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ABSTRACT
A research on the spectro-acoustic

features of Italian vowels in connected

speech will be presented. The material

used for our analyses was recorded from

four regional TV news bulletins. 6400

vowels were analysed (40 speakers

uttering 10 tokens of 16 vowel types).

We will present some results relative

to the male half of the corpus. We will

focus on some aspects such as reduction

and centralization, overlaps between

adjacent vowels, vowels duration.

All our data are available via Internet, see

note in the last page after References for

details.

INTRODUCTION

The earliest spectroacoustic

description of the Italian vowel system
was made by Ferrero in 1968 [l].

The data presented at that time were

obtained from a corpus of vowels
pronounced in isolation by 20 speakers
native of northern regions of Italy. All
the following attempts to describe the
Italian vowel system sufi‘ered from the
same limitations [2], [3], [4].

For the present work we decided, on
the contrary, to create a phonetic
database based on recordings of TV
news bulletins (see also [5], [6]).

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
“spontaneous".
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and unstressedfinal vowels.
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METHODS
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:

Lombardy, Tuscany, Latium and

Campania. For each region 10 speakers
were chosen (5 males and 5 females);

from each of the total 40 speakers 10

tokens were used of 16 different vowel

types (stressed [i, e, e, a, o, o, u],

unstressed non final [i, c, a, o, u],

unstressed final [i, e, a, o] ), The tokens

were extracted from “fiill words" (nouns,

adjectives, verbs, adverbs) excluding

diphthongs. We organized our data into a

database containing the following

information:
—speaker id.;

-word uttered;
-stress conditions and position of the
vowel (stressed, unstressed, final);

-preceding and following segments;

-preceding and following vowels;
-syllable structure (open or closed);

—total vowel duration;
-maximum pitch within the vowel;

—maximum energy within the vowel;

—f1, f2, f3 values measured from

average FFT spectrum of the central

portion (second third) of the vowel.

Presently (April 95), only data from

the male speakers portion of the corpus
are completely available, while the

analysis of the female portion is going to

be completed within a few months.

RESULTS

General results
The average and 0 values for f1 and 12

are presented in Table l.
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In Figures 1, 2 and 3 the data of Table l

are presented in terms of f1/t2 diagrams
on a Hertz linear scale. In these figures

each ellipse defines the distribution area
of a vowel. The coordinates of the ellipse
centers are the mean values of fl and t2
while the axes areilo.
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Figure 1. Distribution areas (10) for
Italian stressed vowels.
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Figure 2. Distribution areas (10') for
Italian unstressed nonfinal vowels.
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figure 3. Distribution areas (10) for
talum unstressedfinal vowels.
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Overlap of areas and centralization
As is widely known, the ellipses

shown in Figures 1, 2 and 3 define a
portion of the fl/f2 plane which includes
about. 67% of the vowels belonging to
the given category: in other words this
kind of representation gives an immediate
idea of the most probable values for fl
and f2 for each vowel type. Observing he
data distribution more closely, the
followmg phenomena become clear:

1) within each diagram, data coming
from adjacent vowel categories are
strongly overlapped; as an example of
this statement Fig. 4 shows the same data
as Fig. 2 but the ellipse axes are now
iZO, corresponding to the delimitation of
a portion of the fl/fZ plane containing
about 95% of the data of each vowel
type. In this graph the overlaps between
the ellipses are dramatic. Similar results
would be obtained applying the same
procedure to the data of Figures 1 and 3.
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Figure 4. Distribution areas (20’) for
Italian unstressed nonfinal vowels.

2) the comparison of mean values for
similar vowel categories in different
stress conditions indicates a tendency to
the centralization of all vowels when
unstressed. In Figure 5 the mean values
of stressed vowels are compared those
obtained in the unstressed condition. As
in Italian the stressed vowel couples
[6, e] and [3, o] are reduced respectively
to [e] and [0] when unstressed, we
compared the unstressed data with the
average between the two corresponding

stressed vowels. Each arrow-ended line
in the graph corresponds to the
‘direction’ of this centralization. These

lines tend to meet in a very small area.

The little square in the middle of Figure 5
indicates the center point of this area.
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The ideal ellipse defining such area has
an fl = 3321-24 Hz and an f2 = 1350:46
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Figure 5. Tendency to centralization in
unstressed vowels.

Many authors [7], [8], [9] have stated
the importance of another kind of ideal
point, named centroid and defined as
“...the grand mean of all measured
formant frequency of the vowel system
per speaker."[9:159]. The centroid is
generally calculated either for only
stressed or for only unstressed vowels,
and gives an idea of a tendency that is
internal to that vowel system. Our
procedure, on the contrary, describes a
tendency related to the different
behaviour of the speakers when uttering
a stressed vowel and an unstressed one.
We calculated the coordinates of the
centroid (average for all twenty speakers)
of our stressed and unstressed vowels in
order to compare them with the ideal
point (from now on CT 'Centralization
Tendency') calculated with our method.
The results are:

centroid:
stressed f1 = 441 f2=1505
unstressed fl= 401 f2=l486

CT : fl=332 f2=l350

CT seems to indicate a point in the
fl/f2 plane quite different from the
centroids. The ideal vowel corresponding
to CT is higher and more velar (back)
than the centroids.

Vowel duration
As expected, stressed vowels show a

much longer duration (averagely about
97 ms) than final (62 ms) and non final
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unstressed (57 ms) ones (see Fig.6). It’s
very interesting to observe, on the other
hand, that all groups of vowels show a
very regular correlation between duration
and openness. This correlation seems to
be particularly relevant for stressed
vowels, which range from a minimum of
84i29 ms for [i] and 86i29 ms for [u],
to a maximum of l l9fl8 ms for [a].
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Figure 6. Mean duration and confidence
interval ofItalian vowels.

A comparison between the duration of
stressed vowels in open syllables with
vowels in closed syllables is shown in
Figure 7. Unlike what is generally
accepted in literature [2], [4], [10], [ll]
our data show that no significant
difference exists between the two groups.
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Figure 7. Differences of stressed vowel
duration between open and closed
sillables.

COMMENT
Comparing our stressed vowel data to

the unstressed ones a clear tendency to
centralization is observable. We have
tried to express this tendency in terms of
coordinates of a particular ideal point as
shown in Fig. 5. As a consequence, our
method seems to state the loss of the
symmetry introduced with the concept of
centroid.

Moreover, centralization is classically
used in synchronic and diachronic
phonetics for phenomena of vowel
alternation or change resulting into a
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schwa [a] (corresponding approximately
to fl=500, f2=1500 Hz), In our case, on
the contrary, we use the term
centralization to indicate a m, i.e.
a process ofm convergence towards
an M PM in the fl/f2 plane; which
does not coincide with schwa (in this
sense we use the term “point" instead of
“vowel" in order to emphasize the
difference)

The vowel [a] has a well distinct
nature and has also a pertinent
phonological value in many languages.
Presently Italian seems not to belong to
the class ofthe languages having a [o] in
their vocalic system. Though, on the base
of the results herein presented, a class of
partially centralized vowels should be
introduced for a more complete
description of unstressed (non final and
final) vocalic sounds.

In this paper many results seem to
differ (more or less slightly) from the
normally accepted description of Italian
vowel system. It is our opinion that this
is mainly due to the choice of using
"spontaneous" speech materials instead
of laboratory speech.

Many fither investigations need to be
carried out on our data, some of the
further planned developments are:

-analyses of female data and
description of the differences between the
two groups;

-effects of coarticulation with adjacent
consonants and of assimilation with
vowels in adjacent syllables (some
relations between these effects and the
entity of the overlaps of vocalic areas are
foreseen);

-investigations on the role of other
measured acoustical parameters such as
f0, 3, maximum energy within the vowel;

-dlatopic analyses of data, namely: a
9°"!Parison between the vowel systems
in different regional standards of Italian.
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A Alicrosofl flee! 5.0 version of our database
may be accessed via anonynous ftp on Internet.

The address of ftp sewer is: dsnal.na.infn.it. Go

to the directory ClRASS and use binary mode to

retrieve the file named vocalixls.
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