ferrero &
Magno Caldognetto [2] gave the same description for
vowel system of Italian, Traunmuller [3] had the
intuition that fO and its distance from fl1 played an
important role on the classification of openness of
vowels, Di Benedetto {4], [5], [6] has tried to express
the complex form of this relation, Syrdal & Gopal [7],
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starting from Peterson & Barney database, tried to
solve the problem of areas overlap using bark
conversion and representing vowel acoustic spaces in
terms of f1-f0, f2f1, f3-f2, f4-f3, Miller [8] has
proposed a three-dimensional space in log-scale taking
under consideration logf3-logf2, logf2-logfl, logf1-SR,
where SR is a function of measured f0 values
expressing a sort of “normalized pitch”. Hillenbrand
and Gayvert [9] applying the statistical method of
quadratic discriminant on the Peterson & Barney
database compared most of the representation methods
described in literature and linear and non-linear scale
transformations, concluding that none of them could
improve the category separability. On the base of these
considerations one could conclude that the acoustic
features of the vowels seem thus not to be completely
univocal although, from a perceptual point of view,
listeners show to be in possess of well structured
“frame¢” for vowel identification both in the

_ classification of isolated vowels in laboratory

conditions and in the spoken dialogue condition.

Is the perceptual scheme the real key to solve the
problem of category separability in the vowel systems?
A distinction must be made between listening to
isolated vowels and to vowels inside words: in the latter
case, obviously, non-phonetical cognitive processes
such as semantical, lexical, pragmatical are involved
too. The weight of these factors in identification
performances is so strong that the vowels (but not only
vowels!) can be higly reduced or dropped without any
influence on the listener’s judgement about the
“quality” of the perceived sound.

The use of vowel identification tests, thus, can only
lead to the evaluation of the role played by some
acoustical-phonetical factors in the creation of the
mental prototypical grid, or, repeating the scheme used
for the acoustical description, they can help us in the
definition of perceptual existance areas. Vowel sounds
used for these types of tests can be stationary or
simulate natural coarticulation effects: in the first case
ideal targets are defined in terms of values of static
parameters, in the former undershoot or overshoot of
the category estimation are encountered. For a detailed
survey on this kind of problems see Van Son 1993 [10].
The leading idea of our work is to manage with speech
materials never used for identification tests: vowels
segmented from natural connected speech. We were
aware of the dishomogeinity of this kind of material for
which no acoustical parameter can be taken under
control. However we wished to perform a comparison
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between two different behaviours, so this paper will be
organized into two parts:

1) we will introduce a perceptual approach to the
definition of vowel boundary: the listener is fronted to
the ideal target situation with stationary synthetic
stimuli.

2) In the second part we will try to check the reliability
of the obtained boundaries by means of a test similar to
the previous but performed with natural vowels
extracted from a word. In this last case segments
possesses, on average, no invariant feature but they are
always correctly “heard” .

2. EXPERIMENT 1

2.1. Methods
In this experiment three series of synthetic vowel
sounds (fig.1) were used in order to determine
perceptual boundaries along the continuum defined on
the [a-i] axis.
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Fig.1 The three series of synthetic vowel stimuli used in experiment 1.

Formant values used for the synthesis are directly
obtained from the analysis of a corpus of Italian vowels
[11], [12]. We created a phonetic database based on
recordings of TV news bulletins. In our view this kind
of speech material represents an example of standard
Italian of middle-high level and, at the same time, an
example of connected speech which, although partly
read by the journalists, can be seen as “spontancous”.
The total corpus consists of 6400 items taken from
recordings of regional bulletins broadcast by the
national TV company (RAI) in four regions of Italy.
Starting from a sub-set of 200 samples of types [a,E,e,i]
in stressed position, a global linear regression was
calculated corresponding to the central line in fig. 1
(see also [13]). Thirteen equidistant points were
individuated on this line (50 hertz of increment for fl
values). Two further lines (and corresponding points)
lying 100 hertz above and below relatively to the values
of 2 and parallel to the previous one were
individuated. The three series of vowels were
synthesized as two-formant stimuli, duration: 300msec,
fo: 130 Hz, values for f1 and f2 corresponding to the
coordinates of the points on the graph. Ten listeners
(normal hearing, 5 male, 5 female, student at last year
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of linguistic courses and young researchers in
phonetics) carried out an identification test with these
stimuli. Subjects were forced to choose between the
four options a,E.e,i for their answers. Each test item
was a vowel sound repeated twice (the interval between
the two repetition was 500 msec, after the subject’
response to an item a period of 2 sec. occurred before
the presentation of the following). The listening
sequences were completely randomized, each vowel
sound was proposed 10 times to each listener, for each
subject the complete test session was divided into three
sub-session (130 items each) with two 10 minutes rest
intervals between them.

2.2. Results
Cumulative distribution of subjects' responses for the
three series are shown in fig.2.
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Fig. 2 Percentages of identification for the three series of stimuli
presented infig. 1 (s]:lower, s2:medial, s3:higher). The three crossing
points in the curves of each graph are used for the definition of vowel
boundaries along the ideal [a-i] axis.

The graphs direclty offers us the chance to define and
calculate the values of acoustic correlates f1 and £2 of
the three perceptual boundaries between the four
classes of vowels by means of a linear interpolation.

[i}-fe] [e}-[E] [E]-[a]
f1 2 1f1] 0 f1 2
s3| 304 2476 474| 2170} 735] 1700
2| 280 2296]460| 1972| 690| 1558
st} 2731 2089{455] 1761] 632 1442

Table 1: Values for fl1 and f2 boundaries obtained by linear
interpolation.
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3. EXPERIMENT 2

3.1. Introduction

Data resulting from the previous experiment can be
used for the description of the ideal/ behaviour of the
listener when he is fronted to a set of perfectly
controlled stimuli in perfectly controlled test
procedures. Although is largely known that this kind of
perception cannot be defined as categorical because of
the constant discrimination perfomances within
adjacent stimuli [14], the definition of boundaries is
always  clear-cut. Unfortunately  the real
communicational environment is not so easy to be
treated. Fig. 3 shows the real values measured as
previously described superimposed on perceptual
definition areas. Real data do not fill only the relative
expected spaces, for each vowel category fl/f2 values
spread themselves in the adjacent spaces in a quite
cahotic way: something is going wrong. Lies this
“something” in the head of the listener or in the nature
of the real sounds?
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Fig.3. Perceptual spaces for [a,E,e,i] vowel categories superimposed
to real data [12]

3.2. Method

In this last experiment we aimed at verifying the
coherence of the previous results when, unlike with the
synthetic materials, all acoustic parameters of the
stimuli were out of control. As already described in
section 2.1, a subset of 200 natural vowel sounds
segmented from connected speech derived by a wider
corpus [12} were used for an identification test (5
speaker, 10 tokens of each of the 4 vowels used in the
test). The segmentation of vowel stimuli included
formant transitions. For all vowels used in the test FO,
F1, F2, F3, duration, energy and coarticulation
informations were available. The values for F1, F2, F3
stored in the database were the ones measured in the
average FFT power spectrum of the central portion of
the vowel. Identification tests using the same method as
the previous one were carried out.

3.3. Results

Results obtained in this second experiment are not
directly comparable to that obtained in the previous
one.
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Fig. 4-a 4 comparison between data with maximal uncertainty
(identification scores between 40 and 60%) and perceptual areas.
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Fig. 4-b A4 comparison between data with minimal uncertainty
(identification scores more than 80%) and perceptual areas.

Fig. 4a gives an idea of the distribution of sounds
whose identification were higly uncertain: one should
expect that these cases could be used for the boundary
definition but this seems not to be the case. At the same
time, values for F1 and F2 of vowels in fig.4b, derived
from items with more than 80% of correct
identification, were expected all to lie ‘within the
respective perceptual areas but they . approximatively
show the same distribution than the previous ones.

We also focused our attention on the relation between
perceptual results and differences F1-FO, F2-F1 and F3-
F2 (in barks), according to methods proposed by Syrdal
& Gopal (1986) [7], Traunmiiller (1981) [3]. Because
of the lack of space we included only data for f1-fO (see
fig.5): we noted a good agreement in the main tendency
between our data and the ones coming from these
authors, but the large variability of our results indicates
that, beyond this general tendency, the vowel
classification system deriving by the use of these
parameters is not completely adequate to represent the
complexity of vowels nature within connected speech.
Furthermore the key value of 3.5 barks seems not to be
significative for the differentiation among classes in the
Italian vowel system, i.e. the discriminant value for the
distinction between [i] and [e] appears to lic under 2
barks. We planned further investigations on this
matter.
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Fig.5 Relation existing between f1-f0 in barks and identification scores

4. CONCLUSIONS

The general conclusions of this work tend to state a
stronger definition of the vowel boundaries in all cases
in which synthetic stimuli were employed. Nevertheless
this seems to represent an ideal situation mostly

differing from the reality. The perception of the speech -

stream needs a different mental representation and a
different condition of specch processing. Many authors
showed the evidence of overshoot and undershoot
phenomena, at a segmental level and using again
synthetic stimuli. Over- and undershoot indicate the
plasticity of the vowel perceptor in the identification
of dynamic vowel segments (see [10}, [5], [6], [15]).
We fundamentally agree with this opinion, although
our data show that, for connected speech, these kind of
phenomena cannot ‘completely explain the integration
performances of the listener: errors in identification
and boundaries “violations” are distributed on a
random set of possible formant dynamics, durations
and pitches. In this view, the determination of fixed
perceptual boundaries and definition areas is a false
problem. The performance in the identification task
could not be guided by a static perceptual grid
organized into the listener’s mind: probably the
features of the grid units vary with the contextual
conditions because the perceptual system is “adaptive”
in a broad sense, including normalization processes
too. Moreover we are afraid that, in any perception test,
a sort of indetermination principle can be introduced by
the speech material itself. Listeners learn to adapt their
performance during the execution of the experimental
task. The adaptivity of the listener is so strong and fast
that speech materials influence both the responses and
the categorization processes.
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