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Abstract

This article presents a comprehensive review of recent advances in natural language processing (NLP) applied to Catalan as an under-
resourced language. Using a methodology based on Boolean searches across multiple databases (between 2020 and 2026), 35 relevant
publications were identified. The results show significant progress, particularly in the creation of both monolingual and multilingual
datasets, as well as in the development of terminology resources, language models, evaluation benchmarks and other applications.
Initiatives such as the AINA Project, aimed at building linguistic and technological infrastructures in Catalan, are also highlighted.
Although limitations persist, such as a scarcity of resources and indexing problems, Catalan shows an increasing development in various
tasks. It concludes that there is a growing scientific interest in Catalan, and proposes some future lines of research.
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1. Introduction

In recent years, natural language processing (NLP) has made
huge strides with the introduction of new technologies and
innovative methodologies, such as neural networks and
large language models (LLMs). These contributions are
often compiled in systematic reviews published regularly in
journals and at conferences [1, 2]. In this way, scholars can
keep updated on the latest developments in the field and
build upon them.

The language most frequently studied within NLP is En-
glish, as it is spoken by approximately 1.5 billion people, as
recorded in [3], and has become lingua franca in science;
therefore, it is the one most used as a language of study in re-
search. This means that other languages (which may or may
not have a large number of speakers) are under-represented
within the domain and do not evolve to meet all research
needs in linguistic contexts with limited resources, such as
Catalan, Arabic, or Hindi. Although there is a section of the
scientific community attempting to address this shortfall [4],
there is still much to discover, analyse, create, and explore
for minority languages in natural language processing.

On the one hand, another factor that must be taken into
account is the lack of datasets, syntactic analysers (parsers),
and other similar resources for these languages. In natural
language processing, such resources are essential for the
successful development of terminology extractors, senti-
ment analysis, corpus creation, machine translation, and so
on. Some difficulties encountered when carrying out these
projects include semantic ambiguity, syntactic complexity
and dialectal variation [5]. As there are few research groups
working in these languages, they are still in the early stages
of development in this field.

Furthermore, there is no record of any comprehensive
review of advances in natural language processing published
exclusively in Catalan. This is not to mean merely that one
has been written in Catalan, but rather that it discusses the
specific contributions made using Catalan as the language
of study. Such reviews were found for other languages, as
in [6, 5], but in comparison with English, it is concluded
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that there is a need to support and encourage more research
groups to focus on languages with limited resources as well.

With the aim of continuing along this path, the purpose
of this article is to compile the latest developments in NLP
using Catalan as the language of study. It should be noted
that in this paper we will not be assessing neither the quality
nor the performance of the publications analysed. Further-
more, there is a desire to highlight those researchers who
are dedicated to promoting Catalan as a language of interest
for science.

The article is divided into several sections. In Section 2,
we explain the methodology used to gather information on
developments in NLP in Catalan. Then, the contribution of
the publications are analysed in Section 3 and the results
are interpreted in Section 4. Finally, conclusions and outline
possible lines of future work are presented.

2. Methodology

In this section, the methodology used to compile the mate-
rial for analysis is described. Initially, the focus was solely
on terminological extraction with Catalan as the language of
study or one of the languages of study. However, upon real-
ising that no sufficient results were obtained to carry out the
study (in many cases, there were none in the databases we
consulted), it was decided to broaden the search to include
all research related to NLP in Catalan.

In order to conduct an exhaustive search for publications,
the approach was based on the method presented in [7],
which uses the Boolean method to find all texts that include
“Catalan” in the keywords or in the body of the text, along
with one or more of the following concepts: “terminology
extraction”, “automatic terminology extraction”, “automated
terminology extraction” or “natural language processing”.

Searches were conducted in Catalan, Spanish and English,
as these are the languages the author is proficient in and to
cover a wider range of sources from which documentation
can be extracted. The result is as follows (we have chosen
the example written in English, as this is the language of
this article):

“Catalan” AND {“corpora” OR “automatic termi-

nology extraction” OR “generative modelling” OR

“transfer learning” OR “language model” OR “ma-

chine translation” OR “sentiment analysis” OR “text

classification” OR “automatic extraction”}
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Table 1
Number of publications sorted by source and language

Number of publications

Source ca es en
ACL Anthology - 0 12
ACM Digital Library - - 2
Arxiv - - 2
IEEE Xplore Digital
Library N 0 0
Information - - 1
Linguamatica 1 0 0
Natural Language B B 1
Engineering
ScienceDirect - 0 1
Scientific Data - - 1
Scopus - 0 0
Semantic Scholar 0 0

Sociedad Espariola para el
Procesamiento del - 2 7
Lenguaje Natural

Springer Nature - - 4
Terminalia 1 0 0
Terminology - - 0
Terminology Science and
- - 0
Research
Tradumatica 0 0 0
Web of Science - - 0
Total of publications by 9 9 31
language
Total of publications 35

To narrow down the results, ensure the highest possi-
ble reliability and ensure they are currently relevant, the
exclusion criteria listed below were applied from the outset:

« They must have been published between 2020 and
2026;

+ They must be journal articles, book chapters, con-
ference papers and workshop papers, and

+ They must be open-access.

Finally, the journals and databases selected were the most
representative of the field in the three languages. For the
journals, we used quartile (Q1 or Q2) as our metric. Below
these quartiles, Catalan journals were added (namely, Trad-
umatica, Linguamatica and Termindlia), as the author also
wanted to include publications written in Catalan. Table 1
shows the number of publications broken down by source
and language, as well as the total by language and overall.
Where a language is not available in the search, the symbol
— has been used.

3. Analysis of the publications

In this section, we describe the publications identified fol-
lowing a detailed search in accordance with the methodol-
ogy. For clarity and organisation, we have categorised them
under the following headings: terminology repositories,
datasets, language models, evaluation, and other applica-
tions.

3.1. Terminology repositories

In the field of terminology repositories, we highlight the
contributions of [8, 9]. [8] describes MHeTRep, a multilin-
gual corpus in the medical field. Semantic tagging (provided
by the main categories of SNOMED-CT) was used for term
extraction, and, as a source resource for Catalan, it is based
on the translation of the SNOMED-CT dataset. Furthermore,
the extraction results were evaluated in two scenarios: in-
trinsic, in which the relevance of the category is examined
according to its frequency across the different datasets, and
extrinsic, in which the coverage of other annotated corpora
is compared with MHeTRep. In the article, the authors spec-
ify that access to the repository will be public, but there is
no further information as of today.

In [9], Vazquez explains the creation of the open-acces
digital dictionary Terminologia de IATE en catala [Terminol-
ogy of IATE in Catalan] in collaboration with the TERM-
CAT terminology centre, which currently covers the fol-
lowing subject areas: law, economics and health sciences.
IATE (Interactive Terminology for Europe) database, Ter-
minologia Oberta [Open Terminology] portal (published by
TERMCAT), Wikipedia and Diari Oficial de la Generalitat de
Catalunya (DOGC) [Official Gazette of the Government of
Catalonia] were used as extraction corpora. The TBXTools
and Moses tools were used for terminological extraction
and the search for equivalents in parallel corpora. The re-
sult is an open-access dictionary containing equivalents in
Catalan, Spanish, English and French, together with the
corresponding IATE entry code.

3.2. Datasets

Focusing on the datasets, we find the following articles:

« [10] provides 101 datasets, of which 13 are in Catalan
or include it among the languages in the datasets;

« [11] details the datasets in Spanish (with some Latin
American variants) and languages of the Iberian
Peninsula that they have compiled up to the date of
publication, including both their own and external
contributions that still need to be evaluated;

« [12] highlights the annotation criteria for negation
(covering the marker, focus, and scope), particularly
gradation, the use of the adverb pas in Catalan, and
cases where negation is not expressed even when
the negative particle is present;

« [13] is a multilingual corpus covering various do-
mains, whose main feature is the use of syntac-
tic representations based on dependencies and con-
stituents;

« [14] creates a parallel corpus of human-written texts
and machine translations to detect the use of artifi-
cial intelligence in text generation;

« [15] is the first Catalan dataset to evaluate the lin-
guistic acceptability of large language models;

« Although [16] does not create a new dataset, it uses
TeCla [17] to test the effectiveness of models spe-
cialised in lexical simplification and complexity pre-
diction;

« [18] extends the CrowS_Pairs dataset to analyse bi-
ases in corpora written in Catalan;

« [19] constructs a corpus from news articles with the
aim of analysing automatic summaries generated by
LLMs;



+ [20] compiles the datasets created and under devel-
opment within the context of the AINA Project;

+ [17] explains the creation of three datasets: CaText
(based on the DOGC, Catalan General Crawl-
ing, Catalan Government Crawling and the Agen-
cia Catalana de Noticies [Catalan News Agency]
corpus); XQUAD-ca and ViquiQuAD (based on
Wikipedia articles), and TeCla (based on news arti-
cles from the Agencia Catalana de Noticies);

« [21] describes the challenge held at IberLEF 2024,
which aimed to investigate the detection and attri-
bution of texts generated by artificial intelligence
compared to those written by humans, and

« [22] is a corpus compiled from messages on social
media platform X (Twitter at the time of publication)
that determines the user’s stance on the Catalan
independence movement;

« [23] creates six datasets for two tasks: CaSum and Vi-
laSum for summarisation, and WMT2013-ca, taCon,
Cyber-ca and gEnCaTa for machine translation;

+ [24] describes CARMEN-I, a corpus of anonymized
clinical records from the Hospital Clinic of Barcelona
in Catalan and Spanish;

« [25] releases a synthetic paraphrase dataset in 17
languages, created with monolingual data and neural
machine translation.

Tables 2 and 3 provide details of the type of task, the
name of the dataset and its authors (wherever possible, the
original publication is provided); however, in this article
we have selected only those in which Catalan is one of the
languages or the language of the dataset. Except Parallel
Trees and Phrases, all datasets are open-access.

3.3. Language models

In this section, language models found while performing
the search will be explained:

+ [17] have developed a BERTa model for their study
on multilingual models in low-resource languages.
It is built on a RoBERTa base model (110 million pa-
rameters). Its pre-training objective is solely masked
language modelling, unlike the original BERT, which
also uses the auxiliary task of predicting the next
sentence. In this paper, they conclude that creating
monolingual models for minority languages is more
effective than other current multilingual models.

+ [37] rely on BERTa, amongst other models including
Catalan and Galician, to create two Transformers
for both languages. Their task is to restore capitali-
sation and punctuation in the results of automatic
speech recognition systems. They are also capa-
ble of identifying proper nouns, country names and
organisations for the capitalisation restoration pro-
cess. The results obtained are 90.2 % for Galician and
90.86 % for Catalan. Links are provided to access the
resource.

+ [23] develops a Catalan BART-base, using the Cata-
lan Textual Corpus for training. It is created to test
the summarisation datasets explained in the article
(CaSum and VilaSum). It shows a good performance
compared to NASCA and mBART. The models and
datasets can be accessed via links in the text.

+ [38] introduce LOLA, a multilingual large language
model trained on more than 160 languages using a
sparse Mixture-of-Experts Transformer architecture.
It is based on a GPT-style, evaluated against 17 other
models in four tasks (QA, reasoning, NLI, and read-
ing comprehension), and demonstrates significant
performance improvements compared to the models
analysed in the paper.

+ [39] show an innovative fully automated pipeline
for creating language-specific BERT models from
Wikipedia data, WikiBERT. It outperforms multi-
lingual BERTS, therefore, proposes the creation of
monolingual models instead.

All language models detailed in this sections are open-
access.

3.4. Evaluation

With regard to the evaluation of models in Catalan, [17] have
developed the Catalan Language Understanding Benchmark
(CLUB). It consists of eight tasks: morphosyntactic tagging
(POS), named entity recognition and classification (NERC),
semantic text similarity (STS), text classification (TC), and
monolingual and multilingual question answering (QA). All
were supervised by qualified annotators—that is, transla-
tors, philologists, editors or linguists—with experience in
language-related tasks and who are native speakers of Cata-
lan. In doing so, the authors provide benchmarks that serve
to test and evaluate the capabilities of monolingual and mul-
tilingual models in Catalan. The repository can be accessed
in the link provided in the article.

3.5. Other applications

In this section, we outline other applications described in the
analysed publications. To organise them, we have divided
them into the following subcategories:

« Sentiment analysis. [40] uses a transition system
based on dependency graph parsing to create sen-
timent graphs. In their evaluation, the model they
propose outperforms other graph-based models and
does so more quickly. Moreover, [41] make a sys-
tematic review of cross-lingual sentiment analysis
(CLSA) and explain new perspectives for the field.

«+ Text classification. The use of an approach based
on textual entailment is effective for languages such
as Catalan, which are characterised by having few
datasets [42]. [43] create a model, with an automatic
prediction rate of 98 %, that distinguishes between
texts in Catalan and Valencian. Furthermore, [44]
present ContextMEL, a system that generates models
to detect three contextual modifiers: temporality,
negation and certainty. [42, 43] have links to their
respective resources.

« Automatic extraction. [45] describe WikiTailor,
an open-access system that extracts corpora from
Wikipedia articles. To do this, it explores the web-
site’s category graph and performs a breadth-first
search of the categories associated with the domain.
Meanwhile, [46] presents a new methodology for
extracting discourse markers by calculating their
information content and grouping them into func-
tional categories.



Table 2

Monolingual datasets organised by task type, name and authors. As mentioned in this section, [16] do not create a new

dataset, but instead use TeCla [17]. For this reason, the symbol * has been used

Task Name of dataset Authors
Entity Identification and Linking Catalan Entity Identification and Linking (CEIL) [20]
Ethics InToxiCat [20]
Math Reasoning MGSM_ca [11]
Natural language understanding NLUCat [20]
Negation NoNiRes [12]
Question answering Catalanqa [20]
Coqcat [20]
Piqa_ca [11]
Siqga_ca [11]
VilaQuAD [17]
ViquiQuAD [17]
XQUAD-ca (17]
Paraphrasing Parafraseja [10,11]
Pre-training CaText [17]
Sentiment analysis Catalan Structured Sentiment Analysis (CaSSA) [20]
Simplification and prediction of lexical com-  * [16]
plexity
Stance and emotion detection CaSERa [20, 26]
CaSET (20, 26]
Catalonia_independence [22]
Summarization CaBreu [20]
CaSum [23]
DACSA [19]
VilaSum [23]
Task-orientated conversation XitXat [20]
Text classification TeCla [17]
Textual entailment TE-ca [17]
WNLI_ca [20]

« Machine translation. On the one hand, [47] test
the effectiveness of models trained from scratch and
pre-trained models in Catalan-Chinese translation.
Using their PTAMT method (translation via a pivot
language, in this case Spanish, with multilingual
training) and neural machine translation, they im-
prove the quality and increase the lexical diversity
of the final output. On the other hand, [48] evalu-
ates how six translation systems handle anaphoric
elements: two rule-based, two neural, and two GPT
models. Although all have struggled with the task,
the GPTs, specifically Gemini, have achieved bet-
ter scores compared to the rest. Also, [49] explores
the possibility of neural machine translation with
expert-in-the-loop validation and confirms the en-
hancement of named entity recognition (NER) sys-
tems for under-resource languages, such as Catalan.
Its generated corpora and components are publicly
accessible.

« Automatic detection. [50] establish a framework
for detecting messages in Catalan on X (Twitter) and

build an automated tool based on a lexical and mor-
phological corpus, whilst [51] propose Relational
Embeddings, a method for representing interaction
data. Thanks to their behaviour as dense graphs,
they have managed to reduce dispersion and in-
tegrate stance-related information from different
sources.

+ Coreference resolution. In [52], experiments
are conducted using the CorefUD dataset to assess
cross-lingual transferability. They conclude that har-
monised annotation is extremely useful in smaller
training corpora, and that joint multilingual models
perform better than monolingual ones.

+ Named Entity Recognition. [53] introduces NER-
Cat, a fine-tuned version of the GLINER model, to
improve performance of NER in Catalan. The arti-
cle demonstrates the enhanced applicability of fine-
tuned models for low-resource languages.

« Transfer learning. [54] detail a new training strat-
egy, Token-Level Filter Training. Its main purpose is
effectively filter out unstable token predictions from



Table 3

Multilingual datasets organised by type of task, name (with their ISO language code) and authors

Task

Name of dataset (ISO language code)

Authors

Adaptation

Phrases (ca-CA, ca-VA, es)

[11] [mentioned in the article,
but without a bibliographical
reference]

Anonymisation CARMEN-I (ca, es) [24]
Common-sense reasoning COPA (ca, es, eu) [10, 11, 20]
Ethics CrowS-Pairs (ar, ca, de, en, es, fr, it, mt, zh) [18]
Linguistic acceptability CoLA (ca, es, gl) [15, 27, 28]
Machine-generated text detection IberAuTexTification (ca, en, es, eu, gl, pt) [21]
Machine-generated text model attribution IberAuTexTification (ca, en, es, eu, gl, pt) [21]
IBERMAT (ca, es, eu, gl) [14]
Machine translation Cyber-ca (ca, es, en) [23]
FLORES (196 languages) [29, 30]
gEnCaTa (ca, en) [23]
taCon (ca, en, es, eu, gl) [23]
WMT2013-ca (ca, es) [23]
Mathematics mgsm_direct (ca, es, eu, gl) [11]
Question answering ARC (ca, eu) [10,11]
OpenBookQA (ca, es) [10,11]
XStoryCloze (ca, gl, pt) [10,11]
Paraphrasing Paracotta (ar, ca, cs, de, en, es, et, fr, hi, id, it, nl, ro,  [25]
ru, sv, vi, zh)
PAWS (ca, es, gl, pt) [20, 28, 31]
Reading comprehension Belebele (122 languages) [32]
Stance detection MultiStanceCat (ca, es) [33]
Syntactic tree annotation Parallel Trees (ca, es, fr, id, is, it, nl, pt, tr, vi) [13]
Textual entailment XNLI (ca, es, gl) [20, 28, 34]
Truthfulness Truthfulqa (ca, en, es, eu, gl) [35]
Veritasqa (ca, es, eu) [36]

the parent model. They also introduce a hierarchical
ranking loss method to help the child model better
learn the parent’s strategies.

4. Discussion

In this section, an interpretation is provided for the re-
sources presented in the publications. There is a significant
effort on the part of research groups to cover all areas within
the discipline and to steer it towards a more inclusive and
multilingual future. It was observed that the most signif-
icant progress in the data analysed lies in the creation of
datasets, whether through the translation or expansion into
Catalan of existing datasets or through the creation of new
monolingual corpora in Catalan. Likewise, other tasks are
not lagging behind when compared with majority languages.
By this, the intention is to show that Catalan is not at an
earlier stage in terms of technological development than
other, more widely studied languages.

In addition, the author wants to highlight the efforts put
in [20, 55]. These publications outline the objectives and

progress made within the AINA project. The aim is to pro-
mote the Catalan language in the digital age through arti-
ficial intelligence (AI) and language technologies (LT). Its
main goal is to provide the language with an infrastruc-
ture for the development of AI- and LT-based applications,
such as voice assistants, machine translators, etc. It seeks
to ensure that the inclusion of Catalan in such applications
is profitable for local and global companies in the sector.
Also, Catalan speakers can exercise their right to use their
mother tongue in the digital world, and it promotes research
in this field. As a result, they have published annotated
datasets (some of which are mentioned in this article, such
as CaText and InToxiCat), training corpora for generative
models, three trilingual GPT-3 models, and Common Voice
speech technologies. They have also developed machine
translation models with lines of research into unsupervised
training techniques.

It should be noted that the main limitation we encoun-
tered when searching for publications for this study was
the indexing in certain databases. Although the Boolean
search specified that the text must contain the words de-
scribed in the methodology, it often returned citations as



valid where one of the authors’ surnames was Catalan or
similar. For this reason, a more effective way of filtering
out such results should be found; for example, by adding a
function that determines the minimum number of times a
term must appear within the text. It is also clear that our
search has been complicated by the scarcity of publications
and resources that use Catalan as their language of study.
Moreover, as one of the criteria was that publications had
to be open-access, some advances were not included in this
article. In future work, all publications will be considered in
order to have a broader and more accurate picture of SOTA
advances. We would like to encourage increased research
into minority languages in order to democratise advances
in NLP across all languages, regardless of their presence in
academia, and specifically natural language processing.

5. Conclusions and future work

Natural language processing is a discipline that has ad-
vanced and evolved over the decades. With the develop-
ment of new technologies, it has been possible to achieve
unprecedented results, prompting us to reflect on the capa-
bilities of cutting-edge systems and their multidisciplinary
applications within NLP, such as artificial intelligence. Even
so, these advances are largely monopolised by the most
widely studied languages (English, Spanish, Chinese, etc.),
whilst minority languages in the field are relegated to the
background. As might be expected, publications in these
languages are more difficult to access, either because they
are scarce or because they do not appear in international
academic journals; consequently, it is impossible to know
for certain what progress has been made.

In this article, we have compiled 35 papers that use Cata-
lan as one of their languages of study and which have been
published over the last six years. Using Boolean search cri-
teria, we have examined relevant and reliable journals and
databases (in Catalan, Spanish and English) within the sec-
tor, and we have outlined the contributions detailed therein
without going into assessments of quality or performance.
We have divided the sections into terminology repositories,
datasets, language models, evaluation, and other applica-
tions. From the data analysed, it appears that the scientific
community is interested in the application of NLP to Cata-
lan; however, we cannot extrapolate this to other minority
languages, as we have only analysed one. As of today and
as far as the author is aware, it is the first comprehensive
review conducted for the compilation of research on Catalan
within natural language processing.

Finally, future research could focus on the effectiveness
and reliability of large language models in under-resourced
languages, with the potential development of specific LLMs
for these languages. This is a relatively new field with con-
siderable scope for exploration. Efforts could also continue
to expand the capabilities of multilingual neural networks
to incorporate more minority languages. It would also be
interesting to create more annotated datasets in other fields
of knowledge to lay the foundations for these languages; to
conduct research into machine translation, not only between
majority and minority languages but also between minority
languages themselves; and to improve speech recognition
and transcription to increase their use and dissemination
among the general public. In future research, the author will
apply the insights gathered in this article to compare ter-
minology extractors based on traditional approaches with

those using artificial intelligence.
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