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Abstract
This paper presents a semi-automatic workflow for enriching the Manzini–Savoia Corpus (MSC) of Italian dialects
with extended glosses, normalized transcriptions, and projected morpho-syntactic annotations. While the MSC is
a unique resource for Romance microvariation, its partial glossing and phonetic transcription in the International
Phonetic Alphabet (IPA) pose major challenges for computational processing. We introduce a pipeline for gloss
coverage expansion and reliable morpho-syntactic annotation combining rule-based and data-driven components,
which includes: (i) automatic completion of truncated verbal paradigms; (ii) hybrid lexical alignment between
dialectal tokens and Italian glosses, integrating per-region lexical priors with a dynamic programming alignment
algorithm; and (iii) projection-based morpho-syntactic tagging from aligned glosses. The proposed methods offer
a reproducible framework for extending partially glossed dialect corpora and contribute new annotated data for
research in computational dialectology and cross-variety language modeling.

Keywords: low-resource languages, annotation projection, text-gloss alignment

1. Introduction

Building computational tools for under-
represented languages and dialects remains
one of the most pressing challenges in natural
language processing (Joshi et al., 2020; Lai
et al., 2023). Many varieties, particularly spoken
dialects, endangered languages, and historically
under-documented forms, lack annotated corpora,
standard orthographies, or even basic tokeniza-
tion conventions (Blasi et al., 2022). At least half
of the world’s languages are under-documented
(Bird, 2011), and over 2500 are currently endan-
gered (Moseley, 2010). Estimates suggest that up
to 90 percent of the world’s languages are at risk
of disappearing within the next century (Krauss,
1992). Language loss is driven by multiple factors,
including limited available resources, sociopolitical
pressure from dominant languages, and govern-
ment policies that undermine linguistic diversity
(Bromham et al., 2022). Linguistic documentation
has thus become an urgent priority, not only for
scientific research but also for enabling future
revitalization efforts (Crowley, 2007).

A central format in language documentation is
Interlinear Glossed Text (IGT), which represents
linguistic data using aligned layers of transcription,
morpheme segmentation, grammatical annotation,
and word-by-word translation. While IGT is an in-
valuable tool for linguistic analysis and revitaliza-
tion work, its manual creation is extremely time-
and labor-intensive. This has led to growing inter-
est in applying machine learning to automate key

steps such as segmentation and glossing (Moeller
et al., 2018; Yang et al., 2024; Elsner and Liu,
2025). However, the development of such tools
is constrained by the scarcity of annotated training
data and the lack of standardized formats for many
low-resource and dialectal varieties. This situation
further deepens the digital divide between majority
and minority languages.

In this work, we address this issue by leverag-
ing the Manzini–Savoia Corpus (MSC) (Mazzag-
gio et al., 2025), a comprehensive digital corpus of
Italian, Romansch, and Corsican dialects derived
from Manzini and Savoia (2005). The resource
comprises more than 60,000 sentences elicited
from native speakers through extensive fieldwork.
A unique feature of this corpus is that each sen-
tence is presented in International Phonetic Alpha-
bet (IPA) and, in most cases, paired with an Ital-
ian gloss, making it one of the most valuable re-
sources for microvariation in Romance syntax and
morphology. However, while typical IGTs provide
detailed morphological segmentation, Manzini and
Savoia (2005) adopted a more compact system
consisting mainly of literal Italian translations and,
where needed, short morpho-syntactic tags (e.g.,
ClS for subject clitics). A substantial subset of the
MSC remains without glosses—particularly inflec-
tional paradigms glossed only in the first person
singular (e.g., “io dormo, etc.”). Moreover, glosses
and transcriptions often diverge in token count or
structure, complicating token-level annotation pro-
jection. These limitations hinder the automatic en-
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Field Value

index 158
official_placename Santa Maria di Sala
provincia Venezia
regione Veneto
chap 2.1 Presentazione dei dati relativi al clitico soggetto.
text �vj�ŋ me fi��i
gloss viene i miei figli
text_preprocessed �vj�ŋ me fi��i
gloss_preprocessed viene i miei figli
text_to_grapheme vien me fioi
tagging [{'text': '�vj�ŋ',

'gloss': 'viene',
'pos': 'VERB',
'morph': {'Mood': 'Ind', 'Number': 'Sing', 'Person': '3',

'Tense': 'Pres', 'VerbForm': 'Fin'}},
{'text': 'me',
'gloss': 'miei',
'pos': 'DET',
'morph': {'Gender': 'Masc', 'Number': 'Plur',

'Poss': 'Yes', 'PronType': 'Prs'}},
{'text': 'fi��i',
'gloss': 'figli',
'pos': 'NOUN',
'morph': {'Gender': 'Masc', 'Number': 'Plur'}}]

Table 1: Example corpus entry with fields displayed vertically. Rows highlighted in grey correspond to
fields automatically generated by the processing pipeline.

richment and computational exploitation of the cor-
pus.

To address these issues, this paper presents
an extended and reproducible pipeline for auto-
matic annotation projection and corpus enrich-
ment in the MSC. The approach combines linguis-
tically informed preprocessing, rule-based expan-
sion, and alignment-driven annotation to improve
both coverage and structural consistency. The
workflow consists of five main stages:

1. Data normalization: systematic cleaning of
textual content, including removal of metalin-
guistic parentheses.

2. First-pass annotation projection: initial
transfer of part-of-speech and morphological
features from Italian glosses to dialectal to-
kens using direct token alignment.

3. Paradigm completion: automatic expansion
of truncated verbal paradigms (e.g., “io dormo,
etc.”) by detecting first-person singular verbs
and projecting the full inflectional pattern.

4. Hybrid lexical alignment: construction of
frequency-based dialect–Italian lexica and im-
plementation of a monotonic alignment algo-
rithm integrating lexical correspondences and
token-level similarity.

5. Second-pass annotation projection: re-
application of morpho-syntactic tagging on
the aligned data, refining the initial projec-
tion and improving coverage for unglossed or
newly generated forms.

To illustrate the structure of the corpus and the
transformations introduced by our pipeline, Table
1 shows an example entry with the original fields
and the additional fields generated during prepro-
cessing and annotation.

The resulting system represents the first auto-
matic projection of morpho-syntactic annotations
for the MSC, increasing both the proportion of
glossed entries and the overall internal consis-
tency of the dataset. Additionally, this paper con-
tributes both a methodological workflow and an en-
riched dataset that can serve as a foundation for
future research in computational dialectology, mor-
phological modeling, and cross-variety annotation
transfer.

The rest of the paper is organized as follows:
Section 2 reviews related work on annotation pro-
jection and dialectal NLP; Section 3 details pre-
processing and normalization steps; Section 4 dis-
cusses paradigm completion; Section 5 presents
hybrid lexical alignment and second-pass projec-
tion; Section 6 reports evaluation results and pro-
vides the discussion and conclusions.

2. Related Work

2.1. Resources on Romance Dialects
A growing number of resources document the
linguistic diversity of Romance dialects, integrat-
ing traditional fieldwork with digital infrastructures.
Within the Italian area, the Atlante Italo-Svizzero
(AIS) and its digital extensions (AISr, Loporcaro
et al. 2021) provide lexical and phonetic data
across hundreds of localities, while the Atlante Lin-
guistico del Ladino Dolomitico (ALD, Rührlinger
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2004) focuses on Ladin and neighboring dialects.
The Atlante Sintattico d’Italia (ASIt, Pescarini and
Di Nunzio 2010) complements these by systemat-
ically investigating syntactic microvariation across
more than 200 Italian varieties through structured
elicitation and judgment data. Beyond Italy, the
Atlas Lingüístico de la Península Ibérica (ALPI,
García Mouton 2017) and the Corpus Oral y
Sonoro del Español Rural (COSER, Fernández-
Ordóñez 2011) make available geographically dis-
tributed corpora of Iberian Romance varieties. For
Portuguese, the CORDIAL-SIN corpus (Carrilho,
2010) offers syntactically annotated transcriptions
of dialectal speech. The MSC contributes to this
landscape by providing systematically glossed IPA
transcriptions of Italo-Romance varieties, offering
a uniquely fine-grained basis for automatic align-
ment and annotation projection.

2.2. Annotation projection
Annotation projection has been a foundational ap-
proach in cross-lingual NLP to bootstrap models
for low-resource languages using aligned corpora.
Early work by Yarowsky and Ngai (2001) used ro-
bust projection to induce POS taggers for French
and other languages — a method shown to be sur-
prisingly effective even with noisy alignments, of-
ten achieving 96% POS accuracy in target lan-
guages. Huck et al. (2019) demonstrated cross-
lingual annotation projection for Universal Depen-
dencies using parallel data between high- and low-
resource languages, focusing on alignment qual-
ity and typological generalization. A related line
of work uses Bible translations as a parallel cor-
pus for multilingual projection and transfer (e.g.,
(Agić et al., 2015)), taking advantage of their broad
language coverage and consistent structure. Pro-
jection techniques have been extended to parsing
(McDonald et al., 2013), NER (Wang and Manning,
2014), and semantic role labeling (Padó and Lap-
ata, 2005), solidifying projection as a standard tool
in multilingual NLP. In our case, rather than project-
ing across languages, we exploit gloss alignments
between dialectal IPA forms and Italian glosses to
derive indirect supervision in the absence of stan-
dard resources.

In addition to projection-based approaches, re-
cent work has explored learning-based methods
for generating glosses and morphological annota-
tions automatically, which are reviewed in the fol-
lowing subsection.

2.3. Automatic glossing and
morphological generation

A growing body of work has explored computa-
tional approaches to automatic glossing and mor-
phological annotation for low-resource languages.

Moeller et al. (2018) investigate automatic glossing
using sequence-to-sequence models trained on in-
terlinear glossed text. Their approach treats gloss-
ing as a supervised learning task, where gloss to-
kens are predicted directly from the input sentence
using neural architectures. While effective when
annotated training data are available, such meth-
ods require sufficiently large aligned corpora in or-
der to learn reliable mappings between text and
glosses.

More recently, Yang et al. (2024) examine mul-
tilingual and cross-lingual strategies for gloss gen-
eration using large language models. Their work
shows that prompting and retrieval-based methods
can improve gloss prediction across typologically
diverse languages, particularly in settings where
annotated data are scarce. However, these ap-
proaches still assume the availability of represen-
tative glossed examples that can be used either for
training or prompting. In a similar line of research,
Elsner and Liu (2025) investigate prompting-based
strategies for automatic glossing within the SIG-
MORPHON shared task framework (Nicolai et al.,
2025), demonstrating that large language models
can produce high-quality gloss suggestions that
assist human annotators during language docu-
mentation.

Our work differs from these approaches in sev-
eral important respects. First, while previous
studies focus on learning-based gloss generation,
our method does not attempt to predict glosses
from raw text. Instead, it exploits the struc-
tural properties of the Manzini–Savoia corpus and
the presence of existing Italian glosses to de-
rive morpho-syntactic annotations through deter-
ministic processing steps. Second, the data con-
sidered here are substantially more fine-grained:
the Manzini–Savoia corpus comprises sentences
collected from more than 400 Romance micro-
varieties. While this provides exceptionally de-
tailed coverage of dialectal variation, each vari-
ety is represented by only a limited number of ex-
amples, which poses a challenge for data-hungry
learning-based approaches. Finally, unlike many
automatic glossing systems that operate across
typologically unrelated languages, our approach
leverages Italian as a reference language closely
related to all the dialectal varieties in the cor-
pus. This linguistic proximity allows us to combine
rule-based normalization, alignment, and annota-
tion projection to obtain morpho-syntactic analy-
ses without requiring supervised training data.
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Figure 1: Geographical distribution of sentence counts.

3. Corpus Description and
Preprocessing

3.1. Corpus Overview

The Manzini & Savoia corpus (Savoia et al., 2025),
based on the monograph by Manzini and Savoia
(2005), is one of the most comprehensive re-
sources for the study of morphosyntactic variation
in Romance dialects, specifically Italian, Corsican,
and Romansh varieties. The original monograph
was compiled through extensive fieldwork con-
ducted over several decades by Leonardo Maria
Savoia, following a generative-grammar approach
that prioritized syntactic judgment and linguistic
competence over areal mapping. The corpus
collects and digitizes the dialectal examples
reported in that work.

The corpus is stored in CSV format and includes
data from 487 dialect varieties, broken down as
follows:

• 459 varieties from across the Italian penin-
sula;

• 9 Corsican varieties;

• 19 varieties from Southern Switzerland.

Each entry in the corpus comprises:

• a dialectal sentence transcribed in IPA, typi-
cally marking primary stress on content words
only;

• a word-by-word Italian gloss;

The full dataset currently comprises 64,472 ex-
amples, each associated with its locality of ori-
gin and morphosyntactic category, for a total of
253,736 word tokens. The examples also make
reference to syntactic phenomena (e.g., clitics and
auxiliary selection), reflecting the theoretical orien-
tation of the original work.

At the level of microvarieties, representative-
ness is quite diverse: the number of documented
sentences for each single microvariety ranges
from only 1 to 526, with an average of approxi-
mately 129 examples per microvariety. Geographi-
cal distribution of the sentences is shown in Figure
1.

This corpus is being digitized and made avail-
able within the framework of Project CHANGES
(Cultural Heritage Active Innovation for Sus-
tainable Society), a national initiative funded by
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Pipeline Step Match Mismatch No-gloss

Step 1: raw preprocessed 31,684
(50.5%)

14,696
(23.4%)

16,395
(26.1%)

Step 2: cleaned/normalized 32,292
(51.4%)

14,088
(22.4%)

16,395
(26.1%)

Step 3: with paradigm fill 38,465
(61.3%)

15,143
(24.1%)

9,167
(14.6%)

Table 2: Match, mismatch, and no-gloss statistics across pipeline steps. Each cell shows raw count (top)
and percentage (bottom).

the Ministry of University and Research and the Eu-
ropean Union through the NextGenerationEU pro-
gram, as part of the Piano Nazionale di Ripresa e
Resilienza (PNRR) (Mazzaggio et al., 2023, 2025;
Mazzaggio and Binazzi, 2024).

CHANGES promotes sustainable, open-access
strategies for the preservation and valorization of
intangible cultural heritage. In this context, the dig-
itization of the Manzini & Savoia corpus responds
to the urgent need for systematic documentation
of dialectal variation at risk of disappearance (Zoli
et al., 2025). The full dataset is openly released
on Zenodo (Savoia et al., 2025), and an interac-
tive web platform supports multi-modal exploration
of the corpus by syntax, geography, and locality.

3.2. Cleaning
The annotation projection procedure requires a
consistent token-level alignment between the di-
alectal text and its Italian gloss. Because morpho-
syntactic information is projected from the gloss
to the dialectal tokens, any mismatch in tokeniza-
tion or segmentation can lead to the loss or du-
plication of features. Preprocessing is therefore
a critical step in ensuring that each dialectal to-
ken can be associated with the appropriate gloss
element, either through one-to-one alignment or
through more flexible matching rules.

To quantify the degree of mismatch, we first com-
puted token counts for both sides of each sentence.
Out of roughly 60,000 dialect–gloss pairs, about
50% showed a different number of tokens, reflect-
ing various forms of structural disalignment. Some
mismatches arise from asymmetric translation be-
tween the dialectal text and the Italian gloss, where
a single dialectal token may correspond to multi-
ple Italian words or vice versa. For example, in
la Maˈria la ˈlɛ:ʃ vs. Maria ClS-3sf legge, the defi-
nite article la preceding the proper name is omitted
in Italian, since standard Italian normally does not
allow this construction. Additional discrepancies
stem from parenthetical notes and metalinguistic
comments embedded in the glosses. These may
specify grammatical information, such as tense

like “(Pres. Cong.)” (‘present subjunctive’), or offer
alternative renderings that conform more closely to
standard Italian usage, as in è (=ha) mangiato.

To mitigate such discrepancies that interfere
with text–gloss alignment, we systematically re-
moved parenthetical segments containing metalin-
guistic annotations or explanatory paraphrases
through an automatic preprocessing step. For ex-
ample, “non ti sieda (2ps Pres. Cong.)” was sim-
plified to “non ti sieda”. In cases such as “lo sono
(=ho) chiamato”, we retained the surface form in or-
der to preserve token-level alignment consistency,
removing the parenthetical element and keeping
“lo sono chiamato”. Operationally, both prepro-
cessing decisions amounted to deleting all paren-
theses and their contents from the gloss.

After cleaning, we recomputed token counts and
alignment diagnostics, which showed only a min-
imal net improvement in alignment: the share
of matched pairs increased by approximately 1%
(see Table 3.1), however, this preprocessing step
ensured a more reliable base for subsequent align-
ment.

A remaining challenge concerns alternative
glosses separated by slashes, such as al fa / fae
(‘does’), which represent optional lexical or mor-
phological variants. Such alternation may consist
of single or multiple words, with some cases even
displaying alternations among options of different
number of tokens. Therefore, since these sets of
alternations lack explicit delimiters, they could not
be automatically disambiguated. Their resolution
would require explicit human markup to identify the
beginning and end of alternative sets.

4. First-Pass Projection

Before performing any alignment between dialec-
tal text and Italian gloss, a first-pass annotation
projection was carried out to provide preliminary
morpho-syntactic information for each token. This
step serves two main purposes: it establishes a
baseline annotation layer for the corpus and pro-
vides the linguistic cues necessary for detecting
verbal paradigms during gloss completion.
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The first-pass projection combines automatic
part-of-speech (POS) tagging and morphological
analysis of the Italian gloss with a set of hand-
crafted templates for dialect-specific clitics and
auxiliaries. As already explained in section 3.1,
the corpus consists of dialectal utterances tran-
scribed in IPA, with word-level alignments to Ital-
ian glosses. Each word-level gloss consists of ei-
ther a literal Italian translation or a specialized tag-
like label indicating its grammatical function (e.g.,
ClS-3sm, Neg, etc.).

Accordingly, our projection method distin-
guishes between two types of glosses:

• Standard Italian glosses were annotated au-
tomatically using the spaCy model for Italian
it_core_news_lg (Explosion, 2024). This
model, trained on the Italian Universal Depen-
dency Treebank (Bosco et al., 2013), provided
POS tags and morphological features accord-
ing to the Universal Dependencies (UD) an-
notation scheme (De Marneffe and Manning,
2008; De Marneffe et al., 2014).

• Non-standard or functional glosses, involv-
ing clitics, negative markers or suffixes, were
annotated using a hand-written set of anno-
tation rules. These rules map label strings
(e.g., ClS-3sm) to structured POS tags and
morphosyntactic features consistent with the
Universal Dependencies framework.

The rule-based component ensured consistent
treatment of grammatical elements not easily han-
dled by standard taggers, such as subject clitics
and polarity markers. An excerpt of the rule set
is shown in Table 4 (see Appendix A for a more
comprehensive rules set).

The final annotation for each gloss consisted of:

• the original gloss string (standard or tag-like),

• the assigned POS tag,

• a set of morphological features.

While this initial projection is not yet informed by
cross-token alignment or lexical similarity, it pro-
vides a useful baseline layer of linguistic informa-
tion. In particular, it enables the automatic identi-
fication of first-person singular (1PS) verb forms,
which are required for the paradigm completion
step described below.

5. Paradigm Completion

Roughly 26% of corpus entries lack an explicit
gloss, the majority of which correspond to ver-
bal paradigms in which only the first-person sin-
gular form is translated, followed by the shorthand
marker “, etc.” or “, ecc.” For example, a typical

gloss such as ClS dormo, etc. (‘I sleep, etc.’) intro-
duces a full set of inflectional forms whose glosses
are left implicit. Completing these paradigms auto-
matically is essential to increase the coverage and
internal consistency of the resource.

Paradigm completion is implemented as a rule-
based procedure operating on the tabular struc-
ture of the corpus (see Appendix C for a more de-
tailed description of the procedure adopted). Rows
whose gloss ends in “etc.” or “ecc.” and that
are followed by five empty gloss rows are treated
as paradigm starters. Using the morpho-syntactic
annotation produced by the first-pass projection
(see Section 4), the system identifies tokens corre-
sponding to finite first-person singular verbs within
the starter gloss.

The starter line is then used as a template:
the trailing “etc.” marker is removed and the to-
ken sequence is copied to generate the remain-
ing five rows of the paradigm. Verb tokens are re-
placed with the corresponding inflected forms re-
trieved from the Morph-it lexicon (Zanchetta and
Baroni, 2005), while subject pronouns, clitic pro-
nouns, and enclitic forms are adjusted to match
the target person-number values (2SG–3PL). Ad-
ditional heuristics handle composite forms with
the auxiliary essere ‘be’ and minor lexical irregu-
larities. Finally, the modified tokens are recom-
bined to produce the completed gloss lines. The
newly generated glosses are then inserted into
the corresponding empty rows, producing a com-
plete inflectional paradigm. The resulting column,
gloss_filled_par, extends gloss coverage by
approximately 12% of the corpus, producing a
more homogeneous dataset for subsequent align-
ment and projection. An overview of the progres-
sive gloss coverage and alignment across the dif-
ferent steps of the pipeline can be viewed in Table
3.1.

By enriching the corpus with consistent paradig-
matic information, this step improves the availabil-
ity of aligned examples for learning dialect–Italian
correspondences and enhances the overall relia-
bility of automatic annotation.

6. Hybrid Lexical Alignment

6.1. Motivation

After completing the paradigm expansion step, the
next challenge concerns the alignment of dialectal
tokens and their Italian glosses. Due to the pho-
netic nature of the dialect transcriptions and the
morphological variability across varieties, one-to-
one alignment cannot be assumed even after care-
ful preprocessing. Simple string-based similarity
is often insufficient: dialectal forms like /ˈpɔpi/
(‘children’) from their Italian counterparts (bam-
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Gloss POS Morph Features

ClS-3sf PRON Clitic=Yes, Gender=Fem, Number=Sing, Person=3, Pron-
Type=Prs, Case=Nom

ClS-2p PRON Clitic=Yes, Number=Plur, Person=2, PronType=Prs,
Case=Nom

Neg ADV PronType=Neg
-1pp VERB Person=1, Number=Plur, VerbForm=Inf

Table 3: Examples of gloss-label to tag projection rules

bini), both orthographically and phonetically. Con-
versely, purely frequency-based or statistical align-
ment methods risk producing uninterpretable pair-
ings when working with small or morphologically
rich datasets.

To overcome these limitations, we adopt a hy-
brid alignment approach that integrates lexical
knowledge derived from the corpus with character-
based similarity metrics. This method increases ro-
bustness to surface variation while maintaining in-
terpretability, as each alignment can be explained
either by a previously attested lexical pairing or by
measurable orthographic similarity. The resulting
alignments serve as the basis for the refined anno-
tation projection described in Section 7.

6.2. Orthographic Normalization
Dialectal transcriptions in the MSC are provided
in the International Phonetic Alphabet (IPA). While
phonetically precise, this representation increases
the surface distance between dialectal forms and
their Italian glosses, as the two strings are en-
coded using different symbol systems. This re-
duces the effectiveness of character-level similar-
ity measures used in the alignment step (see Sec-
tion 6.4). For example, the IPA dialectal form
ˈdɔpu (‘later’) is string-wise more distant from its
gloss dopo, sharing only two characters (d and p),
whereas a grapheme transcription such as dopu
would share three (d, o, and p).

To reduce this distance, we implemented a rule-
based normalization procedure that maps IPA se-
quences onto an approximate graphemic repre-
sentation. The conversion rules were manually de-
fined, targeting systematic correspondences such
as /ts/ → z, /ʎ/ → gli, and accounting for context-
sensitive transcriptions (e.g. the IPA character /k/
is transcribed as ch before /e/, /ɛ/, or /i/, and as c
in all other cases). These mappings were applied
deterministically, producing a normalized dialec-
tal column (text_to_grapheme) used for subse-
quent alignment.

Importantly, this procedure does not aim to re-
construct an accurate orthographic representation
of each dialect. Rather, it provides a simplified
graphemic approximation designed to increase

string comparability with Italian glosses. For this
reason, the rules follow basic Italian orthographic
conventions and favor cross-dialect consistency
over orthographic correctness.

Although normalization inevitably introduces a
degree of abstraction away from the phonetic de-
tail of the original transcription, it facilitates the
transfer of morpho-syntactic information by align-
ing the dialectal forms more closely with the Italian
lexical space, without erasing dialect-specific con-
trasts.

6.3. Parallel Lexicon Construction
The first step consists in extracting reliable token
pairs from those rows in which the number of to-
kens in the dialectal text and in the Italian gloss is
identical. In such cases, a direct one-to-one cor-
respondence can be safely assumed. Each token
pair (wd, wi), where wd is a dialectal token and wi

its gloss counterpart, is stored in a bilingual lexicon
together with its frequency of occurrence.

To capture systematic correspondences that are
characteristic of specific linguistic areas, sepa-
rate bilingual lexica are built for each administra-
tive region represented in the corpus (e.g. Veneto,
Puglia, Sardegna). This regional conditioning al-
lows the alignment algorithm to favor lexically at-
tested matches typical of the variety spoken in the
corresponding region, while still retaining a global
bilingual lexicon that provides fallback mappings
for tokens not attested regionally.

6.4. Alignment Algorithm
Lexical priors The aligner consults two proba-
bilistic lexica built from length-matched pairs: a
per-Regione lexicon and a global one. Each entry
stores frequency counts and the conditional prob-
abilities P (gloss | text), P (text | gloss), and PMI.
An entry is considered reliable when these values
exceed small thresholds (τgt=0.2, τtg=0.1, τpmi≥0).
The higher threshold for P (gloss | text) reflects the
fact that a dialect token typically maps to a small
number of Italian glosses, whereas the reverse di-
rection is more ambiguous due to the large num-
ber of dialectal variants corresponding to the same
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Alignment POS Morph
Condition Sent. Tok. Sent. Tok. Sent. Tok.

Token match 1.00 1.00 0.78 0.91 0.74 0.87
Token mismatch 0.87 0.94 0.61 0.80 0.59 0.78
Total 0.94 0.98 0.70 0.86 0.67 0.83

Table 4: Evaluation results for alignment, POS tagging, and morphological tagging at sentence and token
level. Sentence-level accuracy requires all tokens in the sentence to be correct.

gloss. Regional evidence is preferred over global
evidence.

Pairwise scoring For every candidate pair
(wd, wi), the system computes a weighted align-
ment score. If a reliable entry is found in either
the regional or the global lexicon, the score com-
bines a base weight (Breg=10 or Bglob=6) with log-
scaled bonuses for P (gloss | text), P (text | gloss),
and the pointwise mutual information (PMI). Re-
gional matches receive a higher base weight, re-
flecting the expectation that dialect–Italian corre-
spondences are often locality-specific.

PMI(td, ti) = log2

P (td, ti)

P (td)P (ti)

If no reliable lexicon entry is available, the sys-
tem falls back on a similarity-based score. This
score combines scaled character similarity (Rapid-
Fuzz ratio), a small bonus for comparable token
length, and a fixed reward for exact matches.

This scoring scheme ensures that high-
confidence lexical correspondences dominate the
alignment whenever available, while still allowing
plausible matches for previously unseen token
pairs.

Monotonic dynamic programming Since we
are working with glosses rather than free transla-
tions, we assume that the relative order of corre-
sponding tokens is preserved between the dialec-
tal text and the gloss. We therefore adopt a mono-
tonic dynamic programming approach that aligns
each token in the shorter sequence to a token in
the longer one, allowing unmatched tokens on the
longer side to be skipped.

Let D = [d1, . . . , dn] be dialect tokens and I =
[i1, . . . , im] Italian tokens. The algorithm aligns the
shorter sequence to the longer one using a mono-
tonic dynamic program:

DP(i, j) = max
(

DP(i, j−1),

DP(i−1, j−1) + score(si, ℓj)
)

(1)

with DP(0, j)=0.

Backtracking over the dynamic programming ta-
ble yields the optimal alignment path together with
its total score. For each sentence pair, the algo-
rithm finally returns the set of aligned token pairs
and the corresponding alignment score.

7. Second-Pass Tagging

7.1. Motivation and Method
The alignment procedure described in the previous
section enables a more precise mapping between
dialectal and Italian tokens. While the first-pass
tagging relied on a direct projection from the gloss
line to the dialectal text, this projection was nec-
essarily limited by token mismatches and by the
presence of unaligned or partially glossed forms.
The hybrid alignment stage provides a refined cor-
respondence that allows for a second-pass projec-
tion of linguistic information, improving both cover-
age and consistency.

In this second pass, the part-of-speech (POS)
and morphological features initially obtained from
the Italian gloss (via spaCy) are re-evaluated and
reassigned to the corresponding dialectal tokens
according to the alignment pairs.

To ensure interpretability, the projected morpho-
logical information preserves the spaCy format,
storing both POS and morphological features in
the text_tagging_aligned column. Each to-
ken is represented as a structured dictionary, main-
taining compatibility with downstream NLP tools
and allowing manual or automatic quality checks.

This step effectively bridges the gap between
the first-pass coarse tagging and a more linguis-
tically informed annotation grounded in the align-
ment results. It also creates a foundation for fu-
ture semi-supervised refinement: once evaluated,
these aligned projections could serve as silver-
standard training data for region-specific taggers.

7.2. Evaluation
The output of the second-pass tagging was eval-
uated on a manually verified sample of 200 en-
tries from the corpus. The sample included both
easy and difficult cases: 100 text–gloss pairs with
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Text & Gloss POS tagging (output) Comments

ɛŋ s erɒ / ˈhiɛm laˈatʃ
ci eravamo lavati

PRON: ɛŋ → ci
AUX: erɒ → eravamo
VERB: laˈatʃ → lavati

Although the sentences were token-
mismatched, the algorithm correctly
mapped one of the two alternatives
separated by the slash (erɒ / ˈhiɛm)
to the correct auxiliary verb eravamo.

ratə-ˈm-illu / -illa / -illəə
date-ce-lo / la / li-le

NULL: ratə-ˈm-illu → date-ce-lo
NULL: -illa → la
NULL: -illəə → li-le

Alignment succeeds, but subword
segmentation with hyphens and
slash-separated alternatives hinders
the tagger’s ability to correctly identify
and tag the Italian word.

Table 5: Examples of successful and unsuccessful alignment and tagging.

matched token counts and 100 pairs with mis-
matched counts. Although mismatched pairs rep-
resent only about 24% of the total data, they were
oversampled to better assess performance under
challenging alignment conditions.

Each token in the selected subset was manually
checked for correctness of the dialect–gloss pair-
ing, part-of-speech (POS) assignment, and mor-
phological tagging. Since the annotation involved
verifying deterministic correspondences between
dialect tokens, gloss tokens and projected tags,
rather than performing interpretive linguistic judg-
ments, the task was largely unambiguous and was
therefore carried out by a single annotator (i.e., the
first author). Accuracy was computed both at the
sentence level and at the token level. Sentence-
level accuracy corresponds to the proportion of
sentences in which all projected values were cor-
rect, such that a single incorrect tag rendered the
entire sentence tagging incorrect. Token-level ac-
curacy instead measures the proportion of individ-
ual tokens correctly aligned and tagged.

The results indicate high alignment accuracy
(94% at the sentence level and 98% at the to-
ken level), while POS and morphological tagging
achieved 70% and 67% at the sentence level,
and 86% and 83% at the token level, respectively
(see Table 4). The main sources of residual er-
ror include ambiguous or underspecified glosses
and cases involving alternative forms separated
by slashes (”/”) or hyphens (”-”) used to segment
clitics or inflectional material. These inconsis-
tencies suggest that further orthographic normal-
ization and finer-grained treatment of compound
glosses could improve projection reliability.

Illustrative examples of correctly and incorrectly
tagged items are reported in Table 5, highlighting
both successful handling of complex verb forms
and remaining sources of variability.

8. Discussion and Conclusion

In this work, we presented a pipeline of normaliza-
tion, paradigm completion, and alignment-based
projection that substantially improves the coverage
and internal consistency of the Manzini–Savoia
corpus (MSC). The achieved alignment accuracy
(94% at the sentence level and 98% at the to-
ken level) shows that the hybrid approach reliably
captures token-level correspondences between di-
alectal and Italian forms despite substantial ortho-
graphic and morphological variation.

POS and morphological tagging achieve lower
sentence-level accuracy (70% and 67%), largely
reflecting noise and inconsistencies in the gloss
layer. Token-level evaluation provides a more
fine-grained view of system performance, show-
ing that most individual tokens are correctly an-
alyzed (86% POS and 83% morphological accu-
racy), while sentence-level errors typically arise
from isolated tagging mistakes within otherwise
correct analyses.

Remaining errors are mainly associated with
ambiguous or underspecified glosses, alternative
forms separated by slashes and inconsistent use
of hyphens. These issues suggest that further re-
finement of gloss normalization.

More broadly, this study provides a reproducible
methodology for enriching dialectal corpora with
structured linguistic annotation, leveraging rule-
based linguistic knowledge and similarity-driven
alignment.

Future work will pursue three directions. First,
the high-quality alignments obtained here can be
used to expand the dialect–Italian lexicon and im-
prove coverage across varieties. Second, the en-
riched corpus provides a basis for developing mod-
els that generate literal Italian glosses from di-
alectal input, facilitating semi-automatic interlinear
glossing. Third, the projected morpho-syntactic
annotations can serve as silver-standard supervi-
sion for training dialect-specific tagging models.
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Gloss POS Morph Features

ClS PRON Case=Nom, Clitic=Yes, PronType=Prs
ClS-3sm PRON Case=Nom, Clitic=Yes, Gender=Masc, Number=Sing, Person=3, PronType=Prs
ClS-3pm PRON Case=Nom, Clitic=Yes, Gender=Masc, Number=Plur, Person=3, PronType=Prs
ClS-2s PRON Case=Nom, Clitic=Yes, Number=Sing, Person=2, PronType=Prs
ClS-2p PRON Case=Nom, Clitic=Yes, Number=Plur, Person=2, PronType=Prs
ClS-3s PRON Case=Nom, Clitic=Yes, Number=Sing, Person=3, PronType=Prs
ClS-3p PRON Case=Nom, Clitic=Yes, Number=Plur, Person=3, PronType=Prs
ClS-sm PRON Case=Nom, Clitic=Yes, Gender=Masc, Number=Sing, PronType=Prs
ClS-sf PRON Case=Nom, Clitic=Yes, Gender=Fem, Number=Sing, PronType=Prs
ClS-pm PRON Case=Nom, Clitic=Yes, Gender=Masc, Number=Plur, PronType=Prs
ClS-pf PRON Case=Nom, Clitic=Yes, Gender=Fem, Number=Plur, PronType=Prs
Neg ADV PronType=Neg
-1ps VERB Person=1, Number=Sing, VerbForm=Inf
-2ps VERB Person=2, Number=Sing, VerbForm=Inf
-3ps VERB Person=3, Number=Sing, VerbForm=Inf
-1pp VERB Person=1, Number=Plur, VerbForm=Inf
-2pp VERB Person=2, Number=Plur, VerbForm=Inf
-3pp VERB Person=3, Number=Plur, VerbForm=Inf

Table 6: Representative functional glosses with manually assigned POS and morphological features.

A. Annotation projection procedure

Morpho-syntactic annotation is assigned to dialect
tokens by projecting the analysis of the corre-
sponding gloss tokens. The same procedure
is used in both the first and second pass; the
only difference between the two runs is the align-
ment supplied as input. Given a pair of pre-
processed columns, gloss_preprocessed and
text_preprocessed, the algorithm produces,
for each sentence, a list of token-level dictionaries
containing the dialect token, the aligned gloss to-
ken, its projected POS label, dependency relation,
and morphological features.

Functional glosses Before running the POS
tagger, the system identifies a small inventory of
pre-coded gloss strings that encode grammatical
information directly, such as ClS-3sm, Neg, or

-1ps. These items do not behave like ordinary lex-
ical tokens and therefore receive manually speci-
fied annotations. Each functional gloss is associ-
ated with a fixed bundle of values for pos, dep,
and morph. Table 6 illustrates the main classes.

General procedure For each row of the
dataframe, the algorithm proceeds as follows.

1. Input validation. If either the gloss string or
the dialect text is missing or not represented
as a string, the row is skipped and an empty
annotation is returned.

2. Extraction of functional glosses. The
gloss is scanned for occurrences of pre-coded
strings listed in a manually defined dictionary.
For each match, the system records:

• the matched string,
• its character offsets in the original gloss,
• its manually assigned pos, dep, and

morph values.

These matched substrings are then removed
from the gloss, yielding a cleaned gloss string.

3. Automatic analysis of the remaining gloss
tokens. The cleaned gloss is passed to the
Italian spaCy pipeline. For each resulting to-
ken, the tagger returns:

• token text,
• part of speech,
• morphological features.

These analyses provide the default annotation
for lexical gloss material.

4. Reinsertion of functional glosses. The
manually annotated functional glosses are
reinserted into the sequence of automatically
analyzed gloss tokens. To preserve the orig-
inal order, both sets of items are assigned
character-based positions and merged ac-
cording to their start offsets. The result is a
single ordered sequence of annotated gloss
tokens.

5. Projection onto dialect tokens. The dialect
text is tokenized by whitespace. The sys-
tem then traverses the ordered gloss-token
sequence and, position by position, replaces
the token form in the gloss sequence with
the corresponding dialect token. At the same
time, the original gloss token is preserved in a
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separate gloss field. In this way, each output
token contains:

• text: the dialect token,
• gloss: the aligned gloss token,
• pos: the projected part of speech,
• dep: the projected dependency label,
• morph: the projected morphological fea-

tures.

6. Output construction. The projected tokens
are stored as a list of dictionaries, one list per
sentence. This list constitutes the annotation
output for the row.

Assumptions and limitations The procedure
assumes that the dialect text and the processed
gloss are token-aligned after reinsertion of func-
tional glosses. Projection is therefore strictly
position-based once the aligned gloss sequence
has been reconstructed. This makes the method
simple and deterministic, but it also means that tag-
ging errors may arise whenever residual alignment
mismatches persist.

Functional gloss inventory Table 6 gives repre-
sentative examples of the manually specified func-
tional glosses used during projection.

B. IPA-to-grapheme normalization

Here we describe in greater detail the determin-
istic rule-based normalization procedure adopted
to map each IPA token to a simplified graphemic
string (see Section 6.2). The goal of this procedure
is not to reconstruct dialect-specific orthographies,
but to reduce symbol-set mismatch and make di-
alect and gloss strings more comparable for sub-
sequent character-based alignment (as described
in Section 6.4).

Input and output The procedure takes
as input a sentence in IPA (stored in
text_preprocessed_new) and pro-
duces a normalized sentence (stored in
text_to_grapheme). Normalization is ap-
plied token-by-token by whitespace splitting. Each
token is transformed by a fixed cascade of rewrite
rules described below.

Overview of the rule cascade Let t be an IPA
token. The function NORMALIZE(t) applies the fol-
lowing steps in order:

1. Removal of suprasegmental marks
Primary and secondary stress symbols (e.g. ˈ,
ˌ) are removed.

2. Simplification of gemination and length
Length marks (ː) are interpreted as consonant
gemination. When the preceding segment
corresponds to an ASCII consonant, the con-
sonant is duplicated (e.g. pː → pp). Residual
length marks are then removed.
For selected IPA segments that may appear
geminated, repeated or length-marked se-
quences are collapsed to a single symbol:

ʃː → ʃ ʃʃ → ʃ ɲː → ɲ ʎː → ʎ

3. Direct mappings for palatal consonants
Some IPA consonants are mapped to stan-
dard Italian graphemic representations:

ɲ → gn ʎ → gli ŋ → n

4. Vowel normalization
Open and central vowels are mapped to plain
Latin vowels in order to reduce token variabil-
ity:

ɛ → e ɔ → o ə → e ɪ → i ʊ → u

This step removes phonetic distinctions that
are not relevant for the alignment task.

5. Normalization of additional IPA symbols
Various IPA consonants and diacritics not typ-
ically used in Italian are mapped to approx-
imate Latin equivalents or removed. Exam-
ples include:

β → v θ → t ð → d ɾ → r ʔ →

Certain fricatives such as ɕ and ʂ are tem-
porarily treated as members of the ʃ class to al-
low uniform contextual mapping in the follow-
ing step.

6. Context-sensitive mappings
Several consonants are rewritten depending
on the following vowel, approximating com-
mon Italian orthographic conventions.

(a) Velars:

k → ch / _ {e,i}
k → c elsewhere

Similarly,

g → gh / _ {e,i}
g → g elsewhere

(b) Affricates:

t͡ʃ → c / _ {e,i}
t͡ʃ → ci / _ {a,o,u}
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Similarly,

d͡ʒ → g / _ {e,i}
d͡ʒ → gi / _ {a,o,u}

(c) Postalveolar fricatives:

ʃ → sc / _ {e,i}
ʃ → sci / _ {a,o,u}

7. Affricate simplification
Clusters corresponding to ts and dz are op-
tionally collapsed to z, reflecting a simplified
Italian-style approximation.

8. Intervocalic z weakening
A single z between vowels is rewritten as s
(while leaving zz unchanged), e.g.:

aza → asa

9. Final cleanup
Residual IPA tie-bars (e.g., ͡ ) and other left-
over diacritics are removed. Apostrophes are
normalized by removing surrounding whites-
pace and repeated spaces are collapsed.

C. Automatic paradigm completion

Paradigm completion is implemented as a rule-
based procedure operating on the tabular struc-
ture of the corpus. The algorithm scans
the dataset sequentially and detects candidate
paradigm blocks based on editorial conventions of
the corpus.

1. Detection of paradigm starters. A row is
identified as a paradigm starter if three con-
ditions hold: (i) the gloss ends with “etc.” or
“ecc.”, (ii) the gloss contains at least one to-
ken tagged as a finite first-person singular
verb (POS ∈ {VERB, AUX}, Person=1, Num-
ber=Sing, VerbForm ̸= Part) according to the
morpho-syntactic annotation produced in the
first-pass projection (see Section 4), and (iii)
the following five rows contain empty gloss
fields.
When these conditions are satisfied, the six
rows are treated as an inflectional paradigm
block.

2. Template construction. The starter gloss
is stripped of the trailing “etc./ecc.” marker
and tokenized using an apostrophe-aware to-
kenizer that preserves contractions (e.g. l’ho).
The resulting token sequence is used as a
template representing the first-person singu-
lar form of the paradigm.

3. Identification of verb positions. Within the
template, the algorithm identifies all token po-
sitions corresponding to finite 1SG verbs us-
ing the morpho-syntactic information obtained
during the first-pass projection. Multiple verbs
within the same gloss are supported.

4. Paradigm retrieval. For each detected verb
token, the system retrieves its lemma and in-
flectional paradigm from Morph-it (Zanchetta
and Baroni, 2005), a lexicon of Italian inflected
forms with their lemma and morphological fea-
tures. Candidate analyses are filtered to re-
tain only finite 1SG verb forms. Once a correct
analysis is identified, the lemma and morpho-
logical class are used to retrieve all lexicon en-
tries belonging to the same paradigm, which
provides the set of inflected forms used to gen-
erate the remaining person-number variants.

5. Generation of the remaining paradigm
rows. The remaining five rows of the block
are generated by systematically modifying the
template to produce the forms corresponding
to:

2SG, 2SG, 1PL, 2PL, 3PL.

For each person-number combination, the fol-
lowing operations are applied:

(a) Replacement of the verb token(s) with the
corresponding inflected form obtained
from the retrieved paradigm.

(b) Adjustment of subject pronouns and clitic
pronouns (e.g. io → tu, mi → ti) accord-
ing to the target person-number specifica-
tion.

(c) Rewriting of enclitic forms such as -mi to
the corresponding person-specific clitic.

(d) Agreement adjustments for participles
when the auxiliary is essere.1 In plural
persons, participles are pluralized using
a simple Italian pluralization heuristic.

(e) Minor normalization heuristics to correct
known lexical irregularities (e.g., correct-
ing truncated 3PL forms such as han
(‘have.3PL’) in favor of the more common
hanno).

6. Reconstruction of the gloss line. After
token-level rewriting, the tokens are recom-
bined into a string while preserving apostro-
phe attachment rules (e.g. l’ + ho → l’ho).

1In composite verbal forms of Italian, formed by an
auxiliary verb and the past participle of the main verb,
the participle is inflected for gender and number.



3393

The resulting five lines are written into the previ-
ously empty rows of the paradigm block, while the
original starter line is preserved as the 1SG tem-
plate.
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