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ABSTRACT - As suggested by several authors (among those, Contini 1991), prosodic variation
may be analysed in a dialectometrical perspective, leading to the construction of geoprosodic maps.
Language atlases are in facts conceived as empirical database allowing a detailed documentation of
specific language features by the collection of a consistent number of locations. Later, data are
treated and classified according to different methodologies in order ‘to abstract and visualise a
basic pattern from the immense amount of data found in the language atlases’ (Nerbonne &
Kretzschmar, 2013). This kind of approach can be adopted for the investigation of the prosodic
variation, allowing the clusterisation of different dialectal varieties. For this study, eight samples of
Italian dialectal varieties have been considered: the data processing consisted in measuring the
prosodic distance (Hermes 1998, Romano 2001) existing among the varieties, expressed by means
of a correlation matrix. Values have later been grouped according to several hierarchical clustering
techniques such as heat maps, dendrograms and phylogenic trees, in order to illustrate how the
evaluated samples can be grouped according to peculiar prosodic variations, fostering the prosodic
analysis towards a geoprosodic perspective.
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1. Studies on prosodic variation

Several studies conducted in the last thirty years (Canepari 1985, Endo & Bertinetto 1996),
showed, by means of different approaches, the existence of a great prosodic variability related to
a specific dialectal area of Italy.' The constant growing amount of researches on the prosodic
varieties spoken in certain areas (Grice 1995, Gili Fivela 2004, Marotta 2005, among others),
linked to the need of organising digital data, led to the creation of new methods to visualise the
collected data, such as open-source multimedia database (Prieto et al., 2010-14), leaving aside,
however, the role played by the dialectal substratum in the identification of prosodic variation.

In this direction, several works (Contini 1984, Romano 1997, Interlandi 2003, Felloni
2011) followed a common path, trying to describe the prosodic system of various dialectal areas
according to a unique protocol based on the comparison of controlled speech. Plus, within the
same framework, it has also been possible to map a global perspective of the multiple dialectal
domains (Fernandez Planas et al. 2011, Moutinho et al. 2011, Ferndndez Rei et al. 2014)
through the data grouping (by means of heat maps, clustering) highlighting the correlations in
terms of prosodic distances among the selected varieties.

! For a more detailed description of the dialectal areas of Italy, see Pellegrini (1977).
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The concept of intonation dialectometry took inspiration from the several works of Séguy
(1973) and Goebl (1983), who measured the lexical variation across dialectal areas using
statistical methods. The idea of applying this methodology to prosodic studies has been later
developed by Hermes (1998) and saw a first application in Romano (2001) for the evaluation of
the intercorrelation in a sequence of repetitions uttered by the same speaker. Several works
followed this methodology (Rilliard & Lai 2008, Romano & Miotti 2008) until the first
cartographic application of the prosodic distance (Moutinho et al., 2011).

2. Methodology

The analysed data set consisted of eight samples from six different dialectal areas: two
from the Gallo-Italian area (Genoa and Trento), two from the Tuscan area (Prato and Pisa), two
from the Central area (Rome, Frosinone), one from the Upper southern (Taranto) and one from
the Southern (Pollina). For each variety, only one speaker has been recorded, for a total of three
women and five men. Their age varied from 25 to 53 years old.

The corpus employed in the analysis consisted of a series of sentences with a SVO
structure, uttered in both declarative and interrogative modality. The syntactic structure” is
composed by a subject (SN1), a verb (SV) and an object (SN2); the SN1 is a proparoxytone
trisyllabic word (preceded by a monosyllable, generally an article), while the SV is a paroxytone
bisyllabic word. The SV2 is always a trisyllabic (also preceded by a monosyllable, generally an
article) with different stress patterns (oxytone, paroxytone, proparoxytone)®in order to show
how the stress structure affects the prosodic pattern, as shown in table 1:

SN1 SV SN2

article+trisyll. proparoxytone |bisyll. paroxytone |article+trysillabic paroxytone

la papera mangia la patata
(the duck) (eats) (the potato)

Table 1. Example of the syntactic structure of the sentence “la papera mangia la patata”.

Through a series of different scripts, the utterances have been segmented and the main
prosodic cues (fo, duration, intensity) of each vocalic portion have been extracted. In a second
moment, the f, values have been normalised and correlated among them applying a correlation
measure. This is based exclusively on the fundamental frequency but weighted according to the
signal energy associated to the point where the measurements are caught hence attaching
importance to the voiced elements of a sentence, which are also considered as the most
perceptively pertinent (Hermes, 1998) in terms of language identification. This measurement
also ignores any idiosyncratic variations (such as register, main pitch) due to specific speaker
qualities. An adaptation of the formula (Moutinho et al., 2011) readapted by d’ Alessandro et al.
(2011) from the works of Hermes (1998), is applied for the evaluation:

2 Conventionally named basic structure.
3 Sentences are named according to the specific stress typology of the last word of the utterance: k
(oxytone), t (paroxytone) and p (proparoxytone).
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Figure 1. Formula calculating the prosodic distance taken by Moutinho et al. (2011).

f1 and f2 represent the fO values of the two intonation contours (expressed in semitons),
while m1 and m2 the average values of these contours on the whole sentence. W is the weighting
due to the signal energy, calculated as the average of the two energy values, measured at a given
point for the two compared sentences (expressed in dB), while index i varies from 1 to the
considered f0 points of the chosen sentence. This correlation measurement, obtained by specific
scripts, allows the generation of a correlation matrix. The graphical result offered by the
intonation curves is therefore associated to the equivalent matrices allowing a deeper insight on
the cross-correlation of selected sentences by highlighting the degree of correlation (from a
minimum of 0 —lower correlation- to a maximum of 1 —higher correlation-) among each sample.
Values are therefore processed by a cluster analysis, specifically using several statistical
outputs: the heatmap, for example, converts the varieties correlation in shades of red (max.
correlation), blue (min. correlation) and white (low correlation) and group the potential clusters
by a dendrogram (as shown in figure 2).

Interrogative BS

the variety (Ge, Tr, Pi, Pr, Rm, Fr, Ta, Pa), while the last two specify the stress pattern (ki, ti, pi).

Figure 2 shows a neat distinction between the two Gallo-Italian varieties (Trento and
Genoa) and the others, highlighted in the heatmap by pale shades and the dendrogram. In the
second group, a further distinction is clear: the first one concerns the varieties of Frosinone and
Prato (respectively divided according to the morphosyntactic structure, oxytone or paroxytone),
the other one assembling two different varieties (Taranto and Pollina). In the second group,
there is a first division including the Pisan variety and two main subgroups: the proparoxytone
structures of Rome, Taranto and Pollina and the oxytone structures of Rome and Pollina.

3. Data analysis

The matrices allow to group the varieties in terms of prosodic distances, by means of a
divisive dendrogram. Figure 3 shows for example the basic structures of all the varieties both in
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declarative and interrogative modalities. A first division concerns the Gallo-Italian varieties of
Genoa (Ge) and Trento (Tr). While the Genoa declarative are well distinguished, the questions
are grouped with the ones of Trento; interestingly, the oxytone (ka’ki) structures of both
varieties are still separated from the paroxytone (ta/ti) and proparoxytone (pa/pi). In the other
group, a first division concerns the variety of Pisa (Pi) and some declarative sentences of Pollina
(Pa) and Rome (Rm), while in the other group, the more conspicuous; it is possible to
distinguish the declarative sentences of Rome, Taranto (Ta), Prato (Pr), Frosinone (Fr) from
their equivalent interrogative. In spite of the high number of data points in the chart, some subtle
distinctions are still evident: some structures of south varieties (Ta-ki/Pa-ti, Ta-pa/Ta-ta) and
Prato and Frosinone (Fr-ki/Pr-ki, Fr-ti/Pr-ti) are grouped together. Conversely, this is not the
case for other examples (Pr-pi/Pa-ki).
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Figure 3. Dendrogram of the basic structures of all the varieties (declarative and interrogative modality).

Examining only the interrogative modality allows to focus on more specific details about
the eight samples. Genoa and Trento are still considered closer compared to the others (always
with a distinction between oxytone and paroxytone/proparoxytone); the Pisan variety, although
belonging to the other subgroup, is, however, distinguished from the other varieties. Frosinone
and Prato are grouped according to their stress pattern (oxytone and paroxytone), while the
Romanesco variety seems more related to the southern ones. Another type of cluster analysis is
the phylogenetic tree (see Baayen, 2008), leading to a graphic representation as the one shown
in figure 4.
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Figure 4. Phylogram of the basic structures of all the varieties (interrogative modality).

The phylogenetic tree in figure 4 shows a first distinction between the samples of Trento
and Genova (on the right) and the other areas (on the left). The Pisan variety is quite detached
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from the other varieties, which appear more uniformed. Therefore, compared to the dendrogram
representation, this kind of representation seems less useful in order to identify the prosodic
correlation among the samples examinated.

4. The DTW analysis

The data have also been analysed by the dynamic time warping (DTW), a method
employed for the classification of animal sounds and automatic speech recognition (Sakoe &
Chiba 1978, Gamba et al. 2015). This kind of analysis considers the alignment between two-
time series, exploiting temporal distortion between them. The sound similarity has been
assessed by means of an algorithm based on the DTW and therefore a cluster analysis has been
applied in order to identify the potential pattern groups. A first analysis consisted in the
clusterisation of the fundamental frequency values for all the structures as shown in figure 5.
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Figure 5. Heatmap generated by the DTW of the all the structures for all the varieties.

The heatmap in figure 5 shows some correlations among different varieties: for example,
the Southern varieties (Taranto and Pollina) are grouped together, while the Trento variety,
belonging to this main group, is however separated. On the contrary, the variety of Prato is well
distinguished. This analysis also identifies some specific details such as the basic structures of
Pisa and Frosinone and Rome and Prato.

5. Conclusions

The methodologies shown in these experiments represent several graphic representations
based on different cluster analyses. The different dialectal varieties have been grouped
according to specific prosodic features, which, through the correlation matrices, allow the
representation of some samples of prosodic dialectal areas of Italy. Furthermore, results reveal
an acceptable identification -and therefore, grouping- of the morphosyntactic structures, making
this type of analysis sufficiently reliable. The dendrogram and the heath map represent the best
output because they seem to highlight more clearly the distinctions among the analysed samples.
Obviously, new dialectal samples are necessary to cover the remaining dialectal areas, in order
to offer an overview of the geoprosodic variation occurring in Italy. This task should always
consider the employment of reliable speech materials and the consideration of multiple prosodic
features, aiming at describing also peculiar variations affecting the dialectal varieties.
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Simultaneously, this will allow the comparison of Italo-Romance varieties in a broader
perspective, also considering the whole Romance domain.
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