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Preface

It is with great pleasure that we present the proceedings of the Networking Symposium
on Natural Language Processing in Ibero and Latin America (LANLP), co-located with
LREC 2026 in Palma de Mallorca. This inaugural symposium was established to fill a critical
historical gap: providing a dedicated forum for researchers across the Iberian Peninsula and
Latin America to share initiatives, corpora, and tools.

The Ibero-American region represents a vast and diverse linguistic landscape, encompassing
major world languages such as Spanish ( 558M speakers) and Portuguese ( 267M speakers),
alongside tens of millions of speakers of indigenous languages including Quechua, Guarant,
Nahuatl, and Aymara. Despite this cultural richness, over 88% of the world’s languages remain
unsupported by modern language technologies. This networking event directly addresses that
disparity by fostering community-driven resource development and evaluation for both major
and minoritized languages.

The emergence of Large Language Models (LLMs) represents a pivotal shift for our
community, moving the region from the passive consumption of Northern-centric models
to the active development of localized foundation models.  While this era presents
challenges—such as digital scarcity, algorithmic colonialism, and "language domination"—it
also offers unprecedented opportunities for innovation:

» Technological Sovereignty: Initiatives like ILENIA and ALIA projects demonstrate the
feasibility of building regional foundation models that prioritize regional specificity and
language inclusion.

« Efficiency and Equity: Our research agenda emphasizes Small Language Models
(SLMs) and synthetic data to mitigate linguistic inequalities.

» Trustworthy Al: The community is prioritizing privacy, accountability, and cultural
alignment, ensuring that deployment in high-stakes environments like healthcare is both
robust and ethically grounded.

These proceedings reflect a research agenda where linguistic diversity and technical robustness
are inseparable. The success of this symposium is built upon the synergy of established
ecosystems, including SEPLN, PROPOR, AmericasNLP and CLARIAH-ES. By weaving
together these varied perspectives—from computer science to the digital humanities—we aim
to amplify the potential of our current research capabilities on a global stage.

We hope these proceedings serve as a catalyst for long-term engagement, converting short-
term networking into durable cross-regional collaboration and ensuring that Ibero-American
languages thrive in the digital age.

The LANLP 2026 Organizing Committee

Eugenio Martinez Camara, Luis Chiruzzo, Pablo Gamallo, Rafael Murnoz, and German Rigau






Organizing Committee

Organizers

Pablo Gamallo (PROPOR and Universidade de Santiago de Compostela, Spain)
Eugenio Martinez Camara (Universidad de Jaén, Spain)

Rafael Mufioz Guillena (SEPLN and Universidad de Alicante, Spain)

Luis Chiruzzo (AmericasNLP and Universidad de la Republica, Uruguay)
German Rigau Claramunt (CLARIA-ES and Universidad del Pais Vasco, Spain)

Scientific Committee

ltziar Aldabe (Universidad del Pais Vasco, Spain)

Elvis Alves de Souza (Universidade de Sao Paulo, Brazil)

Xabier Arregi (Universidad del Pais Vasco, Spain)

Elena Battaner (Universidad Rey Juan Carlos, Spain)

Alba Bonet (Universidad de Alicante, Spain)

Marilia Costa Rosendo Silva (Universidade de Sao Paulo, Brazil)
Viviana Cotik (Universidad de Buenos Aires, Argentina)

Fermin Cruz (Universidad de Sevilla, Spain)

Iria de-Dios-Flores (Universitat Pompeu Fabra, Spain)

Cristina Espafa-Bonet (BSC, Spain)

Ainara Estarrona (Universidad del Pais Vasco, Spain)

Aritz Farwell (Universidad del Pais Vasco, Spain)

Joaquim Ferreira da Silva (Universidade Nova de Lisboa, Portugal)
Marcos Garcia (Universidade de Santiago de Compostela, Spain)
José Manuel Gémez Pérez (Expert.ai, Spain)

José angel Gonzalez, (Symanto Research, Spain/Germany)
Maria Grandury (EPFL, Switzerland)

Inma Hernaez (Universidad del Pais Vasco, Spain)

Elena Lloret (Universidad de Alicante, Spain)

Manuel Mager (Johannes Gutenberg University of Mainz, Germany)
Maria Teresa Martin Valdivia (Universidad de Jaén, Spain)
Paloma Martinez Fernandez (Universidad Carlos Il de Madrid, Spain)
Arturo Montejo (Universidad de Jaén, Spain)

Andrés Montoyo Guijarro (Universidad de Alicante, Spain)
Renato Moraes Silva (Universidade de Sao Paulo, Brazil)

Maite Oronoz (Universidad del Pais Vasco, Spain)

Manuel Palomar Sanz (Universidad de Alicante, Spain)

Thiago Pardo (Universidade de Séao Paulo, Brazil)

Paulo Quaresma (Universidade de évora, Portugal)

Livy Real (Universidade de Sao Paulo, Brazil)

Aiala Rosa (Universidad de la Republica, Uruguay)

Robiert Sepulveda Torres (Universidad de Alicante, Spain)
Susana Sotelo (Universidade de Santiago de Compostela, Spain)
Luis Alfonso Urefia Lépez (Universidad de Jaén, Spain)

Rafael Valencia Garcia (Universidad de Murcia, Spain)






Table of Contents

Bridging Ibero and Latin American NLP communities
Eugenio Martinez Camara, Luis Chiruzzo, Pablo Gamallo, Rafael Mufioz Guillena and
GermMaN RiQaU . . .ot e 1

An Oral-first Interactive Agentic System for Guarani Speakers
Samantha Adorno, Akshata Kishore Moharir and RatnaKandala........................ 9

Al-TraLow: Al-Driven Translation for Low-Resource Languages and Cultures
Antoni Oliver, Maite Melero, Felipe Sanchez-Martinez and Victor M. Sanchez-Cartagena
15

OpenCor: Latin American and Iberian Languages Open Corpora Forum
Livy Real and Valeriade Paiva....... ... e 21

Medical LM: LLM-Driven Speech and Language Solutions for Healthcare
Ronghao Pan, Pedro José Vivancos-Vicente, Juan Salvador Castején-Garrido, Tomas
Bernal-Beltran and Rafael Valencia-Garcia. ...t 29

mCS-LM: Multimodal Customer Service and Incident Management Systems Based on Large
Language Models

Carlos Diaz-Morales, Marcos Checa-Rubio, Tomas Bernal-Beltran, Ronghao Pan, David
Barbachano, Maria del Pilar Salas-Zarate, Mario Andrés Paredes-Valverde and Rafael Valencia-

SAFEWORDs: un marco reproducible para anonimizacion conforme al RGPD y evaluacion de
generacion en lenguas cooficiales
Rafael Mufoz Guillena, Manuel Palomar, Elena Lloret and Nuria Fernandez........... 46

Exploration of Sentence Representations in Spanish BERT-like Models
Gonzalo Herrera, Aiala Rosa and Luis Chiruzzo ...t 55

vii









9:00-9:30

9:30-10:30

9:30-10:30

11:00-12:00

12:00-13:00

12:00-12:20

12:20-12:40

12:40-13:00

14:00-15:20

14:00-14:20

14:20-14:40

14:40-15:00

15:00-15:20

Networking Symposium Program

Welcome and Opening Remarks

Panel Session | - About the LANLP supporting organizations

Bridging Ibero and Latin American NLP communities
Eugenio Martinez Camara, Luis Chiruzzo, Pablo Gamallo, Rafael
Munoz Guillena and German Rigau

Keynote: Opportunities & Challenges of LLMs for Ibero-Latin Lan-
guages
Antonio Branco

Paper Session |

An Oral-first Interactive Agentic System for Guarani Speakers
Samantha Adorno, Akshata Kishore Moharir and Ratna Kandala

Al-TraLow: Al-Driven Translation for Low-Resource Languages and Cul-
tures

Antoni Oliver, Maite Melero, Felipe Sanchez-Martinez and Victor M.
Sanchez-Cartagena

OpenCor: Latin American and Iberian Languages Open Corpora Forum
Livy Real and Valeria de Paiva

Paper Session Il

MedicalLLM: LLM-Driven Speech and Language Solutions for Health-
care

Ronghao Pan, Pedro José Vivancos-Vicente, Juan Salvador Castejon-
Garrido, Tomas Bernal-Beltran and Rafael Valencia-Garcia

mCS-LM: Multimodal Customer Service and Incident Management Sys-
tems Based on Large Language Models

Carlos Diaz-Morales, Marcos Checa-Rubio, Tomas Bernal-Beltran,
Ronghao Pan, David Barbachano, Maria del Pilar Salas-Zarate, Mario
Andrés Paredes-Valverde and Rafael Valencia-Garcia

SAFEWORDs: un marco reproducible para anonimizacion conforme al
RGPD y evaluacion de generacion en lenguas cooficiales

Rafael Muioz Guillena, Manuel Palomar, Elena Lloret and Nuria Fer-
nandez

Exploration of Sentence Representations in Spanish BERT-like Models
Gonzalo Herrera, Aiala Rosa and Luis Chiruzzo

X



15:20-16:00

16:30-17:15

17:15-17:45

17:45-18:00

Panel Session II: Strategic Network RutaMdL

Hands-on LANLP

Group Reports & Discussion

Concluding Remarks & Next Steps

Xi






Bridging Ibero and Latin American NLP communities
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emcamara@ujaen.es, luischir@fing.edu.uy, pablo.gamallo@usc.gal,
rafael@dlsi.ua.es, gernan.rigau@ehu.eus

Abstract
LANLP focuses on community-driven resource development and evaluation for Iberian languages, and diverse Latin
American languages (including indigenous and minority languages). We aim to bridge regional communities to share
initiatives, corpora and tools. LANLP fills this gap, fostering new contacts between Iberian and Latin American NLP
research groups. The goals are to (1) highlight challenges in processing these languages, (2) share novel datasets
and models, and (3) catalyze future collaborations and shared tasks. We emphasize both academic rigor and
community inclusivity, encouraging contributions from established researchers and grassroots language advocates

alike.
Keywords: Networking, NLP communities, digital divide
1. Introduction

We organize a Networking Symposium on Latin
American NLP (LANLP), focusing on natural lan-
guage processing for the diverse languages of
the lberian Peninsula and Latin America. This re-
gion includes major world languages (e.g., Span-
ish (~558M speakers), Portuguese (~267M)), as
well as regional and indigenous languages. For
example, Latin America alone hosts tens of mil-
lions of speakers of Quechua (~10M), Guarani
(>6M), Nahuatl (~2M), and Aymara (~2M), among
many others. Such languages are highly under-
resourced: over 88% of the world’s languages re-
main largely unsupported by language technolo-
gies.

This networking event addresses that gap by pro-
moting collaboration on ethically and culturally sen-
sitive resource creation, evaluation, and novel meth-
ods for low-resource multilingual NLP in Iberian and
Latin American languages and varieties. Our goal
is to bring together communities (SEPLN, PRO-
POR, AmericasNLP, and CLARIAH-ES) to share
cutting-edge research, language resources, and
best practices.

LANLP focuses on community-driven resource
development and evaluation for Iberian languages,
and diverse Latin American languages (including
indigenous and minority languages). We aim to
bridge regional communities: for instance, past fo-
rums such as OpenCor' note that “Latin American
and Iberian communities... did not have an estab-
lished event” to share initiatives, corpora, and tools.
LANLP tries to fill this gap, fostering new contacts
between Iberian and Latin American NLP research
groups.

The goals are to:

'https://opencor.gitlab.io/
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1. Highlight challenges in processing these lan-
guages;

2. Share novel datasets and models;

3. Catalyze future collaborations and shared
tasks.

We emphasize both academic rigor and com-
munity inclusivity, encouraging contributions from
established researchers and grassroots language
advocates alike.

2. LANLP Communities

2.1. SEPLN & IberLEF

The Spanish Society for Natural Language Pro-
cessing (SEPLN), founded in 1983, has played a
central role in structuring the scientific and techno-
logical community for Natural Language Process-
ing (NLP) in Spain. Its contribution goes beyond
the organization of an annual conference: SEPLN
has progressively consolidated a stable ecosystem
for research, evaluation, dissemination, technol-
ogy transfer, and collaboration among universities,
research centers, public institutions, and compa-
nies. This long-term community-building role has
been essential for strengthening both scientific ex-
cellence and the practical impact of language tech-
nologies in the Iberian context.

Within this ecosystem, the journal Procesamiento
del Lenguaje Natural (PLN Journal) is a core instru-
ment for scientific dissemination. The journal, pub-
lished biannually, has become a reference venue
for research in NLP in Spanish and related con-
texts. Its relevance is not only historical, but also
institutional, as reflected in recognized quality in-
dicators. In particular, the journal has obtained
the FECYT quality seal and is indexed in ESCI
(Emerging Sources Citation Index, Web of Science.
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2025:Q2 Linguistics, Q4 Computer Science. Artifi-
cial Intelligence). In addition, SEPLN highlights its
visibility through bibliometric indicators and its role
as a trusted publication channel for the community.
These quality markers reinforce the journal’s strate-
gic value for the consolidation and international
visibility of NLP research.

SEPLN has also strengthened the technology
transfer and industry engagement dimension of the
field through initiatives such as TecnoLing. Inte-
grated into the SEPLN conference framework, Tec-
nolLing is designed as a technology showcase and
networking space that brings together companies,
startups, R&D centers, and public-sector actors. Its
format typically includes demonstrations, exhibitor
stands, presentations, and networking sessions,
explicitly aimed at facilitating knowledge transfer,
identifying collaboration opportunities, and promot-
ing the adoption of language technologies in real-
world settings. TecnoLing is therefore especially im-
portant because it helps transform the conference
environment into a broader innovation ecosystem,
where academic advances can more easily connect
with industrial needs and societal applications.

In the area of shared evaluation, the trajectory
that has led to IberLEF (Iberian Languages Evalua-
tion Forum) represents one of the most significant
contributions of the SEPLN community. IberLEF
emerged from earlier evaluation campaigns such
as TASS and IberEval, and has evolved into a con-
solidated forum for the comparative evaluation of
NLP systems developed by research groups and
companies. Its value lies in promoting reproducible
evaluation, shared datasets and benchmarks, and
coordinated progress on challenges relevant to
Iberian languages.

IberLEF is better understood through its scale
and thematic diversity. Recent editions have in-
cluded a large number of shared tasks and broad
international participation, with contributions span-
ning a wide range of topics such as sentiment
analysis, harmful content detection, inclusive lan-
guage, simplification and easy-to-read text, multi-
modal analysis (e.g., memes), historical text pro-
cessing, question answering, clickbait detection,
and Portuguese-focused tasks, among others. This
diversity reflects the maturity of the forum and its
capacity to support both foundational and applied
research across multiple languages and domains.

Taken together, SEPLN, the PLN Journal, Iber-
LEF, and TecnoLing constitute a highly valuable
infrastructure for NLP in Spain and the broader
Iberian research space. They combine scientific
publication, editorial quality standards, shared eval-
uation practices, and technology transfer mecha-
nisms in a coherent ecosystem. This integrated
structure is particularly relevant for fostering sus-
tainable collaboration, improving research visibility,

and ensuring that advances in NLP and Al can
generate tangible scientific, economic, and social
impact.

2.2. PROPOR

PROPOR refers both to a long-standing research
community dedicated to the computational process-
ing of Portuguese and related varieties, and to the
biennial International Conference on the Computa-
tional Processing of Portuguese, which has served
as its main scientific meeting since 1993. Over
more than three decades, the PROPOR community
and conference have provided a central forum for
research on written and spoken Portuguese, foster-
ing methodological advances, language resource
development, and collaboration between academia
and industry. The conference has alternated be-
tween Brazil and Portugal, reflecting the transat-
lantic nature of the Portuguese-speaking world, and
has recently expanded its scope to more explicitly
include Galician, as evidenced by the 2024 edition
hosted in Santiago de Compostela, marking a sig-
nificant step toward a recognition of Galician as
a variety of the Lusophone diasystem. Both the
community and the conference are managed by
a Steering Committee that is renewed every two
years and includes Portuguese, Brazilian, and Gali-
cian researchers.?

While PROPOR has successfully consolidated
a transatlantic research community around Por-
tuguese (and more recently Galician) technology, it
has historically evolved in parallel with other Iberian
and Latin American NLP communities, particularly
those focused on Spanish and indigenous lan-
guages. By alternating its conference venues be-
tween Brazil, Portugal and Galicia, PROPOR has
encouraged sustained collaboration between re-
search groups on all continents, promoting the shar-
ing of methodologies, language resources, evalua-
tion frameworks, and technological developments.
The conference and its associated community pro-
vide a stable organizational structure and a long-
standing forum for scientific exchange, supporting
both academic research and industrial applications.
This transatlantic dimension positions PROPOR
as a key hub for multilingual research, enabling
studies on many language varieties of Portuguese
across several continents, including not only Amer-
ica and Europe, but also Africa, Asia and Oceania.
This contributes to the development of inclusive
and interoperable language technologies for the
Portuguese linguistic space.

2https://propor.org



2.3. AmericasNLP

AmericasNLP? is a workshop that has been running
since 2021 with the objective of bringing together
researchers of NLP and computational linguistics
applied to indigenous languages throughout the
Americas. The aim is to encourage and increase
the visibility of work on indigenous languages of the
Americas, by encouraging research on NLP, compu-
tational linguistics, corpus linguistics and speech for
indigenous languages, to connect researchers and
professionals from underrepresented communities
and native speakers of endangered languages, and
more generally to promote machine learning ap-
proaches suitable for low-resource languages.

So far there have been five editions of the work-
shop, with an upcoming sixth edition on the way,
co-located either with one of the *CL conferences or
with NeurlPS. In total, more than 100 papers have
been published in the proceedings of the workshop,
including system papers of the participants of the
eight shared tasks organized during this time, which
include: Machine Translation for low-resource in-
digenous languages, creation of educational ma-
terials, Automatic Speech Recognition of indige-
nous languages, and MT metrics for indigenous
languages.

2.4. CLARIAH-ES

In the current context of digital transformation,
study, research, and development in the humani-
ties, arts and social sciences require scientific and
technological infrastructures that allow for the com-
putational processing of textual, visual, numerical
and/or audio data. The CLARIAH-ES* (F. et al.,
2024) infrastructure supports and contributes to the
management and coordination in Spain of the Eu-
ropean Research Infrastructure Consortia (ERIC)
CLARIN® (focused on digital data and processes
related to Language) and DARIAH® (focused on dig-
ital data and processes related to arts and humani-
ties scholars). Although both CLARIN and DARIAH
are independent ERIC infrastructures, some Euro-
pean countries have formed joint CLARIAH consor-
tia. Both infrastructures promote multilingualism,
digital methods, interoperability, maintenance and
reuse of resources, open science, visibility and
scientific cooperation in Europe, thus overcoming
the fragmentation of research communities and in-
creasing the impact of their research.
CLARIAH-ES contributes to the advancement of
research in the humanities and social sciences,
as well as to its strategic positioning in interna-

3https://americasnlp.org/
*http://www.chariah.es
Shttp://www.clarin.eu
bhttp://www.dariah.eu

tional projects and programs. With this in mind,
CLARIAH-ES seeks to bring together research
groups and initiatives that have a stake in these
research infrastructures and that wish to reduce
the digital divide, promoting new multidisciplinary
lines of research in the humanities, arts and social
sciences (and beyond) by facilitating their digital
transformation with the help of language technolo-
gies.

The ambitious goals of CLARIAH-ES can only
be achieved by bringing together the necessary
resources in terms of data, computing facilities,
and knowledge that are not available to any one
research group in Spain. CLARIAH-ES is formed
by a multidisciplinary group of twelve leading re-
search centers in Language Technologies (TL), Ar-
tificial Intelligence (Al), High Performance Com-
puting (HPC), linguistic experts in the official lan-
guages in Spain (Spanish, Catalan, Basque and
Galician), and experts in digital transition in the
areas of humanities, arts and social sciences.

In summary, the CLARIAH-ES research in-
frastructure seeks a tangible impact on society.
Through greater exchange of knowledge, data,
technologies, infrastructures, skills, and best prac-
tices, we aim to amplify the potential of our current
research capabilities. This collaborative synergy
will not only ensure the sustainability of tools and
services, but also foster collaborative environments.
Our aspirations transcend borders, encompassing
Europe, Ibero-America, and the global stage as we
endeavor to increase funding opportunities for vital
infrastructures. The interdisciplinarity of the partic-
ipating research groups, which includes areas of
research as diverse as computer science, philology,
social sciences, history, etc., ensures a broad con-
tribution from different perspectives. By properly
weaving together these perspectives, we can de-
velop research results that are useful for promoting
high-impact digital tools and artificial intelligence
applications in different social science and digital
humanities scenarios, including research and cul-
tural infrastructures such as libraries and museums.

3. Related initiatives

3.1. ILENIA and ALIA

To understand the current trajectory of Ibero-
American NLP, it is essential to examine large-scale
institutional projects that provide the backbone for
digital sovereignty. Two of the most significant ini-
tiatives in the Iberian context are ILENIA and ALIA,
which focus on the structural development of lan-
guage resources and foundational Al models for
Spanish and the co-official languages of Spain.
The ILENIA project’ is a cornerstone initiative

"https://proyectoilenia.es/



designed to promote the digital presence and
technological parity of Spain’s linguistic diversity.
By coordinating the efforts of leading research
centers—including the BSC-CNS, HITZ Center
(UPV/EHU), CiTIUS and ILG (USC), and CENID
(UA)—ILENIA focuses on creating high-quality, in-
teroperable Language Technology infrastructure.
The main objectives are the following:

+ Multilingual Infrastructure: The project facil-
itates the creation of advanced corpora, lexi-
cons, and tools for Spanish, Catalan, Basque,
and Galician.

« Scientific Cooperation: It aligns with the
goals of CLARIAH-ES to reduce the digital
divide and promote open science across the
humanities and social sciences.

» Technological Integration: ILENIA ensures
that resources follow common standards, en-
abling their reuse in a wide variety of Al appli-
cations, from machine translation to speech
processing.

The ALIA project® (Alianza por la Inteligencia
Artificial en Espafol) represents a strategic push
to develop a large-scale foundation model that is
culturally and linguistically grounded in the Hispanic
world. The main goals are the following:

+ Digital Sovereignty: It aims to provide a “tech-
nological public good,” offering an open-source
alternative that allows institutions and startups
to build domain-specific applications without
dependency on closed, proprietary APls.

+ Mitigating Bias: ALIA seeks to mitigate “algo-
rithmic colonialism” by training models on re-
gional legal, medical, and academic datasets
rather than relying solely on translated English
benchmarks.

+ Community Synergy: ALIA benefits from the
collaborative ecosystem, utilizing community-
driven datasets and shared evaluation suites
such as “lberoBench” (Baucells et al., 2025).

In the context of the LANLP Networking Sympo-
sium, these projects serve as successful blueprints
for how institutional funding and academic exper-
tise can be synthesized to achieve technological
autonomy. The symposium aims to catalyze similar
large-scale, transatlantic collaborations that ensure
Ibero-American languages are central to the next
generation of Al.

Shttp://alia.gob.es

3.2. SomosNLP

SomosNLP? is a community of academic re-
searchers, industry practitioners, and open-source
contributors dedicated to creating and sharing re-
sources that enable and accelerate the develop-
ment of NLP in Ibero-American languages. The
aim is to address linguistic inequity by connect-
ing individuals from the region, collaboratively ex-
ploring unique challenges, and building the neces-
sary open-access research infrastructure to enable
rapid and relevant technological progress across
the Spanish and Portuguese-speaking world. The
community has been active since 2021 and was
registered as a non-profit organization in 2025.

The SomosNLP initiative is built upon three core
pillars: to promote open-source resource creation,
to educate by providing access to high-quality con-
tent, and to connect for multidisciplinary collabora-
tion.

The annual SomosNLP hackathon is the founda-
tional mechanism for engagement, typically attract-
ing over 300 registrations. These events facilitate
resource creation collaboratively. The hackathons
are framed as open innovation spaces where partic-
ipants collectively identify, build, and contribute to
open-source resources. The hackathons are open
to all NLP practitioners—from industry experts to in-
dependent developers and academics—welcoming
anyone regardless of their background or expertise.
This collaborative model has generated significant
and verifiable technical output on Hugging Face.
The hackathon is supported by established com-
panies: Hugging Face has been the gold sponsor
since the first edition in 2022, and for the 2025
event, the hackathon secured sponsorship from
Mistral and was recognised as a Cohere commu-
nity grantee.

The education strategy focuses on making high-
quality resources universally accessible. So-
mosNLP hosts a curated library of 70+ recorded
talks and workshops on the public YouTube chan-
nel. The knowledge shared in the talks and
workshops explicitly encourages open source
code development, data sharing, and open meth-
ods/protocols—the essential building blocks for eth-
ical, reproducible, and responsible NLP research.

To connect and bridge the gap between re-
searchers across the Ibero-American community
and the global NLP community, SomosNLP en-
ables spaces for targeted networking. The So-
mosNLP Discord hosts over 2000 members who
share resources, projects, events, relevant news,
and support each other. Moreover, in 2025 So-
mosNLP started hosting Birds-of-a-Feather (BoF)
events at major international conferences: ACL,
COLM, and NeurlPS.

®https://somosnlp.org



A successful example of international cross-
institutional open-source collaboration led by So-
mosNLP is “La Leaderboard” (Grandury et al.,
2025), a LLM leaderboard for Spanish varieties and
languages of Spain and Latin America. This leader-
board hosts 66 benchmarks in Spanish, Catalan,
Basque, and Galician, donated by 13 research
groups. The paper presenting La Leaderboard was
accepted at ACL Main 2025, and the web interface
receives around 3.000 monthly visits."®

3.3. LATAM-GPT: A Foundation for
Regional Digital Sovereignty

The emergence of LATAM-GPT represents a piv-
otal shift in the Ibero-American Al landscape,
moving the region from passive consumption of
Northern-centric models to the active development
of localized foundation models. Led by Chile’s
National Center for Artificial Intelligence (CENIA)
and supported by a coalition of over 60 institutions
across 15 countries, LATAM-GPT is designed to
address the "linguistic and cultural representation
gap" inherent in global Large Language Models
(LLMs).

LATAM-GPT is built upon the Llama 3.1 ar-
chitecture and operates at a scale of approxi-
mately 50 billion parameters, positioning it within
the same performance tier as GPT-3.5. Unlike
proprietary models where training data remains
opaque, LATAM-GPT’s development prioritizes re-
gional specificity through a curated corpus:

« Data Volume: A massive 18 —20.5 TB dataset
comprising over 1 billion documents.

* Linguistic Diversity: The model integrates
high-resource languages (Spanish and Por-
tuguese) alongside 50+ indigenous languages
such as Quechua, Mapuche, and Guarani.

* Infrastructure: Initial training was conducted
using high-performance computing clusters,
including nodes equipped with NVIDIA H200
GPUs, facilitated by partnerships with AWS
and the Data Observatory.

The primary objective of the LATAM-GPT project
is to mitigate algorithmic colonialism—the tendency
of global models to project Anglo-Saxon cultural
norms and linguistic structures onto non-English
speakers. By training on regional legal, medical,
and academic datasets, LATAM-GPT provides:

1. Semantic Precision: Nuanced understand-
ing of regional slang, idioms, and local admin-
istrative terminology.

Yhttps://huggingface.co/spaces/
la-leaderboard/la-leaderboard

2. Inclusion: Reduced tokenization fragmenta-
tion for Spanish and Portuguese, which lowers
computational costs and improves response
quality for regional users.

3. Technological Autonomy: As a "technolog-
ical public good," it offers an open-source al-
ternative for local governments and startups
to build domain-specific applications without
dependency on closed APIs.

3.4. LatinX in Natural Language
Processing (LXNLP)

The LatinX in Natural Language Processing
(LXNLP) workshop,!!, operating under the insti-
tutional umbrella of LatinX in Al (LXAI), serves as
a primary affinity group dedicated to enhancing
the visibility and professional advancement of re-
searchers from Ibero-American and Latin Ameri-
can origins. This initiative addresses the systemic
under-representation of LatinX scholars in core
NLP venues, where historical participation from
the Global South has faced significant structural
and financial barriers.

3.5. Overview of the Accepted
Contributions

The accepted papers offer a coherent snapshot
of current research priorities at the intersection of
Ibero- and Latin American NLP, while also reflect-
ing the methodological and sociotechnical diver-
sity of the communities involved. Taken together,
they show that work in the region is not limited to
adapting mainstream NLP pipelines to new lan-
guages, but is increasingly concerned with building
language technologies that are community-aware,
resource-conscious, multilingual, and deployable
in socially or institutionally sensitive settings.

A first thematic cluster focuses on low-resource,
Indigenous, and underrepresented languages,
highlighting the need for approaches that move
beyond simple technological transfer from high-
resource settings. In this line, the oral-first inter-
active system for Guarani speakers foregrounds
conversational agency and culturally aligned in-
teraction design in primarily oral language con-
texts, while Al-TraLow addresses machine trans-
lation for low-resource languages through a com-
bination of curated data, linguistic resources, and
efficient modeling. OpenCor complements these
contributions by documenting the collective and
infrastructural dimension of language technology,
emphasizing the importance of open corpora, lex-
ical resources, and the sustainability challenges
behind community-driven resource creation.

"https://www.latinxinai.org/naacl-2024



A second cluster centers on trustworthy and
domain-sensitive language technologies, espe-
cially in regulated or high-stakes environments.
SAFEWORDs proposes a reproducible framework
for GDPR-aligned anonymization and evaluation
across Spain’s co-official languages, placing pri-
vacy, replicability, and governance at the core of
LLM assessment. In parallel, mCS-LM and Medi-
calLLM explore applied multilingual and multimodal
systems for customer service, incident manage-
ment, and healthcare, respectively. Both contribu-
tions stress the importance of grounded generation,
structured outputs, validation layers, and interop-
erability when deploying language technologies in
real-world organizational contexts.

The program also includes work on foundational
language modeling and linguistic representation,
as illustrated by the study on sentence representa-
tions in Spanish BERT-like models. By analyzing
how different layers encode syntactic and semantic
information, this contribution provides a more fine-
grained understanding of representational behavior
in Spanish-language models, offering insights that
are relevant not only for benchmarking, but also for
downstream system design and evaluation.

Overall, the accepted papers reveal three
broader tendencies. First, they confirm that re-
source creation, evaluation, and deployment must
be treated as interconnected challenges, especially
for languages and varieties that remain underrepre-
sented in mainstream NLP. Second, they highlight
a growing emphasis on responsible and context-
aware Al, including privacy, accountability, inter-
pretability, and cultural alignment. Third, they show
that the field is advancing simultaneously at mul-
tiple levels: from infrastructures and corpora, to
model analysis, to translation, speech, and domain-
specific applications. In this sense, the program
reflects a research agenda in which linguistic diver-
sity, technical robustness, and societal relevance
are increasingly inseparable.

4. Expected Outcomes

LANLP Networking Symposium at LREC 2026 is
designed to be a catalyst for long-term comunity
engagement. We anticipate several key outcomes
categorized into academic, technical, and socio-
economic domains.

4.1. Scientific and Technological
Autonomy and Policy Influence

The symposium aims to provide the scientific back-
ing needed for digital sovereignty.

We aim at generating a policy brief for regional
science and technology funding agencies regarding
the strategic importance of developing sovereign

Al infrastructure to avoid over-reliance on external
proprietary APIs.

4.2. Formalization of a Regional
Research Roadmap

A primary expected outcome is the publication of
a LANLP 2026 White Paper. This document will
synthesize the findings from the panel discussions
and breakout sessions to establish a "Community
Priority List." This roadmap can identify:

+ Linguistic Priorities: Identifying specific di-
alects and indigenous languages in urgent
need of digitization and resource creation.

« Benchmarking Standards: Establishing
standardized evaluation protocols for Ibero-
American NLP tasks, ensuring that regional
models are measured against culturally rele-
vant metrics rather than just translated English
benchmarks.

+ Sustainability: Establishing a permanent dig-
ital directory of Ibero-American NLP labs to
facilitate easier cross-border internship and
PhD exchange programs.

4.3. Consolidation of Open-Source
Language Resources

By leveraging the co-location with LREC, we expect
to accelerate the release and documentation of
several key datasets.

* Instruction-Tuning Corpora: We expect to
release the next iteration of open-source,
instruction-tuned datasets specifically for re-
gional Spanish and Portuguese variations.

+ Interoperability: Ensuring that new resources
from the region are integrated into global repos-
itories such as the ELRA catalogs and the Hug-
ging Face Hub, increasing their visibility to the
global scientific community.

5. Towards a common Research
Agenda

The LANLP community is unified by a commitment
to advancing the state of Natural Language Pro-
cessing through the lens of Ibero-American linguis-
tic and cultural specificity. Our research agenda is
organized around four primary pillars that address
the unique challenges of our community.



5.1. Linguistic Resource Infrastructure
and Evaluation

At the core of the LANLP mission is the expansion
of the digital footprint for regional languages. This
includes:

» Primary Resource Creation: Development of
high-fidelity corpora, lexicons, and multimodal
annotations for the Iberian and Latin American
languages, with a focus on capturing both text
and speech nuances.

* Morphosyntactic Analysis: Specialized re-
search into the analysis and tagging of mor-
phologically rich and under-documented lan-
guages (e.g., Basque, Mapudungun, Bribri),
utilizing frameworks such as Universal Depen-
dencies.

+ Tailored Benchmarking: Designing evalua-
tion metrics and benchmarks that move be-
yond translated English datasets to reflect the
authentic linguistic realities of our languages
and cultures.

5.2. New Developments in the Era of
Large Language Models

The community explores the intersection of local-
ized needs and global modeling trends, specifically:

» Model Efficiency and Equity: Investigating
Small Language Models (SLMs), synthetic
data generation, and strategies to mitigate "lan-
guage domination" and the digital scarcity af-
fecting Ibero-American varieties.

» Transfer Learning and Multilinguality: Ad-
vancing cross-lingual representations and em-
bedding methods that bridge the gap between
high-resource Spanish and Portuguese and
the diverse minority languages of the conti-
nent.

+ Translation and Generation: Optimizing Ma-
chine Translation (MT) and generation for re-
gional variations and low-resource indigenous
languages like Quechua, Aymara, and Nahu-
atl.

5.3. Dialectology, Contact, and
Domain-Specific NLP

Ibero-America provides a unique laboratory for
studying language in contact and social context:

+ Dialectal Variation and Code-Switching:
Developing robust methods for identifying and
handling regional dialects and complex lan-
guage contact, such as Spanish-Portuguese
code-mixing and Spanish-Indigenous lan-
guage intersection.

+ Speech and Audio Innovation: Tailoring
ASR and TTS systems to the prosody and
phonology of Latin American Spanish, Brazil-
ian Portuguese, and indigenous oral traditions.

+ Applied Socio-NLP: Tackling domain-specific
tasks—including sentiment analysis and hate-
speech detection—within the specific socio-
political contexts of Latin American digital me-
dia.

5.4. Ethics, Governance, and
Participatory Methods

Recognizing the deep cultural stakes of our work,
the LANLP community prioritizes:

+ Participatory Research: Implementing
community-driven methods, including crowd-
sourcing and citizen science, to ensure data
collection is representative and inclusive.

- Data Sovereignty and Rights: Address-
ing the ethics of indigenous language rights,
data governance, and the sustainability of re-
sources within the framework of fair and trans-
parent Al.

+ Digital Humanities: Applying NLP to histori-
cal texts and cultural heritage to preserve and
analyze the vast literary legacy of the Ibero-
American space.

6. Conclusions

LANLP is positioned as a networking venue ex-
plicitly designed to bridge Iberian and Latin Amer-
ican NLP communities, with a strong emphasis
on under-resourced and minoritized languages,
ethical and culturally sensitive practices, and
community-driven resource development and eval-
uation. The overview of existing ecosystems (e.g.,
SEPLN, CLARIAH-ES, PROPOR and Americas-
NLP) makes clear that substantial expertise, re-
sources, and infrastructures already exist on both
sides of the Atlantic, but that they remain only par-
tially connected in terms of shared benchmarks,
interoperable resource pipelines, and sustained co-
ordination mechanisms.

A key takeaway is that the most impactful contri-
bution of LANLP is likely to be as a connective layer
rather than a replacement for established venues:
a place where communities align on common prac-
tices for resource documentation, evaluation de-
sign, and responsible collaboration, while still pre-
serving the identity and strengths of each network.
In this sense, evaluation-oriented communities and
shared-task initiatives can provide reusable proto-
cols for reproducibility and comparability, whereas



infrastructure-oriented initiatives can ensure long-
term sustainability through standards, metadata,
and interoperability.

At the same time, the current community map
is necessarily incomplete. Several communities
and initiatives are still emerging or are not yet fully
represented, and the long tail of languages and
varieties in Iberia and Latin America cannot be cov-
ered by any single event. This highlights an imme-
diate agenda for LANLP: (i) broaden participation
to include additional networks, grassroots language
advocates, and regionally grounded initiatives; (ii)
encourage shared evaluation suites and task de-
signs that explicitly account for dialectal variation
and code-switching; and (iii) promote governance
models that support ethical data collection, long-
term maintenance, and transparent reuse.

Overall, LANLP can catalyze durable cross-
regional collaboration by prioritizing three out-
comes: interoperable language resources, eval-
uation and benchmarking practices tailored to low-
resource realities, and sustained community links
that convert short-term networking into long-term
joint work.
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Abstract

Artificial intelligence systems are often presented as universal, yet their interaction paradigms remain predominantly
text-first, limiting alignment with primarily oral languages and communicative practices. Using Guarani, an official
and widely spoken language of Paraguay, as a motivating case, this work examines how language support risks
remaining symbolic when spoken interaction is reduced to a speech-to-text interface. We explore an oral-first,
multi-agent framing in which turn-taking, repair, shared context, and governance are treated as core components of
interaction rather than peripheral features. By separating language understanding from the conversation state and
permission mechanisms, the architecture makes conversational structure and control explicit, enabling reasoning
over interaction dynamics rather than isolated commands. Framing conversational coordination as a cognitively
motivated reasoning problem over shared state connects insights from human dialogue to the design of Al systems
that are more interpretable and responsive in oral and low-resource settings.

Keywords: Conversational Al, Oral-first Interaction, Low-resource Languages, Diglossia, Guarani, Cultur-
ally Grounded Al, Multi-Agent Systems, Indigenous Data Governance

1. Introduction from literate settings can fail in oral cultures, where
knowledge organization relies on narrative struc-

Most Al systems and everyday interaction with ma-  ture, repetition, and socially distributed memory
chines remain oriented around text input, such as  (Sherwani et al., 2009). Although recent projects
keyboards, menus, and form-like interfaces. Voice ~ have improved speech recognition for underrep-
features are increasingly common, but in many  resented speech communities, such as Aborigi-
deployments they function primarily as a spoken  hal English in Australia (Hutchinson, 2025; The
front-end to a text-first pipeline (transcribe, parse,  University of Western Australia, 2025), most sys-
respond) rather than as sustained conversation ~ tems remain structured around text-first interac-
with turn-taking, clarification, and repair. Voice as-  tion assumptions and lack explicit mechanisms
sistants such as Amazon Alexa illustrate this in-  for dialogue state tracking, repair, and consent.
teraction style: wake word, short request, single  Prior work on Guarani speech recognition has simi-
response. Such systems frequently struggle within- larly highlighted the challenges of low-resource set-
terruptions, response timing, and turn coordination  tings: competition results covering Guarani along-
(Skantze, 2021), and breakdown handling often  side other Indigenous languages of the Americas
places the burden on users to rephrase or restart ~ show poor performance largely attributable to data
(Alghamdi et al., 2024). scarcity (Ebrahimi et al., 2023), and targeted efforts
Conversation, however, is coordinated action. O fine-tune models such as Whisper specifically
People manage understanding through grounding for Guarani furth_e_r underscore the gap between
and shared context, using clarification and repair ~ ©ff-the-shelf multilingual models and the needs of
to maintain alignment (Clark and Brennan, 1991).  the language (Acevedo Zarza et al., 2024).
Turn-taking is central to this coordination, with mea- We use Guarani as a motivating case. Guarani
surable cross-cultural variation in timing (Stivers  is one of Paraguay’s two official languages and
et al., 2009). When systems cannot manage turn-  is widely used in daily life (Organization of Amer-
taking and repair, voice interaction collapses into  ican States (OAS), 1992). While most speakers
brittle command-and-control behavior, even when  regularly use Guarani, Spanish, or both (Instituto
speech recognition and synthesis are available  Nacional de Estadistica (INE), Paraguay, 2024),
(Skantze, 2021; Alghamdi et al., 2024). These  digital systems continue to privilege Spanish for
limitations disproportionately affect low-resource  interaction and disambiguation. The challenge is
languages, many of which are primarily oral and  therefore not only recognition or translation, but
lack extensive written or dialogue resources (Turin,  supporting multi-turn interaction, shared context,
2012). and repair in the language users actually speak.

Rather than adapting oral languages to text- To address this, we propose an oral-first assis-
centric systems, oral interaction should be treated  tant architecture that separates language under-
as a first-class design starting point. Orality- standing, conversation state, action execution, and
grounded HCI argues that assumptions imported  governance into interacting agents. A Multi-Agent
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System (MAS) framework enables specialization
while keeping interfaces explicit and inspectable.
Prior work shows that decomposing conversational
task-solving into specialized agents improves per-
formance relative to monolithic models (Becker,
2024), and that turn-taking and repair require dedi-
cated state tracking distinct from generation or ex-
ecution (Chen et al., 2025).

2. Case Study: Guarani in Paraguay

Interface design in Paraguay operates within a con-
text of diglossia: a stable separation of language
functions across domains, with a “High” (H) code
used in formal and written contexts and a “Low” (L)
code used in everyday speech (Ferguson, 1959;
Fishman, 1967). In practice, Guarani predomi-
nates in oral and community settings, while Spanish
dominates literacy, bureaucracy, and public-facing
written systems (lto, 2012). Because most digital
interaction is mediated through written interfaces-
menus, forms, and error messages-systems implic-
itly privilege Spanish literacy. Even when Guarani
is supported, interaction often defaults to Span-
ish at moments requiring verification or correction,
creating a domain mismatch between everyday rea-
soning and digital infrastructure (Ito, 2012). Inter-
net use in Paraguay has grown substantially, rising
from 61.1% in 2017 to 81.6% in 2024 among those
aged 10+ (Instituto Nacional de Estadistica (INE),
Paraguay, 2025). However, increased connectivity
has not translated into broader Guarani integration
in digital services. Mainstream platforms remain
optimized for Spanish literacy and symbolic input,
meaning language support often remains nominal
rather than functionally embedded in interaction.
This tension between everyday oral practice and
text-centric digital systems motivates the need for
interaction models that treat spoken coordination,
repair, and shared context as primary rather than
secondary design considerations.

3. Proposed Architecture: An
Oral-First Multi-Agent System

Figure 1 illustrates the proposed system architec-
ture, showing how Guarani voice input is routed
through a pipeline of specialized agents before any
action is executed.

We propose an oral-first architecture that treats
speech as the primary interaction modality and
makes multi-turn context, repair, and governance
explicit. The system orchestrates six specialized
agents:

» Speech Interface Agent: Performs Voice Ac-
tivity Detection and turn segmentation, using
pause duration and timing cues to distinguish
floor-holding from turn completion (Skantze,
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Figure 1: Proposed Oral-First Multi-Agent Architec-
ture. Voice input is routed through speech capture,
intent understanding, conversation state tracking,
and a permission and governance layer before tool
execution. The Speech Agent (far left) is depicted
in traditional Paraguayan attire to symbolize the
system’s grounding in local cultural identity.

2021; Stivers et al., 2009). This is critical for
Guarani, where brief pauses and glottal stops
(puso) can occur within words and should not
be misinterpreted as turn endings (Estigarribia,
2020).

Guarani Understanding Agent: Interprets
Guarani and Jopara speech by mapping ut-
terances to structured intents and slots (e.g.,
PLAY_MUSIC, OPEN_TAB). It is designed to
operate on community-verified speech data
to capture culturally specific references and
loanword usage.

Conversation State Agent: Maintains dia-
logue memory across turns, enabling resolu-
tion of ellipsis and implicit references.

Permission & Governance Agent: Operates
as a sovereign mediation layer between in-
terpretation and execution. It evaluates re-
quested actions against user consent settings
and community-defined privacy norms (e.g.,
default “do not store audio”) before allowing
downstream execution.

Response Agent: Generates conversational
responses grounded in the current dialogue
state, which are checked by the Permission &
Governance Agent before being delivered to
the user.

« Action Agents: Domain-specific executors
(e.g., Media or Browser agents) responsible for
carrying out approved actions through external
tools or APlIs.

Table 1 illustrates a sample multi-turn exchange,
demonstrating how the agents coordinate to handle
context resolution and repair across turns.

3.1. Training Data and Community
Alignment

A central question for the Guarani Understand-
ing Agent is how to obtain authentic, community-
verified speech rather than relying on synthetic



User (Guarani) System Action & Agent Logic

“Che ahenduse 1. Speech Agent captures au-

purahei” dio.
(I want to listen 2. Understanding Agent iden-
to music) tifies intent: PLAY_MUSIC.
3. Permission Agent verifies
“Music” is a safe category; ap-
proves.
4. Media Agent selects a popu-
lar playlist and starts playback.
Response “Oi pora” (Ok / It is good)
Agent
“Nda che gustai” 1. Understanding Agent
(No, | don’t like detects negative senti-
[this]) ment/rejection.

2. Conversation State Agent

resolves the

implicit object:

“this” = current song. Updates

intent to SKIP.
3.
NEXT_TRACK.

Media Agent executes

Table 1: Multi-turn interaction demonstrating con-
text resolution and repair.

translations. Two initiatives illustrate the available
resources. Mozilla Common Voice (Guarani, gn)
provides a crowdsourced open speech resource
that supports multilingual acoustic modeling (Ardila
et al., 2020), and community-led efforts such as
Aikuaa, organized by E/ Surtidor through collabo-
rative “mingas,” further capture Jopara usage and
conversational variation often absent from formal
datasets (JournalismAl, 2025). However, both re-
sources consist primarily of read-aloud sentences
and neither contains the task-oriented or multi-turn
utterances this system requires.

Addressing this gap requires a dedicated collec-
tion effort. We plan to organize community record-
ing sessions modeled on the Aikuaa minga format,
in which native speakers are prompted with real-
istic task scenarios (e.g., controlling media, open-
ing a browser tab, asking follow-up questions) and
asked to respond naturally in Guarani or Jopara.
Critically, prompts will be presented orally rather
than as written text, to avoid literacy-based anchor-
ing of responses. Sessions will be designed to
capture: (1) task-oriented utterances covering the
intent categories the system supports; (2) multi-
turn exchanges that include ellipsis, implicit refer-
ence, and repair; and (3) code-switching patterns
reflecting everyday mixed-language use. All record-
ings will be collected under explicit community con-
sent protocols aligned with the Permission & Gov-
ernance Agent’s design, with speakers retaining
control over storage and reuse of their voice data.
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3.2. Evaluation Criteria

Evaluating an oral-first architecture requires metrics
beyond accuracy that capture context, sentiment,
and privacy in multi-turn interaction. We consider
four dimensions of conversational success:

» Task Success Rate (TSR): Measures the per-
centage of multi-turn goals completed suc-
cessfully, capturing whether the Conversation
State Agent maintains dialogue coherence and
whether the Understanding Agent correctly in-
terprets evolving intents across turns.

* Repair Success Rate: Measures conversa-
tional resilience by evaluating how often the
system recovers from errors, such as misheard
words or misunderstood intents, without requir-
ing users to restart their task.

* Perceived Sovereignty: Assesses whether
users trust that their voice data remains
under their control. This qualitative met-
ric evaluates confidence that audio is not
stored or reused without consent and requires
community-centered, ethnographic evaluation
methods.

» Latency: Evaluates whether system response
timing aligns with Guarani conversational
tempo, avoiding both premature interruptions
that violate turn-taking norms and prolonged
silences that disrupt conversational flow.

4. Discussions and Limitations

The proposed architecture highlights the potential
of oral-first language technology, but several chal-
lenges extend beyond technical implementation.

4.1. Standardization vs. Lived Reality

A persistent challenge for Guarani language tech-
nology is the gap between institutional standard-
ization and everyday speech. Although Guarani is
an official language supported by bodies such as
the Academia de la Lengua Guarani under the Ley
de Lenguas (Secretaria de Politicas LingUisticas
(Paraguay), 2010; Secretaria de Politicas LingUisti-
cas, [n. d.]), daily use frequently involves joparad and
code-switching (Mortimer, 2006; Estigarribia, 2015;
Kellert and Tyagi, 2025). As a result, standardized
forms may diverge from lived usage. Oral-first sys-
tems should therefore treat variation as expected
input and prioritize communicative intent over en-
forcing a single normative register (Mortimer, 2006;
Kellert and Tyagi, 2025).



4.2. The Data Bottleneck is Specifically
Conversational

Beyond general data scarcity, oral-first systems
lack conversational audio capturing turn-taking, re-
pair, and shared context. Many endangered lan-
guages remain primarily oral and underrepresented
in digital resources (Turin, 2012). For Guarani, ex-
isting corpora and scraping-based methods mainly
support text-based evaluation rather than spon-
taneous multi-turn speech (Chiruzzo et al., 2022;
Gongora et al., 2021). Speech recognition results
from the AmericasNLP shared task further confirm
that performance on Guarani lags significantly be-
hind higher-resource languages (Ebrahimi et al.,
2023), while recent ASR work fine-tuning Whisper
for Guarani demonstrates both progress and the
continued need for domain-appropriate conversa-
tional data (Acevedo Zarza et al., 2024). Future
efforts should prioritize community-led collection of
conversational data (JournalismAl, 2025).

4.3. Governance and Perceived Control

Oral interfaces raise governance challenges be-
cause speech data is inherently identifiable and
easily repurposed. Indigenous data governance
frameworks emphasize community benefit, con-
trol, and accountability (Carroll et al., 2020). This
motivates separating execution from a dedicated
permission and privacy layer that mediates consent
and data retention, including explicit “do not store
audio” defaults. Such separation supports ethical
commitments while increasing perceived user con-
trol and trust in multi-turn interaction (Carroll et al.,
2020; Alghamdi et al., 2024).

5. Conclusion

This work contributes to culturally grounded Al by
treating conversation as a core computational struc-
ture rather than an interface layer. When interac-
tion models fail to reflect how language is practiced,
language support risks remaining symbolic rather
than operational. Using Guarani as a motivating
case, we outline a multi-agent architecture that el-
evates turn-taking, repair, and shared context to
first-class system components. By separating lan-
guage understanding from explicit permission and
governance mechanisms, the architecture makes
conversational reasoning, control, and accountabil-
ity inspectable and modular. This framing moves
beyond universal, text-first assumptions toward in-
teraction models that reflect human communica-
tive coordination and sociolinguistic reality. More
broadly, the work argues that equitable and aligned
Al systems must reason over conversation as it is
lived, particularly in oral and low-resource settings,
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rather than adapting those settings to inherited text-
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Abstract

In this paper, we present Al-TraLow, a project dedicated to advancing Al-driven translation for low-resource languages
and cultures. The research is structured around three primary objectives: firstly, the development of advanced
data curation techniques designed to refine parallel corpora and detect machine-generated content; secondly, the
exploration of integrating linguistic resources—such as dictionaries and grammatical rules—directly into model
prompts and fine-tuning techniques to enhance translation precision; and thirdly, the mitigation of hardware
constraints through knowledge distillation to produce efficient models viable for standard desktop environments. By
targeting specific linguistic groups, including Iberian varieties (Aranese, Aragonese, Asturian and Eonavian), Mayan
languages, and languages of vulnerable migrant communities, Al-TraLow seeks to foster linguistic diversity and
digital inclusion. Ultimately, this initiative delivers open-source tools and models that ensure cultural heritage is both
preserved and accessible within the contemporary digital landscape.

Keywords: Large Language Models, Machine Translation, Low-Resource Languages, Data Curation, Lin-
guistic Integration, Knowledge Distillation

1. Introduction to low-resource scenarios.

The rapid advancement of Large Language Models * Universitat Oberta de Catalunya (UOC):
(LLMs) has fundamentally transformed the land- Manages the subproject Large Language Mod-
scape of Machine Translation (MT). Despite these els for Translating Low-Resource Romance
breakthroughs, languages with limited digital re- Languages of the Iberian Peninsula. This team
sources continue to lag behind due to the heavy focuses on the development of linguistic re-
data dependency of modern architectures. The sources and the rigorous evaluation of transla-
Al-TraLow project (Al-Driven Translation for Low- tion systems.

Resource Languages and Cultures) was estab-
lished to tackle these disparities by hypothesizing
that the emergent few-shot capabilities and multi-
modal nature of LLMs can be leveraged to bridge
the resource gap, even when traditional parallel
data is scarce.

Al-TraLow is structured as a coordinated project
with a total duration of three years, having officially
launched on September 1, 2025. The initiative is
powered by a consortium of three institutions, each 2. Related Work
leading a specialized subproject:

Ultimately, Al-TraLow aims to empower marginal-
ized linguistic communities—ranging from the
Iberian Peninsula (Aranese, Aragonese, Asturian,
Eonavian) to Mayan varieties and migrant lan-
guages such as Wolof or Amazigh—ensuring they
remain viable and visible in the contemporary digi-
tal era.

The Al-TraLow project is situated at the intersec-
« Universitat d’Alacant (UA): is the coordi- tion of LLMs and MT for low-resource scenarios.
nating institution and leads the subproject  The following areas represent the current scientific
Curation and Exploitation of Heterogeneous  landscape and the specific gaps this initiative aims
Resources for Translating Low-resource Lan-  to address.
guages (CEHR-TraLowLa). This unit focuses
on data acquisition, curation, and the integra-  2.4. LLMs in Machine Translation

tion of linguistic information into LLM.
Recent advancements in LLMs, particularly those

» Barcelona Supercomputing Center (BSC):  based on the Transformer decoder-only architec-
Responsible for the subproject Multimodal  ture, have demonstrated remarkable capabilities in
Large Language Models for Translating Low-  translation tasks (Alves et al., 2024; Xu et al., 2024;
Resource Languages (MLLM4TRA). Theirre-  Yang et al., 2023). However, as highlighted in the
search centers on building multimodal models  project’s rationale, these models often suffer from
and developing strategies for adapting LLMs  the “curse of multilinguality,” where model capacity
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is diluted across numerous languages, leading to
suboptimal performance for those with limited digi-
tal presence. Al-TraLow builds upon the potential of
instruction tuning (Alves et al., 2024) to specialize
these models for neglected linguistic varieties.

2.2. Data Curation and Synthetic Content

A primary bottleneck for low-resource MT is the
prevalence of noisy and machine-translated con-
tent in web-crawled data. This project will cre-
ate high-quality datasets-encompassing text and,
where applicable, image data, refined through state-
of-the-art filtering and curation tools. Because the
increasing presence of machine-generated text on
the web poses a risk of “model collapse,” a central
focus of our work is the development of robust clas-
sifiers to distinguish between human-authentic and
synthetic content. By ensuring that datasets are
representative of human-authored language, and
by employing innovative LLM-based approaches
to clean existing parallel corpora, we will estab-
lish a reliable foundation for advancing translation
technologies in data-scarce scenarios.

2.3. Integration of Heterogeneous

Linguistic Resources

While current LLMs rely heavily on massive
datasets, they often underutilize high-quality sym-
bolic resources. Research has shown that pro-
viding in-context linguistic descriptions can sig-
nificantly aid the learning of endangered lan-
guages. Al-TraLow extends this by exploring a hy-
brid methodology: integrating linguistic resources—
such as dictionaries and transfer rules from Aper-
tium (Forcada et al., 2011)—directly into both model
prompts and fine-tuning techniques to teach mod-
els “unseen” languages on the fly (Tanzer et al.,
2024; Zhang et al., 2024a,b; Hus and Anastasopou-
los, 2024; Elsner et al., 2024).

2.4. Multimodal and Efficient Modeling

The state of the art in multimodality suggests that
moving away from traditional subword tokeniza-
tion can benefit languages with non-standardized
orthographies. By employing pixel-based mod-
els (Salesky et al., 2024; Caglayan et al., 2019)
and byte-to-byte architectures (Choe et al., 2019;
Xue et al., 2022; Clark et al., 2022), Al-TraLow ad-
dresses the limitations of fixed vocabularies. Finally,
to ensure the usability of these models in standard
desktop environments, the project draws on knowl-
edge distillation and efficiency strategies to mitigate
the hardware constraints typically associated with
large-scale models.
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3. Objectives, methodology, and work
plan

3.1.

The main objective of this project is to advance
the development of MT systems for low-resource
languages using decoder-only LLMs, thereby en-
abling these languages to join the wave of adoption
of LLMs, specifically for MT. This global objective
can be broken down into several specific objectives:

Objectives

O1 Obtain and curate high-quality resources for

low-resource languages.

02 Leverage linguistic information to improve the
translation of low-resource languages with

LLMs.

Build large language models tailored for trans-
lating a subset of the Mayan languages.

Develop advanced methods for image-to-text
translation of low-resource languages with mul-
timodal LLMs.

Develop advanced strategies for adapting
LLMs for translating low-resource languages

o3

04

05

06 Build multimodal LLMs for the translation of
low-resource languages spoken by migrants

in vulnerable situation.

O7 Develop advanced methods for the automatic
enhancement of existing linguistic resources
used in rule-based MT and the generation of

synthetic data with them.

Build LLMs for the translation of low-resource
languages of the Iberian Peninsula.

o8

09 Evaluation and comparison of encoder-
decoder translation models and decoder-only
models for translating low-resource languages

of the Iberian Peninsula.

3.2. Methodology

The project is structured around a three-phase iter-
ative cycle, which will be executed twice throughout
its duration. These phases comprise: (i) data com-
pilation and curation, (ii) research into the training
and fine-tuning of LLMs for MT, and (iii) the release
of the high-performance models.

During the data compilation phase, the con-
sortium will develop new corpora for the target
languages while simultaneously refining existing
datasets. The generation of new resources will in-
volve diverse methodologies, including document
scanning and optical character recognition, along-
side targeted web crawling. To safeguard data
integrity, the project will develop techniques to de-
tect and filter machine-generated or automatically
translated content. Additionally, this stage encom-
passes the acquisition of visual data to support



image-to-text translation tasks and the creation of
novel evaluation benchmarks tailored to the lan-
guages under study.

The second phase is dedicated to the exploration
of LLM training and fine-tuning strategies for trans-
lation. The research team will employ established
methodologies while remaining adaptable to emerg-
ing techniques within the field. A key focus will be
investigating the integration of linguistic resources
(e.g. dictionaries and grammars) with monolingual
and parallel corpora. Furthermore, we will assess
the impact of synthetic data on model performance
and the efficacy of multimodal inputs in mitigating
translation ambiguity. To this end, a specialized
task is devoted to the development of multimodal
LLMs. Throughout this process, models will be
continuously monitored using a suite of automatic
evaluation metrics.

In the final phase, the most effective models from
the preceding stage will undergo rigorous human
evaluation to ensure translation quality. Once vali-
dated, all models and tools will be released to the
public under open-source licenses.

3.3. Work plan

The project is structured into five interconnected
work packages (WPs). WP1 is dedicated to the ac-
quisition and curation of linguistic resources, with a
specific emphasis on developing automated mecha-
nisms to detect machine-generated or synthetically
translated content, thereby ensuring the integrity of
the training data. WP2 explores the integration of
linguistic resources (dictionaries, translation rules,
grammar books) to augment the translation capa-
bilities of LLMs in low-resource scenarios. WP3
investigates multimodal architectures to facilitate
text translation directly from visual inputs, a strat-
egy aimed at mitigating contextual disambiguation
challenges in MT. WP4 focuses on the design of ro-
bust strategies for training and adapting LLMs; this
includes advanced fine-tuning methodologies, the
generation of high-quality synthetic corpora, and
the distillation of knowledge from massive models
into compact, efficient encoder-decoder architec-
tures. Finally, WP5 will apply the methodologies
and tools derived from previous WPs to the de-
velopment and release of optimized LLMs for a
targeted subset of languages, thereby maximizing
the project’s impact and fostering digital inclusion
within the respective linguistic communities.

WP1. Data acquisition and curation

This work package focuses on supplying resources
for training and fine-tuning LLMs for low-resource
language pairs. We will pursue several lines of
work: (i) corpus generation: scanning existing
books in extremely low-resource languages and
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conducting optical character recognition; and gath-
ering text and image data in low-resource lan-
guages; (ii) data quality enhancement: researching
methods for the automatic detection of text gener-
ated or translated automatically, and utilizing LLMs
to clean existing parallel corpora; and (iii) induction
of linguistic resources: developing methods for au-
tomatically generating linguistic resources that can
be used later for augmenting training data (WP4)
or for in-context learning (WP2).

WP2. Leveraging linguistic information in
LLMs for translation

Low-resource languages often lack the substantial
amounts of monolingual and bilingual data required
to train competitive MT systems. Leveraging ex-
plicit linguistic information presents a promising
approach to enhancing translation quality for these
languages. In this WP, we will focus on exploit-
ing underutilized resources, such as components
from existing rule-based MT systems and mono-
lingual dictionaries. Additionally, we will develop
advanced methods to integrate a wide range of lin-
guistic resources, including grammar books, into
LLMs, and perform an analysis of the semantic rep-
resentations to better understand which resources
are useful and why.

WP3. Image-to-text translation of low-resource
languages with multimodal LLMs

Low-resource languages frequently face tokeniza-
tion challenges and are underrepresented in state-
of-the-art LLMs (Petrov et al., 2024), resulting in
significant performance disparities when accurately
representing all languages (Ali et al., 2023). Pixel-
based models have shown potential in overcom-
ing tokenization challenges and improving cross-
lingual transfer. Resolving ambiguous situational
translations is a practical application of pixel-based
models that involves translating source sentences
that are directly influenced by the image given as
input to the model. This work package focuses on:
(i) investigating the suitability of pixel-based transla-
tion models for low-resource languages, and (ii) im-
proving the reasoning abilities of multimodal LLMs
for dealing with ambiguous situational translations
that require visual cues to resolve it.

WPA4. Strategies for training and adapting
LLMs for translating low-resource languages

This WP focuses on developing and evaluating ad-
vanced methodologies to optimize LLMs for effec-
tive machine translation in data-scarce scenarios.
A key priority is the development of gender-inclusive
MT systems. Given that low-resource datasets
are often sourced from uncurated web content,



they frequently reflect and amplify historical gender
biases. Following the project’s ethical roadmap,
this WP will investigate fine-tuning techniques and
debiasing prompts to ensure that translations do
not perpetuate harmful stereotypes. Additionally,
this WP explores an array of innovative, scalable,
and resource-efficient solutions—such as knowl-
edge distillation into compact architectures—that
will then be applied in WP5

WP5. Building models for translating
low-resource languages

In this WP, we will develop LLMs for translating a
subset of the languages of interest to the project.
We will apply, when possible, the methods devel-
oped and the lessons learnt in the previous WPs.

The resulting models will undergo a compre-
hensive evaluation, where they will be compared
against encoder-decoder models in terms of error
typology and characteristics of the produced trans-
lations. This comparison will determine whether
training/fine-tuning encoder-decoder systems or
LLMs is more effective for the languages of interest,
and which strategies work best. The findings will
guide future efforts.

4. Resources released during the
project

The project focuses on three primary low-resource
language groups: Mayan languages,’ Romance
languages of the Iberian Peninsula (Aranese,
Aragonese, Asturian, and Eonavian), and lan-
guages spoken by migrant communities in Spain
(Wolof, Amazigh, and Pashto). The main objective
is to develop and release LLM-based translation
models for select languages within each of these
clusters.

In addition to these models, the project will pro-
duce the following group-specific resources:

Mayan languages

» Digitized dictionaries and descriptive gram-
mars.

+ Curated corpora of literary and web-crawled
text.

» Translations of the FLORES+ (Goyal
et al., 2022) evaluation dataset into K’iche’,
Kagchikel, Q'eqchi’, and Mam.

"The following languages will be addressed: Achi,
Awakateko, Ch'orti’, Chuj, Kagchikel, ltza’, Ixil, Jakalteko,
Q’eqchi’, Q'anjob’al, Akateko, Mam, Mopan, Pogomam,
Pogomchi’, K'iche’, Sipakapense, Sakapulteko, Tekiteko,
Tzeltal, TZ'utujil, Uspanteko, and Yucatec Maya.
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Romance languages of the Iberian Peninsula
» Expanded Apertium lexical resources.

» Enhanced versions of the FLORES+ evalua-
tion dataset.

» New translations for the NTREX (Federmann
et al., 2022) and WMT24++ evaluation bench-
marks.

Migrant community languages

* Multimodal image-text datasets designed
specifically for pixel-based translation models.

5. Current Status

Although Al-TraLow officially launched in Septem-
ber 2025, several key milestones have already
been achieved across the project’s work packages:

+ WP1. Data Acquisition: We have compiled
and started the preprocessing of a compre-
hensive set of monolingual and bilingual Aper-
tium dictionaries for Asturian, Aragonese, and
Aranese. Simultaneously, we have completed
the scanning and OCR of 29 Mayan dictio-
naries. We have developed a new precise
method for automatically detecting machine
translated text (Garcia-Romero et al., 2025)
and studied the ability of bilingual speakers
to distinguish between human and machine
translated text (Garcia-Romero et al., 2026).
To ensure high-quality evaluation, the human
translation of the following datasets is currently
underway: FLORES+, NTREX, and WMT24++
into Asturian, Aragonese, Aranese, and Eon-
avian; and FLORES+ into K’iche’, Kaqchikel,
Q’egchi’ and Mam.

WP2. Integration of Linguistic Information:
the challenges of adding dictionaries to the
prompt have been deeply analysed and meth-
ods based on Group Relative Policy Opti-
mization to inject terminology have been ex-
plored (Garcia Gilabert et al., 2025).

WP3. Multimodality: preliminary experiments
have established initial baselines for emoji-
based disambiguation in vision-language mod-
els, providing a foundation for pixel-based
translation tasks.

WP4. Training Strategies: we devised and
extensively evaluated methods for knowledge
distillation leveraging multiple translations from
the initial (teacher) model (Galiano-Jiménez
et al., 2025).



6. Conclusions

The Al-TraLow project represents a strategic effort
to ensure that low-resource languages are not left
behind in the current era of Large Language Mod-
els. Beyond the technical development of transla-
tion systems, this initiative establishes a scalable
paradigm for linguistic preservation by treating lin-
guistic knowledge and multimodal signals as es-
sential anchors for neural architectures.

Our approach shifts the focus from purely data-
driven methods to a hybrid model where Al-driven
curation and symbolic expertise safeguard the in-
tegrity of minority languages. Ultimately, Al-TraLow
is committed to the principles of Open Science.
By releasing high-performance, efficient models
and curated tools, we aim to empower local com-
munities and researchers, ensuring that cultural
heritage and linguistic diversity can actively flourish
and remain visible within the contemporary digital
landscape.
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Abstract
The availability of open resources and corpora is a fundamental requirement for research in Natural Language Pro-
cessing (NLP) and Computational Linguistics; however, languages spoken in Latin America and the Iberian Peninsula,
particularly indigenous, minority, and regional varieties, remain structurally under-resourced and under-represented.
This paper presents a historical account of OpenCor (Latin American and Iberian Languages Open Corpora Forum),
a community-driven initiative created to promote, document, and discuss open corpora and lexical resources for
these languages. Conceived as a collaborative forum rather than a competitive evaluation venue, OpenCor focuses
on data creation, licensing practices, sustainability, and community building. Between 2018 and 2024, OpenCor was
organized as a recurring workshop co-located with major conferences, fostering dialogue across countries, institutions,
and linguistic traditions. By documenting the initiative’s motivations, organizational trajectory, submission trends, and
the diversity of resources presented, this paper aims to preserve institutional memory, highlight the often-invisible
labor of corpus development, and provide a reference for future initiatives dedicated to openness and linguistic diversity.

Keywords: Language Resources, Corpora, Latin American Languages, Iberian Languages

1. Introduction documenting this history, we aim to preserve institu-
tional memory, highlight community efforts that are
The availability of open corpora and lexical re-  often invisible in traditional evaluation venues, and
sources is a central requirement for the develop-  provide a reference for future initiatives focused
ment of Natural Language Processing (NLP) and ~ on openness and linguistic diversity. The project
Computational Linguistics research. While major ~ maintains a public web presence at
languages benefit from a growing ecosystem of https://opencor.gitlab.io/.
openly licensed datasets, tools, and benchmarks,  This paper makes four principal contributions. First,
languages spoken in Latin America and the Iberian it presents a documented historical timeline of
Peninsula have historically faced structural chal-  OpenCor from 2018 to 2024. Second, it provides
lenges related to visibility, funding, infrastructure, ~ an analysis of submission patterns and participa-
and coordination. These challenges are particu-  tion trends across editions. Third, it offers a curated
larly acute for under-resourced languages, regional ~ overview of the open corpora showcased through
varieties, and languages with limited institutional ~ the initiative, highlighting their linguistic, method-
support. ological, and regional diversity. Finally, it reflects
In this context, OpenCor (Latin American and ~ O" the structural challenges involved in sustaining
Iberian Languages Open Corpora Forum) emerged ~ OP€n linguistic infrastructures, situating Oper)C.)or
as a community-driven initiative aimed at mapping, W|th|_n broader deb_ates about research rgcognmon,
discussing, and promoting open corpora and lex- funding asymmetries, and long-term maintenance.
ical resources for these languages. Rather than
focusing on system comparison or shared tasks, 2. OpenCor Motivation
OpenCor was conceived as a forum for resource
presentation, discussion of licensing practices, sus-  The primary motivation behind OpenCor is the ab-
tainability, and community building. Between 2018  sence of a consolidated, openly accessible list
and 2024, OpenCor was organized as a recurring  of corpora and lexical resources for Latin Amer-
workshop co-located with major conferences inthe  jcan and Iberian languages. Although many re-
field in both Latin America and the Iberian Penin-  sources exist, information about them is frag-
sula, fostering dialogue across countries, institu-  mented across personal webpages, institutional
tions, and linguistic traditions. repositories, or conference proceedings. This
This paper presents a historical report of the  fragmentation makes it difficult for researchers,
OpenCor initiative, covering its motivations, orga-  students, and practitioners to discover existing
nizational trajectory, meetings, and the evolution  datasets, assess their licensing conditions, and
of the resources discussed within the forum. By  reuse them responsibly. The initiative is inspired by
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Linguateca', established in 1998 as a distributed
resource center for the computational processing of
Portuguese, with a mission centered on facilitating
access to existing resources, collaboratively devel-
oping new ones, and organizing shared evaluation
efforts (Santos, 2003).

The name OpenCor was chosen with a deliber-
ate double meaning. It refers to Open Corpora, the
central focus of the initiative, but also to cor, the
Latin word for heart. This second meaning serves
as a metaphor for openness, generosity, and inclu-
sion. A common saying across the Iberian Penin-
sula and Latin America describes something as
‘as big as a mother’s heart, where there is always
room for one more’. Historically, many workshops
and shared tasks in NLP prioritize system perfor-
mance and competition, which can inadvertently
marginalize discussions about data creation, anno-
tation labor, licensing, and long-term maintenance.
OpenCor was designed to be: first, a list of open re-
sources; second, a complementary space, a forum
explicitly dedicated to resources rather than models,
and to collaboration rather than competition.

Another important motivation was the produc-
tion of a historical timeline of open resources and
community efforts. By tracking meetings, submis-
sions, and presented corpora over time, OpenCor
functions as a living record of how openness has
evolved in the regions. The OpenCor website was
therefore not only an organizational hub but also
a public archive documenting editions, programs,
calls for papers, and links to resources.

The initial discussions that led to OpenCor took
place during a Linguistic Data Consortium (LDC)?
meeting in Mexico City, sponsored by the Univer-
sity of Pennsylvania, in 2018. At that moment, par-
ticipants reflected on the structural asymmetry in
the production and consolidation of linguistic infras-
tructures: although many corpora and initiatives
concerned Latin American and Iberian languages,
centralized documentation and resource aggrega-
tion were often located outside the regions where
these languages are spoken. This observation re-
inforced the need for a regionally grounded forum
dedicated to mapping, documenting, and sustain-
ing open resources from within the community itself.
OpenCor is also motivated by the recognition that
many researchers in Latin America and the Iberian
Peninsula face significant funding constraints. The
workshop consistently aimed to lower barriers to
participation by allowing “workshop-only” registra-
tion, using free submission platforms, and inviting
speakers who were already attending the host con-
ference or able to participate without additional fi-
nancial support. Finally, OpenCor meetings always
allowed for ‘non-archival’ submissions, aiming to

"https://linguateca.pt/
2https://www.ldc.upenn.edu/
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gather the community that had already published
their works in another venue but were interested in
discussing and sharing their resources.

OpenCor focuses on corpora that are freely ac-
cessible and reusable, thereby supporting trans-
parency and cumulative research. It prioritizes re-
sources relevant to the languages spoken in Latin
America and the Iberian Peninsula, including in-
digenous and minority languages that are often
underrepresented in mainstream NLP research. At
the same time, it seeks to engage a broad schol-
arly community, encompassing researchers in NLP,
linguistics, education, and related fields.

The initiative serves two complementary pur-
poses:

1. As a curated, evolving list of open corpora,
improving discoverability and reuse of existing
resources;

2. As a forum and meeting point for corpus
creators and users, providing space for discus-
sion of methodologies, annotation practices,
and long-term maintenance issues.

3. OpenCor Development

OpenCor has been active since the late 2010s and
has been organized as a recurring forum, often
co-located with established conferences and work-
shops in Computational Linguistics and NLP. By
2024, the project had reached its fifth edition, re-
flecting sustained community interest and ongoing
relevance.

OpenCor has evolved from a small, informal ef-
fort into a recognized venue for presenting and
discussing corpus-related work that often does not
fit comfortably within traditional publication formats.

Across all editions, OpenCor was organized as
a community-driven workshop with a strong com-
mitment to openness and accessibility. EasyChair
was consistently used as the submission and re-
view platform due to its free availability for small
meetings. Invited speakers were selected based
on their contributions to open resources and their
ability to participate without dedicated travel fund-
ing.

The first OpenCor workshop® was held in 2018 in
Canela, Brazil, co-located with PROPOR, the Inter-
national Conference on Computational Processing
of Portuguese. The workshop was organized fol-
lowing an invitation from Prof. Aline Villavicencio
and established the core format for subsequent edi-
tions. Of the eight accepted papers, three of them
(almost half) were not presented due to a lack of
funding, a challenge that would recur in later edi-
tions. The invited speaker for this first edition was

*https://opencor.gitlab.io/
opencor-2018/



Year Event Location Format Submitted Accepted Keynote
2018 PROPOR Canela (BR) In-person 10 8 A. Medina Urrea
2019 PLAGAA  Guanajuato (MX) In-person 9 7 Fernanda Lépez
2020 PROPOR Evora (PT) Hybrid 9 7 Marcos Garcia
2021 STIL Online Online (full day) 10 10 Valeria de Paiva
2024 PROPOR Santiago (ES) In-person 11 7 -

Table 1: Conference statistics by year

Alfonso Medina Urrea (El Colegio de México, Red
Tematica de Tecnologias del Lenguaje, Mexico),
who presented on Mexican corpora and their appli-
cations (Medina Urrea, 2018). Importantly, funding
from PROPOR itself enabled the participation of
the invited speaker, making this the only edition
of OpenCor with direct financial support for this
purpose.

In 2019, OpenCor* was held in Guanajuato, Mex-
ico, as part of the 4th PLAGAA, Taller Mexicano
de Deteccion de Plagio y Andlisis de Autoria®. In
this edition Adrian Pastor Lépez Monroy (Centro de
Investigacion en Matematicas, Mexico) contributed
as the local chair. Among the submissions, two
focused on Portuguese and five on Spanish or
other languages. The invited speaker was Fer-
nanda Ldpez (Universidad Nacional Auténoma de
México), who presented CLOE (Corpus de Lengua
Oral del Espariol) (Lépez-Escobedo and Solorzano-
Soto, 2016).

The 2020 edition® took place in Evora, Portu-
gal, co-located with PROPOR. The invited speaker
was Marcos Garcia (Universidade de Santiago de
Compostela, Galicia), who presented an overview
of open language resources for Galician (Garcia
and Crespo-Otero, 2022). This edition marked an
important moment in connecting resource-building
efforts across the Iberian Peninsula with those in
Latin America, particularly among closely related
Ibero-Romance languages such as Portuguese
and Galician.

Originally planned to take place in Fortaleza,
Brazil, OpenCor 20217 was held fully online due
to the COVID-19 pandemic and co-located with
STIL, the Symposium in Information and Human
Language Technology. For the first time, Open-
Cor was held as a full-day workshop. The invited
speaker was Valeria de Paiva (Topos Institute), who
spoke about open linguistic resources for Brazil-
ian Portuguese (Rademaker et al., 2017; de Paiva
et al., 2016). The online format enabled broader

*https://opencor.gitlab.io/
program—-2019/

Shttps://sites.google.com/view/
plagaaz019

6https://opencor.gitlab.io/
opencor-2020/

"https://comissoes.sbc.org.br/ce-pln/
stil12021/programSTIL2021.pdf
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participation across countries, partially mitigating
travel-related funding barriers, while also introduc-
ing new organizational challenges typical of virtual
events.

After a hiatus, OpenCor returned in 2024 (Open-
Cor at PROPOR 2024). Due to the density of the
main conference program, no invited speaker was
scheduled. The continued interest, reflected in
the number of submissions, demonstrated the sus-
tained relevance of the forum.

3.1. OpenCor Trends

Across its editions from 2018 to 2024, OpenCor
received a total of 49 paper submissions, of which
39 were accepted, resulting in an overall accep-
tance rate of approximately 80%. Acceptance rates
varied across years, ranging from 64% in 2024 to
100% in 2021, the latter reflecting the inclusive
character of the fully online edition held during the
COVID-19 pandemic.

Rather than reflecting low selectivity, these ac-
ceptance rates are indicative of the workshop’s cu-
ratorial and community-building role. Submissions
were evaluated primarily on their contribution to the
documentation, creation, or dissemination of open
corpora and lexical resources, with an emphasis
on clarity, reusability, and licensing transparency.
In several editions, a non-negligible number of ac-
cepted papers could not be presented due to travel
and funding constraints, particularly in in-person
events, underscoring structural barriers faced by re-
searchers working on language resources in Latin
America and the Iberian Peninsula.

The relatively stable number of submissions
across editions further suggests sustained com-
munity interest, despite the absence of dedicated
funding, travel grants, or shared-task incentives.
These trends support the interpretation of Open-
Cor as a long-term community infrastructure effort,
rather than a competitive evaluation venue.

Despite the geographic scale and academic di-
versity of both focused regions, the absolute num-
ber of submissions to OpenCor has remained rela-
tively modest across editions. This should not be
interpreted as a lack of interest or research activity,
but rather as a reflection of structural participation
constraints. Limited access to travel funding con-
tinues to be a major barrier for many researchers



in the region, particularly for international confer-
ences. Although the 2021 edition was held fully
online and achieved full acceptance, the excep-
tional conditions of the pandemic make it difficult
to treat this edition as representative evidence that
online venues alone are sufficient to address par-
ticipation asymmetries. Additionally, submission
patterns show a higher concentration of contribu-
tions from Brazil and Mexico, which are the coun-
tries of affiliation of the workshop organizers, sug-
gesting that local academic networks and proximity
to organizers play a significant role in community
engagement when broader institutional support is
lacking.

4. Open Corpora List

A central outcome of OpenCor has been the ac-
cumulation of a curated list® of open corpora and
lexical resources for Latin American and Iberian lan-
guages. Building on the tradition of initiatives such
as Linguateca, OpenCor similarly emphasizes doc-
umentation, accessibility, and community-driven
reuse. The resources presented across editions
are heterogeneous in scope, modality, language
coverage, and level of maturity.

Rather than enforcing a fixed taxonomy, Open-
Cor emphasized descriptive presentations, allow-
ing authors to discuss data collection methodolo-
gies, annotation schemes, licensing decisions, and
known limitations. Over time, the OpenCor website
accumulated links to these resources, gradually
forming a distributed list of open datasets.

It is important to note that OpenCor does not
collect linguistic data. The corpora described here
correspond exclusively to the resources voluntar-
ily submitted by participants of the workshops and
related events. As a consequence, the set of lan-
guages represented in OpenCor should not be in-
terpreted as a deliberate or comprehensive cov-
erage of the languages of Latin America and the
Iberian Peninsula. Many relevant languages are not
present, including, for example, Basque, Tikuna,
and Guarani Kaiowa, simply because no resources
for these languages were submitted to the initiative.

OpenCor’s list, despite being vastly incomplete,
brings together a wide variety of open corpora and
lexical resources for Latin American and Iberian lan-
guages, including both newly developed datasets
and resources created before the initiative. Inclu-
sion in the list has not been restricted to works
presented at OpenCor meetings: authors may also
request the addition of their resources indepen-
dently, through a public submission form, available
from the website of the initiative.

This author-initiated list reflects OpenCor’'s em-
phasis on community inclusion, visibility, and

8https ://opencor.gitlab.io/corpora/
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reuse. As of 2025, the list contains 40 resources.
The contributions showcased at OpenCor cover
a wide range of corpus types, beginning with
traditional written and spoken corpora for Span-
ish (Sanchez Ferndndez and Medina Urrea, 2020)
and Portuguese (Santos et al., 2018; Okano et al.,
2020). These include both general-purpose and
domain-specific collections, such as product re-
views (Real et al., 2019; dos Santos Silva et al.,
2024), oil and gas domain (Freitas et al., 2023)
or standardized reference corpora (Crespo et al.,
2023; Mendes, 2024).

Beyond language-specific corpora, the program
highlights regional and national resources from
Latin America and the Iberian Peninsula, ad-
dressing linguistic variation and language diver-
sity (Pichel Campos et al., 2019). These in-
clude resources for Catalan (Rodriguez-Penagos
et al.,, 2021) and multilingual survey question-
naires (Zavala-Rojas et al., 2021), reflecting the
initiative’s commitment to capturing regional diver-
sity. Complementing these text-level datasets are
structured lexical resources, such as high-coverage
morphological lexicons (e.g. MorphoBR (Alen-
car et al.,, 2018)) and terminological databases
(e.g. PetrolNer (Coelho and de Freitas, 2020)),
as well as oral language collections (Junior et al.,
2024; Othero and Ayres, 2014) that provide special-
ized annotation for phenomena such as emotional
children’s speech (Pérez-Espinosa et al., 2020),
thereby broadening the functional range of avail-
able linguistic data.

A core concern of OpenCor is representation of
underrepresented varieties and minority languages.
Examples include corpora documenting indigenous
languages, for instance, the Wixarika-Spanish Par-
allel Corpus (Mager et al., 2018), which provides
aligned text material for an indigenous Mexican
language, and ongoing efforts to build annotated
parallel corpora for Nheengatu (de Alencar, 2023),
the lingua franca in the Amazon basin, alongside re-
sources for Sri Lanka Portuguese (Silva and Trigo,
2022) and Southern Quechua (Cardenas et al.,
2018). Finally, the initiative also embraces non-
spoken and multimodal language resources, such
as multimedia corpora developed for applications
like acoustic interaction research (Rascon et al.,
2018) and sign language translation (Nufiez-Reyes,
2016), underscoring OpenCor’s engagement with
multiple modalities of linguistic data.

This inclusive approach has brought visibility
to corpora often marginalized in mainstream NLP
venues, particularly work on Indigenous languages
of Latin America and regional languages of the
Iberian Peninsula. It highlights not only the exis-
tence of such data, but also the labor, linguistic
diversity, and communities involved in their cre-
ation and maintenance. Notably, several of these



corpora were first presented at OpenCor meetings
during their early stages of development and were
officially released at a later time.

5. Difficulties and Challenges

Despite its successes, OpenCor faces persistent
structural challenges. These include limited and un-
stable funding, particularly for minority and indige-
nous language resources, where financial precarity
directly affects both scope and continuity. The initia-
tive also contends with the coordination costs inher-
ent in geographically dispersed and institutionally
diverse communities, which require sustained col-
laboration across national and disciplinary bound-
aries. Beyond initial creation, the long-term sus-
tainability of corpora remains a significant concern,
encompassing issues of hosting, licensing clarity,
documentation, and ongoing updates. Finally, the
labor involved in corpus development continues to
suffer from insufficient academic recognition, as
data creation and curation are often undervalued in
hiring, promotion, and research assessment frame-
works.

These difficulties are not unique to OpenCor, but
reflect broader systemic issues in open scientific
infrastructure. Funding has been the most persis-
tent challenge faced by OpenCor. Apart from the
initial support in 2018, the workshop never had ded-
icated funding for travel grants, invited speakers,
or infrastructure. A funding request submitted to
NAACL (NAACL Emerging Regions fund) in 2020
to support the 2021 edition was denied. As a re-
sult, participation often depends on authors’ ability
to self-fund or already be present at the host con-
ference. While options such as “workshop-only”
registration help reduce costs, several accepted
papers across editions were not presented due to
financial constraints.

These challenges highlight the broader structural
issue that initiatives focused on data, openness,
and linguistic diversity often struggle to secure fund-
ing compared to model-centric or commercially ori-
ented research agendas. These challenges are
not unique to OpenCor but reflect structural dynam-
ics within the Latin American NLP ecosystem. To
better situate OpenCor within this landscape, the
following section examines related regional initia-
tives and their organizational models.

6. More Latin American Initiatives

OpenCor is not an isolated effort, but part of a land-
scape of community-driven initiatives dedicated to
NLP and open linguistic resources in Latin Amer-
ica. Over the last decade, the region has witnessed
the emergence of multiple forums, collectives, and
research networks addressing structural gaps in
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visibility, infrastructure, and representation within
global NLP research. Rather than forming a coordi-
nated ecosystem, these initiatives typically operate
independently, often without sustained interaction
or mutual awareness. This fragmentation reflects
structural constraints and contributes to the diffi-
culty of sustaining long-term initiatives, many of
which emerge, transform, or disappear over time.

Within this broader and fragmented landscape,
we highlight a small number of initiatives of which
we are aware, selected for their relevance to the de-
velopment, visibility, and organization of language-
related research in Latin America. This selection is
not intended to be exhaustive, but rather illustrative
of different models of community organization and
engagement in the region. Although these initia-
tives differ in scope, structure, and objectives from
OpenCor, we include them to situate our work within
this wider regional context and to acknowledge that
it forms part of an ongoing collective effort rather
than a standalone endeavor.

Within the NLP community, one visible initiative
is AmericasNLP®, a workshop series focused on
Indigenous languages of the Americas and often
co-located with major international conferences
such as ACL and NAACL. The venue promotes
the development of corpora and shared datasets
in low-resource settings and brings together re-
searchers from universities in Latin America and
Europe alongside participants affiliated with large
technology companies. This configuration, also
present in smaller venues, such as the Workshop
on NLP for Indigenous Languages of Lusophone
Countries'?, reflects a broader strategic interest in
expanding multilingual Al systems to historically
underrepresented languages. At the same time,
the growing involvement of major industry actors
raises questions about governance, ownership,
and long-term control of linguistic resources, par-
ticularly where corporate infrastructures intersect
with community-based language initiatives.

In Brazil, the Brazilian Symposium on Information
and Human Language Technology'" (STIL) consti-
tutes probably the longest-running and most con-
solidated NLP venue in Latin America. Organized
under the Brazilian Computing Society since 2003,
STIL has historically served as a primary outlet for
the presentation of open corpora, treebanks, and
lexical resources for Brazilian Portuguese, while
also welcoming work on Spanish and other lan-
guages. The 4th OpenCor edition was co-located
with STIL, reflecting the overlap in community and
goals, while maintaining distinct scopes.

*https://github.com/AmericasNLP

10https ://sites.google.com/view/
illc-nlp-2024/home

111'1ttps ://sites.google.com/view/ce-pln/
eventos/stil



Beyond formal academic venues, grassroots and
independent collectives have played a decisive role
in advancing open linguistic infrastructures. In Mex-
ico, Comunidad Elot/'? exemplifies a bottom-up
model centered on the development of free and
open-source tools and corpora for Indigenous lan-
guages such as Nahuatl, Otomi, and Mixtec. Simi-
larly, in the Andean region, initiatives such as Sim-
inchik'® and Siminchikkunarayku'* have focused
on building open speech corpora for Quechua (Car-
denas et al., 2018) and other native languages of
Peru (Zevallos et al., 2022), often relying on commu-
nity participation and crowdsourcing to overcome
institutional limitations. Interestingly, many Latin
American researchers focused on native language
preservation are nowadays working with underrep-
resented languages of Spain or even with open
data, but in other European countries, which may
reflect structural constraints whereby researchers
committed to endangered languages and open data
struggle to find institutional spaces in Latin America
that enable sustained, long-term, and continuous
research efforts.

At a broader regional level, initiatives such as
Khipu'®, a Latin American meeting on Artificial In-
telligence from 2019, and institutions like CENIA'®
(Centro Nacional de Inteligencia Artificial) in Chile
contribute to cross-national collaboration and infras-
tructure building. While their scope extends beyond
language technologies, these initiatives reinforce
a regional culture of openness, collaboration, and
data sharing that directly benefits NLP research.
Likewise, open data forums such as Abrelatam Con
Datos'” have shaped the policy and civic discourse
around data as a public good, creating favorable
conditions for open linguistic resources develop-
ment since 2013.

Open data and data reuse are also central con-
cerns for communities operating outside academic
NLP itself, particularly those engaged with public in-
formation, transparency, and political accountability
in Latin America. One such initiative is Coda.Br'®
(Conferéncia Brasileira de Jornalismo de Dados e
Métodos Digitais), which occupies a space distinct
from Computational Linguistics research while en-
gaging directly with practices and debates around
openness and data access. Organized since 2015,
Coda.Br brings together journalists, civic technolo-
gists, and professionals interested in politics, trans-
parency, and the use of open data. A distinctive

//elotl.mx/
//watuchi.org/
//siminchikkunarayku.pe/
//khipu.ai/
®https://cenia.cl/

"Open Latin America with Data’;
//abrelatam.org
18https://escoladedados.org/coda/

12https:
13https:
14https:
15https:

https:
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feature of the conference is its commitment to re-
gional decentralization, with recent editions held
annually in the Amazon region, fostering partici-
pation beyond traditional academic and technolog-
ical centers. Although not focused on language
resources or NLP research, Coda.Br contributes to
a broader culture of open data and critical engage-
ment with public information that intersects with the
conditions under which data, including linguistic
data, are created, accessed, and sustained in Latin
America.

Within this landscape, OpenCor occupies a com-
plementary and specialized role. Rather than serv-
ing as a general NLP venue, it provides a dedicated
forum for the documentation, discussion, and dis-
semination of open corpora and lexical resources
for Latin American and lberian languages. By fo-
cusing explicitly on data, licensing, and sustainabil-
ity, OpenCor contributes to the regional ecosystem
by addressing a critical but often under-recognized
layer of NLP research infrastructure.

Taken together, these initiatives reveal a regional
ecosystem characterized by decentralization, frag-
mentation, and limited structural funding. At the
same time, they demonstrate that Latin America
is actively shaping the development of NLP and
lexical resources, rather than merely consuming
technologies produced elsewhere. Researchers,
collectives, and institutions across the region have
built open corpora, organized conferences, and
sustained collaborative networks, often under sig-
nificant structural constraints. Within this context,
OpenCor occupies a specific infrastructural niche:
a forum dedicated not to model performance, but
to the documentation and sustainability of open
corpora. lts persistence across editions, despite
the absence of stable funding, illustrates both the
vitality and the precarity of data-centered initiatives
in Latin America.

7. Conclusion

This paper has presented a historical account of
OpenCor, a community-driven forum dedicated to
open corpora and lexical resources for the lan-
guages of Latin America and the Iberian Peninsula.
Between 2018 and 2024, OpenCor functioned as
a space for documenting resources, discussing li-
censing and sustainability practices, and fostering
exchange among researchers working on under-
resourced, regional, and minority languages.

By consolidating information about meetings,
submissions, and the resources presented across
editions, this paper contributes to the preserva-
tion of institutional memory around an initiative
whose outcomes extend beyond traditional publica-
tion metrics. In particular, it makes visible forms of
labor, such as data collection, annotation, curation,



and maintenance, that are often underrepresented
in mainstream NLP venues.

Rather than positioning OpenCor as a model
to be replicated or sustained indefinitely, this his-
torical record highlights both the possibilities and
the structural constraints faced by the community-
led efforts centered on openness and linguistic di-
versity. As such, the paper aims to serve as a
reference point for researchers, organizers, and
institutions interested in understanding how open
language resource initiatives have emerged, oper-
ated, and evolved within the specific conditions of
Latin America and the Iberian Peninsula.

7.1. Limitations

This paper provides a brief historical account of
the OpenCor initiative and does not aim to be an
exhaustive survey of all open corpora efforts in
Latin America and the Iberian Peninsula. While
we sought to reference relevant NLP groups, work-
shops, and initiatives, the landscape of language
resource development in the region is broad, het-
erogeneous, and continuously evolving, with many
efforts occurring outside established academic
venues. The initiatives discussed also reflect, in
part, the academic networks and geographic con-
texts in which OpenCor was organized, which may
result in the under-representation of some commu-
nities or languages.
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Abstract

Although healthcare documentation is increasingly dependent on speech-based clinical interactions, general-purpose
Automatic Speech Recognition (ASR) and Large Language Models (LLMs) lack the domain adaptation, structured
control and interoperability guarantees required in regulated medical environments. These limitations often result
in transcription errors, hallucinated content, and limited alignment with standardized coding systems. This paper
introduces MedicaLLM, a multilingual, end-to-end framework integrating domain-adapted ASR, LLM-based structured
report generation, and ontology-driven semantic enrichment within a modular architecture for clinical documentation.
MedicalLLM combines medical interview transcription with structured report generation, summarization, and error
correction; Named Entity Recognition (NER); and Medical Entity Linking (MEL) to align with standards such as
SNOMED-CT and ICD-10. Deployed as a secure software as a service (SaaS) platform with REST API integration,
MedicaLLM aims to reduce the administrative burden, improve the quality of documentation, and enhance semantic
interoperability across healthcare systems, all while maintaining computational efficiency and clinical reliability.

Keywords: Automatic Speech Recognition, Large Language Models, Clinical Documentation, Medical Re-

port Generation, Named Entity Recognition, Medical Entity Linking, Multilingual Healthcare Al

1. Introduction

Healthcare systems are currently undergoing an
accelerated digital transformation, driven by the in-
creasing demand for efficiency, accuracy, and inter-
operability in the clinical documentation processes
(Holmgren et al., 2024). The growing administrative
burden faced by healthcare professionals, together
with the need for precise and standardized medi-
cal records, has highlighted the limitations of tradi-
tional documentation workflows. Automatic Speech
Recognition (ASR) (Blackley et al., 2019; Ng et al.,
2025) and Large Language Models (LLMs) (Shool
et al., 2025; Thirunavukarasu et al., 2023), repre-
sents a strategic opportunity to modernize clinical
practice while maintaining high standards of safety,
compliance and linguistic precision.

Despite recent advances in Transformer-based
architectures such as BERT (Devlin et al., 2019),
GPT-based models (Brown et al., 2020), LLaMa-
3 (Grattafiori et al., 2024), Qwen-3 (Yang et al.,
2025), Whisper (Radford et al., 2023) and related
variants, directly adopting these technologies in
the healthcare domain remains challenging. Clini-
cal language is characterized by highly specialized
terminology, domain-specific abbreviations, multi-
lingual variability (notably Spanish and Catalan),
and strict regulatory requirements (Gu et al., 2021;
Carrino et al., 2022). Generic ASR and LLM sys-
tems often struggle to accurately transcribe medical

consultations, correctly interpret technical terminol-
ogy, or generate structured medical reports aligned
with standardized ontologies such as SNOMED-
CT and ICD-10 (Hu et al., 2024). Furthermore,
concerns about data privacy, computational costs,
robustness in noisy clinical environment, and model
hallucinations further complicate their deployment
in real-world healthcare settings (Kim et al., 2025).

The MedicalLLM project addresses these chal-
lenges by developing an end-to-end Atrtificial In-
telligence (Al) pipeline. This pipeline integrates
domain-specific ASR systems with LLM-based
modules that are specialized for generating struc-
tured reports, recognizing named entities, and
linking medical entities. Specifically designed for
a multilingual healthcare environment in Span-
ish and Catalan, the system incorporates fine-
tuned Transformer-based models, medical-domain
datasets, and normalization mechanisms aligned
with international clinical standards. The project
aims to automate and optimize key stages of clinical
documentation by combining speech processing,
semantic understanding, summarization, and on-
tology mapping within a unified architecture.

The proposed architecture is organized into mod-
ular components that separate data acquisition,
transcription, semantic processing, normalization,
and presentation layers. First, an end-to-end ASR
module processes medical interviews and dicta-
tions, ensuring high transcription accuracy under
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realistic hospital acoustic conditions. Next, LLM-
based modules transform raw transcripts into struc-
tured medical reports through context-aware sum-
marization and error correction mechanisms. Then,
NER and MEL components extract relevant clinical
entities, such as symptoms, diagnoses, medica-
tions, and procedures, and map them to standard-
ized terminologies to ensure interoperability and
regulatory compliance. The system is deployed via
a scalable software as a service (SaaS) platform
with secure backend processing, user-friendly in-
terfaces, and API-based integration with electronic
health record (EHR) systems.

Beyond technological innovation, the project
places strong emphasis on reliability, privacy and re-
sponsible Al deployment. Data governance mecha-
nisms compliant with General Data Protection Reg-
ulation (GDPR) and healthcare regulations, halluci-
nation migation strategies, structured output valida-
tion, and human-in-the-loop validation workflows
are integrated into the system design. Furthermore,
optimization techniques such as quantization and
parameter-efficient fine-tuning are explored to en-
able deployment in resource-constrained health-
care environments.

The project (CPP2024-011574) is funded by the
Spanish National Research Agency (AEIl) through
the Colaboracién publico-privada call. The con-
sortium members are VOCALI SISTEMAS IN-
TELIGENTES S.L., a company with extensive ex-
perience in medical ASR solutions, and the TEC-
NOMOD research group at the Universidad de Mur-
cia, specialized in NLP, LLMs and semantic tech-
nologies.

Currently, the platform is being developed and
validated through structured work packages cover-
ing multilingual resource creation, ASR adaptation,
LLM fine-tuning, ontology alignment, SaaS devel-
opment, and integrated system validation. The ex-
pected outcome is a Technology Readiness Level
(TRL) 6 prototype capable of operating in real clin-
ical environments, reducing administrative work-
load, improving documentation quality, and enhanc-
ing the interoperability of medical records across
healthcare systems.

In summary, MedicalLLM proposes a comprehen-
sive, multilingual and domain-adapted Al frame-
work that bridges the gap between state-of-the-art
speech and language technologies and the practi-
cal demands of modern healthcare systems, con-
tributing to more efficient, standardized and scal-
able clinical workflows.

2. Background Information

In recent years, advances in Al, particularly in Natu-
ral Language Processing (NLP) and ASR, have sig-
nificantly transformed the way textual and auditory
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data are processed. Transformer-based architec-
tures such as BERT (Devlin et al., 2019), LLaMa-
3 (Grattafiori et al., 2024), GPT3-family models
(Brown et al., 2020), Qwen-3 (Yang et al., 2025),
Whisper (Radford et al., 2023), HUBERT (Hsu et al.,
2021) and Wav2Vec 2.0 (Baevski et al., 2020) have
demonstrated remarkable capabilities in contextual
language modeling, speech-to-text transcription,
and generative reasoning. These technologies
have reached near-human performance in general-
domain tasks and have been widely adopted in
applications such as virtual assistants, automated
transcription services, machine translation, and
conversational systems (Blackley et al., 2019; Ng
et al., 2025; Shool et al., 2025; Thirunavukarasu
et al., 2023).

However, the healthcare domain presents unique
linguistic, operational and regulatory challenges
that limit the direct applicability of generic Al models.
Clinical language is highly specialized and charac-
terized by domain-specific terminology, acronyms,
abbreviations, implicit contextual references, and
heterogeneous discourse styles (Gu et al., 2021;
Carrino et al., 2022). Medical interviews involve
spontaneous dialogue between healthcare profes-
sionals and patients that often combining colloquial
expressions with technical vocabulary (Kuligowska
et al., 2023). In contrast, medical dictations and
clinical reports are more structured and formal, with
a greater emphasis on terminology. This variability
poses significant challenges for speech recognition
and language understanding systems (Hodgson
and Coiera, 2016).

Although state-of-the-art ASR models have
achieved strong performance in controlled environ-
ments, their accuracy tends to degrade in domain-
specific contexts such as hospitals, where back-
ground noise, overlapping speech, and speaker
variability are common (Lamy et al., 2018). More-
over, generic ASR systems often misrecognize spe-
cialized medical terminology, resulting in transcrip-
tion errors that can have critical implications for
diagnosis, treatment planning, and clinical docu-
mentation (Zuchowski and Goéller, 2022). There is
a significant unmet need for domain-adapted ASR
systems that are fine-tuned using multilingual med-
ical datasets, particularly in Spanish and Catalan.

Concurrent with the development of ASR, LLMs
have precipitated a paradigm shift in NLP by facil-
itating sophisticated functionalities, including text
summarization, information extraction, reasoning,
and structured generation (Brown et al., 2020). In
the medical domain, LLMs exhibit considerable
promise in automating clinical documentation, gen-
erating structured reports from raw transcripts, ex-
tracting relevant medical entities, and mapping
them to standardized ontologies such as SNOMED-
CT and ICD-10 (Thirunavukarasu et al., 2023). Spe-



cialized variants such as BioBERT (Lee et al., 2020)
and ClinicalBERT (Huang et al., 2019) have exhib-
ited enhancements in biomedical text mining tasks.
However, the majority of high-performing genera-
tive models are predominantly trained on English
data, thereby constraining their robustness in other
languages.

The presence of multiple languages in a given
context introduces a degree of complexity that must
be addressed. While Spanish is extensively in-
corporated in NLP resources, Catalan is under-
represented in substantial medical datasets. The
paucity of high-quality annotated corpora for medi-
cal speech and clinical text in these languages im-
poses constraints on the fine-tuning and evaluation
of domain-adapted transformer models. Addition-
ally, healthcare systems mandate strict adherence
to data protection regulations (e.g., GDPR), interop-
erability standards, and traceability requirements,
which generic Al deployments frequently neglect
to address adequately.

Another critical challenge pertains to reliability
and robustness. LLMs have been observed to gen-
erate hallucinations, defined as outputs that are
either factually inaccurate or fabricated, particu-
larly when operating outside the parameters of their
training distribution or when tasked with generating
structured medical content, as evidenced by recent
(Huang et al., 2025). In healthcare environments,
where precision and accountability are essential,
such risks must be mitigated through controlled
generation strategies, structured output constraints,
validation layers, and human-in-the-loop supervi-
sion mechanisms (Kim et al., 2025).

From a technological maturity perspective, many
Al-based healthcare documentation solutions are
still in the experimental or early prototype stage.
Integrating ASR, LLM-based summarization, NER,
and MEL into a unified, scalable, and interopera-
ble pipeline poses significant research and engi-
neering challenges. Additionally, the computational
requirements for deploying large transformer mod-
els can be prohibitive for small and medium-sized
healthcare institutions. This makes model optimiza-
tion techniques, such as quantization, parameter-
efficient fine-tuning, and resource-aware deploy-
ment, essential for real-world adoption.

In this context, there is a clear need for an end-to-
end framework tailored to multilingual healthcare
environments. This framework should combine
domain-specific speech recognition, structured lan-
guage generation, semantic normalization, interop-
erability with clinical coding systems, secure data
governance, and scalable deployment via SaaS
architectures. Addressing these gaps will not only
reduce administrative burden and improve docu-
mentation efficiency but also enhance data qual-
ity, interoperability, and clinical decision support in
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modern healthcare systems.

3. System Architecture

The Medical LM platform is designed as a modular
end-to-end pipeline that integrates domain-adapted
ASR and LLMs to support multilingual (Spanish
and Catalan) clinical documentation workflows. As
described in the Figure 1, the global SaaS sys-
tem is organized into four main modules: (1) ASR
for medical interviews and dictation; (2) medical
report generation with summarization and error cor-
rection; (3) NER and MEL with normalization to
clinical standards; and (4) user interfaces and ser-
vice communication. The architecture separates
perception (speech-to-text), clinical reasoning and
structuring (LLM-based generation), semantic en-
richment (NER/MEL), and interaction layers (SaaS
Ul and APIs), enabling independent optimization
and scalable deployment in real healthcare envi-
ronments.

At runtime, a healthcare professional records
or uploads audio from either a doctor—patient in-
terview or a clinician dictation. Audio is securely
transmitted to the ASR module, which produces
a transcript while preserving domain terminology
and, in interview scenarios, applying speaker di-
arization to distinguish patient and clinician turns.
The resulting text is routed to the report generation
module, where an LLM transforms unstructured
transcripts into structured clinical documentation
(e.g., symptoms, diagnosis, treatment plan), incor-
porating summarization and context-aware error
correction to mitigate transcription artifacts. Next,
the NER/MEL module extracts relevant clinical en-
tities and links them to standardized terminologies
(e.g., SNOMED-CT, ICD-10), enabling interoper-
ability and downstream integration with EHR sys-
tems. Finally, the outputs are presented to the user
through the SaaS interface, where clinicians can
validate and edit results, and optionally export them
through secure API integrations.

All core services are conceived to operate under
a SaaS deployment model, supporting both real-
time and offline workflows, and enabling integration
with external hospital systems via RESTful APIs.
The following subsections describe each module
in more detail.

3.1. ASR Module for Medical Interviews

and Dictations

The ASR module constitutes the perceptual back-
bone of the MedicalL LM architecture. It objective is
to convert spoken medical interactions into accu-
rate textual representations while preserving clini-
cal terminology, speaker structure and contextual
coherence.
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Figure 1: Overview of the modules that conform the MedicaLLM system architecture.

Unlike generic speech recognition systems, the
MedicaLLM ASR component is specifically adapted
to the medical domain. It addresses two distinct
but complementary use cases:

1. Medical interviews: spontaneous, multi-
speaker interactions between clinician and pa-
tient, characterized by turn-taking, colloquial
expressions, incomplete sentences, interrup-
tions and embedded technical terminology.

Medical dictation: structured, terminology-
dense speech produced by healthcare profes-
sionals, often including acronyms, abbrevia-
tions and highly domain-specific expressions.

The module will be built upon transformer-
based end-to-end ASR architectures (e.g., Whis-
per, Wav2Vec 2.0, or HUuBERT variants), which will
be fine-tuned using multilingual domain-specific
datasets generated within the project. These
datasets will include manually transcribed real and
simulated consultations, augmented audio reflect-
ing hospital noise conditions, and diverse accents
to ensure robustness across clinical settings.

For interview scenarios, speaker diarization
mechanisms will be integrated to distinguish be-
tween clinician and patient turns. This separation
is essential for downstream structured report gener-
ation, where the attribution of symptoms and state-
ments must be correctly contextualized. For dic-
tation scenarios, additional preprocessing steps
will be applied, including phonetic normalization of
acronyms and abbreviation expansion modeling,
enabling the system to handle expressions such
as letter-by-letter pronunciations and abbreviated
clinical terminology.

The fine-tuning strategy will evaluate multiple
adaptation configurations, including encoder freez-
ing, full fine-tuning, and gradual unfreezing, opti-
mizing the trade-off between domain adaptation
and the preservation of general acoustic represen-
tations. Performance will be evaluated using Word
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Error Rate (WER), domain-specific terminology ac-
curacy, and Real-Time Factor (RTF), ensuring both
transcription precision and operational feasibility.

The output of this module will be a timestamped,
optionally diarized transcript that will serve as struc-
tured input for the LLM-based report generation
module.

3.2. LLM-Based Medical Report
Generation, summarization and
Error Correction

The report generation module transforms raw ASR
transcripts into structured, standardized, and clin-
ically meaningful documentation. This process is
expected to significantly reduce the administrative
workload for healthcare professionals and improve
consistency in clinical reporting.

The module will leverage multilingual LLMs and
SLMs (e.g., Gemma-3, Mistral, Phi-4, and Qwen-3)
adapted to the medical domain through supervised
fine-tuning and instruction tuning on curated clinical
datasets. This process will incorporate transcripts,
structured reports, and annotated data to ensure
alignment with clinical writing conventions.

This component performs three tightly integrated
functions:

3.2.1. Structured Report Generation

The system transforms unstructured conversational
transcripts into organized reports divided into pre-
defined sections such as, chief complaint, history
of present illness, physical examination findings,
diagnosis and treatment plan.

This structuring will be achieved through prompt
conditioning, instruction tuning, and template-
guided decoding strategies, ensuring compliance
with standardized medical documentation formats.



3.2.2. Abstractive and Extractive
summarization

The module uses hybrid summarization techniques.
Abstractive summarization will condense long tran-
scripts into coherent, concise clinical narratives,
while extractive mechanisms will ensure that criti-
cal factual elements, such as drug names, dosages,
and lab results, are explicitly preserved. This dual
strategy is expected to reduce information loss
while maintaining readability.

Different advanced approaches will be progres-
sively evaluated to support this objective. These ap-
proaches include encoder—decoder architectures,
such as mT5 and mBART, for multilingual abstrac-
tive summarization. Subsequently, LLMs will be as-
sessed to enhance contextual coherence, domain
adaptation, and structured generation capabilities.

3.2.3. Context-Aware Error Correction

Given that ASR systems may introduce transcrip-
tion errors, especially in terminology-dense con-
texts, the LLM incorporates contextual correction
mechanisms. By leveraging domain knowledge
encoded during fine-tuning, the model identifies
probable inconsistencies and corrects medical ter-
minology when contextual evidence supports such
correction. This step enhances reliability and re-
duces post-editing workload.

Prompt engineering strategies (zero-shot, few-
shot, and chain-of-thought prompting) will be eval-
uated to improve structured generation under com-
putational constraints. Additionally, model optimiza-
tion techniques such as quantization and QLoRA
will be explored to enable deployment in resource-
constrained healthcare infrastructures.

The output of this module is a structured, lin-
guistically refined clinical report ready for semantic
enrichment.

3.3. NER and Medical Entity Linking for
Normalization

The semantic enrichment layer enhances interop-
erability and machine-readability of the generated
reports by extracting and normalizing clinically rel-
evant entities.

This module consists of two sequential compo-
nents:

3.3.1. Named Entity Recognition (NER)

The NER subsystem identifies entities such as
symptoms, diagnoses, medications, procedures,
date, dose of the medication, organization, labora-
tory tests, and among others.

Two complementary strategies will be evaluated:
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+ LLM-based extraction via prompt engineer-
ing, enabling flexible zero-shot or few-shot
recognition in low-resource contexts.

* Fine-tuned encoder-based models (e.g.,
BERT, RoBERTa, XLM-R variants) trained on
manually annotated corpora, optimized for
computational efficiency.

Performance is measured using precision, recall
and F1-score, ensuring clinical-grade entity extrac-
tion accuracy.

3.3.2. Medical Entity Linking (MEL)

Following entity extraction, the MEL subsystem
will map surface-level terms to standardized on-
tology entries such as SNOMED-CT and ICD-10
codes. Transformer-based embedding approaches
(e.g., SapBERT-style representations) will be used
to generate contextual embeddings for candidate
concepts, which will be retrieved through similarity
search mechanisms.

To address ambiguity and near-synonymous ter-
minology, a re-ranking layer will be incorporated to
refine candidate selection using context-sensitive
scoring. This step is critical in clinical scenarios
where subtle semantic differences may correspond
to distinct diagnostic codes.

The output will be an enriched clinical report an-
notated with standardized codes, enabling seam-
less integration into EHR systems and supporting
downstream analytics.

3.4. SaaS Platform, User Interfaces and
Service Communication

The final layer of the architecture corresponds to
the SaaS deployment infrastructure and user inter-
action components. The platform is designed to
operate as a scalable cloud-based service while
supporting integration with on-premise hospital sys-
tems when required.

3.4.1. Backend Layer

The backend orchestrates the full operational life-
cycle of the system, coordinating ASR processing,
LLM inference, semantic enrichment workflows,
dataset management, and model versioning within
a unified service layer. It manages task scheduling,
resource allocation, logging, and inter service com-
munication, ensuring that each module, including
speech recognition, report generation, and entity
normalization, operates cohesively within the over-
all pipeline.

Secure storage mechanisms are integrated at
multiple levels, including encrypted data at rest and
in transit, role based access control, audit logging,
and traceability of model outputs and edits. The



infrastructure is designed to comply with GDPR
requirements and healthcare data protection stan-
dards, supporting anonymization or pseudonymiza-
tion strategies where appropriate, as well as con-
trolled data retention policies.

The architecture supports both synchronous real
time and asynchronous batch processing work-
flows. In real time scenarios, such as live dictation
or consultation transcription, low latency inference
pipelines ensure timely feedback to clinicians. In
asynchronous mode, larger audio files or bulk doc-
umentation tasks can be processed through batch
execution, optimizing computational resource uti-
lization. This dual capability enables flexible de-
ployment across diverse healthcare environments,
from small clinics to large hospital networks.

3.4.2. Frontend Interfaces

User interfaces provide healthcare professionals
with intuitive and user-centered tools that support
the full clinical documentation workflow. Through
the interface, users can securely record consul-
tations in real time or upload previously recorded
audio files. They are able to review automatically
generated transcripts with timestamp navigation,
compare diarized speaker segments when appli-
cable, and detect potential transcription inconsis-
tencies. The interface also enables validation of
structured clinical reports, allowing clinicians to ex-
amine how information has been organized into
predefined sections such as symptoms, diagnosis
and treatment plan. In addition, users can inspect
extracted clinical entities along with their associated
standardized codes, verify their correctness within
context, and perform manual corrections when nec-
essary. Before final submission, professionals can
edit, refine and formally approve the documentation
to ensure clinical accuracy and completeness.

Visualization dashboards complement these
tools by providing operational transparency. They
offer real-time and aggregated metrics on transcrip-
tion quality (e.g., error rates and processing la-
tency), report generation performance, entity ex-
traction statistics, and dataset usage indicators.
These monitoring capabilities support quality as-
surance, facilitate model evaluation and version
comparison, and enable data-driven optimization
of the overall system.

3.4.3. API and Integration Layer

RESTful APIs enable integration with third-party
hospital systems, EHRs, and external services. An
API| gateway manages authentication, access con-
trol and secure communication between frontend
and backend services.

The Saa$S architecture is designed following mi-
croservices principles, enabling containerized de-
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ployment, horizontal scalability and independent
updating of ASR, LLM and NER components. This
modular design ensures maintainability, resilience
and adaptability to evolving clinical requirements.

3.5. Implementation Status and

Validation

To clarify the distinction between contributions and
ongoing work, this section details the implementa-
tion status of each component, the datasets used,
and the validation strategy adopted in the Medi-
calLLM project.

MedicaLLM is currently under development
within a structured work plan and is expected to
reach a TRL 6 prototype, validated in realistic clini-
cal environments. The system follows a modular
design, where different components are at different
stages of maturity:

» Data resources (In progress): Multilingual
datasets in Spanish and Catalan have been
created, including real and simulated doc-
tor—patient conversations, medical dictations,
and structured clinical reports. These datasets
are manually transcribed and annotated by ex-
perts, forming gold-standard corpora for ASR,
NER, and MEL tasks.

ASR module (under development): Base-
line transformer-based ASR systems (e.g.,
Whisper, Wav2Vec 2.0) have been selected
and are currently being adapted through
domain-specific fine-tuning using the gener-
ated datasets. Optimization strategies such
as encoder freezing and gradual fine-tuning
are under evaluation.

LLM-based report generation (under devel-
opment): Initial pipelines for structured report
generation, summarization, and error correc-
tion have been implemented using multilingual
LLMs. Ongoing work focuses on instruction
tuning, prompt optimization, and alignment
with clinical documentation standards.

NER and MEL modules (under develop-
ment): Annotated datasets for entity recogni-
tion and linking have been completed. Model
development is ongoing, combining fine-tuned
encoder-based models and LLM-based extrac-
tion approaches, along with ontology align-
ment to SNOMED-CT and ICD-10.

Integrated Saa$S platform (planned integra-
tion phase): The full end-to-end integration of
all modules into a scalable Saa$S platform, in-
cluding APl-based interoperability with EHR
systems, is currently under development and
will be validated in later project stages.



The operational pipeline follows a well-defined
sequence. First, audio is acquired either from med-
ical interviews or clinician dictations. The signal
is processed by the ASR module, which gener-
ates a transcript and optionally performs speaker
diarization to distinguish between patient and clini-
cian turns. The resulting text is then transformed
by the LLM-based module into structured clinical
reports, incorporating summarization and context-
aware error correction. Subsequently, NER and
MEL components extract relevant clinical entities
and map them to standardized terminologies such
as SNOMED-CT and ICD-10. The normalized out-
put is then presented to clinicians through the user
interface, where validation and editing take place
before final export and integration into EHR sys-
tems. This design ensures a clear separation be-
tween perception, reasoning, semantic normaliza-
tion, and user interaction layers.

The system relies on domain-specific datasets
generated within the project, addressing the
scarcity of medical resources in Spanish and Cata-
lan. These datasets include transcribed doc-
tor—patient conversations (both real and simulated),
clinical dictations, structured medical reports, and
synthetic audio generated via text-to-speech to im-
prove robustness under diverse acoustic conditions.
In addition, manually annotated corpora have been
created for NER and MEL tasks, enabling super-
vised training and evaluation of semantic extraction
and normalization components. All data collection
and processing follow strict GDPR-compliant pro-
tocols, including anonymization procedures and
expert validation.

Given the risks associated with generative mod-
els in clinical contexts, MedicalLLM incorporates
multiple complementary hallucination mitigation
strategies. These include template-guided and
structured generation, which constrains outputs to
predefined clinical sections, as well as hybrid ex-
tractive—abstractive summarization techniques that
preserve critical factual information while ensuring
readability. Furthermore, context-aware error cor-
rection mechanisms leverage domain knowledge
during LLM inference to detect and resolve incon-
sistencies. Ontology grounding through MEL aligns
generated outputs with standardized medical ter-
minologies, and human-in-the-loop validation en-
sures that all outputs are reviewed before clinical
use. Together, these mechanisms transform hallu-
cination mitigation from a conceptual objective into
an operational component of the system.

Human validation constitutes a central element
of the workflow. Through the SaaS$S interface, clini-
cians can review transcripts and structured reports,
inspect extracted entities and their associated stan-
dardized codes, and perform manual corrections
where necessary. Users are able to edit, refine, and
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formally approve the final report, ensuring clinical
accuracy and completeness. Only validated out-
puts are exported to EHR systems, guaranteeing
reliability, traceability, and regulatory compliance.

Although large-scale experimental results are
still under development, the evaluation framework
is already defined. The ASR module is assessed
using metrics such as WER, domain-specific termi-
nology accuracy, and RTF. The NER component is
evaluated through precision, recall, and F1-score,
while MEL performance is measured in terms of
linking accuracy and ranking quality. At the system
level, evaluation includes clinician validation time,
correction rate, and usability indicators.

4. Conclusions and Further Work

MedicalLM integrates the core technological com-
ponents required for end-to-end multilingual clinical
documentation, including a domain-adapted ASR
module for medical interviews and dictation, LLM-
based structured report generation with summariza-
tion and error correction capabilities, a semantic
enrichment layer for NER and MEL, and a secure
SaaS platform enabling user interaction and EHR
integration. The architecture combines speech per-
ception, structured generation, ontology alignment
and human-in-the-loop validation within a modular
and scalable microservices framework tailored to
healthcare environments.

Currently, the platform is being developed and
validated through structured work packages cover-
ing multilingual resource creation, ASR adaptation,
LLM fine-tuning, ontology alignment, SaaS devel-
opment, and integrated system validation. These
activities include the systematic construction and
annotation of domain-specific datasets, the pro-
gressive adaptation of speech and language mod-
els to clinical terminology, and the iterative evalua-
tion of transcription accuracy and structured report
generation quality. The validation framework as-
sesses the structural and semantic consistency of
automatically generated medical reports, as well
as the precision and recall of entity extraction and
normalization components. Particular emphasis is
placed on minimizing transcription artifacts, reduc-
ing clinically unsafe hallucinations, and ensuring
full alignment with standardized medical coding
systems and interoperability requirements.

Future work will concentrate on several com-
plementary research and development directions.
First, we plan to enhance domain robustness
through adaptive fine-tuning strategies that incor-
porate continual learning mechanisms, enabling
the ASR and LLM components to evolve as new
clinical terminology, interaction styles and specialty-
specific vocabularies emerge. Second, we aim to
explore tighter integration between report genera-



tion and ontology normalization, investigating joint
modeling approaches where structured generation
is directly constrained by standardized terminolo-
gies during decoding. Finally, we will investigate
automated feedback loops between clinician cor-
rections and model refinement pipelines. By incor-
porating validated post-edits into incremental train-
ing cycles, the system will progressively improve
its structured generation accuracy and semantic
consistency.
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Abstract

Customer service and incident management increasingly rely on multimodal evidence, combining text, images and
audio. However, general-purpose models lack domain grounding, structured output control and reliability guarantees
required in regulated enterprise environments, often leading to hallucinated responses and limiting their practical
deployment. This paper presents mCS-LM, a multilingual multimodal framework that integrates Large Language
Models (LLMs), Visual Language Models (VLMs), Audio Language Models (ALMs) and Retrieval-Augmented
Generation (RAG) within a modular and traceable architecture tailored to customer service and incident management.
The system introduces complementary processing flows: (i) perception modules for visual and audio understanding
aligned with LLM-based reasoning, and (ii) structured report generation from multimodal evidence through supervised
fine-tuning using QLoRA and efficient adaptation techniques. To mitigate hallucinations and improve factual reliability,
the framework incorporates vector databases and multimodal RAG pipelines that retrieve domain-specific knowledge
from external corporate sources. Formal structural schemas and validation mechanisms enforce output consistency
and syntactic correctness. The platform is deployed as a web-based system with REST API integration, enabling
scalable multimodal interaction across channels such as instant messaging, email and web chat. Experimental
results demonstrate that multimodal generative models can be specialized for structured, domain-constrained
enterprise tasks while maintaining computational viability and robustness.

Keywords: Multimodal Conversational Systems, Customer Service Automation, Large Language Models,
Visual Language Models, Audio Language Models, Retrieval-Augmented Generation, Hallucination Mitigation

1. Introduction theless, the direct adoption of these models in reg-
ulated enterprise environments remains challeng-
ing (Eling and Lehmann, 2018). General-purpose
models are prone to hallucinations, struggle to pro-
duce domain-constrained structured outputs, re-
quire costly computational infrastructure and of-
ten lack integration with external corporate knowl-
edge sources (Stoeckli et al., 2018; Lewis et al.,
2020). Furthermore, existing solutions typically ad-
dress text, image or audio processing in isolation,
rather than providing a unified multimodal frame-
work (Shumanov and Johnson, 2021; Xu et al.,
2017). This gap limits the development of reliable
and controllable multimodal assistants suitable for
real-world customer service and incident manage-
ment workflows.

Customer service and incident management have
undergone significant digital transformation in re-
cent years, driven by the need to handle large vol-
umes of interactions efficiently while maintaining
quality, personalization and multilingual support
(Balasubramanian et al., 2018). In sectors such as
insurance, e-commerce, telecommunications and
logistics, customer interactions increasingly involve
multimodal evidence, including textual descriptions,
images documenting damages and audio record-
ings (Cui et al., 2017). Small and medium-sized
enterprises (SMEs), however, often lack the techni-
cal and computational resources required to deploy
advanced Al-driven solutions capable of process-
ing ar)d r_easoning over such heterogeneous data This paper presents the mCS-LM project, a
(Luccioni et al., 2023). multilingual (including Spanish and English) mul-

Recent advances in Large Language Models  timodal framework designed to integrate LLMs,
(LLMs) (Zhao et al., 2023), Visual Language Mod-  VLMs, ALMs and Retrieval-Augmented Genera-
els (VLMs) (Gan et al., 2022) and Audio Language  tion (RAG) within a modular and scalable archi-
Models (ALMs) (Su et al., 2025) have demonstrated  tecture tailored to customer service and incident
strong capabilities in conversational reasoning, vi- management. The system combines perception
sual understanding and speech processing. Never-  modules for text, image and audio processing with
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structured generation mechanisms and multimodal
RAG pipelines supported by vector databases to
systematically mitigate hallucinations and enhance
factual grounding. In addition, formal structural
schemas, output validation layers and controlled
generation constraints enforce syntactic correct-
ness, domain alignment and semantic consistency,
providing explicit safeguards against unreliable re-
sponses in high-stakes enterprise environments.
The project consortiun is formed by Panel Sistemas
S.L. (Spain), TECNOMOD research group at the
University of Murcia (Spain), Medio Melén S.A.
(Mexico) and Instituto Tecnoldgico Teziutlan (Mex-
ico), as part of an International Technological Co-
operation Project with unilateral certification and
monitoring (reference UNI-20240017).

The resulting platform is deployed as a web-
based system with REST API integration, enabling
seamless interaction across channels such as in-
stant messaging, email and web chat, while sup-
porting multilingual and multimodal communication
in enterprise environments. As detailed in Section
3, the architecture is organized into modular compo-
nents that separate perception, reasoning, retrieval
and generation processes, allowing flexible adapta-
tion to different customer service domains such as
insurance, e-commerce, telecommunications and
logistics.

The overall architecture integrates specialized
multimodal processing modules (see Section 3.1)
responsible for handling text, image and audio in-
puts through LLM, VLM and ALM components,
whose outputs are aligned within a unified seman-
tic representation space. These modules are con-
nected to a multimodal RAG layer (see Section
3.2), which integrates external corporate knowl-
edge sources, such as policy documents, pro-
cedural manuals and internal databases, stored
in vector databases for efficient semantic search
over domain-specific corporate knowledge sources.
This retrieval layer conditions generation and rein-
forces factual grounding.

To ensure reliability in regulated enterprise con-
texts, the system combines multiple complemen-
tary mechanisms for hallucination mitigation (see
Section3.3). Beyond grounding responses through
RAG, a dedicated hallucination control module intro-
duces intention-aware routing and controlled gen-
eration strategies. This module performs prior in-
tent classification and interaction-type identification,
conditioning the response generation process and
explicitly constraining the model’s output space
according to domain-specific schemas and pre-
defined prompts. Together with validation layers
and controlled decoding mechanisms, these safe-
guards mitigate hallucinations and prevent syntac-
tic or semantic inconsistencies.

The web interface (Section 3.4) provides user-
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facing interaction and REST API services within
a scalable microservices architecture, facilitating
cloud-ready deployment and seamless integration
into existing enterprise infrastructures. From the
end-user perspective, customers interact directly
with the multimodal conversational layer powered
by LLM, VLM and ALM components, receiving au-
tomated responses and structured incident reports.
In parallel, company agents access a dedicated
dashboard focused on operational management.
This interface provides real-time analytics and con-
figurable Key Performance Indicators (KPIs) related
to registered incidents, detected intents, resolution
status and escalation cases. It also enables agents
to monitor system activity, review Al-generated out-
puts and intervene in complex or high-risk interac-
tions requiring human supervision. This dual-layer
design separates automated conversational pro-
cessing from operational oversight, ensuring both
scalability and controlled human involvement.

The platform is currently in its final stages of
development and is undergoing validation within
real operational environments in collaboration with
customer service professionals from the participat-
ing companies. These domain experts evaluate
the system using representative real-world scenar-
ios, including both common and complex incident
cases, allowing iterative refinement of multimodal
understanding, structured report generation and
hallucination control mechanisms.

This practitioner-driven validation process en-
sures that the framework aligns with practical work-
flow requirements, domain-specific constraints and
the most critical edge cases encountered in day-
to-day operations. Within this scope, the present
work emphasizes the design and integration of the
proposed architecture, while more comprehensive
quantitative evaluation, including benchmarking
against baseline models, is part of ongoing work
as the system continues to evolve within real oper-
ational settings.

2. Background Information

The development of advanced customer service
and incident management systems is driven by
recent progress in Natural Language Processing
(NLP) (Vaswani et al., 2017; Devlin et al., 2019)
and multimodal Atrtificial Intelligence, including vi-
sion (He et al., 2016) and audio (Yang et al., 2025).
LLMs have demonstrated remarkable capabilities
in natural language understanding, contextual rea-
soning and text generation, enabling more flexi-
ble and conversational interfaces compared to tra-
ditional rule-based systems (Brown et al., 2020;
Achiam et al., 2023). Transformer-based architec-
tures have become the dominant paradigm, sup-
porting multilingual interaction and domain adap-



tation through fine-tuning and in-context learning
strategies (Radford et al., 2021; Li et al., 2023).
However, their deployment in regulated enterprise
environments introduces challenges related to hal-
lucinations, computational cost and controllability
(Balasubramanian et al., 2018; Huang et al., 2025).

In parallel, VLMs extend language reasoning to
visual inputs, integrating image encoders with lan-
guage decoders to enable multimodal understand-
ing and generation (Radford et al., 2021). These
models allow the interpretation of images such as
damaged products, infrastructure incidents or tech-
nical documentation, transforming visual evidence
into structured textual representations (Li et al.,
2023). Similarly, ALMs leverage pretrained speech
encoders such as Whisper or Wav2Vec to tran-
scribe and interpret spoken interactions (Su et al.,
2025), supporting voice-based incident reporting
and customer support scenarios (Gung et al., 2023).
Despite these advances, multimodal models are
typically optimized for open-ended tasks rather than
domain-constrained structured generation required
in enterprise workflows.

To address factual inconsistencies and hallucina-
tions, RAG architectures have gained prominence
(Lewis et al., 2020). By combining generative
models with external knowledge retrieval mecha-
nisms supported by vector databases and semantic
search, RAG systems improve grounding and en-
sure access to up-to-date domain-specific informa-
tion. Additionally, model optimization techniques
such as quantization, distillation and parameter-
efficient fine-tuning methods like LoRA (Hu et al.,
2022) and QLoRA (Dettmers et al., 2023) have
been proposed to reduce computational require-
ments while maintaining performance, facilitating
deployment in SMEs environments.

Although significant progress has been made in
text, vision and speech processing independently,
comprehensive frameworks that integrate LLMs,
VLMs, ALMs and RAG within a unified, controllable
and enterprise-ready architecture remain limited.
Existing solutions often lack explicit mechanisms
for structured output enforcement, hallucination mit-
igation and seamless integration into operational
customer service infrastructures. This gap moti-
vates the development of a modular multimodal
framework capable of combining perception, re-
trieval, controlled generation and deployment scal-
ability within a single system.

3. System Architecture

Figure 1 shows the overall architecture of the sys-
tem. The platform is organized into five main mod-
ules. The first module corresponds to the multi-
modal processing layer (see Section 3.1), which is
responsible for handling text, image and audio in-
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puts through domain adjusted LLM, VLM and ALM
models. This module performs perception, encod-
ing and semantic alignment of heterogeneous data
sources, transforming multimodal inputs into unified
representations suitable for downstream reasoning.

The second module focuses on the RAG pipeline
(see Section 3.2), which connects the generative
models with external corporate knowledge bases.
Through vector databases and semantic search
mechanisms, this layer retrieves relevant domain-
specific information, such as policy documents and
procedural manuals, to ground responses and en-
hance factual consistency.

The third module addresses structured output
and hallucination control (see Section 3.3). In ad-
dition to enforcing domain-specific schemas, con-
trolled decoding strategies and validation mech-
anisms, this module incorporates an intention-
aware classification and routing layer that condi-
tions the response generation process before de-
coding takes place. By identifying the interaction
type and constraining the generation space through
predefined prompts and domain-aligned templates,
the system explicitly restricts the model’s behavior,
reducing the likelihood of producing unsupported,
out-of-scope or fabricated content. These com-
bined safeguards ensure syntactic correctness, se-
mantic consistency and reliable responses in regu-
lated enterprise contexts.

The fourth module corresponds to the incident
management system interface (see Section 3.4),
which provides the user-facing conversational layer
and REST API services. This component enables
seamless integration with enterprise communica-
tion channels such as instant messaging, email
and web chat, supporting multilingual (including
Spanish and English) and multimodal interaction
workflows.

The fifth module corresponds to the operational
dashboard (see Section 3.5), designed for com-
pany agents and supervisors. This interface pro-
vides real-time analytics and configurable KPls re-
lated to registered incidents, detected intents, reso-
lution status and escalation cases. It enables mon-
itoring of system activity, review of Al-generated
outputs and human intervention in complex or high-
risk interactions. By separating conversational au-
tomation from operational oversight, the architec-
ture ensures scalability while maintaining controlled
human involvement in enterprise workflows. The
following subsections describe these modules in
more detail.

The platform is designed to be offered under
a Software-as-a-Service (SaaS) model, allowing
flexible adoption by SMEs. Basic functionality sup-
ports multimodal interaction and structured inci-
dent reporting, while advanced features, such as
extended knowledge base integration, customiz-
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Figure 1: Overview of the modules that conform the mCS-LM system architecture.

able workflows and enterprise-level scalability, can
be configured according to organizational require-
ments. All services and software components are
containerized using Docker, enabling modular de-
ployment, horizontal scalability and flexible orches-
tration depending on performance constraints and
infrastructure availability.

3.1. Multimodal Processing Modules

The multimodal processing layer constitutes the
perception and semantic encoding backbone of
the mCS-LM architecture. It is responsible for han-
dling heterogeneous inputs (text, images, and au-
dio) through specialized domain-adapted models,
enabling unified downstream reasoning and struc-
tured response generation.

To ensure computational viability in enterprise
environments, all multimodal components, includ-
ing LLMs, VLMs and ALMs, are optimized through
techniques such as quantization and parameter-
efficient fine-tuning using QLoRA. These strategies
reduce hardware requirements while preserving
performance, facilitating deployment in SMEs in-
frastructures.

Textual interactions are processed through LLMs
fine-tuned for customer service and incident man-
agement tasks. Domain adaptation is achieved
through parameter-efficient fine-tuning strategies,
including QLoRA, allowing the system to special-
ize in policy interpretation, claim management and
incident reporting scenarios while maintaining com-
putational efficiency.

Visual inputs are handled by VLMs to transform
visual evidence, such as photographs of damages,
defective products or infrastructure incidents, into
structured textual representations. The VLM com-
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ponent operates under two complementary pro-
cessing strategies. In the descriptive flow, visual
content is first converted into a controlled textual
description that is subsequently processed by the
LLM reasoning module, separating perception from
linguistic inference. In the generative flow, a fine-
tuned VLM produces domain-specific structured
outputs (e.g., JSON incident reports) from raw im-
ages. This dual design enables both modular rea-
soning over image-derived descriptions and end-to-
end structured generation aligned with predefined
reporting schemas.

Audio interactions are processed through ALMs
to extract contextual embeddings from spoken in-
puts. These embeddings are projected into a
shared semantic space aligned with the LLM de-
coder, allowing the system to perform transcription,
intent understanding and response generation from
voice-based interactions. This design supports mul-
tilingual speech inputs and enables seamless inte-
gration of audio within multimodal conversational
workflows.

To ensure coherent multimodal reasoning, the
outputs of the LLM, VLM and ALM components
are aligned within a unified semantic representa-
tion space. This alignment facilitates late-fusion
integration strategies, enabling the system to com-
bine textual, visual and acoustic information before
retrieval and controlled generation stages. By sep-
arating perception from reasoning and maintain-
ing modular specialization of each modality, the
architecture achieves both flexibility and scalability
across diverse enterprise domains.



3.2. Retrieval-Augmented Generation
Pipeline

The RAG pipeline enhances the generative ca-
pabilities of the multimodal models by grounding
responses in external domain-specific knowledge
sources. Instead of relying exclusively on the para-
metric knowledge encoded within the LLM, the sys-
tem dynamically retrieves relevant information from
corporate repositories before response generation.

Domain documents, including policy manuals,
procedural guidelines and internal databases, are
preprocessed, segmented and embedded into vec-
tor representations using sentence-level embed-
ding models. These embeddings are stored in
vector databases that enable efficient semantic
search through similarity-based retrieval mecha-
nisms. When a user query is received, its rep-
resentation is used to retrieve the most relevant
contextual fragments, which are then incorporated
into the generation prompt.

To ensure that retrieved information remains
up-to-date in dynamic enterprise environments,
the system supports incremental updates of the
vector database. New or modified documents
can be embedded and indexed without requiring
full re-indexing, enabling efficient maintenance of
the knowledge base. Additionally, document-level
metadata, such as timestamps and versioning in-
formation, is incorporated into the retrieval process
to prioritize more recent and relevant content.

When potentially conflicting information is re-
trieved (e.g., legacy documents versus updated
protocols), the system applies a ranking strategy
that combines semantic similarity, document re-
cency and source reliability. This prioritization en-
sures that the most current and authoritative infor-
mation is used to condition generation, while the
structured output module enforces consistency in
the final response delivered to the user.

This retrieval layer conditions the decoding pro-
cess, reinforcing factual consistency and reducing
the likelihood of hallucinated or outdated responses.
By integrating structured corporate knowledge into
the generation workflow, the system ensures that
responses remain aligned with current policies, op-
erational procedures and domain constraints.

The architecture also supports multimodal re-
trieval scenarios, allowing textual queries to be as-
sociated with information derived from images or
audio metadata when available. This design ex-
tends traditional text-only RAG approaches and
enables unified grounding across heterogeneous
enterprise data sources.
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3.3. Structured Output and Hallucination
Control

Ensuring reliability in regulated enterprise environ-
ments requires explicit mechanisms to control the
behavior of generative models. Beyond retrieval-
based grounding, the mCS-LM framework incor-
porates a dedicated structured output and halluci-
nation control module designed to constrain gen-
eration and reduce unsupported or out-of-scope
responses.

The control pipeline introduces a hierarchical
intention-aware classification process prior to re-
sponse generation. Each incoming user message
is first processed by a global intent classifier that
performs a high-level categorization of the interac-
tion (e.g., conversational intent, domain-specific
action, policy-related claim, out-of-scope request
or unspecified issue). This initial classification de-
termines whether the interaction can be directly
mapped to a predefined response strategy or re-
quires further specialized analysis.

Messages assigned to intermediate categories
are routed to a second-stage classifier tailored to
the corresponding interaction type. For instance,
conversational intents are processed by a dialogue-
oriented classifier, while domain-specific actions
related to incident management or policy handling
are redirected to dedicated domain classifiers. This
two-step classification strategy reduces task com-
plexity, isolates interaction types and provides finer
control over subsequent generation stages.

The outcome of this hierarchical classification
process conditions the prompt selection and gen-
eration strategy used by the LLM responsible for
producing the final response. Instead of generat-
ing outputs directly from the raw input, the model
operates under predefined domain-aligned tem-
plates and constrained decoding configurations as-
sociated with the detected interaction type. This
intention-aware routing mechanism explicitly re-
stricts the model’s output space, reducing the like-
lihood of hallucinated, ambiguous or semantically
inconsistent responses.

In addition, structured generation schemas are
enforced for tasks requiring formal outputs, such as
incident reports or claim summaries. Validation lay-
ers verify syntactic correctness and schema com-
pliance before responses are delivered to the user
or forwarded to downstream systems. Together,
hierarchical intent classification, controlled prompt
selection, constrained decoding and schema vali-
dation form a multi-layer safeguard strategy that en-
hances reliability, interpretability and domain align-
ment in enterprise workflows.



3.4. Incident Management System

Interface

The incident management system interface consti-
tutes the user-facing interaction layer of the mCS-
LM framework. It enables customers to report in-
cidents, submit supporting evidence and receive
automated assistance through multimodal conver-
sational workflows.

The interface supports text, image and audio
inputs across multiple communication channels,
including web chat, email and instant messaging
platforms. Incoming interactions are routed to the
appropriate multimodal processing modules, trig-
gering the perception, retrieval and controlled gen-
eration pipeline described in previous sections. The
system manages conversational context, session
state and interaction history to ensure coherent
multi-turn exchanges.

Through REST API services, the interface can be
integrated into existing enterprise infrastructures,
customer portals or third-party applications. This
API-driven design allows flexible orchestration of
requests, enabling automated ticket creation, struc-
tured incident reporting and interaction logging
within corporate management systems.

Multilingual support is provided at both the under-
standing and generation levels, allowing customers
to interact in different languages without requiring
manual intervention. By abstracting the complexity
of the underlying multimodal and retrieval compo-
nents, the interface delivers a seamless conversa-
tional experience while maintaining alignment with
domain constraints and enterprise policies.

3.5. Operational Dashboard

The operational dashboard provides the manage-
ment and supervision layer of the mCS-LM frame-
work, designed for company agents and adminis-
trative personnel. While the incident management
system interface enables automated multimodal
interaction with end users, the dashboard focuses
on operational oversight, monitoring and human
intervention when required.

The dashboard offers real-time visibility into reg-
istered incidents, detected intents, resolution sta-
tus and escalation cases through configurable
KPls. These analytics allow supervisors to monitor
system performance, identify high-risk or ambigu-
ous interactions and assess workload distribution
across incident categories. Interaction-level meta-
data, including intent classifications and retrieval
traces, can be inspected to enhance transparency
and traceability.

In addition to monitoring capabilities, the dash-
board enables human-in-the-loop intervention.
Agents can review Al-generated outputs, validate
structured reports, modify responses when neces-
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sary and manually escalate complex or sensitive
cases. This supervision layer ensures that auto-
mated decision-making remains aligned with orga-
nizational policies and regulatory requirements.

The operational dashboard is integrated within
the same microservices architecture as the conver-
sational interface, allowing synchronized access
to interaction logs, structured reports and knowl-
edge base updates. By separating conversational
automation from operational management, the sys-
tem achieves scalability without sacrificing control,
accountability or human expertise in critical enter-
prise workflows.

4. Conclusions and Further Work

The current version of mCS-LM integrates the core
modules required for multimodal incident manage-
ment, including domain-adapted LLM, VLM and
ALM components, a RAG pipeline, a structured
output and hallucination control module and ded-
icated interfaces for both end users and opera-
tional agents. The architecture combines percep-
tion, retrieval, controlled generation and human-in-
the-loop supervision within a modular and scalable
microservices framework suitable for enterprise en-
vironments.

The platform is currently undergoing validation
in real operational settings with customer service
professionals from participating companies. This
validation phase focuses on assessing multimodal
understanding accuracy, structured report consis-
tency and the effectiveness of hierarchical intent
classification in reducing hallucinations and out-
of-scope responses. In this context, the present
work emphasizes the design and integration of the
proposed architecture, while more comprehensive
quantitative evaluation, including benchmarking
against baseline models, is part of ongoing work
as the system continues to evolve within real oper-
ational settings.

Future work will focus on several directions. First,
we plan to enhance the multimodal RAG pipeline by
incorporating more advanced cross-modal retrieval
strategies, enabling tighter alignment between tex-
tual queries and visual or audio-derived knowledge
representations, as highlighted in recent studies
on cross-modal RAG systems (Abootorabi et al.,
2025). Second, we will explore adaptive intent clas-
sification mechanisms based on continual learning,
allowing the hallucination control module to evolve
as new interaction patterns emerge, in line with
emerging research on continual learning for gen-
erative Al frameworks (Wang et al., 2024). Third,
we aim to investigate automated feedback loops
between the operational dashboard and the genera-
tion modules, leveraging agent corrections to refine
prompts and improve structured output quality over



time, a strategy that aligns with recent proposals
for integrating human feedback into generative sys-
tems (Sun et al., 2023).

These developments will strengthen the robust-
ness, scalability, and practical applicability of mul-
timodal conversational systems in regulated en-
terprise contexts. Additionally, future work will ex-
plore the extension of the proposed framework to
low-resource settings, including regional languages
and dialectal variations, leveraging its modular and
language-agnostic design to support broader lin-
guistic diversity and robustness in real-world multi-
lingual scenarios.
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Abstract

Los Grandes Modelos de Lenguaje (LLMs) abren oportunidades para el Procesamiento del Lenguaje Natural (PLN)
en contextos institucionales, si bien plantean riesgos criticos en entornos regulados y multilinglies, especialmente
en lo relativo a proteccion de datos personales, trazabilidad de decisiones y equidad entre lenguas con distinta
disponibilidad de recursos. Presentamos SAFEWORDs, proyecto que acaba de iniciarse en el marco del proyecto
coordinado "HumanAlze" (Plan Nacional de Inteligencia Artificial 2025, Espafia), que propone un marco reproducible
de privacy-by-design y ethics-by-design para la evaluacion y alineacion de LLMs en las lenguas oficiales de
la Peninsula Ibérica (esparol, cataldn, valenciano, gallego y euskera). El marco integra: (i) anonimizacién
automatica conforme al RGPD, con protocolos explicitos de deteccién de fuga residual y verificaciéon adversarial;
(i) transformacion orientada a la accesibilidad textual y al lenguaje claro; y (iii) evaluacion en el dominio biomédico,
donde la sensibilidad de los datos y la precisién terminoldgica exigen mecanismos adicionales de control generativo.
Desde el punto de vista metodoldgico, se comparan configuraciones zero-shot y few-shot, y se documentan
prompts, hiperparametros y recursos para facilitar la replicabilidad y la gobernanza de recursos. Ademas de
sintetizar resultados de referencia de la literatura para contextualizar métricas y érdenes de magnitud esperables, el
trabajo discute implicaciones éticas y limitaciones del enfoque propuesto. La propuesta se alinea con las lineas
de trabajo de SEPLN y con los objetivos de LANLP, al establecer protocolos transferibles para el desarrollo de
tecnologias linglisticas confiables en ecosistemas caracterizados por variacion dialectal y lenguas infrarepresentadas.

Keywords: modelos de lenguaje; anonimizacion; RGPD; lenguaje claro; dominio biomédico; lenguas ibéri-
cas; evaluacion multilingte; IA confiable

1. Introduccidén tres casos de uso representativos:

El desarrollo reciente de los Grandes Modelos de 1. Anonimizaciéon automatica conforme al
Lenguaje (LLMs) ha ampliado significativamente RGPD, aplicada a textos administrativos, ju-
el alcance del Procesamiento del Lenguaje Nat- ridicos y sanitarios en lenguas peninsulares.
ural (PLN), posibilitando aplicaciones avanzadas
en contextos institucionales, administrativos y cien- 2. Transformacion orientada a la mejora de la
tificos. Sin embargo, su integraciéon en entornos accesibilidad textual, con especial atencién
europeos regulados exige garantizar principios de a escenarios de lenguaje claro en documentos
robustez, legalidad, transparencia y respeto a los institucionales.
derechos fundamentales, especialmente en lo que
concierne a la proteccion de datos personales y la 3. Aplicacion en el dominio biomédico, donde
equidad linguistica. la sensibilidad de los datos y la precision termi-

El proyecto HumanAlze (Plan Nacional de In- noldgica requieren mecanismos robustos de
teligencia Artificial 2025) aborda estos retos desde generacion y control de salida.
la perspectiva de una inteligencia artificial centrada
en el ser humano, con especial atencién a las Estos tres casos de uso comparten un nucleo

lenguas de la Peninsula Ibérica: espanol, catalan,  metodolégico comun: la necesidad de evaluar sis-
valenciano, gallego y euskera. Este enfoque re- tematicamente el comportamiento de los LLMs
conoce la diversidad lingUistica del territorio y la  bajo restricciones normativas y linglisticas explici-
necesidad de evaluar el comportamiento de los  tas, comparando distintas configuraciones exper-
modelos de lenguaje en escenarios multilinglies  imentales y analizando riesgos como la fuga de
con distintos grados de disponibilidad de recursos.  informacidn, la inconsistencia interlinglistica o la
En este marco, SAFEWORDs constituye la con-  degradacion semantica.

tribucion especifica del equipo de la Universidad SAFEWORDs se concibe, por tanto, no como
de Alicante dentro de HumanAlze. Su objetivo es  una aplicacién aislada, sino como un marco exper-
desarrollar y validar un marco metodoldégico para  imental orientado a la evaluacién reproducible y la
la evaluacion y alineacién de LLMs en contextos  gobernanza de recursos linguisticos en entornos
regulados y multilingles, tomando como referencia  de alto impacto social.
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2. Trabajo Relacionado

El marco propuesto en SAFEWORDs se situa
en la interseccién de cuatro lineas de investi-
gacion activas: (i) alineaciéon normativa de mod-
elos generativos, (ii) anonimizaciéon automatica y
reconocimiento de entidades nombradas, (iii) gen-
eracion controlada y accesibilidad textual en do-
minios especializados, y (iv) desarrollo reciente de
modelos de lenguaje para lenguas ibéricas.

2.1.

La literatura reciente ha puesto de relieve los ries-
gos estructurales asociados al despliegue de mod-
elos fundacionales en contextos regulados. Bender
et al. (2021) identifican problemas sistémicos rela-
cionados con sesgos Y falta de control en modelos
generativos de gran escala. Desde la perspectiva
de la seguridad, Carlini et al. (2021) demostraron
empiricamente que estos modelos pueden mem-
orizar y revelar datos sensibles presentes en los
datos de entrenamiento, con implicaciones direc-
tas para el cumplimiento del Reglamento General
de Proteccidn de Datos (RGPD) (Parlamento Eu-
ropeo and Consejo de la Unién Europea, 2016)
y de la Ley Organica de Proteccion de Datos y
Garantia de los Derechos Digitales (Jefatura del
Estado (Espafa), 2018).

Estas preocupaciones resultan especialmente
relevantes en entornos institucionales europeos,
donde la generacién automatica debe evaluarse
bajo criterios explicitos de robustez, legalidad y
minimizacién del riesgo.

LLMs y alineacion normativa

2.2. Anonimizacion y reconocimiento de
entidades

La relacién entre los Grandes Modelos de Lenguaje
(LLMs) y la anonimizacién de datos atraviesa una
fase de transformacién dual entre 2024 y 2026.
Por un lado, los LLMs han demostrado ser her-
ramientas de anonimizaciéon avanzadas capaces
de superar las limitaciones de los métodos tradi-
cionales basados en reglas o Reconocimiento de
Entidades Nombradas (NER) simple, gracias a su
capacidad para comprender el contexto y realizar
una redaccion adaptativa de informacion personal
identificable (PIl) (Staab et al., 2024; Ponomarenko
et al., 2026). Investigaciones recientes destacan
el auge de la “anonimizacién adversarial”, donde
se utilizan modelos para identificar inferencias in-
directas que podrian conducir a la reidentificacion,
permitiendo asi proteger datos que parecen andni-
mos pero que son vulnerables ante la capacidad
deductiva de modelos avanzados (Miranda et al.,
2024; Zamroz and Morozov, 2024).

Sin embargo, el despliegue de estas tecnologias
enfrenta desafios criticos, principalmente el equi-
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librio entre privacidad y utilidad. Mientras que
técnicas como la Privacidad Diferencial (DP) y el
uso de Modelos de Lenguaje Pequefios (SLMs)
locales ofrecen garantias de seguridad superi-
ores y cumplimiento regulatorio (como GDPR o
HIPAA en entornos clinicos), suelen conllevar una
degradacion en la calidad de las respuestas o un
aumento en los costos operativos (Garza et al.,
2025; Yang et al., 2024). Ademas, persiste una
preocupacion significativa sobre la “capacidad in-
ferencial” de los modelos propietarios cerrados, lo
que ha impulsado el desarrollo de marcos de tra-
bajo de cddigo abierto y arquitecturas self-hosted
que permiten procesar datos sensibles sin expon-
erlos a nubes de terceros, garantizando asi una
soberania de datos real en sectores altamente reg-
ulados (Jonnagaddala and Wong, 2025; Mancera
et al., 2025).

La desidentificacion automatica en textos clini-
cos ha sido ampliamente estudiada mediante mod-
elos neuronales supervisados (Dernoncourt et al.,
2017). No obstante, la incorporacién de LLMs
generativos introduce nuevos desafios, como la
generacion inconsistente de sustitutos Iéxicos o la
persistencia de informacion residual que permita
la reidentificacion indirecta.

2.3. Generacioén controlada y
accesibilidad en el dominio
biomédico

La simplificacion textual automatica ha sido exten-

samente estudiada en inglés (Alva-Manchego et al.,

2020; Shardlow, 2014). En espafiol, trabajos re-

cientes publicados en Procesamiento del Lenguaje

Natural han abordado la simplificacién en contextos

de salud mediante modelos basados en transform-

ers. En particular, el ajuste fino de modelos BART
para la simplificacion de textos sanitarios (Alarcén
et al., 2023) y la construccidn de corpus compara-
bles para la evaluacién en salud (Campillos-Llanos
et al., 2022) evidencian avances significativos en
generacion controlada en dominio especializado.

SAFEWORDs se situa en esta linea de inves-
tigacion, integrando accesibilidad textual y gen-
eracion en el dominio biomédico dentro de un
marco unificado de evaluacién normativa y linguis-
tica.

2.4. Lenguas ibéricas y evaluacion
multilinglie

El desarrollo de infraestructuras multilingties para
lenguas peninsulares ha sido impulsado, entre
otras iniciativas, por El proyecto ILENIA" ha im-
pulsado el desarrollo de una familia de modelos
de lenguaje entrenados sobre grandes volumenes

'https://proyectoilenia.es



de datos: SALAMANDRA (34 idiomas) (Gonzalez-
Agirre et al., 2025), AITANA (valenciano) (GPLSI
— Language and Information Systems Group, Uni-
versity of Alicante, 2026), LATXA (euskera) (Etx-
aniz et al., 2024), CARVALHO (gallego) (Gamallo
et al., 2024) y ANIA (catalan) (Gonzalez-Agirre
et al., 2024). Estos modelos sientan una base
sélida para el desarrollo de sistemas instruidos en
tareas concretas con resultados excelentes en tar-
eas como generacion, traduccion y su aplicacion
en casos de usos reales.

3. Marco metodoldgico

SAFEWORDSs (UA) contribuye a HumanAlze con
un marco metodoldgico de ethics-by-design y
privacy-by-design para el desarrollo, control y eval-
uacién de LLMs en las lenguas oficiales de Espana.
Este marco operacionaliza directrices y umbrales
ético-legales en forma de checklists y puntos de
control aplicables a datos, modelos y procedimien-
tos de evaluacion (WP3-WP4), tal como se ilustra
en la Figura 1.

Figure 1: Structure of the Working Packages
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manAlze.

Paquetes de trabajo del proyecto Hu-

El marco se implementa como un pipeline traz-
able que conecta cuatro etapas: (i) adquisicion y
curacion de datos, (ii) anonimizacién y mitigacion
de riesgos de reidentificacion, (iii) alineacion me-
diante instrucciones y evaluaciéon comparativa, y
(iv) verificacidn previa a la liberacién de recursos y
modelos, bajo umbrales estrictos de privacidad y
equidad.

En coherencia con el planteamiento del proyecto,
la evaluacién se disefia explicitamente en esce-
narios zero-shot y few-shot, comparando distin-
tas configuraciones de prompts y verificando el
cumplimiento del RGPD y el EU Al Act, dado que
la verificacién automatica completa sigue siendo
un problema abierto en el estado del arte.

3.1. Diseno transversal: configuraciones
y reproducibilidad

Para cada caso de uso se comparan, como minimo,
las siguientes configuraciones:

« Zero-shot: instrucciones directas con restric-
ciones normativas explicitas.

» Few-shot: incorporacion de ejemplos repre-
sentativos, multilingiies cuando sea posible.

+ Ablaciones de guardrails: con y sin médulos
de control (p. €j., validadores de formato, listas
de exclusion Iéxica, detectores de entidades
nombradas).

La reproducibilidad se garantiza mediante:

» Versionado de datos, prompts y configura-
ciones experimentales.

» Registro sistematico de hiperpardmetros (mod-
elo, temperatura, longitud maxima de contexto,
etc.).

» Firma y trazabilidad de recursos (datos,
prompts, salidas) como parte del control de
procedencia y cadena de custodia.

3.2. Pipeline de privacidad y verificacion
RGPD/EU Al Act

Adoptamos un enfoque privacy-by-design en el
que cada corpus de entrada es analizado mediante
reconocedores multilinglies para detectar:

« |dentificadores directos (correos electrdnicos,
identificadores fiscales, numeros de teléfono,
direcciones postales, etc.).

» Contextual cues que pueden facilitar ataques
de reidentificacion por enlace (p. ej., la combi-
nacion de cargo profesional, localidad y fecha
de evento).

Cuando resulta técnicamente viable, las referen-
cias a datos personales son:

+ eliminadas mediante purga directa, o

» reemplazadas por sustitutos sintéticos (sur-
rogates) generados bajo presupuestos de pri-
vacidad diferencial, preservando la utilidad tex-
tual (p. ej., coherencia morfoldgica de género
y nimero) y registrando el proceso para garan-
tizar la trazabilidad.

El pipeline se registra de forma que permita
cumplir con las obligaciones de trazabilidad y trans-
parencia establecidas en el marco regulatorio vi-
gente.



3.2.1. Protocolo de deteccion de fuga

residual y verificacion de cumplimiento

Definimos fuga residual (residual leakage) como
la presencia en las salidas del modelo de infor-
macioén que permita: (i) identificar directa o indi-
rectamente a una persona fisica, o (ii) recuperar
datos personales mediante inferencias o ataques
de enlace. La evaluacién combina tres niveles de
verificacion:

(1) Verificacion automatica

» Deteccion post-generacion mediante her-
ramientas de NER y expresiones regulares
multilinglies orientadas a informacidn de iden-
tificacién personal (PII).

Validadores de formato: patrones de DNI/NIE,
numeros de teléfono, correos electrénicos y
cédigos postales.

Heuristicas de enlace: deteccién de co-
ocurrencias infrecuentes que puedan resultar
identificadoras (p. €j., combinacion unica de
profesidn, micro-localizacién y fecha).

(2) Verificacion adversarial Se generan
prompts de ataque disefiados para inducir la
revelacion de PII:

+ Consultas de recuperacion directa (“¢quién
es la persona X?”, “proporciona el nombre
completo”).

» Reformulaciones orientadas a forzar la gen-
eracién de detalles identificadores (“amplia la
informacidn anterior”).

+ Ataques por consistencia: generacion mdltiple
de la misma entrada para detectar divergen-
cias reveladoras.

(3) Auditoria humana Muestreo estratificado de
salidas (por lengua, dominio y tipo de PII) con los
objetivos de:

+ |dentificar falsos negativos de los detectores
automaticos.

 Evaluar el riesgo de enlace y reidentificacion
contextual en casos limite.

Métricas de evaluacion Se reportan: (i) tasa de
fuga residual, (ii) tasa de falsos negativos del detec-
tor de PII, (iii) severidad de la fuga (PII directa frente
a inferencial), y (iv) degradacidn de utilidad textual
(comparacion entre muestras anonimizadas y orig-
inales mediante métricas automaticas y valoracién
humana).
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3.3. Caso de uso A: Lenguaje claro en el
dominio administrativo-juridico

HumanAlze define explicitamente que la produc-
cion de lenguaje claro se abordara mediante la
transformacion de rasgos linguisticos en tres nive-
les: discursivo, morfosintactico y léxico, y que los
desarrollos resultantes se incorporaran a la her-
ramienta arText (da Cunha, 2022) como via de
transferencia tecnolégica.

Disefio y evaluacion

» Corpus anotados manualmente para medir la
adecuacion de las salidas generadas.

 Evaluacion automatica basada en precision y
recall sobre transformaciones etiquetadas.

 Estudios con usuarios reales para contrastar
la claridad percibida y la comprension efectiva
de los textos transformados.

3.4. Caso de uso B: Anonimizacidn para
la preservacion de la privacidad

Este escenario evalda técnicas de anonimizacion
asistidas por LLMs sobre textos legales y adminis-
trativos en lenguas peninsulares. Se comparan dis-
tintas configuraciones de prompt en modalidades
zero-shot y few-shot, con verificacion explicita del
cumplimiento de los requisitos de privacidad es-
tablecidos por el RGPD y el EU Al Act.
El disefio experimental contempla:

» Comparativa de técnicas (enmascarado, susti-
tucidn léxica y generacién de sustitutos sintéti-
COos) y sus posibles combinaciones.

+ Evaluacién del cumplimiento normativo, ver-
ificando que las salidas no contengan datos
personales no anonimizados.

* Introduccién de documentos con alta densidad
de informacidn sensible como casos de estrés
del sistema (adversarial inputs).

3.5. Caso de uso C: Dominio biomédico

La evaluacidon en el dominio biomédico se realiza
sobre corpus anotados y validados por expertos
clinicos. Se incorporan métricas especificas del
dominio, protocolos de test rigurosos y analisis
comparativo con benchmarks establecidos en la lit-
eratura, incluyendo shared tasks relevantes cuando
aplique.



4. Resultados de referencia en la
literatura

Dado que SAFEWORDs se presenta en este tra-
bajo como una contribucion metodoldgica y de
disefio evaluativo en el marco de HumanAlze, in-
cluimos resultados de referencia procedentes de
la literatura reciente (principalmente para espafnol
y lenguas cooficiales en Espana) con el fin de con-
textualizar el tipo de métricas y los érdenes de mag-
nitud esperables en las tareas relacionadas con
nuestros casos de uso. Esta seccién no reporta
resultados propios del proyecto, sino que sintetiza
baselines y recursos publicados disponibles en el
momento de la escritura de este trabajo.

En espaniol, el desarrollo de modelos de lenguaje
especificos ha avanzado de forma notable con ini-
ciativas como ILENIA? en el que se pueden encon-
trar una gran diversidad d edatasets, modelos texto
y voz, y demostradores. En tareas de accesibilidad
en salud, se han publicado enfoques basados en
ajuste fino de BART/mBART con resultados expre-
sados en términos de SARI, junto con evidencias
de mejora en escalas de legibilidad estandar. La
construccion de corpus comparables de simplifi-
cacion médica en espanol ha permitido, asimismo,
disponer de benchmarks de referencia a escala
considerable.

4.1.

Estos resultados respaldan dos decisiones
metodoldgicas centrales del equipo UA en
SAFEWORD:s: (i) la necesidad de protocolos de
evaluacion que combinen métricas automaticas y
verificacion cualitativa en tareas de accesibilidad y
dominio biomédico, y (ii) la viabilidad de enfoques
adaptados a bajo recurso en lenguas cooficiales
mediante generacion de datos sintéticos vy
evaluacion con métricas estandarizadas.

En fases posteriores del proyecto, SAFEWORDs
utilizara estos resultados y érdenes de magnitud
como referencias para disefiar comparativas y
analisis de robustez bajo restricciones normativas
(anonimizacién conforme al RGPD) y linglisticas
(espafiol, catalan/valenciano, gallego y euskera).

Implicaciones para SAFEWORDs

5. Recursos, gestion de datos y
liberacion de recurso

En coherencia con los principios de HumanAlze,
SAFEWORDs (UA) no se limita a evaluar modelos,
sino que contribuye a un ciclo completo de data
governance y liberacion controlada de activos, con
el objetivo de facilitar la adopcion cientifica e insti-
tucional de tecnologias linglisticas en las lenguas

2https://proyectoilenia.es/recursos-modelos-
datasets/
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oficiales de Espafa. Este planteamiento se articula
en torno a dos pilares: (i) un repositorio multilingtie
y versionado de datos de tarea e instruccion, y
(i) un conjunto de umbrales y listas de verificacién
en materia de privacidad y equidad que actdan
como compuertas de calidad (quality gates) antes
de la reutilizacion o difusién de cualquier activo.

5.1. Repositorio multilingtie y versionado

(datos de tarea e instruccion)

HumanAlze establece WP3 como el nucleo de
gestion de datos del proyecto, con un portfolio
balanceado de corpus (desde crawls web filtra-
dos hasta colecciones especificas de dominio)
y un pipeline que registra procedencia, licencia
y propiedades estadisticas, garantizando la traz-
abilidad y la comparabilidad longitudinal entre ver-
siones.

Antes de liberar cualquier activo del proyecto
(datos, instrucciones, modelos o herramientas), se
verifica que cumple umbrales estrictos de privaci-
dad y equidad, como parte del proceso de gober-
nanza versionada definido en WP3 y alineado con
las directrices del WP2.

Dentro de este marco, SAFEWORDs contribuye
de forma explicita a:

« Establecery curar un repositorio multilingtie,
versionado y auditado de datos de tarea e
instruccion que cubra dominios prioritarios y
las lenguas oficiales de Espafia (T3.1, T3.3).

« Verificar que cada activo cumple umbrales
estrictos de privacidad y equidad antes de su
uso en entrenamiento o evaluacion (T3.4, T3.5
y tareas relacionadas en WP5).

5.2. Privacidad, trazabilidad y control de
riesgo

La memoria del proyecto define un enfoque
trustworthy-by-design y privacy-by-design en
el que cada corpus de entrada es auditado au-
tomaticamente y complementado con revisiones
humanas en casos limite, traduciendo los requi-
sitos del RGPD y del EU Al Act a checklists op-
erativas para la adquisicion, retencion, archivo y
acceso controlado a datos.

Este marco incorpora mecanismos explicitos
para:

» Mitigar riesgos de reidentificacion mediante
pruebas de estrés (p.ej., membership infer-
ence, attribute inference y record linkage) vy,
cuando sea necesario, aplicar técnicas de
pseudonimizacion fina o re-muestreo dirigido.

» Garantizar la trazabilidad y la transparencia
mediante el registro completo del pipeline de



Trabajo (tarea)

Recurso / escenario

Resultados reportados

ILENIA (modelos de lenguaje)

Alarcon et al. (simplificacion en
salud)

Campillos-Llanos et al. (corpus
biomédico)

Familia de modelos de lenguaje en
espanol y lenguas cooficiales

Ajuste fino de BART/mBART para
simplificacion de textos sanitarios
en espanol

CLARA-MeD: corpus comparable
de simplificacion médica en es-

Publicacién de modelos y recursos
de referencia para en la web del
proyecto y hugginface

SARI: 59.7 (mBART fine-tuned);
29.74 (mBART preentrenado en
generacion de resuimenes); mejora
de legibilidad segun escala Inflesz
24.298 pares de textos (profesional
vs. simplificado); >96M tokens

panol

Table 1: Resultados de referencia de la literatura relacionados con los casos de uso de SAFEWORDs.
Esta tabla no reporta resultados propios del proyecto.

procesamiento, facilitando el cumplimiento de
las obligaciones regulatorias aplicables a sis-
temas de IA de propdsito general.

HumanAlze establece como principio que los
recursos del proyecto (datos, modelos y software)
sean reutilizables, reproducibles y debidamente
documentados, y que se distribuyan mediante
plataformas de recursos digitales relevantes para
la comunidad investigadora, facilitando tanto el es-
crutinio cientifico como la adopcién institucional o
industrial.

En el caso de SAFEWORDs, la liberacién de
recursos esta condicionada a la superacién de con-
troles previos de privacidad y equidad, alineados
con las directrices del WP2 y el régimen de traz-
abilidad del WP3.

6. Consideraciones éticas y
limitaciones

En HumanAlze, los aspectos éticos, legales y so-
ciales no se tratan como una capa adicional pos-
terior, sino como un componente trustworthy-by-
design que se traduce en guias, recomendaciones
y listas de verificacién operativas que condicionan
la adquisicién de datos, el entrenamiento, la evalu-
acién y la diseminacion de resultados.

SAFEWORDSs (UA) se alinea con este enfoque
codificando principios y umbrales en checklists apli-
cables a todo el ciclo de vida de los activos del
proyecto —privacidad, no discriminacion, super-
visién humana y sostenibilidad computacional— y
verificando su cumplimiento antes de cualquier uso
o liberacion.

6.1. Privacidad, RGPD y EU Al Act

HumanAlze explicita que, desde agosto de 2024, el
EU Al Act (Reglamento 2024/1689) complementa
el RGPD con obligaciones graduadas en funcidn
del nivel de riesgo del sistema, y adopta una pos-
tura privacy-by-design a lo largo de todo el ciclo
de vida. En la practica, todo corpus entrante se
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escanea con reconocedores multilingles para iden-
tificar identificadores directos (correos electrénicos,
identificadores fiscales) y sefales contextuales sus-
ceptibles de facilitar ataques por enlace.

Cuando resulta técnicamente viable, las refer-
encias personales se eliminan o se reemplazan
mediante sustitutos sintéticos generados bajo pre-
supuestos de privacidad diferencial; el proceso se
registra integramente para satisfacer los requerim-
ientos de trazabilidad y transparencia del EU Al
Act.

Como medida adicional de control del riesgo,
el proyecto contempla pruebas de estrés de rei-
dentificacién (incluyendo membership inference,
attribute inference y record linkage) y comparativas
emparejadas entre muestras anonimizadas y origi-
nales para cuantificar la pérdida de utilidad textual.
Este conjunto de practicas guia el caso de uso
de anonimizacion de SAFEWORDs sobre textos
legales y administrativos, con el objetivo explicito
de que ningun identificador personal persista tras
la ingesta y de que los activos resultantes sean
defendibles bajo el marco regulatorio vigente.

6.2. Equidad, sesgos y evaluacion
culturalmente informada

HumanAlze establece un programa sisteméatico
de auditoria y mitigacion de sesgos en paralelo
al desarrollo de modelos. Se prevé la construc-
cion de un benchmark multilinglie (lenguas ofi-
ciales de Espafa e inglés) para evaluar estereoti-
pos, desequilibrios de representacion y diferencias
de rendimiento entre grupos demograficos, con
anotacion por especialistas y revision comunitaria
orientada a capturar sefales culturales que tipi-
camente no aparecen en conjuntos de datos de
orientacién anglocéntrica.

La evaluacidn se operacionaliza mediante métri-
cas diagndsticas mas alla de la exactitud agregada
(p. €j., paridad demogréfica condicional, consis-
tencia bajo sustituciones contrafactuales y medi-
das de dano interseccional), y se integra como
compuerta de calidad: regresiones significativas



en estas métricas bloquean la promocidn de ver-
siones de modelo. Cuando se detectan sesgos,
se contemplan estrategias de mitigacion mediante
reponderacion de datos, debiasing basado en mod-
elo y calibracion post-hoc, documentando los com-
promisos entre equidad, utilidad y coste computa-
cional.

6.3. Supervision humana y recogida de
retroalimentacion

El proyecto incorpora directrices explicitas sobre
la interaccion humana vy la recogida de retroali-
mentacion (feedback) como parte del marco de re-
comendaciones de WP2, con el objetivo de garan-
tizar un enfoque centrado en el ser humano a lo
largo de todo el proyecto.

En SAFEWORDSs, estas directrices condicionan
tanto la generacion de datos de alineacién e in-
struccidon como la evaluaciéon humana en escenar-
ios sensibles (administrativo-juridico y biomédico),
evitando mecanismos de recogida de retroali-
mentacion que sean coercitivos, sesgados o0 no
representativos de la diversidad de usuarios.

6.4. Sostenibilidad y control de huella
computacional

HumanAlze incorpora como requisito la mini-
mizacion de la huella de carbono y el disefio de
practicas de green Al (WP2), promoviendo la efi-
ciencia computacional y la reutilizacién de modelos
existentes siempre que no se comprometan los ob-
jetivos cientificos del proyecto.

SAFEWORDs adopta estas restricciones como
parte de su disefo experimental, priorizando con-
figuraciones y protocolos reproducibles sobre itera-
ciones de entrenamiento que no aporten evidencia
metodoldgica adicional.

6.5. Limitaciones

El marco presentado tiene varias limitaciones inher-
entes que deben tenerse en cuenta al interpretar
sus resultados:

* Verificacion incompleta de privacidad.
Aunque se aplican auditorias automaticas,
pruebas adversariales y ataques de reidentifi-
cacion, no existe garantia absoluta de ausen-
cia de riesgo residual en contextos abiertos y
multifuente; el riesgo se minimiza pero no se
elimina.

Cobertura desigual por lengua y dominio.
La disponibilidad de datos y recursos varia
considerablemente entre el espafnol y las
lenguas cooficiales, lo que puede comprom-
eter la comparabilidad entre configuraciones
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y obliga a disenos de evaluacion cuidadosa-
mente estratificados.

Trade-off entre utilidad y cumplimiento nor-
mativo. Determinados escenarios pueden re-
querir técnicas de pseudonimizacién fina o
re-muestreo dirigido para preservar la fideli-
dad factual tras la anonimizacion; la pérdida
de utilidad asociada debe monitorizarse sis-
tematicamente.

Dependencia de la evaluacion humana. La
auditoria culturalmente informada y la super-
visiéon humana son componentes esenciales
del marco, pero introducen variabilidad inter-
anotador y costes de escalado que deben ges-
tionarse mediante protocolos de anotacidn ro-
bustos y muestreo estratificado.

Finalmente, en linea con los principios de Hu-
manAlze, todos los recursos del proyecto (datasets,
modelos y software) seran abiertos, reutilizables
y debidamente documentados; en SAFEWORDs,
cualquier liberacién estara condicionada a superar
los umbrales estrictos de privacidad y equidad
definidos por el propio marco del proyecto.

7. Conclusiones

Este trabajo ha presentado SAFEWORDs como
contribucién al proyecto HumanAlze, orientada
a operacionalizar un marco trustworthy-by-design
para Grandes Modelos de Lenguaje en las lenguas
oficiales de Espana (espafol, catalan, valenciano,
gallego y euskera). SAFEWORDs articula un en-
foque metodoldgico integrado que combina: (i) alin-
eacion normativa y verificaciéon de cumplimiento
del RGPD y el EU Al Act, (ii) control generativo y
evaluacién comparativa en configuraciones zero-
shot y few-shot, y (iii) un esquema reproducible
de auditoria de fuga residual, deteccidn de sesgos
y trazabilidad a lo largo del ciclo de vida de los
activos.

La propuesta se valida conceptualmente en tres
casos de uso de alto impacto social: (1) anon-
imizacién para la preservacién de privacidad
en textos administrativos, juridicos y sanitarios,
(2) mejora de la accesibilidad textual, incluyendo
lenguaje claro en documentacién institucional, y
(8) aplicacién en el dominio biomédico, donde la
sensibilidad de los datos y la precisidn terminolég-
ica exigen protocolos de evaluacién mas estrictos.
Frente a aproximaciones centradas exclusivamente
en métricas de rendimiento, el marco propuesto
prioriza criterios operativos de legalidad, robustez y
equidad multilinglie como condiciones necesarias
para el despliegue responsable de sistemas basa-
dos en LLMs.

Como trabajo futuro, SAFEWORDs avanzara
en: (i) la consolidacion del repositorio multilinglie



versionado de datos de tarea e instruccion, (ii) la
ampliacién de los protocolos de auditoria adversar-
ial y las pruebas de reidentificacion, (iii) la evalu-
acion sistematica por lengua y dominio con partici-
pacion de expertos, y (iv) la preparacién de activos
(datasets, prompts, herramientas y, cuando pro-
ceda, modelos) para su liberacién condicionada
a umbrales estrictos de privacidad y equidad, re-
forzando la transferibilidad y reutilizacidn cientifica
en linea con los objetivos de HumanAlze.

Declaracion ética

El proyecto garantiza el cumplimiento del RGPD en
todas las fases de tratamiento de datos, minimiza
los riesgos de reidentificacion mediante auditorias
automaticas y humanas, y evita practicas extracti-
vas en comunidades linglisticas minoritarias. Los
datos experimentales utilizados en el desarrollo del
marco han sido previamente anonimizados con-
forme a los protocolos descritos en este trabajo.
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in Spanish BERT-like Models
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Abstract
Transformer-based language models, ubiquitous in modern NLP, generate internal representations (embeddings)
of words and sentences. Yet, systematic comparisons of embedding strategies from various models remain
limited. In this work, we evaluate Spanish embeddings from several BERT-like models (BETO, multilingual BERT,
XLM-RoBERTa, ROUBERTa) to understand their syntactic and semantic capabilities across layers. We propose
sentence-level analogy tests to probe generalization. Results suggest tasks like verb negation or word reordering
perform best with embeddings from earlier layers, while nuanced semantic distinctions—such as agent or patient
gender—are better captured by deeper layers. Our findings provide guidelines for embedding strategies and offer a

foundation for further NLP research.

Keywords: BERT, embeddings, evaluation, Spanish, Analogies, Similarity

1. Introduction

The task of finding numerical vectors to represent
language information has a long history: the con-
cept of word embeddings emerged from the idea
of assigning a vector representation to each word.
That vector lies in a space whose dimensionality
is significantly smaller than the vocabulary size,
with the extra constraint that similar words should
have close vectors in this space. Collobert and We-
ston (2008) proposed the approach of pre-training
embeddings with unlabeled text. This approach
was extended to concatenate additional features
to represent extra information, in particular the po-
sition of the word in the sentence and its distance
to the main verb (Collobert et al., 2011). Later,
two new methods were proposed to create word
embeddings: word2vec (Mikolov et al., 2013a) and
GloVe (Pennington et al., 2014). However, these
approaches do not allow a representation to adapt
based on the context the word appears in.

The introduction of the transformer architec-
ture Vaswani et al. (2017) enabled the development
of contextualized language models. Transformer-
based models leverage information across the sen-
tence to create contextual embeddings. This led to
the creation of two main families of models: gener-
ative models such as GPT, which use decoder-only
transformers (Radford et al., 2018), and BERT and
BERT-like models, which use encoder-only trans-
formers (Devlin et al., 2019). Encoder-only mod-
els produce contextualized vector representations
(embeddings) that encode syntactic and semantic
information.

Understanding the structure and properties
of these embeddings is particularly important
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in retrieval-based applications such as seman-
tic search and Retrieval-Augmented Generation
(RAG) (Lewis et al., 2020). For RAG systems,
documents are divided into chunks, which are en-
coded as vectors and stored in a database. Given
a query, its embedding is used to retrieve the most
relevant documents, which are passed to a gen-
erative model. The effectiveness of the retrieval
system depends directly on the quality of the em-
beddings. Therefore, reliable intrinsic methods to
evaluate embedding representations are essential.

Language models are commonly evaluated in-
directly, through benchmarks that measure their
performance on downstream tasks. While this ap-
proach aligns well with how decoder-only trans-
former models are commonly used, it does not fully
reflect the way encoder-only models are employed
for retrieval systems. This motivates the need for in-
trinsic evaluation methods that specifically analyze
the semantic and syntactic properties of sentence
embeddings. This becomes even more relevant
when we consider models for languages other than
English, which have been less extensively studied.
Furthermore, languages such as Spanish are more
morphologically rich than English, introducing addi-
tional inflectional variations that embeddings must
capture to perform optimally.

In this work, we study how to intrinsically eval-
uate embeddings produced by BERT-like models
for Spanish. We evaluate the models with two sets
of tests: a semantic textual similarity test and a
new sentence-level analogy task inspired by the
word analogies test previously used in word em-
beddings (Mikolov et al., 2013b). We define a set of
controlled syntactic and semantic transformations
we can apply to different entities in the sentence
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Figure 1: Structure and layers involved in BERT embeddings. The input layer is at the bottom; then
the first hidden state (fhs) that consists of the input embeddings + sequence embeddings + positional
embeddings; then all the other layers until the last hidden state (Ihs); finally there is the pooler output that,
in BERT's case is a function that takes the CLS token from the last hidden state. This diagram also shows
which transformer activations we considered for defining the different word and sequence embeddings

we use in this work.

and evaluate whether such transformations can be
transferred to other sentences by operating with
the vector representations of the sentences. We
call this test the "Analogy Tests using Sentences”,
and will be made public so other researchers can
use it as a benchmark.

This paper is organized as follows. In section 2
we analyze language model evaluation and how it
has been done for BERT-like models and LLMs. In
section 3 we describe the models we tested and
how we extracted the sentence embeddings for the
tests. In section 4 we detail all the experiments and
tests we did and our proposed evaluation method.
In section 5 we show the results we obtained. In
section 6 we provide the final conclusions and fu-
ture work.

2. Related Work

There has been a lot of work when it comes to eval-
uating language models. Broadly, we can classify
the evaluation into two main categories: extrinsic
and intrinsic evaluations.

Extrinsic evaluations consist of evaluating the
language model based on its performance when
used to solve different tasks, also called down-
stream tasks. BERT and RoBERTa (Liu et al.,
2019b) models are usually evaluated with bench-
marks like GLUE (Wang et al., 2018), SQUAD (Ra-
jourkar et al., 2016) and SWAG (Zellers et al.,
2018). Other works explored the potential these
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models have before and after fine-tuning them for
specific tasks such as semantic textual similarity
and natural language inference (Choi et al., 2021).

Intrinsic evaluations on the other hand try to eval-
uate the internal representation the model has con-
structed. Word analogies (Mikolov et al., 2013b)
and word similarities (van der Maaten and Hinton,
2008) are two of the main ways that were used to
test traditional word embeddings.

After the release of the BERT and BERT-like
models, there has been an interest in understand-
ing the internal representation of words captured
by transformers. Many works were done in order to
understand the information captured by these mod-
els. One foundational work looked at how the rep-
resentation of words is modified for words with mul-
tiple meanings, concluding that the embeddings
of a word are clustered in separate groups based
on context (Reif et al., 2019). Another similar ap-
proach is to look at how similar the representa-
tion of words remains in sentences and how they
change when contextualized (Ethayarajh, 2019).
Other works on polling the internal structure of
different neural models exist (Liu et al., 2019a),
many indicating differences in representation be-
tween syntax and semantics that can be found in
different layers (Jawahar et al., 2019; Tenney et al.,
2019), and the encoding of social biases (Bom-
masani et al., 2020). Yun et al. (2021) presents a
visualization tool based on dictionary learning to
better understand the inner works of transformer



Name Layer / tokens averaged

Tokens for the example sentence

il

All word tokens — input layer

“El” + “rey” + “acari” + “##cia” + “a” +
“SU” + “perro” + 47

tokens fhs All word tokens — first hidden state fhs 1 +fhs2+... +fhs 8

tokens sep fhs Word tokens + [SEP]/</s> — first hidden state fhs 1 ... ths 8 + ths SEP

cls lhs [CLS]/<s> token — last hidden state lhs CLS

sep lhs [SEP]/</s> token — last hidden state lhs SEP

tokens lhs All word tokens — last hidden state lhs1+... +lhs 8

cls sep lhs [CLS)/<s> + [SEP]/</s> — last hidden state lhs CLS + Ihs SEP

cls tokens lhs [CLS)/<s> + word tokens — last hidden state |hs CLS +lhs1... Ihs 8

tokens sep lhs Word tokens + [SEP]/</s> — last hidden state lhs 1 ... |hs 8 + Ins SEP

lhs All tokens — last hidden state Ihs CLS +lhs 1 ... |hs 8 + Ins SEP

pooler output Pooler output vector

pooler output

Table 1: Embedding representations evaluated. Column 1 lists the shorthand names used throughout the
paper; Column 2 specifies which layer and token subset each name refers to; Column 3 illustrates the
actual vectors selected for the sentence “El rey acaricia a su perro.” (The king pets his dog.) as tokenized

by BETO-cased.

based language models. Most recently, Bonino
et al. (2025) did a comprehensive mathematical
analysis of the representations of the attention lay-
ers in these models. All of these works, while truly
insightful about the inner workings of BERT-like
models, do not provide a way to compare them
and their vector representations at sentence level.
Furthermore, these works are for English, and the
exploration of these same representations in Span-
ish with its morphological particularities has not
been explored thoroughly.

3. Models

In this work we tested four variants of the BERT
model and five variants of the RoBERTa model. All
models were downloaded from HuggingFace.

For evaluating BERT-like models, we chose
BETO (Canete et al., 2020), both cased and un-
cased variants. BETO is a Spanish specialized
model. The other two BERT models we tried are
the multilingual BERT models, both cased and un-
cased.

In the case of RoBERTa, we picked Face-
bookAl's multilingual model, xIm-RoBERTa (Con-
neau et al., 2019), both the base model and the
large model, two versions of xim-RoBERTa fine-
tuned for Spanish, a base model (Pandya et al.,
2021) and a large model (Lange et al., 2021).
Lastly, we also tried a RoBERTa model trained
specifically over Spanish news text, called ROU-
BERTa (Filevich et al., 2024). All xim-RoBERTa
models are cased models while ROUBERTa is an
uncased model.

The names we used in tables are the following:
beto-cased, beto-uncased, mbert-cased, mbert-
uncased, xIm-roberta-base, xim-roberta-large, xIm-
roberta-base-sp, xIm-roberta-large-sp and rou-
berta
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3.1. Embedding Extraction

For each model we extract embeddings from dif-
ferent layers and combine different tokens from
the layer. We perform different tests using the rep-
resentation of the input layer of the models, the
representation of the first hidden layer, the last hid-
den layer, and the pooler output vector. When more
than one token is involved, we calculate the cen-
troid of the tokens to get the sentence embeddings.
Fig. 1 shows each extraction format from a BERT
example. Table 1 presents a reference summary
with representation name, how it is calculated and
an example for each.

4. Description of the Experiments

We performed two different tests in order to evalu-
ate the representations that can be extracted from
the models at both the syntactic and semantic lev-
els. The first experiment is a semantic textual sim-
ilarity test, using the vector representation of the
sentences and cosine similarity. The second group
is an analogy test using sentences, where we cre-
ated a small dataset to test the vector represen-
tation of different sentences after applying certain
transformations.

4.1.

The Semantic Textual Similarity (STS) test iden-
tifies whether or not two sentences share similar
meanings. For this test, we used the Semeval 2015
dataset for Spanish (Agirre et al., 2015), which in-
cludes 500 sentence pairs from news articles and
251 pairs from Wikipedia. Each pair is annotated
by humans in a range from 0 to 4. To create the
gold standard, four annotators scored the similarity
of each pair and the label is the average score.
We feed the model both sentences and calcu-
late the cosine similarity for the vectors of both.
After that, we calculate the correlation coefficient

Semantic Textual Similarity



Verb Agents

Patients

acariciar hombre, rey, mujer, reina, perro, gato, perra, gata

(to pet) (man, king, woman, queen) (dog, cat, female dog, female cat)
comer hombre, rey, mujer, reina, perro, gato, perra, gata pescado, fruta

(to eat) (man, king, woman, queen, dog, cat, female dog, female cat) (fish, fruit)

llegar hombre, rey, mujer, reina, perro, gato, perra, gata No patient
(to arrive) (man, king, woman, queen, dog, cat, female dog, female cat)

dormir hombre, rey, mujer, reina, perro, gato, perra, gata No patient
(to sleep) (man, king, woman, queen, dog, cat, female dog, female cat)

pasear hombre, rey, mujer, reina perro, gato, perra, gata

(to walk) (man, king, woman, queen) (dog, cat, female dog, female cat)
perseguir hombre, rey, mujer, reina, perro, gato, perra, gata hombre, rey, mujer, reina, perro, gato, perra, gata

(to follow)

(man, king, woman, queen, dog, cat, female dog, female cat)

(man, king, woman, queen, dog, cat, female dog, female cat)

Table 2: List of agents and patients for each verb. For some verbs, a patient cannot be included given
how the sentences were constructed. All agents and patients are also used in their plural form.

Variation Verbs Number of experiments
. acariciar, comer, pasear, perseguir
Negation P P 9 6000
(to pet, to eat, to walk, to follow)
acariciar, comer, pasear, perseguir
Gender change of the agent P P 9 6000
(to pet, to eat, to walk, to follow)
acariciar, comer, pasear, perseguir
Number change of the agent P P 9 6000
(to pet, to eat, to walk, to follow)
. acariciar, pasear, perseguir
Gender change of the patient P p 9 4500
(to pet, to walk, to follow)
. acariciar, comer, pasear, perseguir
Number change of the patient P P 9 6000
(to pet, to eat, to walk, to follow)
e . llegar, dormir
Temporal modifier reordering 9 3000

(to arrive, to sleep)

Table 3: List of verbs for each transformation.

between the computed cosine similarity and the
human-assigned gold standard scores. In addition,
we plot scatter-plots to validate the correlations
and get a better understanding of the results.

4.2. Analogy Tests using Sentences

This test is inspired on the word analogies test, but
with sentence embeddings. For these tests, we
created a controlled synthetic dataset to validate
if the models are able to capture different types of
morphologic, syntactic and semantic transforma-
tions.

4.2.1. Dataset Creation

The dataset was automatically generated using a
python script that specified how to combine the
different words to construct each sentence. To
create it we selected a few verbs that could fit the
different transformations we intended to test. For
each verb we selected a few nouns to work as
agents of the verb, a few to work as the patient of
the verb if any applied, and which transformations
we would test. For all the verbs with a patient
we have sentences in the active voice and in the
passive voice. The full list of agents and patients
for each verb are shown in Table 2. All of the
verbs were conjugated into the past simple, present
simple and future simple to simplify the creation
and evaluation. Limiting the dataset like this allows
us to have a controlled dataset where we are sure

58

every sentence is grammatically correct. The final
dataset consists of 6528 sentences.

The transformations we selected are: negation,
gender or number change in the agent or patient,
and temporal modifier reordering. For all this, we
created a collection of sentences and extended
them with all the transformations that we could
apply, as long as the sentence still made sense.
In Table 3 we show which verbs were chosen for
each transformation.

Table 4 shows the transformation for the sen-
tence "El rey acaricia a su perro." (The king pets
his dog) for all the transformations except temporal
modifier reordering since this sentence does not
have a temporal modifier. For the temporal modi-
fier reordering we took sentences with one of three
possible temporal modifiers: "en la mafana" (in
the morning), "en la tarde" (in the evening) and "en
la noche" (at night). We take the temporal modifier
which may go either at the beginning or the end of
the sentences, for example: "El hombre duerme
en la manana." (The man sleeps in the morning)
would be changed into "En la manana el hombre
duerme." (In the morning the man sleeps).

4.2.2. Experiments

We made experiments for all the transformations
we explained previously, this was done in three
different sets:

— all four sentences were in the active voice



Variation

Active voice

Passive voice

Base sentence

El rey acaricia al perro.

(The king pets the dog.)

El perro es acariciado por el rey.
(The dog is pet by the king.)

Negation

El rey no acaricia al perro.
(The king does not pet the dog.)

El perro no es acariciado por el rey.
(The dog is not pet by the king.)

Gender change of the agent

La reina acaricia al perro.
(The queen does not pet the dog.)

El perro es acariciado por /a reina.
(The dog is not pet by the queen.)

Number change of the agent

Los reyes acarician al perro.
(The kings do not pet the dog.)

El perro es acariciado por los reyes.
(The dog is pet by the kings.)

Gender change of the patient

El rey acaricia a la perra.
(The king pets the female dog.)

La perra es acariciada por el rey.
(The female dog is pet by the king.)

Number change of the patient

El rey acaricia a los perros.
(The king pets the dogs.)

Los perros son acariciados por el rey.
(The dogs are pet by the king.)

Table 4: Syntactic transformations used in our dataset. Starting from a base sentence in both active
and passive voice, five transformations are applied: negation, gender/number change of the agent, and
gender/number change of the patient. There are also composed transformations, for this example "La
reina no acaricia al perro." (The queen does not pet the dog.) is the negation and the agent gender
change, we also had other sentences such as "Las reinas acarician al perro." (The queens pet the dog.)
and even "Las reinas no acarician a las perras." (The queens do not pet the female dogs.) in the dataset.

king —man + woman = queen

The king pets the dog.—
The man pets the dog,

The man pets the dog.

The king pets the dog.

“The woman pets the dog.

The king pets the dog.—The man pets the dog. + The woman pets the dog.

= The queen pets the dog.

Figure 2: Vector operation. This figure illustrates the A’ — A + B = B’ vector calculation for the
traditional method and one example for our proposed method with full sentences. In our method we adapt
all words needed for the sentences but no more than that.

— all four sentences were in the passive voice

— two sentences (A and A’) were in active voice
and the other two (B and B’) were in passive
voice.

This way we can see if we get different results
when we are using the active voice versus the
passive voice. We can also see if there is an impact
when mixing both passive and active voice in the
calculation.

For the experiments, we made sure the same
verb was used for both A and B to limit variabil-
ity. Even though we used the same verb, A and B
might have different time conjugations. For each
combination of transformation and verb we ran-
domly drew 500 pairs of sentences for the active
voice experiments, 500 pairs for the passive voice
experiments, and 500 for the mixed voice experi-
ments: 250 where A and A’ were in the active voice
while B and B’ were in the passive voice, and 250
where A and A’ were in the passive voice while B
and B’ were in the active voice. The final number of
experiments for each transformation can be seen
in Table 3.

4.2.3. Results calculation

We use the embedding of three of the sentences
to evaluate whether the vector of the fourth sen-
tence can be recovered. Given two sentences, A
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and B and their transformed counterparts A’ and
B’ respectively, we compute the vector operation
A’ - A + B. The resulting vector is then compared
against the embeddings of all the sentences in the
dataset using cosine similarity. The result is con-
sidered correct every time B’ is in the top-k most
similar sentences. We calculated the results for
top-1, top-3 and top-5. However, top-1 accuracy is
zero in most of our experiments. Top-3 accuracy
generally follows the same trend as top-5 accuracy,
but the absolute values remain very low, which
makes comparative analysis less informative.

For this reason, we focus our discussion on top-
5 accuracy. This allows for a more meaningful
comparison across models.

In Fig. 2, we show a transformation of the classic
example king/man/woman/queen, and one with full
sentences.

5. Results

Due to space limitations, we highlight the best re-
sults or those we consider most interesting to ana-
lyze.

5.1. Semantic Textual Similarity

As previously mentioned, we present the results
of the STS test based on two analyses: a correla-



beto beto mbert mbert ximroberta xIlmroberta xIlm roberta xIm roberta
Model rouberta
cased uncased cased uncased base base sp large large sp
tokens sepths 0.499  0.478  0.493  0.493 0.466 0.466 0.434 0.444 0.424
sep lhs 0.673 0527 0.407 0.603 0.028 0.114 0.295 0.135 0.335
tokens |hs 0.581 0.604 0.616 0.574 0.470 0.238 0.426 0.265 0.607
clstokenslhs 0.585 0.604 0.615 0.572 0.465 0.235 0.427 0.263 0.617
cls sep lhs 0.660 0.528 0.307 0.627 0.049 0.109 0.086 0.195 0.429
tokens sep lhs 0.587 0.604 0.615 0.575 0.465 0.240 0.425 0.270 0.607

Table 5: Semantic Textual Similarity — Pearson correlation between cosine similarity and the human-
ranked gold standard (higher is better). We only show the embedding extraction methods that achieve a
maximum in at least one model, omitting those that are outperformed for all the models

tion analysis to get a numeric comparison of the
models, and a graphical analysis to get a better
understanding of the results.

5.1.1. Correlation analysis

Table 5 shows the Pearson correlation between the
gold standard and the cosine similarity for each
sentence pair. Most of the best results are found
in the last hidden state. This is to be expected
since later layers should be able to better capture
contextual information as seen in previous studies
(Hewitt and Manning, 2019; Jawahar et al., 2019).

BETO outperforms all the other models in the
cased variation. It is interesting to see that the
option with the best results is the representation
of the SEP token in the last hidden state, outper-
forming the CLS representation for more than ten
points. This suggests that relying solely on the CLS
token to calculate the pooler output in the original
version of BERT might not always be optimal.

Another interesting observation is that the ROU-
BERTa model has the best performance of all the
RoBERTa models for this test, outperforming all of
them with a big margin and being near most of the
BERT variants.

5.1.2. Graphical analysis

When comparing figures 3a, 3b, and 3c, we can
see that while BETO and ROUBERTa’s similarity
scores range from 0.5 to 1, Multilingual-BERT’s
scores range from 0.8 to 1. This indicates that
although relative similarity increases alongside the
gold standard, the absolute similarity values are
not a reliable measure. Interestingly, ROUBERTa
shows a better spatial representation than Multi-
lingual BERT even though both have almost the
same correlation between the similarity and the
gold standard. This is probably due to ROUBERTa
being specifically trained using news data and the
dataset having 500 sentence pairs from newswire.
This reaffirms that these models already have
a lot of syntactic and semantic information even
without finetuning, as seen in previous studies.
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5.2. Analogy Tests

We present a summarization for each transforma-
tion and group of experiments: when all the sen-
tences are in active voice, when all the sentences
are in passive voice, and when two of them are in
passive voice and the other two are in active voice
(which we call mixed-voices). We also present the
results of specific transformations in more detail.

5.2.1. Agent vs Patient

Before analyzing the results, it is important to note
that the agent takes the role of the subject of the
sentence in the active voice, while it takes the role
of the complement in the passive voice. In the
same way, the patient shifts from being the comple-
ment in the active voice to the subject in the pas-
sive voice. This distinction is important because
changes in the subject affect the verb to maintain
grammatical agreement.

While there are good results for Number of pa-
tient in active voice, as seen in the top rows of
Table 6, this is not seen in passive voice (middle
rows of the table). In the same way, the Number
of agent gets somewhat good results (albeit not as
good as Number of patient) in passive voice while
getting poor results in active voice. In a similar
trend we get more balanced results in the active
to passive voice test, as seen in the bottom rows.
These results indicate that the models are better
at changing the number of the complement of the
sentence in comparison than changing the number
of the subject of the sentence. This makes sense
since changing the number of the subject of the
sentence also changes the conjugation of the verb,
something that does not happen when changing
the number of the complement.

The results for gender transformations are better
compared to the number transformations. Chang-
ing the gender of the subject does not impact the
verb in the active voice, and has a smaller impact in
the passive voice compared to changing the num-
ber of the subject. This also explains why we see
better results in the active voice compared to the
passive voice.

The result that we find the most interesting is
how the models have the best performance in the
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Figure 3: Each point represents a pair of sentences. In the X axis we have the human-assigned similarity
score while in the Y axis we have the cosine similarity between the vectors.

. beto beto mbert mbert xim xim xim xim
Experiment roberta roberta roberta roberta rouberta
cased uncased cased uncased
base basesp large large sp
Active  Negation 1470 4745 3490 2835 52.80 47.00 52.35 44.05 45.30
voice Gender of patient 11.60  10.00  47.20 8.33 2.00 19.13 12.40 18.87 10.47
Number of patient 42.80 49.65 30.55 37.90 20.65 20.95 16.85 33.95 61.60
Gender of agent  23.60 39.45 17.85 7.15 4.90 13.30 11.05 10.80 12.05
Number of agent ~ 0.15 1.40 0.05 0.05 1.45 2.15 2.80 1.05 0.00
Passive Negation 1.65 41.80 1470 13.60 53.15 49.95 53.10 41.70 28.00
voice Gender of patient  0.07 5.93 30.47 0.53 0.07 11.13 3.73 1.87 0.87
Number of patient 2.70 7.15 3.65 1.65 0.15 2.55 2.25 1.00 0.25
Gender of agent  31.55 46.45 31.75  30.85 4.30 10.60 22.35 25.60 25.70
Number of agent  42.85 33.95 12.25 26.00 4.35 14.10 26.20 43.70 28.05
Mixed Negation 8.45 52.25 24.20 22.45 53.70 47.45 53.35 41.40 37.70
active-  Gender of patient ~ 3.47 10.20  60.27 4.93 1.07 18.80 8.53 14.00 9.53
passive Number of patient 22.30  34.20 18.00 21.70 7.80 16.75 8.60 17.45 31.05
Gender of agent  28.35 48.20 26.65 16.10 4.85 15.25 19.50 22.15 15.35
Number of agent 9.20 18.20 4.80 7.60 2.45 7.20 15.10 19.70 6.75

Table 6: Top-5 results for each model for experiments using only active voice, only passive voice, or two
in active and two in passive voice. The values show the percentage of times a sentence appeared in the
top 5 among its nearest vector neighbors. Results were obtained in different layers depending on the

model and task.

mixed-voices tests as seen when comparing re-
sults in the three sections of Table 6 for the gender
change tests. This goes against what we see in the
number change tests. Another surprising result is
that the only model that performs well for the gen-
der of patient test is the Multilingual-BERT cased
model. Firstly, this model was not fine-tuned for
Spanish and we expected it to be one of the least
performing models. Secondly, it did not matter if
the transformation was in active, passive, or ac-
tive to passive voices, since, as previously stated,
the patient becomes the object or subject of the
verb based on which voice we are using. This
was also noted for the gender of the agent, where
BETO uncased was the model that got the best
results regardless of the voice transformation be-
ing used. These results prompt further analysis of
these kinds of transformations in the future to get
a better understanding of the models.

When we analyze these results at the layer level
we can see how the information is best represented
in the last hidden state (top rows in Table 7). In fact,
the best results use SEP token, followed by CLS
token. This indicates that this semantic information

is better summarized there for all the models we
tested, coinciding with the results seen in the STS
test.

5.2.2. Negation

The results for the negation of the verb were con-
sistently low for all of the models. This indicates
that negation may not be linearly represented in
sentence embeddings. However, the best results
were seen in the first layers, be it the input layer
or the first hidden state as shown in the middle
rows of Table 7. This indicates that the changes
were captured primarily at word level rather than at
the semantic level. It would be interesting to see
if newer BERT-like models perform better since
new models have been released for the specific
purpose of embedding generation in RAG (Wang
et al., 2024).

5.2.3. Temporal modifier reordering

The bottom rows of Table 7 show both BETO and
Multilingual-BERT got 100% in their uncased vari-
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. beto beto mbert mbert xim xim xim xim
Representation roberta roberta roberta roberta rouberta
cased uncased cased uncased
base basesp large large sp
Gender tokens il 0.12 0.13 1.50 0.02 0.10 0.17 0.10 0.28 8.28
of Agent tokens fhs 0.02 0.08 0.82 0.00 0.02 0.07 0.02 0.13 3.58
task tokens sep fhs 0.02 0.03 0.73 0.00 0.03 0.08 0.03 0.15 3.53
cls lhs 21.20 41.82 21.90 10.63 410 5.92 12.15 17.53 14.33
sep lhs 26.98 44.70 22,68 16.70 4.05 11.67 17.08 11.08 9.72
tokens lhs 21.43 38.42 22.47 5.62 3.43 8.43 16.52 16.97 4.83
cls sep lhs 2575 4350 2218 16.78 4.23 13.05 17.20 15.37 11.98
cls tokens lhs 22.53 39.45 22.70 5.97 3.75 8.90 16.15 17.83 6.82
tokens sep lhs 22.25 39.47 22.70 6.12 3.80 8.92 16.55 16.95 6.18
Ihs 23.02 40.08 22.87 6.32 4.20 9.47 16.38 17.65 7.30
pooler output 21.72 42.18 18.22 4.50 4.25 5.90 11.65 17.47 13.93
Negation  tokens il 4.32 13.40 2445 18.43 53.22 48.13 52.93 42.38 0.00
task tokens fhs 8.22 46.17 22.20 21.47 22.92 20.35 22.75 21.85 36.68
tokens sep fhs 7.43 4717 19.65 19.42 21.80 17.80 21.82 20.85 37.00
cls lhs 0.02 0.30 0.28 0.35 717 7.75 0.00 1.33 0.38
sep lhs 0.85 0.38 0.23 1.70 4.78 14.55 0.00 1.78 1.08
tokens lhs 0.02 0.83 0.97 1.90 26.53 14.25 0.00 0.70 1.03
cls sep lhs 0.13 0.28 0.18 1.63 5.85 11.68 0.00 1.48 0.58
cls tokens lhs 0.00 0.67 0.85 1.68 16.10 12.63 0.00 0.80 0.98
tokens sep lhs 0.07 0.70 0.85 1.82 14.38 13.07 0.00 0.70 1.07
Ihs 0.10 0.60 0.82 1.80 7.65 11.50 0.00 0.78 1.05
pooler output 0.02 0.22 0.70 0.57 5.32 8.07 0.00 1.58 0.43
Temporal  tokens il 6.43 100.00 8.27 100.00 85.20 85.17 76.87 62.57 42.93
Modifier tokens fhs 6.90 100.00 1.10 100.00 57.00 57.03 67.97 50.87 91.00
Reordering tokens sep fhs 6.60  100.00 1.10 100.00 57.30 57.40 68.03 51.47 91.00
task cls Ihs 0.20 0.43 0.20 0.20 12.40 0.17 20.17 0.07 0.00
sep lhs 0.67 0.40 0.00 6.80 10.03 0.00 24.23 0.00 0.00
tokens lhs 0.00 6.57 0.03 0.60 37.63 1.53 32.63 0.00 0.00
cls sep lhs 0.60 0.43 0.07 5.77 11.23 0.03 23.37 0.00 0.00
cls tokens lhs 0.03 5.90 0.03 0.67 38.83 1.57 32.77 0.00 0.03
tokens sep lhs 0.03 6.20 0.07 0.93 39.27 1.10 34.07 0.00 0.03
Ihs 0.07 5.50 0.10 0.93 42.03 1.27 34.03 0.00 0.03
pooler output 0.03 0.30 0.63 1.90 11.63 0.20 19.30 0.10 0.00

Table 7: Top-5 accuracy for Gender of Agent, Negation, and Temporal Modifier Reordering tasks. Scores
of all the experiments: the active-voice, passive-voice, and mixed-voice evaluations. In bold is the best
result for each model. The best result across all the variants is underlined.

ants. This is expected since they got those results
in the input layer and first hidden state. In these
layers, embeddings are the same for both mod-
els since the sentence is composed of the same
words and word order does not matter, making
the task trivial. Interestingly, the capitalization of
words was enough to make the cased versions of
these models perform poorly. This result was unex-
pected since the sentences maintained the same
meaning and we expected them to have similar rep-
resentations in higher layers. RoBERTa models on
the other hand got pretty good results. These are
cased models, with the exception of ROUBERTa,
s0 their much better performance in the task when
compared to BETO and Multilingual-BERT is some-
thing to note. However, as already seen for the
negation tests, the best results were obtained in
the input layer and first hidden state, with perfor-
mance deteriorating in the last hidden state and
output. Interestingly, both Multilingual-RoBERTa
models got good results in the last layers. As they
are not fine-tuned for Spanish, we did not expect
them to be the only models to be able to perform
well.

An interesting analysis would be to test all other

hidden states to determine whether performance
deteriorates gradually across layers or drops sud-
denly after a specific one. Another possible anal-
ysis would be to test whether we can change one
temporal modifier to another — for example chang-
ing “in the morning” to “at night” or adding a tem-
poral modifier to a sentence without one.

6. Conclusions and Future Work

We proposed a new intrinsic approach to test and
compare BERT-like language models with respect
to their capabilities to retain syntactic and semantic
information at the sentence level. The tests yield
interesting results that enable us to compare dif-
ferent models in terms of their ability to preserve
specific syntactic and semantic information across
sentences.

Our experiments show that different types of
transformations are not equally captured. While
gender and number changes were partially cap-
tured, the negation transformation was not well
represented in later layers.

However, this framework is only an initial pro-
posal and needs to be further developed to provide
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a more robust comparison of models. Nonethe-
less, we expect this approach to raise awareness
of the need for improved methods to evaluate
transformer-based language models, thereby en-
abling more accurate comparisons in their current
applications.

Future work includes expanding the range of
semantic transformations, such as verb tense vari-
ants, adjective modifications, synonym-antonym
substitutions, and active to passive voice. We also
would like to explore sentence embedding models
and how those compare to the results we found.
Additionally, we plan to extend the dataset with
more naturalistic sentences constructed from real-
world examples.
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