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Abstract

While qualitative descriptions (in the form of
reference grammars) and benchmarks for low-
resource languages are becoming increasingly
widespread, computational linguists do not of-
ten use quantitative methods to describe a new
lect rather than a new model. This paper in-
tends to close this lacuna.

The case study is a Lemko text transcribed at
the beginning of the twentieth century. Using
morphosyntactic tagging and topic modelling,
the study demonstrates areal influences and ar-
chaic features of the lect. Fine-grained evalu-
ation significantly assists in identifying subtle
patterns that are not readily apparent through
traditional metrics such as accuracy score.

The results highlight the necessity of a more
detailed analysis of model performance, which
may yield more linguistically significant results
than a purely manual check. This information
is present in the resulting dataset, which can be
used for further investigation into the structural
features of the Lemko lect.

1 Introduction

The goal of this study is to provide an example
of a quantitative characterisation of a low-resource
lect that can enhance (but certainly not substitute
for) the work of a field researcher through distribu-
tional analysis based on neighbouring lects. Quan-
titative characterisation is something that current
studies of low-resource lects lack: while toolkits
and benchmarks are crucial for language preserva-
tion, they do not in themselves provide a means of
scientific description.

This often leaves researchers relying on qualita-
tive methods for interpreting the errata produced
by toolkits for benchmarks, and even more so in
the age of Large Language Models (LLMs), which
often become a single tool in a toolkit and remain
barely explainable from any perspective, including
a linguistic one (Rakotonirina et al., 2025). A more

detailed investigation of this problem is presented
in Section 2.

The distributions of particular features in raw
texts of the lects remain in a blind spot between
quantitative metrics that assess the number of cor-
rect outputs, qualitative interpretations of inconsis-
tencies, and preprocessed datasets in variationist
sociolinguistics. Section 4 proposes a way to close
this gap, while Section 5 demonstrates a practi-
cal implementation of the algorithm. Section 6
provides an overview of the study and outlines its
prospects.

The case study for this research is the Lemko'
lects of the western part of the Transcarpathian
region. Section 3 describes this dataset in detail.
Using it, the paper demonstrates the benefits of
taking a distant, a posteriori perspective on a new
lect that is not heavily influenced by presupposed
categories.

2 Related Work

The following section begins with a presentation
of existing frameworks for quantitative and quali-
tative description. The next part focuses on quan-
titative studies of variation within corpora. The
section ends with an overview of existing NLP
studies of Lemko.

2.1 Frameworks of language description

Language documentation and description were
among the earliest linguistic endeavours, espe-
cially in the study of newly documented lects.
Prominent examples include the first grammars
of South American languages (Domingo de Santo
Tomads, 1560; Ruiz de Montoya, 1640; Adam and
Henry, 1880). However, for a long time a much
more widespread practice (illustrated below with
examples from indigenous languages of Asia and

"Lemko is a denotation preferred by native speakers com-
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they/ (date of access: February 12, 2026)
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Africa) was the collection of basic vocabulary lists
(Dobrotvorskii, 1875; Munkacsi, 1894; Zukowsky,
1924) or text corpora (Bleek and Lloyd, 1911;
Bleek, 1929). Grammars, enhanced by collections
of texts, have become a standard means of describ-
ing a language only relatively recently; see, among
others, Wiedemann (1884); Nakonec¢na and Rud-
nyc’kyj (1940).

In modern linguistics, the most traditional form
of language description is the production of a refer-
ence grammar; some publishers dedicate entire se-
ries to this purpose (Lehman, 1989; Zigmond et al.,
1991; Kimball, 1991; Osada, 1992; Brindle, 2017;
Daniel et al., 2019; Namyalo et al., 2021). This is
an extremely valuable and well-developed genre of
linguistic literature that covers the historical devel-
opment, phonetics, morphology, and syntax of a
given lect. It recognises and critically assesses the
a priori nature of many linguistic categories with
which it must operate (Terhart, 2024, pp.113-114).
Still, it rarely focuses on quantitative characteris-
tics and distributions within corpora that represent
actual linguistic practices of communities.

Natural Language Processing (NLP) studies, in
contrast, focus on developing toolkits (Bolt et al.,
2019; Tolmachev et al., 2018; Pauli et al., 2021;
Rennes et al., 2022) and designing benchmarks
(Shavrina et al., 2020; Aparovich et al., 2025;
Chirkin et al., 2025; Umbet et al., 2025). These
toolkits and benchmarks, while indispensable for
increasing the presence of low-resource lects, are
almost always based on existing descriptions and
understandings of a given lect, employing either
expert knowledge or reference grammars. Their
use in model assessment is vital for understanding
linguistic capabilities, but it reveals little about the
language itself. Some works attempt to bring eval-
uation closer to linguistic exploration (Bindi, 2025;
Neumann, 2025), but they still primarily guide re-
searchers through tools, concentrating attention on
the qualitative evaluation of quantitative methods.

2.2 Variation in corpora

Quantitative studies of variation are almost impos-
sible without corpora (for an overview, see Taglia-
monte (2025, pp. 1-15)). However, most rely on
extracting units belonging to pre-determined cat-
egories from the material. The closest analogue
to a quantitative description would be a posteriori
studies that do not assume pre-given language cat-
egories (Otheguy, 2002) and instead operate with
distributional skewings that mark the presence of

semantic substance expressed through specific sig-
nals (Garcia, 1989; Diver, 2012). When fully in-
tegrated into quantitative linguistics, this approach
allows for the identification and explanation of less
trivial regularities and irregularities in the data.

2.3 NLP and Transcarpathian lects

Despite its significance for studies of the historical
development of the Slavic clade (gevel’ov, 1979,
p. 37), the Transcarpathian group remains under-
represented in NLP, as do most Slavic territorial
lects. There has been an effort to create a corpus
representing their modern state?, which resulted in
the development of some language-specific tools
(Scherrer and Rabus, 2019), as well as computa-
tional research (Rabus and Scherrer, 2017; Rabus,
2018; Lahjouji-Seppild and Rabus, 2021). How-
ever, these studies operate at a regional scale, and
smaller lects, such as Lemko, have not received
full-scale attention.

3 Data

The description of the research data contains two
subsections. The first delves into the overall char-
acterisation of the lect under consideration; the
second reports on the subcorpus used in the cur-
rent study.

3.1 Lemko (Lemkian)

Lemko is a group of small territorial East Slavic
lects historically spread across the territories of
southern Poland and north-western Slovakia, as
Figure 1 shows. It is in this territory that schol-
ars collected the material constituting the dataset
(Nakonec¢na and Rudnyc’kyj, 1940, p. 15). Unfor-
tunately, after the Second World War most Lemkos
living in this territory lost their homes due to dis-
criminatory policies (Magocsi, 2015, pp. 336-
338), so the material gathered at the beginning of
the twentieth century may well be the latest avail-
able fragment (Baglioni and Rigobianco, 2024, pp.
1-9) of this lect.

Lemko is part of the Carpathian group (Del
Gaudio, 2017, p. 78), which itself is part of the
Transcarpathian area (gevel’ov, 1979, p. 37), in-
corporating Hutsul, Bojko, and Central and South
Carpathian lects (Del Gaudio, 2017, p. 78). There
are at least three standards that roof these lects:
Polish, Slovak, and Ukrainian. Modern stan-
dard Ukrainian, which stems from the Central

*http://www.russinisch.de/VarchoLatin2/login.php (date
of access: February 12, 2026)
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Figure 1: The territory of the Transcarpathian lects spread at the beginning of the twentieth century (Zilyns’kyj,
1933). Lemko is in the left corner, marked by rare horizontal strikes.

Dnipro group (Del Gaudio, 2017, p. 92), is the
most closely related to Lemko among these stan-
dards. Nowadays, the Rusyn (micro)standard is
also emerging (Dulichenko, 1981, p. 14; Magocsi,
2004). There has also been an attempt to standard-
ise Lemko itself, resulting in the appearance of
a grammar (Fontanski and Chomiak, 2000). Most
written or printed material in Lemko is in the Cyril-
lic script.

There are distinct characteristics that differen-
tiate Lemko from neighbouring lects at all levels
of the language system. For this paper, the most
relevant are grammatical and lexical features.

3.1.1 Morphology

The inflection of nominal and pronominal forms in
Lemko has significant peculiarities which, in the
case of transfer learning, are likely to influence
system performance. Among these are unique de-
clension paradigms. For instance, the word de-
noting ‘young girl’ is disua (divéa, see Fontanski
and Chomiak (2000, pp. 79-80)), unlike Polish
dziewczyna or Ukrainian diguuna (divéyna).

The instrumental singular feminine form of
adjectives (and words undergoing similar in-
flection, such as some relative pronouns and
nouns) has the -ou (-om) ending, cf. x’ompom
(k’otr-om ‘which-FEM.INS.SG’?). For compari-

3Glosses given according to Comrie et al. (2008)

son, Polish has -a (ma l-a ‘small-FEM.INS.SG’
(Wréblewska, 2018)*), Ukrainian has -ow (cko-
pouenorwo (Kopp et al, 2023) (skorocen-oju
‘shortened-FEM.INS.SG’)), and Slovak has -
ou (z’ahrebsk-ou (Zeman, 2017) ‘Zagrebian-
FEM.INS.SG’).

The instrumental plural form is often -ua (-ma):
n’ima (n’i-ma ‘PRON.3PL-INS”). Slovak, Polish,
and Ukrainian possess different forms: ni-mi (Slo-
vak (Zeman, 2017); Polish (Wréblewska, 2018);
Ukrainian numu (ny-my (Kopp et al., 2023))).

Another noteworthy feature of Lemko is the
reduplicated form of determinative pronouns: mo-
mo (toto) instead of Ukrainian ue (ce) (Kopp et al.,
2023), Polish tamto (Brooks, 1975, p. 306), and
Slovak fo (Zeman, 2017).

3.1.2 Lexis

As the lect is part of an intense contact area in the
Carpathian mountains, Lemko material demon-
strates a significant presence of borrowings, mostly
from Slovak and Polish. Slovak borrowings in-
clude words such as sesvo (vel’o ‘many’) and ked
(ked ‘when, if”) (Nakonecna and Rudnyc’kyj, 1940,
p. 30). Material borrowed from Polish includes,
among other items, 6ap3 (barz ‘very’) and mepaz
(teraz ‘now’) (Nakonecna and Rudnyc’kyj, 1940, p.

*See Appendix A for more detailed information on the
sources of examples.



30). There are also Hungarian and German borrow-
ings, for instance xipaawghiii (kiral’fij ‘prince, son
of king’ (< Hungarian kir’alyfi ‘id.” (Nakonec¢na
and Rudnyc’kyj, 1940, p. 30))), but these are mostly
long-integrated nouns, and any incorrect descrip-
tion by the model is more likely to be due to mor-
phological reasons than to out-of-vocabulary status.

3.1.3 Syntax

Unlike Ukrainian, and like Polish and Slovak,
Lemko tends to make heavy use of copular clauses
of a very specific type. The subject is a determi-
native pronoun (in all of these languages in neuter
gender form), the predicate is a noun, and the link
between them is an auxiliary verb ‘to be’. Examples
from all of these languages are given below; the
relevant parts of the sentences are in bold.

(1) Lemko (Nakonec¢na and Rudnyc’kyj, 1940,

p-31)

To cyT

T-o sut
DET-NEUT.NOM.SG be.PRES.3PL
BIIATKA JIEMKABCKH
vSytk-y lemkyvsk-y
all-NOM.PL Lemko-NOM.PL
céira , Ie M0 JIEMKIBCKHU
sél-a , de po lemkyvsky
village-NOM.PL , where in Lemko
IBAPAT .

hvérj-at .

speak-PRES.3PL. .

‘These are all Lemko villages, where one
speaks Lemko.’

(2) Polish (Wroblewska, 2018)
Co t-o sa
What DET-NEUT.NOM.SG be.PRES.3PL
mechanizm-y obronn-e ?
mechanism-NOM.PL defence-NOM.PL ?
‘Are these defence mechanisms?’

(3) Slovak (Zeman, 2017)
Je-o t-o
be.PRES-3SG DET-NEUT.NOM.SG
naj-beZn-¢&js-ia
SUP-common-CMPR-FEM.NOM.SG

kukuric-a pre priam-u
corn-NOM.SG for direct-FEM.ACC.SG
Tudsk-d spotreb-u

human-FEM.ACC.SG consumption-ACC.SG

‘This is the most common corn for direct
human consumption.’

(4) Ukrainian (Kopp et al., 2023)

ne TyKe
c-e duze
DET-NEUT.NOM.SG very
BaXJIMBa

vazlyv-a

important-FEM.NOM.SG

NonpaBKa

popravk-a

amendment-NOM.SG

“This is a very important amendment’

As can be seen from the examples, Lemko and
Slovak use the auxiliary ‘to be’ (in this case in
the present tense, third-person singular or plural
form), whereas modern standard Ukrainian does
not. Given the relatively high degree of descriptive-
ness in Nakonecna and Rudnyc’kyj (1940), which
entails a high frequency of identificational construc-
tions (roughly translated into English as This is),
this discrepancy may create severe issues for the
syntactic parser module, which is not trained for
this type of sentence. Apart from this, however,
there are no syntactic features that would charac-
terise Lemko as a specific part of the Carpathian
area.

3.2 Dataset

The case study is LAI407, a set of three texts in
Lemko written sometime between the 1930s and
the 1940s by a person who learned the lect in the
settlement of Kamienka (Lemko Kawronka, modern
PreSov Region of northern Slovakia) during child-
hood. The first text provides a general metachar-
acterisation of the lect, the second discusses tradi-
tional social gatherings, and the third is a folklore
story about a devil who intended to destroy Stard
LCuboviia Castle.

The overall size of LA1407 is 609 tokens, split
into 34 predications’, but the metainformation for
each sentence is quite extensive. Nakonecna and
Rudnyc’kyj (1940) provides detailed phonetic tran-
scription, standardised transcription, and a Ger-
man translation, which greatly aid modern scholar-
ship. The format of the existing digitised version is
CoNLL-U. The phonetic transcription (converted
to IPA) and the German translation are provided as
metadata fields for each sentence. Table 1 shows
an example.

SFor some utterances, Nakone&na and Rudnyc’kyj (1940)
preserved them as sentences; others were chunked into smaller
units, likely due to the need to include as much information as
possible about each of them on a given page.



#sent_id = LA1407.3.3

# IPA_transcription = ted’ort maw prfkaz’ano

do dvan’ats'atoj fiodini v_n’ote)i rozb’it1 z’amik //

# standard_text = YopT maB npika3dHo /10 ABAHAITON l“OIli,HI/I B HOUM pO30OMTI 3AMOK.
# german_text = Es wurde dem Teufel befohlen, bis zwolf Uhr nachts das Schlof3 zu zerstoren.

wf="Yopr"Itf="tc"ort"

(..

Table 1: The initial digitisation of LA1407.3.3. Underscores denote the fields, obligatory for CONLL-U format, but
not yet filled with morphosyntactic tags. As the table is an illustration, it shows (for brevity considerations) only the
first token. The translation of the example is The devil had an order: before the clock strikes midnight, he should

destroy the castle.

During this study, the existing digitisation
(Nakonetschna et al., 2025), which also contains
information on named entities and basic vocabu-
lary items, underwent an additional round of checks
for consistency and correctness. While the tagging
remained mostly intact, some normalisation was
necessary. In this process, both instances of cma-
ponobos’enmckiii (staroljubov’entskij ‘of Stard
LCuboviia-ADJ’ in the standardised transcription)
received the proper representation of the epenthetic
m (#): in the original rendering, one instance lacked
it, while the other represented mc (#s) as y (c). This
adjustment was required for an accurate visual rep-
resentation of the linguistic variation.

For this study, the dataset underwent additional
manual preprocessing by a linguist specialising
in East Slavic languages. Some graphic vari-
ation in the standardised transcription, such as
xm’060u/x0’0sdu (ht’ovdy/hd’ovdy ‘then’), was nor-
malised to a single form corresponding to the pho-
netic transcription. Predications that were origi-
nally part of a single sentence were merged to re-
store the original structure and ensure correct de-
pendency parsing. The sentences were provided
with an English translation in addition to the origi-
nal German one.

The final step consisted of tagging linguistic vari-
ation using a schema similar to UA-GEC (Syvokon
et al., 2023). If no variation is present, the schema
reproduces the sentence unchanged. Where varia-
tion occurs, the relevant part of the token receives
the following tag: { SOURCE=>INVARIANT: ::
variation_type=GROUP~TYPE?}, where SOURCE is
the original segment of the token, INVARIANT is its
normalised standard equivalent, and GROUP/TYPE
is a variation label indicating the broader category
(phonetic/morphological) and the specific subtype.

For instance, the sentence in Table 2 shows three
distinct types of phonetic (Phon) variation: G (frica-
tive/plosive velar), NTSK (presence or absence of
the epenthetic m (f) between u (n) and cx (sk)), and
Edn (presence or absence of prothetic v before eon
(jedn- ‘one-")). This tagging is stored as a separate
metadata field for each sentence in the dataset..

4 Method

This section consists of two parts. The first outlines
the general methodological considerations of the
current study, forming its theoretical backbone. The
second provides the workflow for data annotation
and the subsequent experiments that constitute the
application of the theoretical principles developed
in the first subsection.

4.1 How to describe a lect quantitatively?

The goal of quantitative description is to produce a
model or a set of models that describe a lect as accu-
rately as possible. The most appropriate strategy for
performing this description for low-resource lects
is to utilise models (pre-)trained on neighbouring
higher-resource lects. In this type of exploration, it
is crucial to treat the studied lect as an independent
system rather than as an offshoot of a neighbouring
higher-resource lect. Dialectologists have identified
such biases even in qualitative research (Saenko,
2018) and have cautioned against them, arguing for
describing a smaller lect as a self-contained sys-
tem (integral approach) rather than as a deviation
from a roofing standard (differentiating approach)
(Goldin and Kryuchkova, 2011; Otheguy and Stern,
2011; Hromko, 2020).

The purpose of the subsequent analysis is to ex-
plain how the distribution of the grammatical fea-
tures within a lect affects model performance and



3dmox cmapono6osé{nmceki=>ucki.: :variation_type=Phon~NTSK }ii cmoim xdao [lonpdoa
oai3x0 micmouka Cmapono6oeni i Kamionuku, a € maémiom
{eon=>eon:::variation_type=Phon~Edn}o{z=>z:::variation_type=Phon~GJo
noavckof{e=>ez:::variation_type=Phon~Gjlo {r=>e:::variation_type=Phon~G }piga.

Table 2: The example of tagging of grammatical variation in LA1407. The English translation is The castle of Stard
Lubovria stands on the river Poprad, near the Stard Lubovria city and the Kamienka village; it is a property of a

Polish count.

what this reveals about the distributional proper-
ties of this lect. A necessary component of the
analysis is the combination of close reading, which
selectively and thoroughly examines sections of the
material to capture the full scale of variation, with
distant reading, which traces a single feature across
a larger body of data.

4.2 Experiment outline

As LAI407 is a single digitised Lemko text, the
current study primarily focuses on providing base-
line morphosyntactic tagging. The analysis section
discusses both its automatic and manual evaluation.

4.2.1 Tagging

For morphosyntactic tagging, the paper uses a mod-
ern standard Ukrainian-trained model within Stanza
(Qi et al., 2020), an NLP toolkit covering a wide
range of languages. The study implements only
one model, as its focus is not on comparing the
performance of different tools on a single dataset,
but rather on examining what this specific model
reveals. This is also why the paper does not employ
modern generative Al models as tools, as their use
introduces additional methodological variables that
fall outside the scope of the present study.

The tagging process consists of three stages
(PoS/morphological tagging, lemmatisation, depen-
dency parsing), applied sequentially with interven-
ing manual correction. This workflow reduces the
number of errors propagated to subsequent stages.
After preprocessing is complete, the study uses La-
tent Dirichlet Allocation (Blei et al., 2003) to gen-
erate topics for the text set, thereby adding a lexical
layer to the analysis.

4.2.2 Evaluation

The study relies heavily on fine-grained evaluation.
For part-of-speech and morphological tagging, it re-
ports the number of errors for each tag. During the
lemmatisation stage, in addition to the traditional
accuracy score, the article implements string simi-
larity measures: Levenshtein distance (Levenshtein,

1966) and Jaro—Winkler distance (Winkler, 1990).
In addition to Unlabelled Attachment Score (UAS)
and Labelled Attachment Score (LAS), dependency
parsing utilises Unlabelled Complete Predication
(UCP) and Labelled Complete Predication (LCP),
which indicate whether the model identified all
dependencies of the root verb and whether these
dependencies received correct labels (Plank et al.,
2015, p. 315).

This study slightly modifies UCP and LCP to
account for cases in which the model assigns more
labels than required (the original metric tests only
the presence or absence of gold labels among the
predicted ones). The modified version relaxes the
metrics by scoring the proportion of correctly iden-
tified dependencies for each verb, rather than using
a binary judgement of complete success or failure.
An additional metric is the average tree edit dis-
tance (TED), which measures the number of edits
required to transform a predicted tree into the gold
tree (Plank et al., 2015, p. 315).

4.2.3 Qualitative exploration

Fine-grained evaluation highlights distributional
skews present in the data itself or in comparison
with other datasets (for instance, the initial input
data). Close reading, by contrast, examines the tag-
ging of specific forms. Its purpose is to illustrate the
structural properties of Lemko, showing how differ-
ent linguistic levels interact to create a distinctive
combination of Transcarpathian features.

S Experiments and Analysis

This section briefly discusses the tagging experi-
ment results, presents the quantitative evaluation,
and then explores the identified patterns. The tag-
ging code is available in open access (Afanasev,
2026).

5.1 Tagged dataset

After the combination of manual (Section 3.2)
and automatic (Section 4.2.1) tagging, the dataset



becomes substantially richer in linguistic annota-
tion. The representation of sentence LA1407.3.3 is
shown in Table 3.

The tokens also contain information on the er-
rors that occurred during the tagging phases. The
miscellaneous field PosRapidity denotes the quan-
titative measurement of errors made by the model
for both part-of-speech and morphological tags (in
this case, 0), which in subsequent visualisation stud-
ies is converted into a heat rate. The miscellaneous
field LemmaErrorSpots indicates (in this case, ab-
sent) the differences between the gold lemma and
the predicted lemma, while TaggedLemma preserves
the predicted lemma.

5.2 Evaluation results
5.2.1

In evaluation terms, the model shows a moderate
decline relative to the results it achieved on the test
subset of the standard Ukrainian corpus on which
it was trained °. For part-of-speech tagging, the
macro Fl-score is 66.78%, with recall of 68.71%
and relatively higher precision of 75.88%. The
exact match rate for morphological tags is 55.99%.

Table 4 shows the fine-grained evaluation results,
excluding punctuation, interjections, and coordinat-
ing conjunctions (as there were no errors in these
categories).

As can be seen, the categories that affect the
model most are adverbs (ADV, which account for
almost ten percent of the dataset), subordinate con-
junctions (SCONJ, almost five percent), and verbs
(VERB and AUX, more than ten percent). These errors
concentrate around Satellite Cluster B (Reid, 2011,
pp- 1107-1108), the verb, while the effect on the
nominal group, Satellite Cluster A (adjectives ADJ,
nouns NOUN, proper nouns PROPN, and adpositions
ADP), is significantly smaller. The key factors here
are lexical and syntactic differences. Many verbs,
such as rBapsat (hv’ar-jat *speak-IPFV.PRES. 3PL’),
are unknown to the model (standard Ukrainian
would yield rosopsat (hovor-jat)), which leads to
incorrect tagging. This, in turn, propagates er-
rors down the syntactic tree, as the model misin-
terprets the remaining signals. This suggests that
the model is unable to rely on character-level se-
quences within tokens that might otherwise signal

Morphological tagging

8See the results of the model on the test subset here (date
of access: February 12, 2026). The work uses results from
the test subset as comparative material in accordance with
common practice in NLP for closely related varieties (Bhatia
et al., 2021; Blaschke et al., 2023; Pugh and Tyers, 2024).

a particular meaning.

The very low score for AUX is likely due to the
absence of copular constructions in the training
dataset, as mentioned in Section 3.1.3. Because the
model was not adjusted to this type of signal group-
ing, it fails to distinguish its constituents, especially
auxiliary verbs.

One of the greatest difficulties for the model is
identifying tense (32.50%) and aspect (39.56%)
in the verbs. Explaining these failures is more
complex, but it is clear that the stanza-uk model
does not adequately capture the semantic distinc-
tions encoded in the verbal inflectional system. For
instance, scrirom (Zy-jut’live-IPFV.PRES. 3SG’) re-
ceives the tag Aspect=Perf.

5.2.2 Lemmatisation

The model performs better in lemmatisation: the
accuracy score is 75.69%. The Levenshtein (1.44)
and Jaro-Winkler (87.40%) distances, however, in-
dicate even stronger performance. This suggests
that the concept of lemmatisation does not differ
substantially cross-linguistically, or at least not be-
tween standard Ukrainian and Lemko. When the
model makes an error, it rarely exceeds two char-
acters and typically reflects an incorrect inflection
rather than a random substitution.

The most problematic categories are, once again,
verbs and auxiliaries. The accuracy score for verbs
is 4.11% and for auxiliaries is 15.79%. It is note-
worthy, however, that string similarity metrics for
verbs are much better: a Levenshtein distance of
1.15 and a Jaro-Winkler distance of 92.04%. Errors
are almost absent; the only significant issue is that
the model predicts the infinitive ending as -mu (-ty),
whereas in Lemko it is generally -Ti (-#/) with some
exceptions.

For auxiliaries, by contrast, all metrics indicate
poor performance: the Levenshtein distance is 2.88,
and the Jaro—Winkler distance is 56.19%. The
model handles this class very poorly, which re-
flects its substantially different usage in the training
dataset (see Section 3.1.3).

5.2.3 Dependency parsing

The syntax is seemingly the weakest spot of the
model, as shown in Table 5.

On the surface level, the performance is accept-
able. UAS and TED could have been considerably
worse (given that there are sentences of length 60,
an average error of 9 is substantial, but not criti-
cal). LAS and both CP metrics, however, indicate


https://stanfordnlp.github.io/stanza/performance.html

# sent_id = LA1407.3.3
# IPA_transcription = ted’ort maw prikaz’ano

do dvan’atslatoj fiodini v_n’otei rozb’it1 z’amik //

# variation_text = YopT MaB Npika34Ho 10 ABaHALSTON {r:>r:::Variation_type:Ph0n~G}oanH
B HOUM po30#{ Ti=>Ti:::variation_type=Morph~Infinitive } 3dmMoK.

# standard_text = YopT MaB mpika34HO 10 ABAHALATON FOXIHI B HOUHM PO3GATI 34MOK.

# german_text = Es wurde dem Teufel befohlen, bis zwolf Uhr nachts das Schlof3 zu zerstoren.
# english_text = The devil had an order to destroy the castle before midnight.

1 Yopt wopt NOUN _ Animacy=AnimlCase=Nom|Gender=MascINumber=Sing
3 nsubj:pass _ wi="Hopt"Itf="tc!"ort"IPosRapidity=0lLemmaErrorSpots= [TaggedLemma=rak

(..)

Table 3: The final digitisation of LA1407.3.3. The underscore denotes an empty field of language-specific mor-
phosyntactic tagging (XPOS): such tagging requires additional effort that is out of the scope for this research. As
the table is an illustration, it shows (for brevity considerations) only the first token.

SCONJ PROPN ADP NOUN DET VERB PART AUX

PoS ADV PRON ADIJ
A 54.17 60.00 67.65 34.62 97.22
S 7.88 575 5.58 427 591

80.00 97.06
10.67

56.52 67.12
378 1199

90.00 26.32

16.75 1.64  3.12

Table 4: The accuracy scores (A), % and shares (S), % (rounded to the second digit) of PoS within the dataset

(excluding 100% results).

that the model does not infer syntactic categories
reliably. One of the most problematic categories is
reflexivity (expl:pv); the model never predicts it
correctly. This is due to the reflexive short pronoun
cs (sja ‘REFL) behaving more freely than, for ex-
ample, in standard Ukrainian, in a manner closer to
Slovak or Polish.

(5) Lemko (Nakonecna and Rudnyc’kyj,

1940)

A HA HUX cs

A na n-ych sja
And on PRON.3-ACC.PL REFL
NPU3ipAIOT HAHBO ,
pryzird-jut njan’-o ,

watch-PRES.3PL father-NOM.SG ,
Mama s 1o

mam-a , did-o
mother-NOM.SG , grandfather-NOM.SG
, 640a )
, bab-a ,
, grandmother-NOM.SG s
HEBICTH i jgpyru
nevist-y i drih-y
daughter.in.law-NOM.PL and other-NOM.PL
3 ponﬁm

Z rodin-y .
from family-GEN.SG .
’And watching them are: the father, the

mother, the grandfather, the grandmother,

the daughters-in-law and other family
members.’

The freer behaviour of the reflexive in Lemko
results from its status as a clitic that most frequently
occupies the position of the second phonetic word
in a phrase (Kolakovi¢ et al., 2022, pp. 22-32).
As Polish and Slovak, alongside other Slavic lan-
guages (Kolakovi€ et al., 2022, pp. 22-32), pre-
serve this pattern, the most likely explanation is a
shared archaism inherited from Proto-Slavic. While
Central Dnipro lects (and, subsequently, modern
standard Ukrainian) innovated toward a tighter at-
tachment of the reflexive to the verb, Lemko and
other lects of the Transcarpathian area retained the
older structure. In this respect, they are closer to
historical Slavic lects such as Old Church Slavonic
(Polivanova, 2013, pp. 462-464).

5.2.4 Thematic modelling

The hyperparameters for the LDA model are given
in Appendix B. The extracted topics are noo (pod
‘under’), nozwami (poznati ’know’), noavckuii
(pol’skyj *Polish’), noarobumi (poljubyti *love’),
nocmompimi (posmotriti ’take a look’), nocm (post
"fasting-NOM.SG’), noxooumi (pohodyti ’origi-
nate’), npes (prez 'through’), npeminimi (preminiti
"change’), npuszipami (pryzirati *watch’). Together,



Metrics UAS LAS

TED UCP LCP

Value 67.65%

52.71%

9.00 47.18% 35.57%

Table 5: UAS, LAS, UCP, LCP % and tree-edit distance for dependency parsing of LA1407 with Stanza

they summarise the three texts with considerable
clarity. For instance, noo (pod ’under’), noavckuii
(pol’skyj *Polish’), noxooumi (pohodyti *originate’)
and npe3 (prez through’) characterise the first text,
which describes the speaker and the geographical
distribution of the lect. Even the functional words
are thematic here, as they emphasise spatial rela-
tions between the entities expressed through the
content words. The item noasckuii (pol’skyj *Poli-
sh’) highlights the role of neighbouring Slavic lan-
guages in the development of Lemko, already visi-
ble in its syntax.

The second group of words evokes the atmo-
sphere of a traditional gathering: nosnami (poznati
"know’), noarobumi (poljubiti ’love’), nocmompimi
(posmotriti ’take alook’), nocm (post ’fasting’), npu-
sipami (pryzirati 'watch’). These items relate either
to the social purpose of such meetings (courtship
and marriage) or to their temporal setting (summer
fasting). The word npeminimi (preminiti ’change’)
criginates from the third text and does not char-
acterise it as directly. However, it may function
as a predicate summarising the story of the devil
transforming into scale grease after failing to ful-
fil an order. In that sense, it remains thematically
appropriate.

5.3 Discussion

Through its errors, the model facilitates a descrip-
tion of Satellite Cluster B (the lexical verb and its ad-
jacent elements, excluding the subject and its adja-
cent morphemes, Satellite Cluster A), whose struc-
ture differs substantially between Lemko and mod-
ern standard Ukrainian. Some predication types are
entirely unknown to the model, while those it recog-
nises exhibit a divergent distribution (see paragraph
5.2.3).

The analysis not only supports the existing body
of qualitative research, but also highlights the Tran-
scarpathian features of Lemko by introducing a
quantitative perspective. The distributional skew-
ings present in data affect the clause types and, con-
sequently, roots and affixes that structure semantic
space through formal markers. This organisation
diverges markedly from that of modern standard
Ukrainian.

One of the key features is the copular construc-
tion, widely distributed across the Transcarpathian
area but absent in modern standard Ukrainian. In
this respect, the Lemko lect, as part of the Tran-
scarpathian area, places relatively strong emphasis
on temporal anchoredness of identificational con-
structions, expressed through the explicit marking
of past, present, and future forms of the verb ’to be’.
In addition, aspectual marking appears less gram-
maticalised, as evidenced by persistent tense/aspect
tagging issues, and more semantically diffuse. This
may point to a grammatical system that differs not
only from modern standard Ukrainian but poten-
tially also from other Transcarpathian lects.

6 Conclusion

The paper applies Stanza to the quantitative lin-
guistic description of the Lemko lect (East Slavic,
Transcarpathian region). It identifies areal distribu-
tions in syntactic structures and lexical items that
complicate tagging by models trained on neighbour-
ing lects, most notably copular predications of the
type short determinative + auxiliary verb + noun.
The research produces a morphologically tagged
dataset of Lemko from the 1920s—1930s, enriched
with variation annotation and topic modelling. The
tagging underwent manual verification by a linguist
specialising in East Slavic languages and can there-
fore be considered reliable.

Future work should prioritise extending the
dataset to additional Lemko texts and, more broadly,
to other Transcarpathian materials from the same
period. At present, much of the description remains
contrastive; only the topic modelling component
allows the Kamienka lect to be examined on its own
terms.

For a fully adequate quantitative description, it
would be preferable to develop a model designed
specifically for Lemko morphosyntax. Any fu-
ture topic-modelling study should incorporate stop-
word removal in order to obtain a clearer thematic
profile of the texts. A crucial long-term objective
is the development of a model that represents the
lect in a more transparent and linguistically inter-
pretable manner (Chung and Chou, 2025).



Limitations

LA1407 (Nakone¢na and Rudnyc’kyj, 1940, 31—
37), the primary material of this study, does not
represent Lemko (or Transcarpathian lects more
generally) in their entirety; a large portion of the
available material is still undergoing digitisation.
Moreover, LA1407 reflects the speech of a single
Lemko speaker, which may influence the observed
distributions.

Ethical Considerations

The data were published in printed form and have
been available for research purposes for fifty to
ninety years at the time of writing. Nevertheless,
the metatagging has been anonymised where pos-
sible, masking speaker names in order to mitigate
potential ethical issues related to historical data col-
lection practices.

The texts contain occasional references to xeno-
phobic behaviour and religious (primarily Chris-
tian) imagery. Reader discretion is advised.

Disclosure of Generative Al use

This study does not employ generative Al in the
research process. While Stanza (Qi et al., 2020)
technically belongs to the broader class of genera-
tive models in the modern colloquial meaning (the
decoder models with more than a billion parame-
ters trained on high-resource corpora), it operates
at a much smaller scale and is locally reproducible.
During the editing stage, the author used genera-
tive Al tools (Grammarly and OpenAl) solely for
language polishing where non-native proficiency
might otherwise have limited grammatical or stylis-
tic clarity. The intellectual content of the article is
entirely human-authored.
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A Example sources

The modern standard Ukrainian examples are from
dev branch of (Kopp et al., 2023), date of access:
February 12, 2026. The Polish examples are from
dev branch of Wréblewska (2018), date of access:
February 12, 2026. The Slovak examples are from
dev branch of (Zeman, 2017), date of access: Febru-
ary 12, 2026.

B LDA hyperparameters

Parameter Value

seed 1590
num_topics 10
alpha auto
epochs 300
passes 500
random_state 0

taken topics 2-9

Table 6: LDA model hyperparameters. Parameter "taken
topics" denotes the topics selected from the result of
topic modelling in the order that the model yielded.
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https://github.com/UniversalDependencies/UD_Polish-PDB/blob/dev/pl_pdb-ud-dev.conllu
https://github.com/UniversalDependencies/UD_Slovak-SNK/blob/dev/sk_snk-ud-dev.conllu
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