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Abstract- In the present paper some evidence’ is
given for the existence of a gradual phonetic change
{n Italian stop conscnants from the point of view of
their defining distinctive features.

The four featureas of Mode 1 (Voicing), Mode 2
(Continuity), Place and Timing are assumed to be
perceptually effective and are examined from the
point of view of their significant correlation.

The experiment used synthetic stimuli for CV
groups of phonemes obtained from an acoustic model
which allows one to vary continuously the acoustice
characteristics  assoclated with the distinccive
features that are being examined.

1.Foreword

This paper is based on the assumption that the
acoustic or articulatory categories detected on the
physical continuum are not homogeneous with the
corresponding perceptual ones; in order to define
such categories, it is essentilal to describe the
relative variation of the significant parameters
{see also [8]) on their own perceptual scales.

We have prepared a table (see table 1) of the
relative values of the four most significant
perceptual features for Italian consonants: in this
ayatem Timing 18 considered as a feature in itself
which varies in combination with the others, but
along a typical continuum.

It is thus obtained the "intrinsic'" time of
each perceptual entity {or "res percepta").

The table shows all the possible ratios between
the relative values fixed for the experiment but it
could be expanded (within given houdaries) to give a
more suitable frame for the complex reality of a
natural language.

2.Theoretical approach

Multivalue features scales commonly used (see
{31, improvement on [7], etc.) are based on
extrapolation from experimental observation on
articulatory processes.

Such proceases are effectively gradual: thelr
graduality is 4implicit to the performance time of
mescular commands.

The basic assumption of such approaches is that
the sum of wvalues (no longer conceived in binary
terms) of a fixed number of features that are
gelected on the hbases of their economicalness or
"naturalness" defines each phoneme.

Scales are defined by giving fixed values to
the beginning and end of peossible continua which are
segmanted into different vange groupings according
to the language in questicn: e. g. possible cuts
along a place of articulation continuum are:

¢ 1 2
@) say English, Italian, Finnish.
el Jel I/
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Y 1 2 3

;) say Albanian.
el el fel e/

0 1 2 3 4
N say Classical Arabice.
el Ief &I 19/ 17/

We evince from (a ) ~ (¥) that the possible
continuum that defines the Front - Back, Frontedness
or Place features 1is composed of the following
positions that define phoneme ranges:

However, rather than claim that such levels or
possible ranges of a continuum (cut into a graded
plane or Gradatum) - and we can allow that levels
may be only two (usual for Voicing) at the
phonological level, as in English or Italian, or
even only one as in Finnish, though n - valued at
the phonetic level - are bound to the production
level of our model (articulation), we would claim
that when in fact we say that the Frontedness or
Place features has three levels in Italian we are
really referring to the perceptual interpretation of
a position of the articulatory-acoustic space, to a
process in which speech production categories ate
mapped on to corresponding perceptual categories.

The scheme we propose to represent the three
phases of the whole process involved is as fin
Diagram I.

We can admit that the gradualness of features

is effectively codified at the 2nd LEVEL, where
perception takes places on the basis of a set of
perceptual features that refer to the constant
relations between physical values individuated along
a perceptual scale formed of acoustlc parameters
given in the LEVEL ONE INPUT (i.e. capacity to
select given parameters of the human ear). This has
a filter function with respect to the acoustic
signal and allows for the trasmission of only
certaln components of the complex signal.

It is at this level that binary choices (see
[21) operate and are observed effectively to
operate, though uniquely on the acoustic form of a
given feature.

The scope of the present paper is = by means of
straightforward perceptual experiment of
identification - to give a demostration of the
non-categoricalness (or gradualness) of perceptiom,
that, as we shall see, operates on the basis of

precise rules connected in the neural topology and
functioning.

This renders discrete the continuum of
acoustically selected parameters and combines
segments obtained as a parameter of time (this
parameter at the 2nd LEVEL corresponds to the

intrinsic timing factor in [1].

The full set of these perceptual rtelation
(particularly complex = we shall skip over details
here, but the question is being studied) furnishes a
definition of three phonemes belonging to the class
of STOPS based on the reciprocal wvalues of three
essential perceptual features that we have so far

identified.
Phonemes are organized on the basis of the
values evinced from the perceptual scales for each

features that describes a phoneme as a res percepta;
this organization is schematized in table 1.

Humbers are not numbers in a set a natural
numbers, but exist unliquely in a relational plane.



3.Method

We have varied a first parameter (F2) along a
continuum composed of constant intervals of 100 Hz
each obtaining 13 variable stimuli ranging across
three levels  identified respectively as the
articulatory categories; LABIAL, ALVEO-DENTAL and
VELAR.

The V.0.T. of the components of this sequence
was also varied in 10 ms steps for negative V.0.T.
and in 5 ms steps for positive V.0.T., affecting the
first part of the transitions.

On such a sequence a simple labelling test was
performed with a set of 18 unexperienced native
italian listeners; a straightforward fdentification
test was chosen as in our experience on sequences
involving the variation of a single feature ranging
within the classes of Stops, Fricatives and
Affricates, any kind of discrimination tests, both
ABX and 4TAX, gave poor results.

Thia is due to the procedure of the test in
itself cthat affects perception in presenting too
long sequences with respect to the temporal capacity
of STM [4], in fact the initial part of the signal
are lost and ean’t be processed in relation to the
last parts.

Several other experimental procedures { [8],
[10]) seem to give some evidence for a non
categorial perception at the acoustic (our lst)
level, while categorical perception at the phonetic
(our 2nd) level.

We are actually interested in verifying 1f the
relative degrees attributed to the perceptual
features in table 1 play #n effective role 1in the
perception process.

From our standpoint it is thus enough to check
the 1labelling thresholds through an identification
task.

4.Results and Discussion
The mean results of the identification tests

are shown in Diagram 2. We assume that the correct
proportion among the amounts of the cues for each

perceptual feature involved must be maintained
constant to obtain a definite categorization,
otherwise the identification scores will not be

significant, resulting in misunderstandings or even
no labelling at all of the stimuli.

Timing is assumed to be fixed for all the
consonantal parts of the syllables. It pertains to
each phoneme and is calculated from the relative
times of the parameters (see bhelow).

Table 2a ghows the values of the actual cues of
the three features along the acoustic continuum;
Table 2b shows the combinations of the actual values
of the perceptual features as obtained from Table 1
with the corresponding labels attached to every
stimulus according to their labelling rate in the
test,

As shown in Table 2b the phoneme /g/ 1s
characterized by the triple 0 1 0. While Mode 2 is
unaltered, the cuea of Mode 1 and Mode 3 are
changed: Voicing moves, through regular intervals,
from value 1 to value 0 and Place from 0 to 3.

The two extremes are characterized in Diagram 2
by the categorization as /ga/ for stimuli n. 1 to
ae 5 and as fpa/ for na 11 to n. 13. In the
intermediate range (stimuli n.6 to n.10), the bias
to perceive a /ka/ at the 5th and 6th steps can bhe
explained considering that the variation of the cue
of Volcing to the value 0 is not yet strong enough
to interact with that of Place and to polarize
identification in the Alveolar area. In the range
of stimuli with a set of values similar to the
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only the variation of Volcing {ia
¢o0.

initial one,
relevant in perception (/ka/:

Stimuli n.7 to n.l10 are either perceived as
/da/ or nonidentified at all as a speech sound.
Perception of /da/ (triple 2 1 0) is explained as an
interpretation of an ambigous Place value 1 {only

values  to 2 are distinctive for Stops) as a level
2, coupled with a previous level 1 of Voicing

The possible evaluation of a level 1 of Place
corresponds to the occurrence of nonexistent

triples, either 1 0 Oor 1 1 0 , that determines the
exit from the speech mode, given that this situation
is not predicted in the subsystem of Italian we
already described. The interval where there {s a
restructuring of unexpected values with a fictiticus
combination or quite none is considered a black hole
in perception.

5.Conclusions

The results are consistent with the assumption
that each single amount of any acoustic cue i3 not
relevant in itself to select a feature, as the
auditory system filters the signal transmitted by
the receptors using a special code, activated when
the listener 18 1in the speech mode ( see [9] ).
This code is a structure Fformed by the relation
between the temporal amounts of every significant
parameter in input and the whole temporal frame of
the actual segment as it is realized. This means
that a special rule binds the relative times of
every s8ingle parameter among them, and with the
global time that they share to form a " res percepta
"; the correct proportions can be predicted from
the relations of a complete model of perception and
production { P.Bonaventura,"Preliminary studies for
an MCC model of perception", to be published ).

This could be a tentative explanation also for
the insertion, erasure and reajustement of phonemes
along the speech chain.
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