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Abstract

This paper presents an embedding-based ap-
proach to detecting variation without relying
on prior normalisation or predefined variant
lists. The method trains subword embeddings
on raw text and groups related forms through
combined cosine and n-gram similarity. This
allows spelling and morphological diversity to
be examined and analysed as linguistic struc-
ture rather than treated as noise. Using a large
corpus of Luxembourgish user comments, the
approach uncovers extensive lexical and ortho-
graphic variation that aligns with patterns de-
scribed in dialectal and sociolinguistic research.
The induced families capture systematic corre-
spondences and highlight areas of regional and
stylistic differentiation. The procedure does
not strictly require manual annotation, but does
produce transparent clusters that support both
quantitative and qualitative analysis. The re-
sults demonstrate that distributional modelling
can reveal meaningful patterns of variation
even in “noisy” or low-resource settings, offer-
ing a reproducible methodological framework
for studying language variety in multilingual
and small-language contexts.

1 Introduction

Variation in language is often treated as noise in
NLP pipelines (Eisenstein, 2013; Al Sharou et al.,
2021). Spelling differences, orthographic incon-
sistencies, and regional forms are typically nor-
malised or removed to simplify token space, which
can erase sociolinguistic signal (Baron and Rayson,
2008). Work in sociolinguistics and large-corpus
dialectology shows that such variation is systematic
and informative for geography and social structure
(Grieve et al., 2019). Subword modelling has long
been used to handle non-standard forms in prac-
tice and improves classification in noisy settings
(Munro and Manning, 2010).

For under-researched languages and varieties,
identifying and extracting language variation re-

mains challenging. Pre-processing tools such as
VARD insert modern equivalents for historical
spellings to aid search and tagging, relying on lexi-
cons and edit-distance style methods, and target
normalisation rather than discovery (Baron and
Rayson, 2008). Embedding-based studies indicate
that distributional models encode many types of
spelling variation and near-orthographic similarity,
though evaluations are typically based on curated
sets of variant pairs and focus on representation
quality (Nguyen and Grieve, 2020). Closely re-
lated work in context-sensitive spelling correction
uses word and character n-gram embeddings to
map misspellings to canonical forms, again op-
timising correction and not mining new variants
(Fivez et al., 2017). Research on dialectal change
detection has brought models for geographic dif-
ferences, but does not allow for directly extracting
unconstrained orthographic families from raw text
(Jiang et al., 2020; Pham et al., 2024). Broader
multilingual analyses of surface-form overlap high-
light that form-level variation carries structure that
models can exploit (Kallini et al., 2025).

There are methods to represent variation and to
correct it, and there are resources that label dialec-
tal differences. What is less supported are methods
that detect and mine previously unlisted variant
families directly from raw text without seed lexi-
cons, and that do so beyond strictly dialectal con-
trasts. We propose the methodology laid out in
this paper to address this gap. With this method-
ology, we are able to discover candidate variation
families from distributional evidence and provide
transparent scores for downstream qualitative and
quantitative analysis.

The main contributions of the research carried
out and presented in this paper are:

(1) A reproducible methodology' for inducing
lexical and orthographic variation from raw

"https://github.com/plumaj/vadamt

113

Proceedings of the Thirteenth Workshop on NLP for Similar Languages, Varieties and Dialects, pages 113-122
March 29, 2026. ©2026 Association for Computational Linguistics


https://github.com/plumaj/vadamt

text using subword embeddings, similarity-
based grouping, and controlled pruning with-
out relying on predefined variant lists or nor-
malisation rules.

(2) A large-scale empirical study of variation in
Luxembourgish user comments, showing that
the automatically induced families capture
systematic patterns and provide a structured
basis for qualitative linguistic analysis.

2 Background

Luxembourgish is a small language situated in a
dense multilingual environment, with extensive
contact to both German and French. Its gram-
matical structure derives from Moselle Franco-
nian (Gilles, 2019), while sustained contact with
French has shaped its lexicon, borrowing patterns,
and code-switching practices. Written Luxembour-
gish displays considerable orthographic and lexi-
cal diversity, especially in informal online settings,
which makes it a challenge for NLP.

Initial work on computational methods for Lux-
embourgish was limited but established an initial
foundation. Adda-Decker et al. (2008) introduced
the first tools and corpora for automatic process-
ing. Subsequent studies examined characteristic
orthographic phenomena (Snoeren et al., 2010)
and provided early annotated resources for mixed-
language processing (Lavergne et al., 2014).

Recently, research activity has increased notice-
ably. Work has expanded to sentiment analysis (Sir-
ajzade et al., 2020; Gierschek, 2022), orthographic
correction (Purschke, 2020), syntactic annotation
(Plum et al., 2024), topic classification (Philippy
et al., 2024), comment moderation (Ranasinghe
et al., 2023), and automatic normalisation (Lutgen
et al., 2025). A broader set of classification tasks,
including named entity recognition, was provided
by Lothritz et al. (2022), and the generative bench-
mark LuxGen was introduced by Plum et al. (2025).
These works illustrate the rapid growth of Lux-
embourgish NLP but also reveal gaps in coverage,
consistency, and domain diversity.

Model development reflects a similar trajectory.
Strategies range from cross-lingual transfer from
German, as in LuxGPT (Bernardy, 2022), to data
augmentation with synthetic Luxembourgish text
in LuxemBERT (Lothritz et al., 2022), and balanced
multilingual pretraining for LuxT5 (Plum et al.,
2025). Other models include ENRICH4ALL
(Anastasiou, 2022) for administrative-domain chat-

bots and the LUX-ASR speech recognition mod-
els (Gilles et al., 2023a,b). Together, these efforts
demonstrate progress, yet available datasets remain
fragmented and vary widely in size, annotation
schemes, and linguistic phenomena.

One area that has received little explicit atten-
tion is lexical and orthographic variation. Lutgen
et al. (2025) develop a qualitative performance test
to evaluate normalisation models for specific or-
thographic variants. In linguistics, the Variation
Atlas by Gilles (2021) represents the most compre-
hensive overview of phonological, lexical, gram-
matical and regional variants in Luxembourgish.
This atlas is constructed by using an app to collect
users’ speech inputs for specific phenomena and
socio-demographic data, which is then transcribed,
analysed, and published (Entringer et al., 2021).

3 Methodology

The methodology adopted in this study combines
semi-supervised modelling with targeted qualita-
tive analysis to identify lexical and orthographic
variation directly from raw text, without relying
on predefined dictionaries or normalisation rules.
Throughout, spelling diversity is treated as a source
of linguistic information rather than noise, allow-
ing the unsupervised detection of previously un-
recorded orthographic and mixed variants while
ensuring transparency and reproducibility. This de-
sign supports large-scale induction alongside qual-
itative interpretation, and aligns with recent work
arguing that normalisation can obscure meaningful
patterns in non-standard and partly standardised
varieties (Grieve et al., 2019; Kallini et al., 2025).

First, subword embeddings? are trained on the
raw corpus to obtain distributional representations
that preserve orthographic detail. Second, these
embeddings are used to induce groups of related
forms through a combination of cosine and n-gram
similarity, followed by controlled pruning and ag-
gregation across relevant dimensions such as users,
time periods, or domains. Third, the automatically
identified groups are examined manually to assess
their linguistic coherence and to trace patterns that
are not fully captured by numerical criteria.

3.1 Distributional Embeddings

Before outlining the methodology in more detail,
we briefly characterise what word- and subword-
%In this work, we use the term subword embeddings to

refer to embeddings constructed from fixed character n-grams,
rather than learned segmentation-based subword vocabularies.
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level embeddings encode. Distributional embed-
dings represent lexical items based on their patterns
of co-occurrence in context, such that similarity in
embedding space reflects shared semantic content,
syntactic behaviour, and usage environments (Tur-
ney and Pantel, 2010; Levy and Goldberg, 2014).
Subword models extend this principle by incorpo-
rating character-level information, which allows
orthographically related forms to be represented
closely even when token frequencies are low or
surface forms differ (Bojanowski et al., 2017). As
a consequence, embedding similarity reflects se-
mantic relatedness, morphosyntactic similarity, and
orthographic overlap. This makes clustering in em-
bedding space a suitable operation for identifying
candidate groups of lexical variants, particularly
in settings where variation manifests through both
form and contextual usage (Munro and Manning,
2010; Nguyen and Grieve, 2020).

3.2 Stage 1: Training Subword Embeddings

Embeddings are trained with FastText (Bo-
janowski et al., 2017) using the configuration val-
ues vector_size, window, min_count, epochs,
min_n, max_n, sg. These values are estimated in
accordance with the size of the corpus, as well as
with some testing of the variant families (as de-
tected in the following stage).

The input is a JSON file containing a required
text_field. Optional fields specify the compar-
ison dimension, such as user_id or date. The
corpus is streamed to manage memory, and basic
token statistics are collected. Cleaning behaviour is
minimal: Mentions beginning with @ are removed
before tokenisation, lowercasing is controlled by
the lowercase flag.

3.3 Stage 2: Identifying Variant Families

After training, a candidate lexicon V is created
from all tokens that meet the min_count threshold.
For each seed w € V, the method retrieves the
top neighbours based on the values open_TOPN or
strict_TOPN. Cosine similarity is computed as
cos(w,v) = WV
[wi [Iv]l
Pairs are filtered according to the associated sim-
ilarity threshold (open_TH or strict_TH). Then
character n-gram Jaccard overlap is computed:

|G(w) N G(v)|

T ) = Gy u G

where G(-) contains all n-grams in the range min_n
to max_n. Cosine and Jaccard values jointly deter-
mine whether two tokens belong to the same group.

We implement two modes to help identify vari-
ant families. The open mode forms a local star
around each seed. The strict mode builds an undi-
rected graph and extracts connected components.
Graph growth is limited by DEGREE_CAP. Groups
that do not reach SNN_MIN members are removed.
For the analysis presented in subsequent sections
of this paper, we used strict mode.

Scoring and Pruning For each group F', we
compute its size and the mean values of cosine
similarity and Jaccard overlap. A cohesion score is
the harmonic mean of these two averages. Groups
are removed if they fail to reach the minimum size
or if relative frequencies exceed the bound set by
MAX_FREQ_RATIO. All pairwise scores are retained
for inspection.

Dimension-Based Aggregation If a dimension
field is provided, the method counts in how
many distinct dimensions each variant appears and
records the frequency of the most common dimen-
sion. For each variant we store its coverage, its top
dimension, and the share that this dimension repre-
sents of its total frequency. These values feed into
filters such as MIN_USERS and MAX_FREQ_RATIO.
The summary CSV lists these quantities for all
groups.

Parameter Key Default
Lowercasing lowercase true
Comparison dimension dimension user_id
Vector size vector_size 100
Context window window 5
Min frequency min_count 10
Epochs epochs 10
Skip-gram model sg 1
Character n-gram range min_n-max_n 3-7
Neighbours/seed (open) open_TOPN 30
Similarity thr. (open) open_TH 0.75
Neighbours/seed (strict) strict_TOPN 100
Similarity thr. (strict) strict_TH 0.73
Min family size SNN_MIN 2
Degree cap DEGREE_CAP 200
Min token length MIN_LEN 3
Min users per variant MIN_USERS 3

Max frequency ratio MAX_FREQ_RATIO 25

Table 1: Main configuration parameters.

Configuration and Output Table 1 presents an
overview of the parameters used and their defaults
used for the purposes of this study. The method
iterates through the vocabulary, computes cosine
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and Jaccard scores where needed, and constructs
the final groups. The output consists of a JSONL
file containing all groups with their members and a
CSV summary with the main statistics. As this is an
experimental study, the configuration of the values
is based mainly on trial and error, by checking the
variant families manually after each run. In contrast
to normalisation tools such as VARD (Baron and
Rayson, 2008), the procedure retains surface forms
and measures their similarity instead of mapping
them to canonical variants.

3.4 Stage 3: Qualitative Analysis

The model outputs variant families with their co-
sine and Jaccard values and the frequency of each
member of the group. The first step in the qual-
itative analysis is to manually go over the fami-
lies and approach the analysis with a bottom-up
method. Based on the chosen dimension (i.e. user,
time, etc.), the families represent for instance user
variants in a similar context or variants over time
in a similar context. Then, adopting a bottom-
up approach, classifying the families is a straight-
forward way to analyse the families based on the
type of variation (orthographic, morphological, lex-
ical, stylistic, regional, etc.). The families could
also be semantically or functionally related, or the
relation is not identifiable, which could be a cat-
egory in itself. With the help of categorisation,
the identification of patterns in the data is more
feasible.

4 Luxembourgish User Comments

We demonstrate the use of our methodology in the
context of Luxembourgish user comments. The
comments are part of the online media platform
RTL?, the main news broadcaster in Luxembourg
and the only news broadcaster completely in Lux-
embourgish. The comments span from 2008 to
2024 and total roughly 1,42 million comments. As
the use of Luxembourgish has been expanding in
the written domain in the past 25 years and formal
grammar teaching in school is still not properly
regulated, we observe a high amount of variation in
written texts. This is especially visible in informal
domains, like online user comments. An in-depth
analysis of variation in this domain in Luxembour-
gish has not been conducted yet. However, with
our methodology, we can analyse a wide number
of comments and classify the occurring variation.

Shttps://rtl.1lu

After applying stage 1 and 2, using the users as the
comparative dimension, we start with the qualita-
tive analysis. Using a bottom-up approach, we clas-
sify the families into 7 distinct categories, which
are depicted in Table 2. As the families have a
different number of words and also different phe-
nomena appearing in one family, we decided for a
multi-label approach. One family can have up to 3
categories. We illustrate the frequency of each cate-
gory in Table 2. In the following, we describe each
category and highlight findings related to language
variation in Luxembourgish.

Category Frequency
Orthographic 394
Morphological 222
Lexical 115
Collocation 21
Tokenisation 14
Regional 8
Other 242

Table 2: Categories and frequency

Orthographic The orthographic category de-
scribes spellings that are not part of the official
orthography (Zenter fir d’Létzebuerger Sprooch,
2019). This includes the use of different graphemes
to express the same word, which are often based on
the word’s phonological properties. Since Luxem-
bourgish has a high phoneme-grapheme correspon-
dence in addition to an ideology that you can write
how you speak, the language presents a wide range
of orthographic variation. One example is laang (1b.
long) where one family includes the orthographic
variant lang. The single vowel violates the quantity
rule in the orthography (Zenter fir d’Létzebuerger
Sprooch, 2019), as a long vowel is written doubly
when more than one consonant follows. However,
since the orthography is not well known, both vari-
ants appear frequently. Additionally, this category
also includes families that encompass different lex-
emes that are spelled incorrectly. One example for
this case is krng, srng, dng, éng, ong (Ib. none, his,
yours, one, one). The correct spelling is keng, seng,
deng, eng, eng. In this instance, we can see two
different spellings for eng which has two different
sources. The first one éng represents more of a
typical misspelling in comparison to ong which
represents a phonological variant expressed with
the choice of <6>. The phonological variant of
eng is pronounced with a rounded vowel which is
then written as <6> by some authors. This is still
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#  Family English Standard
(1) Zait, Zeit, Zait, Z€it, Zait time Zait

(2) mir, mer, mier, mir, maer, miir, miaer we mir

(3) mat, matt, maat with mat

(4) mecht, mécht, mescht, mécht, méscht to do mécht

(5) widit, weit, wait, wéit far wiit

(6) sech, séch, séch himself sech

(7) Numm, Num name Numm
(8) laang, lang long laang

(9) Fehler, Feeler mistake Feeler

Table 3: Families in the category orthographic variation (One lexeme, different variants).

classified as orthographic variation since it violates
the official orthography (Zenter fir d’Létzebuerger
Sprooch, 2019).

Morphological The morphological category clas-
sifies all morphological variation. This encom-
passes conjugated verb forms, and inflections of
nouns and adjectives in case, number, and gender.
This also includes compounding nouns, clippings
and conversions. One example is the family fillen,
fillt, fille (Ib. to feel) which includes the conjugated
form fillt and the deletion of the final <-n> before
specific characters, known as the n-rule, in fille.

Lexical This category includes different lexemes
that are semantically related. This includes syn-
onyms and antonyms like the family méi, manner
(Ib. more, less) and lexical variants like dass, datt
(Ib. that).

Collocation The collocation category describes
families with lexical items that form convention-
alised combinations in daily use. For this category,
the distinct words in a family form a collocation
together. For instance, Gott, sii, Dank* (Ib. god,
be, thanks) forms one family of distinct items that
frequently appear in the same context. Together,
they form the collocation Gott sdi Dank meaning
thank god.

Tokenisation The tokenisation category de-
scribes families where the same word appears
twice, but in one instance without the definite ar-
ticle d’ (Ib. the) attached to it and once with it
attached to the word. One example for this is the
family Zukunft, d’Zukunft (1b. the future).

Regional The regional category encompasses
categories where regional varieties are visible in

*For readability, nouns in families are capitalized.

the graphemic representation. This category over-
laps with the orthographic category, as it violates
the official orthography (Zenter fir d’Létzebuerger
Sprooch, 2019). However, in this case the regional
influence is visible and can be verified in the official
Luxembourgish Variation Atlas (Gilles, 2021).

Other The other category includes families that
have no distinct features or are not identifiable as
meaningful words. This includes pragmatic expres-
sions that are often used in online discourse like bla,
blabla, ehm, hoho, tzzz or non-identifiable words
like fisk, ragnax, har, sed.

4.1 Orthographic Variation: Insights

In this section, we present new insights from the
orthographic category revealed by the clustering
method. We examine several representative exam-
ples in more detail and discuss their impact.

One Lexeme, Different Variants We start with
examples, where one lexeme has several ortho-
graphic varieties in one single family. As the fam-
ilies are constructed based on similar neighbour-
ing tokens in the embedding space, this grouping
is straightforward. Interestingly, often not only
variants of the same lexeme are part of the fam-
ily but also the correctly spelled variant. This
indicates that at least for these families, the lex-
emes of the orthographic Luxembourgish and the
non-orthographic variants of Luxembourgish are
aligned in the embedding space (Cao et al., 2020).
Additionally, this shows that the model is able to
capture orthographic variants. In these cases, we
either see multiple variants for one lexeme in one
family, or only two variants, where one item is
usually spelled correctly as indicated in Table 3.
We observe that these categories include the most
common orthographic variants in Luxembourgish.
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# Family

English

Standard

(10) déi, wéi, méi, ewéi that, as, more, as  déi, wéi, méi, ewéi
(11) dei, wei, mei that, as, more déi, wéi, méi

(12) dat, wat this, which dat, wat

(13) dad, wad this, which dat, wat

(14) weéi, deéi, eweéi, meéi as, that, as, more wéi, déi, ewéi, méi

(15) méh, déh, wéh, ewéh

more, that, as, as

méi, déi, wéi, ewéi

Table 4: Families in the category orthographic variation (Different lexemes, one variant).

Especially in the families with only two variants,
one variant is often the most common spelling vari-
ant.

Different Lexemes, One Variant The second
insight for orthographic variation is the clustering
of families of the same type of variation for dif-
ferent words across multiple families. For these
families, we observe similar words, for instance
dei, wei, mei (Table 4 (11)) or dad, wad (Table 4
(13)) clustering together but with the same vari-
ant pattern in every word. A variant pattern is the
same type of grapheme writing in different words,
for example instead of the correct spelling of the
diphthong <éi>, the graphemes <&i> are used con-
sistently to represent the diphthong. Instances for
these patterns are shown in Table 4. Additionally,
not only variants cluster together but also the stan-
dard variants of these function words as shown in
the instances (10) and (12) in Table 4. Since the
instances are mostly function words, the clustering
in itself is evident, however, the clustering of the
identical variation pattern in different families indi-
cates that these variants have social meaning which
is represented in the embedding space. Therefore,
the clustering shows that these words appear in
similar topics or similar sentence structures that are
linked via this variant. Another option would be a
higher frequency for multiple authors writing about
a similar topic. A more in-depth corpus analysis
would give more insights into the social meaning
of these variants.

4.2 Regional Variation: Insights

Overall, our method only made 8 instances of re-
gional variation visible. Due to an advanced state
of dialect levelling in Luxembourgish, regional di-
alects have evolved into a national variety with
some remaining lexical, phonological, and gram-
matical features (Gilles, 1999). Due to the infor-
mal nature of the comments, some phonological

regional features are visible in the grapheme repre-
sentation of the written lexeme. As these written
forms differ from the official orthography, they
also classify as orthographic variants. There are
also instances of regional variants that are not or-
thographic variants but are part of the official dic-
tionary for Luxembourgish® like mar which is a
regional variant of muer (1b. tomorrow). With the
Variation Atlas (Gilles, 2021) we can verify spe-
cific variants that are part of the 811 variant maps
included in the atlas.

Haaptvariant
pro Kanton
muer
mar
muar
moren/marren

Tr

Figure 1: Map of muer variants (Gilles, 2021)

One of those variants is the family muer, muar,
moar (Ib. tomorrow). Figure 1 shows the map
of the variant muer and the regional variants mar,
muar, moren. Not shown in the map due to a low
frequency of instances is the variant moar, which
is also part of the family in our analysis. The vari-
ant muar is prevalent in the south of Luxembourg,
whereas muer is the most common variant in Lux-

Shttps://lod. lu
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embourg and considered the standard variant®. The
variant moar is mostly localised in the east of the
country, but only a few participants (19) of the
variation atlas survey have used that variant. How-
ever, in the comments 338 instances are recorded
in comparison to 604 instances of muar, and 6577
instances of muer. This shows that moar is still the
least used variant in contrast to the most frequent
variant muer. However, it is still a common vari-
ant used in the comments, which was not clearly
recorded before as the findings of the Variation At-
las did not indicate this. Additionally, the Jaccard
values show a low overlap between authors using
these variants, which indicates a consistent use of
a variant instead of switching between variants in
different contexts.

4.3 Lexical Variation: Insights

The lexical variation category is one of the most het-
erogeneous categories in our analysis, as this cate-
gory includes every family that encompasses differ-
ent lexemes which are semantically related to each
other. In addition to synonyms and antonyms, we
also found common lexical variants in the data that
are included in the Variation Atlas (Gilles, 2021).

Two interesting families are séier, schnell, seier
(Ib. fast) and sdit, seit, sait, zanter, zenter, zénter,
séit (Ib. since). These families do not only show
lexical variation, but also orthographic variation.
In this section, we focus on the lexical side. Figure
2 illustrates the regional distribution of the use of
séier and schnell. Overall, the frequency of use of
both variants is nearly identical, at an almost equal
split. The variant map illustrates some preference
for the séier variant in the north of the country,
and some for schnell in the south. However, the
statistical analysis shows that only the north is sig-
nificantly favouring the séier variant (Gilles, 2021).
One factor that influences the use of this variant
significantly is age. The older the participants of
the variation atlas survey are, the more the variant
séier is preferred.

Similarly, we can observe these tendencies with
sdit, zénter and zanter. Gilles (2021) illustrates
in the Variation Atlas that the variant sdif is over-
all favoured and regionally the most used variant.
However, if we look at the factor age, the variant
zénter and zanter are more popular with an older
age group. It needs to be noted that zénter and zan-
ter are phonological variants but belong the same

SVerified via the official dictionary for Luxembourgish.

Haaptvariant
pro Kanton

séier
schnell

Ba

Figure 2: Map of schnell variants (Gilles, 2021)

lexical variant.

Further, we also found families that are topically
related. The family chat, chatgpt, gpt, chatbot illus-
trates the more recent advances in Al and how these
entered into the discourse in the user comments.
Another example is the family Grexit, Frexit, Brex-
iteers, Lexit, Nexit, Luxexit which encompasses
word formations inspired by the expression Brexit.
By combining country names with the word exit
(e.g. France = Frexit, Netherlands = Nexit, Luxem-
bourg = Luxexit) we get a family of variants that is
topically related to a withdrawal from the European
Union for different countries. Interestingly, differ-
ent countries cluster together, indicating a similar
discourse on the topic for different countries.

5 Discussion

Previous work has demonstrated that specific lex-
ical and orthographic variants tend to cluster in
distributional space. Studies such as Nguyen and
Grieve’s (2020) show that subword-based embed-
dings encode systematic spelling variation, and
related work in dialectology and sociolinguistics
has used clustering to analyse similarity between
known varieties or regional forms. Crucially, much
of this research starts from predefined units, such as
known variants, dialect labels, or geographic group-
ings, and then examines how these cluster together.
The analytical focus is typically on confirming that
related forms or varieties occupy nearby positions
in the embedding space.
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The present study reverses this perspective.
Instead of beginning with predefined variants,
it detects and mines variants directly from co-
occurrence and similarity patterns in the data. Clus-
tering is thus used not as a validation tool, but as
an exploratory mechanism that makes candidate
forms visible without prior assumptions.

This methodological change is particularly rel-
evant for Luxembourgish. Written Luxembour-
gish exhibits high orthographic diversity, partial
standardisation, frequent borrowing, and code-
switching, which make manual enumeration of
variants difficult and incomplete. These properties
create favourable conditions for unsupervised dis-
covery of variation. This also applies to the dataset
at the centre of our analysis. User comments pro-
vide dense, repetitive, and informal language use
across many contributors, which supports distribu-
tional modelling of variation while retaining so-
cially meaningful diversity.

Beyond identifying variant families, the ap-
proach opens up several directions for further anal-
ysis. One avenue concerns the role of different di-
mensions in shaping cluster structure. Future work
will examine which types of variation cluster along
which dimensions, for example whether certain
families are associated with particular groups of
users or whether historical and more recent forms
of Luxembourgish can be distinguished through
their distributional profiles. Exploring these ques-
tions will help clarify how different sources of vari-
ation interact and which analytical perspectives are
best supported by this methodology.

The resulting clusters reveal patterns that are
well aligned with linguistic intuition, but are not
explicitly encoded in existing resources. This sug-
gests that substantial lexical and orthographic vari-
ation remains undocumented. Resources such as
the one analysed here therefore warrant further in-
vestigation, both to enrich descriptive accounts of
Luxembourgish and to inform the development of
computational models that better reflect actual lan-
guage use.

Building on these considerations, we emphasise
that the full codebase is released publicly to en-
courage reuse, scrutiny, and extension by other
researchers. At the same time, our findings and
limited further testing suggest that the proposed
approach is not suited to highly standardised lan-
guages, where orthographic variation is limited
and many relevant distinctions are already cap-
tured by existing lexical resources and normali-

sation pipelines. Its strengths instead lie in settings
characterised by non-standardisation, activate vari-
ation, or incomplete codification, where spelling
diversity encodes sociolinguistic and contextual
information rather than noise. We therefore hope
that this work enables and motivates applications to
similar language varieties and research situations,
including under-resourced or emerging standards.
Beyond language-specific use cases, the method
is also applicable to other domains and previously
unexplored corpora, such as large web crawls or
collections with limited metadata. In this sense, the
contribution is less a universal solution for all lan-
guages than a transferable framework for studying
variation in contexts where standard assumptions
do not hold.

6 Conclusion

In this paper, we have made two main contributions.
First, we describe a transparent and reproducible
methodology for inducing lexical and orthographic
variation directly from raw text, without relying
on predefined variant lists or normalisation. Sec-
ond, we present a large-scale empirical analysis of
Luxembourgish user-generated text that documents
variation as it is used in practice. Across seven
analytically defined categories, the method identi-
fies around 800 variant families, revealing system-
atic patterns of spelling and lexical diversity. The
findings confirm earlier observations that related
variants cluster in distributional space (Nguyen
and Grieve, 2020), while extending this insight by
showing how such clusters can be mined directly
from data rather than used only for validation.

Looking ahead, we plan to apply this methodol-
ogy to additional Luxembourgish corpora in order
to compare domains and writing contexts. This
includes exploring whether user-level variation pat-
terns can be characterised more systematically and
assessing how well different available corpora re-
flect everyday language use. At the same time,
initial experiments suggest that the approach is less
effective for highly standardised languages, where
orthographic variation is limited and distributional
signals are weaker. This highlights that the method
is particularly suited to languages and domains with
active variation, and that its applicability depends
on the sociolinguistic properties of the data.
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Limitations

The findings in this study need to be interpreted
with care. The corpus consists of user com-
ments from a single online platform, which rep-
resents only a small portion of the Luxembourgish-
speaking population. Patterns observed in this
dataset therefore do not necessarily generalise to
the wider speech community, nor do they capture
the full range of regional, social, or stylistic varia-
tion present in Luxembourgish. The method iden-
tifies orthographic and lexical families based on
distributional and subword similarity, which makes
it sensitive to corpus composition and frequency
effects. Rare variants may be missed, and high-
frequency items can dominate neighbourhood struc-
tures. While the induced families provide useful
candidates for analysis, their linguistic validity still
depends on qualitative assessment. The results
should thus be seen as a structured starting point
for investigating Luxembourgish variation rather
than a comprehensive account of the language.

A further limitation concerns the interpretation
of the induced clusters. While the method identifies
groups of closely related forms, it cannot by itself
determine whether these patterns reflect linguistic
variation, author-specific preferences, or temporal
effects. In practice, these sources of variation are
often intertwined in user-generated text, and distri-
butional similarity alone does not allow them to be
disentangled with certainty. Although dimension-
based aggregation provides partial insight into how
variants are distributed across users or time peri-
ods, the clustering process itself is agnostic to the
underlying cause of similarity. As a result, the iden-
tified families should be interpreted as candidates
for linguistic variation that require contextual and
qualitative analysis to establish their nature.

Ethical Considerations

This study uses publicly accessible user comments,
but they remain sensitive textual data. All pro-
cessing follows the terms of use of the platform
from which the comments were collected. No at-
tempt is made to identify individual users, and the
analysis relies only on aggregated patterns such as
variant frequencies and distribution across dimen-
sions. Even though user identifiers are present in
the raw data, they are treated only as categorical
variables and are not (and could not be) interpreted
as personal attributes. The dataset represents a self-
selected set of online participants whose linguistic

behaviour may differ from that of the wider pop-
ulation, and care should be taken not to attribute
group-level characteristics to individual users. Fi-
nally, automatically induced variant families can
reflect social or regional differences, but these pat-
terns should be interpreted with caution to avoid
reifying stereotypes or overgeneralising from lim-
ited data. The methodological framework is in-
tended for linguistic analysis rather than profiling
or prediction of individuals.
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