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Abstract

Cross-dialect syntactic variation tests the limits of comparative analysis, owing to the entanglement of inheritance
and contact in dialect systems. Addressing this challenge requires analytical tools combining the theoretical depth of
formal models of grammatical competence with quantitative taxonomic techniques. The Parametric Comparison
Method (PCM) embodies this integration by quantifying structural similarity across grammars through the comparison
of abstract syntactic rules. The method has been shown to achieve a good degree of resolution in dialectal domains,
capturing subtle contrasts and yielding configurations aligning with phylogenetic expectations while remaining
sensitive to contact-induced convergence. Fully assessing its effectiveness as a resource for the quantitative study
of syntactic dialectology, however, requires an infrastructure that ensures systematic data collection, consistent
parameter setting, and dedicated computer-based taxonomic analyses. The PCM Hub is a web-based resource
designed for this purpose. It integrates guided elicitation, automated parameter-setting procedures, data management,
and the computation of distances and automatic classifications within a unified environment. By standardizing the
transition from raw linguistic observations to a structured, replicable empirical apparatus, the PCM Hub provides the
practical and quantitative support necessary to test the power of the PCM across expanded comparative domains.
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1. Challenges for Dialect Comparison imal differences among languages whose degree
of relatedness stems from both ‘vertical’ (inheri-
Comparative approaches to cross-dialect syntactic ~ tance) and ‘horizontal’ (contact) historical paths. If
diversity (Kayne, 1996, 2005; Poletto, 2012; Ledge- SO, @ further question is whether the patterns of
way, 2000; Ledgeway et al., 2018, 2020, a.0.) have  divergence identified correlate with a historically
demonstrated the relevance of investigating closely ~ meaningful distribution.
related systems to understand the minimal mecha-
nisms underlying grammatical variation and recon-
struct pathways of change by disentangling phylo- i estigates aspects of diversity between varieties
genetic inheritance from interference. that share a history of contact and are related to
In the framework of the Parametric Comparison  varying degrees of historical depth. Dedicated work
Method (PCM; Longobardi and Guardiano, 2009),  has examined the extent to which the variation ob-
these issues converge in what is termed the ‘ul-  served within Italo-Romance (Silvestri, 2013, 2016,
tralocality” problem (Guardiano et al., 2021, 146). 2018, 2020; Guardiano et al., 2022; Guardiano,
The PCM, conceived for purposes of long-term his-  2023; Guardiano and Stalfieri, 2026, a.0.), or be-
torical reconstruction and phylogenetic inference,  tween Greek and Romance, particularly in Italiot
quantifies relations between languages through Greek (Guardiano and Stavrou, 2014, 2019a,b,
the comparison of syntactic parameters (Chom- 2020, 2021), reflects vertical inheritance or hori-
sky, 1981). The core assumption is that the dis-  zontal diffusion, and how this information can be
tribution of parametric variation carries historical encoded in terms of parameter Setﬂngs_ A second
significance. line has focused on the mathematical modeling of
A first point of inquiry concerns the level of resolu-  the observed diversity by measuring parameter dis-
tion achieved by parametric systems. The question  tances and assessing their distribution (Guardiano
is whether a system capable to encode syntactic  etal., 2016, 2021). This line of research has shown
variation at the universal level (Guardiano et al.’s  that “the PCM, even when applied to groups with
2021 globality problem) is also able to capture min-  minimal internal differentiation, is able to discrim-

These two dimensions have been addressed
along two distinct lines of research. A first line
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inate their articulations” (Guardiano et al., 2021,
172): parameters encode a signal that “is robustly
tree-like, even in critical areas of patent language
contact” (Guardiano et al., 2016, 152), while also
capturing some degree of secondary convergence,
whose quantitative assessment, however, still calls
for methodological refinement.

2. Assessing Dialect Diversity
Through the PCM

A radical point of departure of the PCM from at-
tempts to lexically measure dialect diversity (Pel-
legrini, 1970; Goebl, 1982; Nerbonne and Kret-
zschmar, 2003; Nerbonne, 2009; Nerbonne and
Heeringa, 2009) or even to use ‘structural data’ to
infer language classifications lies in the nature and
theoretical status of the linguistic material employed
as taxonomic characters. In the PCM, the rele-
vant taxonomic characters are parameter values
rather than words, sounds, or observable structural
patterns: languages are compared on the basis
of the abstract rules that define their grammars
rather than on the observable sequences of words
or morphemes stemming from them (manifesta-
tions, Crisma et al., 2020).

In the PCM, the binary states of parameters are
symbolized by [+] and [-]: [+] signals that the pa-
rameter is active in the language, i.e., that the lan-
guage displays at least one of its manifestations; [-]
signals that the parameter is absent from the gram-
mar, i.e., none of its manifestations is observed.

Checking whether a parameter is active or not in
a grammar (I-language, Chomsky, 1986) involves
detecting, in the available data, the structures de-
pending on that parameter: this can either be ob-
tained from textual evidence (Crisma et al., 2025) or,
as in classical formal practice, from grammaticality
judgments of individual informants.

To this end, a parameter setting algorithm
(Crisma et al., 2020) is required to identify the rele-
vant triggering data, along with a practical tool to
collect and systematically organize them.

Crucially, the parameter setting process does
not require large quantities of data; it relies instead
on carefully selected evidence. In this respect, a
major challenge in dialectal settings is that speak-
ers often find themselves in conditions of unbal-
anced bilingualism (Lambert et al., 1959), a situ-
ation common in endangered contexts (Polinsky,
1995; Grinevald, 2003; Bidese, 2017), which may
make it difficult to assess the native status of their
dialect competence and, consequently, the relia-
bility of their judgments. Hence, assessing the
speaker’s competence becomes a particularly deli-
cate task that must be handled with care (Cornips
and Poletto, 2005; Bailey, 2017; Macaulay, 2017,
a.o.). On these grounds, the internal architecture
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of the parametric framework offers a built-in con-
trol mechanism: data yielding parameter values
inconsistent with the dependency structure of the
system or with its theoretical predictions are imme-
diately detectable, thus making it possible to isolate
inaccurate information and neutralize its potential
distortive effects.

The dependency structure is a distinctive feature
of parameter systems (Baker, 2001; Fodor, 2001;
Longobardi, 2003; Biberauer and Roberts, 2015,
2017; Roberts, 2019): one state of a given parame-
ter may entail the irrelevance of another parameter,
whose manifestations become predictable. Param-
eter dependencies are formalized as implicational
conditions; neutralization due to a violated condi-
tion is encoded as [0] (Guardiano and Longobardi,
2017), which represents redundant information that
should be excluded from comparison. A resource
designed to manage a system of this kind must
incorporate all of its defining properties and en-
sure that data collection and parameter setting are
consistent with them. Such a tool should allow for
linking data to the relevant parameter(s) and set-
ting their values, while also taking into account the
network of dependencies that may neutralize them.

The comparison of the resulting parameter lists
requires additional tools to align them, measure
distances and statistically assess their distribution,
select subsets of languages and/or parameters to
explore patterns of convergence and divergence
in greater detail, derive classifications, and map
the distribution of parametric distances and values
across the geographical space.

The PCM Hub was developed to address these
issues. This web-based application optimizes the
conceptual architecture of the parameter system
and the parameter setting algorithm by integrating
them with a user-oriented data collection mecha-
nism that meets accessibility standards, accom-
modates specific properties of different data types,
and addresses the empirical and methodological
requirements for automatic analyses. Designed
to be flexible and expandable, this tool facilitates
cumulative research, supports comprehensive pa-
rameter encoding and generates outputs suitable
for statistical testing and phylogenetic reconstruc-
tion. Starting from a set of data supplied by a na-
tive speaker or language expert, each linked to the
manifestation(s) of a given parameter, the system
determines parameter values and evaluates the
data against parameter dependencies. A resource
that meets these requirements can, in principle, be
used to collect, analyse, and process any type of
linguistic data, including dialectal ones.

The following sections illustrate its architecture
and core functionalities.



3. The PCM Hub

So far, cross-linguistic data collection for PCM in-
vestigations has been conducted in the absence of
an infrastructure capable of systematically record-
ing, managing and analysing linguistic material
while incorporating the theoretical apparatus of the
parameter system. The need to expand the com-
parative scope of the PCM in terms of typological
range, genealogical depth, and empirical coverage
has now made such an infrastructure indispens-
able. Recent efforts have therefore moved toward
shareable environments, designed to uphold the
PCM methodological standards while improving the
efficiency of data acquisition, management, and
sharing. A resource of this kind should ideally sat-
isfy the following criteria:

1. Data must be recorded and shared through a

user-oriented web-based interface.

A structured network of connections must be
established among data, between data and
their manifestations, between manifestations
and parameters, and among parameters.

The consequences of parameter dependen-
cies must be automatically computed in order
to identify neutralized parameters.

The list of parameters and their properties
must remain expandable and adaptable to re-
visions intrinsic to a framework that evolves
alongside expanding empirical evidence and
ongoing theoretical development.

Subsets of languages and/or parameters must
be extractable, enabling systematic compari-
son and analysis.

Measures of dissimilarity and the resulting clas-
sifications must be automatically derived.

The scope of the PCM parameter system, as out-
lined above, is much wider than others in syntactic
research, and has a deductive depth unparalleled
in typology and quantitative phylogenetics. Con-
sequently, no pre-existing software or modelling
framework can be directly adapted to it.

The PCM Hub was conceived to be sufficiently
rigorous to incorporate all structural aspects of the
system, yet flexible enough to allow for integrations
and revisions. Indeed, PCM research on ultralo-
cality (Guardiano et al., 2016) has already shown
that the analysis of microvariation may reveal as-
pects of variation not captured by the parameter set;
this often requires the introduction of finer-grained
options and a corresponding restructuring of the
dataset (as shown in Fig. 1).
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Figure 1: Parameter setting workflow
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The infrastructure is inherently extensible: while
the current parameter set reflects established theo-
retical knowledge, the platform is designed to seam-
lessly integrate new parameters as they emerge
from the study of previously undocumented vari-
eties or from further advancements in syntactic
theory.

The platform has been designed with a view to
future integration of phylogenetic inference, and will
provide a usable and accessible tool to implement
PCM analyses, while ensuring transparency of all
methodological steps, in adherence to the FAIR
principles (Wilkinson et al., 2016). In this sense, it
is conceived primarily as a dedicated resource for
PCM investigation, enabling researchers to carry
out the workflow even in the absence of highly spe-
cialized expertise, while not positioning itself as a
competitor to existing large-scale databases. Still,
such resources, especially when grounded in rig-
orous principles of data collection and syntactic
analysis — such as, in the Italo-Romance domain,
the recent web platform based on Manzini and
Savoia (2005) — may constitute a valuable source
of empirical evidence. Interoperability with other
databases, in line with standardization initiatives
such as Forkel et al.’s (2018) Cross-Linguistic Data
Formats (CLDF), is therefore envisaged as a po-
tential feature of the infrastructure, although it is
unlikely to provide a decisive solution for the full
automation of data collection.

3.1. Interface overview

In its current version, the PCM Hub supports three
types of activities: (a) data collection; (b) data anal-
ysis, including parameter setting, extraction of pa-
rameter sequences for statistical and phylogenetic
processing, crosslinguistic and cross-parametric
searches; and (c) retrieval of language information
and procedural workflow. These activities corre-
spond to three access modalities: (a) User (for
informants, data collectors, language specialists),


https://manzinisavoia.changes.unimi.it/index.php

(o) Admin (for PCM researchers), and (c) Public
Access (for research replication). So far, develop-
ment has primarily focused on the User and Admin
interfaces, discussed below. Regarding Public Ac-
cess, links to published PCM work (such as lists of
languages with technical details and examples for
each parameter, maps, dendrograms, comparative
graphs and taxonomies) will be made accessible.

3.1.1. Data collection: the User interface

The data-entry platform is designed to allow the au-
tonomous collection and entry of targeted evidence
associated with the manifestations of each parame-
ter by trained native speakers (or language experts).
Since language experts may lack expertise in syn-
tactic analysis, elicitation must be carefully guided
(Koopman and Guardiano, 2022). To this end, a
step-by-step procedure that presents the relevant
syntactic environments needed to test the target
structures was designed following the data collec-
tion protocol presented in Crisma et al. (2020) and
Crisma et al. (2025). This procedure does not rely
on standardized questionnaires. Instead, it offers
a description of the structure(s) required to set the
parameter, together with one or more examples
from languages in which the relevant configura-
tion is unambiguously attested. Doing so ensures
that technical details are correctly interpreted by
contributors. Language experts are then asked
to provide their own examples, thus being free to
make their own lexical choices and adapt the ex-
amples to language-specific needs. The system’s
support for IPA transcription makes the platform
fully operational even for languages lacking a writ-
ten standard. Finally, it is important to note that,
although the User interface has been designed to
make data entry as straightforward as possible,
the resource is intended for expert use and does
not accommodate untrained speakers, whose input
therefore requires expert mediation and guidance.

The workflow is structured as follows. For each
parameter, the interface presents a concise de-
scription alongside a series of YES/NO questions
corresponding to its manifestations. After a positive
answer is given, the User is required to submit a
minimum of two examples, along with their translit-
eration (where necessary), gloss, and translation
(see Figure 2). Conversely, selecting a negative
answer requires the User to choose one of the pre-
defined explanations accounting for that response
(see Figure 3).

Each stage is supported by specific instructions,
a glossary of technical terminology, and concise
glossing guidelines. A dedicated Comment field
allows for further observations/comments. This
feature enables researchers to document gradient
phenomena or cases that might, at first glance,
be difficult to fit into a strict binary classification,
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ensuring that the quantitative abstraction is always
supported by nuanced linguistic evidence.

Data reliability is monitored through a dual-color
confidence system: a green button for complete
and verified data, a red one for further review (Fig-
ure 4). Until final submission, entries remain ed-
itable. Users may download the data they con-
tribute, which will be credited to them in relevant
PCM publications.
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English Translation

Figure 2: Data entry interface, answer YES
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Figure 3: Data entry interface, answer NO
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Figure 4: Data entry interface, confidence system

3.1.2. Data analysis: the Admin interface

Admins oversee access to the dataset and con-
trol data entry. They assign each language expert
(User) to a specific language and enter relevant
metadata, including standard identification codes
(Glottocode and ISO code), genealogical classifi-
cation (when available), and geographical coordi-


https://glottolog.org/
https://www.iso.org/iso-639-language-code

nates. These data can be exported and used for
different types of analysis (Section 4.3).

Admins review the data to ensure that examples
are consistent with the answer provided. If incon-
sistencies are detected, Users may be asked to
modify or refine their entries. This process ensures
quality control and uniformity.

The data collected as part of previous PCM pub-
lications are uploaded via structured files, which
are automatically integrated into the platform.

Parameter values are computed through an al-
gorithm that processes the answers in combina-
tion with the system of conditions formalizing cross-
parametric dependencies. At the end of this pro-
cess, each language is expressed as a sequence
of symbols ([+], [-], and [0]).

Admins oversee database content: they can add,
edit or deactivate parameters, link each parameter
to its corresponding schema, type, set of mani-
festations, examples, and implicational conditions
(Figure 5); edit the support material for Users. Pa-
rameters can be deactivated without loss of associ-
ated data, as the system ensures full preservation
and traceability of all materials entered over time.

The platform supports cross-linguistic compar-
ison by allowing Admins to select subsets of lan-
guages and/or parameters and to compute pairwise
distances using dedicated algorithms. It enables
multivariate techniques such as Principal Compo-
nent Analysis (PCA) and hierarchical clustering vi-
sualized as dendrograms; it includes geographic vi-
sualization tools for generating maps such as those
illustrated in Figure 8.

Finally, the system provides dedicated query
tools for specific analysis of the distribution of pa-
rameter values and their manifestations.

All materials can be downloaded in multiple for-
mats, including non-editable formats for dissemina-
tion (PDF) and machine-readable formats suitable
for further processing through external scripts and
computer-based tools not natively supported by the
platform.

Questions

Stop questions

Edit  Delete Edit  Delete

complements?

Figure 5: Question editing interface
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3.2. Technical Specs

The PCM Hub is a scalable platform developed
using the Django framework and a PostgreSQL
backend. Its architecture follows a clear separa-
tion between data management, application logic,
and user interface, ensuring stability, maintainabil-
ity, and future extensibility. This approach allows
the system to consistently handle the progressive
increase in the number of languages, parame-
ters, and operators. The interface is developed
with responsive web technologies (HTML5, CSS,
JavaScript). Each language and parameter is repre-
sented as a relational entity in the database, allow-
ing for a structured and queryable organization of
data. Parameter states are automatically assigned
in response to the User’s answers. Subsequently,
a dedicated logical engine currently based on di-
rected acyclic graphs (DAGs) assigns a [0] to those
parameters whose implicational condition is not
satisfied.

All software and technologies employed are open
source; by contrast, the platform design, its struc-
ture and all of its content are protected by copyright.

4. Dialect Analysis and Comparison

This section illustrates some key functionalities of
the PCM Hub in their application to ultralocality.

4.1. Languages

The current PCM dialect dataset consists of a selec-
tion of Romance and Greek dialects. The Romance
dialects are all spoken in ltaly, and are representa-
tive of six independently recognized groups in this
domain, spanning across a north-south geographi-
cal space: (1) Ladin (Rocca Pietore); (2) Venetian
(Trieste, Motta di Livenza, Vicenza, Chioggia, Porto
Viro); (3) Northern Italy Gallo-Italic (Casalmaggiore,
Parma, Reggio Emilia, Novellara, Correggio, Savi-
gnano sul Rubicone); (4) Upper Southern (Teramo,
Santa Maria Capua Vetere, Frattamaggiore, Palma
Campania, Felitto, Francavilla in Sinni, Verbicaro,
Gargano, Barletta, Bari, Taranto); (5) Extreme
Southern (Mesagne, Cellino San Marco, Botrugno,
Cutro, Nicastro, Catanzaro, Reggio Calabria, San
Filippo del Mela, Trapani, Ribera, Sant’Angelo
Muxaro, Mussomeli, Catania, Ragusa); (6) Gallo-
Italic of Sicily (Nicosia, Aidone). The Greek dialects
instantiate three major groups, ideally represent-
ing the major compartments of the Greek-speaking
world: (1) Italiot Greek (Grecia Salentina, Bovesia —
two varieties); (2) Asia Minor Greek (Romeyka Pon-
tic — Sitaridou, 2014; Schreiber, 2024; Neocleous
and Sitaridou, 2025, Cappadocian — Karatsareas,
2009, 2013, 2016, Pharasiot — Bagragik, 2017,
2018; Bagriagik and Danckaert, 2022); (3) ‘Central
Greek (Standard Modern Greek, Cypriot).



This selection allows for testing ultralocality ques-
tions beyond those addressed in previous PCM
studies. Once the tree-like signal identified in ear-
lier work (namely, the distinction of the Romance
cluster from Greek) is replicated, the next ques-
tion is whether finer-grained internal structure can
be detected within each cluster. For example, (i)
Does the distribution of parametric diversity align
with traditionally recognized classifications of the
Romance dialects of ltaly? (ii) Does it recover the
tripartite structure of the Greek-speaking domain?

The data required to set each parameter were
collected over the period 2010-2025, before the
PCM Hub was implemented. These data are being
stored in the PCM Hub through structured files,
following the procedure described in Section 3.1.2.

As observed in Section 2, the lists of parameter
values used for comparison are assumed to instan-
tiate the competence of individual speakers, such
that, in principle, each speaker is associated with
a distinct list of values. Ideally, each list should
therefore be constructed consistently on the basis
of the judgments of a single individual speaker. In
principle, judgments provided by speakers of the
same language/dialect are expected to largely over-
lap. Accordingly, when judgments from different
speakers of the same language/dialect converge,
only one list of values is produced. By contrast,
when different speakers provide judgments which
lead to opposite settings for one or more parame-
ters, multiple lists of values are produced, one for
each speaker.

This idealized procedure, however, cannot al-
ways be implemented with full precision, as in prac-
tice, circumstances may arise in which it is not
possible to obtain all the required judgments from
a single speaker (for instance, when updates to
the parameter system make it necessary to elicit
additional judgments and the original speaker is no
longer available). In such cases, corrective mea-
sures are adopted, including consultation of the
relevant literature.

In the present dataset, for some dialects (includ-
ing Gargano, Nicosia, Asia Minor Greek, and one
variety of Italiot Greek from Bovesia), due either
to the unavailability of native speakers or to the
impossibility of maintaining systematic contact with
the same speaker, data were collected from written
sources or from the existing literature, in accor-
dance (when possible) with the protocol defined in
Crisma et al. (2025).

The parameter dataset currently implemented
in the platform consists of the 94 parameters de-
scribed in Crisma et al. (2025), with the addition of
14 further points of variation tentatively formulated
to account for aspects of microparametric diversity
detected across the Romance sample and briefly
presented in Guardiano and Stalfieri (2026).
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The lists of parameter values corresponding to
each dialect are analysed and compared using ex-
ploratory statistical analyses, clustering techniques,
and mapping algorithms implemented within the
platform through dedicated scripts. Concerning sta-
tistical and computer-assisted analyses, a range
of approaches have been applied over the years
to various PCM datasets (Bortolussi et al., 2011;
Guardiano et al., 2016; Franzoi et al., 2019; Ce-
olin et al., 2021; Guardiano and Stalfieri, 2026; see
Longhin et al. (in prep.) for a detailed methodology-
based comparative discussion). These studies con-
sistently show that the results are robust across
methods, with minimal variation in the resulting
taxonomic classifications. The three methods pre-
sented in what follows are intended to provide the
clearest illustrative examples.

4.2. Principal Component Analysis

The Principal Component Analysis (PCA; Jolliffe,
2002; Jolliffe and Cadima, 2016; Gewers et al.,
2021) is an exploratory statistical technique that
extracts orthogonal components from a matrix of
variables. Despite distortions introduced by binary
encoding of parameter states, the PCA provides
more interpretable representations than other multi-
variate techniques and has yielded the most trans-
parent results across different language datasets.
An additional advantage is that it enables the identi-
fication of the variables shaping the observed para-
metric diversity. However, more refined analytical
approaches may prove even more effective in future
applications.

The analysis begins by removing those variables
(i.e., parameters) that behave as constants, i.e.,
whose values are identical across all taxonomic
units (the dialects). On this basis, 61 out of 108
variables were excluded. The distribution of param-
eter values across the taxonomic units can there-
fore be analysed only on a reduced set of variables,
as is to be expected in a dataset of genealogically
closely related languages (Guardiano and Longob-
ardi, 2005). Despite this reduction, the two principal
components account for 38.69% of the total vari-
ance, and the distribution of the taxonomic units
across the space defined by these two components
(F1, 25.89%, and F2, 12.80%), as illustrated in the
scatter plot in Figure 6, remains highly informative.

This distribution can first be interpreted based on
F1 scores. The Greek varieties are associated with
positive F1 scores, as opposed to the Romance di-
alects, all displaying negative F1 scores. This result
provides empirical corroboration of the expectation
that parameter values identify a Greek cluster sep-
arate from Romance. This supports the conclusion
that, although effects of contact-induced parameter
resettings are visible in the two domains (see Sec-
tion 1), inherited patterns in parameter transmission
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Figure 6: Scatter plot of the PCA

are not obscured by horizontal convergence.

It must also be noted that, while the Romance
dialects are compressed within a narrow range of
negative F1 scores, the Greek varieties are dis-
tributed across a much broader area, suggesting a
sharper internal dialect differentiation.

The combination of F1 and F2 scores defines
three Greek clusters, corresponding to Asia Minor
Greek (highly positive F1 and F2 scores), Central
Greek (highly positive F1 scores, moderately nega-
tive F2 scores), and Italiot Greek (moderately pos-
itive F1 scores, moderately negative F2 scores).
This provides a positive answer to question (ii): the
tripartite structure of the Greek-speaking domain is
reflected in the distribution of parameter values.

The distribution of the Romance dialects is con-
siderably less clear-cut, although some groupings
can still be identified. Negative F2 scores sepa-
rate a central-northern geographical area (except
for Ladin) from southern dialects (except for Ter-
amo), all of which display positive F2 scores. In
this quadrant, no further clearly identifiable subdi-
visions emerge. By contrast, in the quadrant cor-
responding to negative F2 scores, the dialects are
more dispersed. The most notable exception to
the North-South divide captured by F2 scores is
Ladin, a Rhaeto-Romance dialect group spoken
in Northern Italy, whose classification and internal
relations have been the subject of long-standing
debate (Ascoli, 1873; Battisti, 1931; Haiman and
Beninca, 2005). In the absence of closely related
dialects such as Romansh or Friulian, Ladin consti-
tutes an isolate in the sample. Hence, no strong a
priori prediction can be made regarding its place-
ment. The fact that it does not display any marked
similarity with the other dialects of Northern Italy
indicates that the distribution of parametric diversity
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cannot be reduced to a mere function of geograph-
ical proximity.

4.3. Hierarchical cluster analysis

Hierarchical agglomerative clustering methods
(Everitt et al., 2011) take dissimilarity matrices as
input and implement several linkage criteria, includ-
ing: (1) Single linkage (minimum inter-cluster dis-
tance: nearest neighbor — Johnson, 1967; Sneath
and Sokal, 1973); (2) Complete linkage (maximum
inter-cluster distance: farthest neighbor — Johnson,
1967; Sneath and Sokal, 1973); (3) Average link-
age (mean inter-cluster distance: UPGMA — Sokal
and Michener, 1958; Lance and Williams, 1967);
(4) Ward’s method, which relies on Euclidean dis-
tances and is applied to the character matrix to
minimize the increase in within-cluster variance at
each agglomerative step (Ward, 1963).

These algorithms are implemented in the PCM
Hub. Although comparable procedures are avail-
able in other web-based platforms for dialect data
analysis (e.g., Gabmap, Nerbonne et al., 2011),
their integration within the PCM Hub enables anal-
yses to be conducted within a continuous workflow,
eliminating the need to adapt PCM data formats
to external platforms. This minimizes the risk of
information loss. It also allows PCM researchers
to operate on a set of algorithms directly suited to
the analysis of parametric datasets.

To obtain a dissimilarity matrix from the lists of pa-
rameter values, pairwise parametric distances are
computed using a formula traditionally adopted in
PCM works (Ceolin et al., 2020), here simplified as
d/(i+d), where d denotes the number of differences
in parameter states and i the number of identities.
The latter can be calculated either by counting all


https://gabmap.let.rug.nl

cases in which both languages display the same
value ([+] or [-]) for a given parameter, or by count-
ing only the cases in which both display [+]. The
analyses presented here adopt the former criterion,
although, at this level, both yield virtually identi-
cal results. Pairs in which one or both languages
display a [0] are excluded from computations.

Figure 7 presents a dendrogram generated us-
ing the average linking method (UPGMA). The den-
drogram reflects a taxonomic structure consistent
with the PCA results: a clear primary split into two
nodes corresponding to Greek and Romance, fol-
lowed by an internal articulation of each cluster
that largely mirrors the established internal struc-
ture of the groups. Within the Greek cluster, the
outermost nodes separate Asia Minor Greek from
a group including the central varieties and Italiot
Greek. Within the latter, the two currently spoken
varieties form a distinct cluster, as opposed to the
conservative variety of Bovesia (CGA), which is
closer to Central Greek. This result is consistent
with proposals suggesting that contact-induced ef-
fects from Romance represent relatively recent in-
novations (Guardiano and Stavrou, 2021). The
articulation of Romance is largely consistent with
independently established dialect classifications,
though with some noteworthy divergences. Leav-
ing aside the position of Ladin, already discussed
in Section 4.2, two results are of particular interest.
First, the Gallo-ltalic dialects of Sicily are located
within the cluster grouping the Extreme Southern
varieties. This outcome is in line with recent work
on the syntax of the Gallo-Italic dialects of Sicily
(De Angelis, 2023; Guardiano and Stalfieri, 2026,
a.0.). Second, the dialects spoken in central Cal-
abria cluster with the Upper dialects, rather than
with the Extreme Southern group. This configura-
tion aligns with the literature identifying the corre-
sponding area as a transitional zone of uncertain
classification (Pellegrini, 1977; Trumper and Mad-
dalon, 1988; Trumper, 1997, a.0.). Overall, these
results provide a positive answer to question (i)
in Section 4.1, as the only inconsistencies with
traditional dialect classifications concern already
controversial areas.

The clustering structure and its robustness were
further tested using a second algorithm, K-means
clustering (Forgy, 1965; Macqueen, 1967; Lloyd,
1982), which partitions taxonomic units on the ba-
sis of their parameter-value vectors by minimizing
within-cluster variance (typically computed using
Euclidean distance). These analyses yield a tax-
onomic structure closely comparable to that ob-
served in Figure 7.

A dedicated script was developed to project the
clustering results onto a geographical map. The
script takes as input a table of geographical coordi-
nates for each language, automatically generated
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within the PCM Hub. Once a predefined number
of clusters is selected, the algorithm produces a
map assigning each language to one of the clusters
identified in the tree. Figure 8 was generated by set-
ting the number of clusters to two. Increasing the
number of clusters yields progressively finer parti-
tions, which, as noted above, largely correspond to
traditionally established dialect classification.

Algorithms for the areal visualization of cluster
structures are standard in dialectometry (Goebl,
1982; Nerbonne and Kretzschmar, 2003; Ner-
bonne, 2009; Nerbonne and Heeringa, 2009, see
also Dialektkarten.ch) and are implemented in web-
based platforms such as Gabmap. These proce-
dures model the spatial distribution of features, or
feature bundles, across a territorially discretized
space, represented through granular polygonal tes-
sellations. While these tools have been shown to
perform well even on sparse datasets, their resolu-
tion improves as geographical coverage becomes
denser, since they rely on the cartographic projec-
tion of feature-based distance measures across
finely articulated spatial grids. At present, the high
degree of spatial granularity required for these tech-
niques to be truly informative is as yet only par-
tially available in the PCM. Additionally, this type
of cartographic representation is methodologically
better suited to examining the geographical diffu-
sion of individual phenomena than to extracting
historical signals from the distribution of multiple
features. These are therefore more appropriate
for mapping the distribution of individual parameter
values, provided sufficiently fine-grained geograph-
ical coverage. Currently, PCM analyses use carto-
graphic visualization to assess the extent to which
parametric similarity is predicted by geographical
proximity. For this purpose, a lightweight algorithm
that directly projects cluster assignments onto a
geographical map using information already stored
within the PCM Hub offers a more efficient solution.
At the same time, the PCM Hub does not position
itself as an alternative to existing platforms. Owing
to its data-export functionalities in multiple formats,
it allows PCM datasets to be used in a wide range
of external analytical environments. It should there-
fore be understood not as a replacement, but as
a complementary theory-oriented infrastructure for
quantitative dialect analysis.

Further evidence challenging the possibility that
parametric similarity can be entirely reduced to ge-
ographical proximity is provided by Mantel tests
(Mantel, 1967; Sokal and Rohlf, 1995; Guillot and
Frangois, 2013) correlating parametric and geo-
graphical distance matrices. The correlation coef-
ficient (Pearson’s r=0.5904, p=0.0010; r=0.5157,
p=0.0010 when limited to the ltalian peninsula;
r=0.59, p=0.0010 if restricted to Romance) indi-
cates a statistically significant and relatively strong
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association, yet not one sufficient to support di-
rect predictability. Even within a geographically
restricted and contact-intensive domain, geograph-
ical distance does not fully account for linguistic
proximity, suggesting that the signal encoded in
syntactic parameters remains robust enough to
preserve genealogical differentiation despite areal
interference.

5. Conclusion

The PCM approach to ultralocality demonstrates
that dialect syntactic diversity can be measured
in a formally constrained, reproducible and mean-
ingful way. It introduces a quantitative perspective
on ultralocal syntactic variation that, while building
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on dialectometric traditions, geolinguistic models,
and formal treatments of syntactic microvariation,
extends beyond them. The applications illustrated
in this contribution suggest that the transmission
of syntactic parameters, while sensitive to areal
convergence, preserves a clear inheritance struc-
ture even in ultralocal domains. A more granular
investigation of vertical transmission and horizontal
diffusion in these domains is therefore poised to
contribute to an integrated model of local variation,
while also identifying patterns of syntactic trans-
mission applicable to a deeper historical scale. In
this light, the PCM Hub emerges as a key resource
ensuring a theory-oriented empirical infrastructure
to explore the parametric diversity of dialects.
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