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Abstract

This Ph.D. dissertation advances the state-of-
the-art in Natural Language Processing (NLP)
for Portuguese by proposing new and inno-
vative data resources and explainable meth-
ods for hate speech detection and automated
fact-checking. The thesis introduces several
benchmark datasets for Brazilian Portuguese,
HateBR, HateBRXplain, HateBRMoralXplain,
MFTCXplain, MOL, and FactNews, which
have been widely adopted by the research com-
munity and address critical gaps in the avail-
ability of high-quality annotated resources for
Portuguese. In addition, this dissertation pro-
poses novel post-hoc and self-explaining NLP
methods: Sentence-Level Factual Reasoning
(SELFAR), Social Stereotype Analysis (SSA),
Contextual Bag-of-Words with Interpretable
Input and Feature Optimization (B4+M), Su-
pervised Rational Attention (SRA), and Su-
pervised Moral Rational Attention (SMRA).
Across multiple tasks and datasets in Por-
tuguese, these methods outperform baselines
while improving interpretability and robustness,
demonstrating that explainability and perfor-
mance can be jointly optimized. Finally, this
thesis has achieved significant national and
international impact, being cited by leading
universities and research institutes worldwide
and fostering new M.Sc. and Ph.D. research
projects in Brazil. Its scientific and social
contributions have also been recognized with
multiple prestigious national and international
awards, including the Google LARA, the Maria
Carolina Monard Best Thesis Award in Artifi-
cial Intelligence, the Trevisan Prize for Stu-
dents “Al for Good” from Bocconi University
for rigorous computer science research in Al
with social impact, and the Diversity and Inclu-
sion Award from the Association for Compu-
tational Linguistics (ACL). Lastly, this thesis
has received two nominations for the Brazilian
Computer Society Thesis Awards in Computer
Science, and in Multimedia, Hypermedia, and
Web.

Thiago A. S. Pardo
University of Sao Paulo
taspardo@icmc.usp.br

1 Introduction

Although the proliferation of misinformation and
hate speech is a global challenge, most existing fact-
checking and hate speech detection models remain
focused on English and rely on opaque architec-
tures. As a result, these “black-box’ approaches
fail to provide meaningful rationales for their pre-
dictions, while Portuguese continues to lack high-
quality corpora, benchmarks, and explainable meth-
ods. This lack of transparency introduces signifi-
cant risks, including biased and unreliable model
behavior, which has become a major concern in the
Artificial Intelligence (Al) field (May et al., 2019).
These limitations reveal a clear research gap, con-
straining both scientific progress and the develop-
ment of transparent, effective, and culturally aware
solutions for Portuguese language processing.

Hate speech detection technologies often inherit
biases from their training data (Davidson et al.,
2019), which may reflect subjective human anno-
tations (Al Kuwatly et al., 2020; Sap et al., 2022;
Vargas et al., 2022). These biases can reinforce
social discrimination, such as racial and gender bi-
ases, especially when deployed at scale (Davani
et al., 2023; Vargas et al., 2023a; Chuang et al.,
2021; Sap et al., 2019; Davidson et al., 2019). Ta-
ble 1 evidences this issue, showing two documents
classified as hate speech by a fine-tuned BERT clas-
sifier (Kennedy et al., 2020). Note that while the
second document from Gab social media contains
explicit hate speech, the first document, extracted
from the New York Times!, does not. However, the
fine-tuned BERT classifier incorrectly classified
both as hate speech, due to the presence of group
identifiers such as “black’ and “Africans.”

In similar settings, the issue of bias in fact-
checking has been extensively analyzed in the lit-
erature (Park et al., 2021; Baly et al., 2018; So-
prano et al., 2024; Vargas et al., 2023c). Biases
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Documents

Predicted Class

For many Africans, the most threatening kind of ethnic hatred is black against black. - New York Times

hate speech

There is a great discrepancy between whites and blacks in SA. Itis ... [because] blacks will always be

the most backward race in the world - Anonymous user, Gab.com

hate speech

Table 1: Two documents classified as hate speech by a fine-tuned BERT classifier. Group identifiers are underlined

(Kennedy et al., 2020).

N. Claims Rate
1 “Latina workers make 54 cents for every dollar earned by white, non-Hispanic men” - Democratic Senator ~ True
(tweet)
2 “A proposal in Syracuse would pay gang members $100-$200 per week to stay out of trouble” - Republican ~ Mostly True

state legislator from New York (tweet)

Table 2: Examples of manually fact-checked claims and their assigned ratings published by PolitiFact.

(e.g., media bias, political bias, ) in automated fact-
checking may be also introduced during data train-
ing. Fact-checking models tend to rely on these
biases without fully learning the underlying task.
Instead, they often learn misleading correlations
between news patterns and veracity labels as sim-
plifications, rather than integrating the information
to reason effectively (Wu et al., 2022). As a result,
these models may not only fail when applied to real-
life situations, where news patterns vary widely, but
they can also undermine public trust and exacerbate
political polarization (Kuzmin et al., 2020). For ex-
ample, prior studies assessing the performance of
human fact-checkers have reported conflicting find-
ings (Amazeen, 2015) and identified significant
inconsistencies among major fact-checking organi-
zations such as PolitiFact, The Fact Checker?, and
FactCheck.org in their evaluations of statements
on topics such as climate change, racism, and na-
tional debt (Marietta et al., 2015). In addition, only
10% of statements were fact-checked by both orga-
nizations in their study, with agreement primarily
observed for statements classified as clearly true or
false, but significantly lower agreement for ambigu-
ous claims that highlight the inherent subjectivity in
the manual assignment of veracity ratings, raising
concerns about potential biases such as selective
claim verification and inconsistencies in evaluation
criteria (Nieminen and Rapeli, 2019). An example
of this lack of precision in defining veracity ratings
is shown in Table 2. Note that in the second exam-
ple, the label “mostly true” is assigned despite the
low consistence of the evidence.

Moreover, media and political biases can be in-
troduced during data collection and training, in-
fluencing the behavior of fact-checking models.

2https://www.washingtonpost.com/politics/
fact-checker/
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Consequently, rather than learning the fundamen-
tal task of factual verification, these models may
inadvertently internalize misleading correlations
between news patterns and veracity labels as short-
cuts (Wu et al., 2022). This reliance on biased
patterns not only compromises model performance
in real-world scenarios, where news structures vary
significantly, but also poses broader societal risks,
including diminished public trust in fact-checking
and increased political polarization (Kuzmin et al.,
2020). Thus, ensuring the transparency and ac-
countability of automated fact-checking systems is
both a technical necessity and a social imperative.
To address these challenges, fact-checking mod-
els should either incorporate post-hoc explanations
for their outputs or embed interpretability mecha-
nisms directly within their architecture (Kotonya
and Toni, 2020).

Therefore, the inability of NLP models to pro-
vide rationales for their decisions remains a signif-
icant barrier to their broader adoption (Gongane
et al., 2024). In the context of automated fact-
checking and hate speech detection, this lack of
transparency raises serious ethical concerns regard-
ing model reliability and fairness. In response to
these critical issues, this thesis advances transpar-
ent and explainable approaches for Portuguese lan-
guage processing, with a particular focus on fact-
checking and hate speech detection, two tasks that
are central to combating misinformation and sus-
taining a fair and democratic society. Specifically,
this Ph.D. thesis introduced several benchmark
datasets for Portuguese (e.g., HateBR, HateBRX-
plain, HateBRMoralXplain, MFTCXplain, Fact-
News, and MOL), and developed new post-hoc
and self-explaining computational methods (e.g.,
SELFAR, SSA, B+M, SRA, SMRA) to ensure that
both data and models are explainable and socially
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aligned. Notably, over multiple tasks in Portuguese,
these methods reliably outperform the baselines
and simultaneously improve interpretability and ro-
bustness, significantly contributing to advance the
state-of-the-art in the computational processing of
Portuguese.

2 Theoretical Background

Explainable Artificial Intelligence (XAI) systems
can explain their reasoning to human users and
express knowledge about how they will behave in
the future (Guidotti et al., 2018; Adadi and Berrada,
2018). In this context, XAl methods provide the
causes of a single prediction, a set of predictions, or
all predictions of a model by identifying the input,
model, or training data parts that most influence
the model’s outcome (Balkir et al., 2022). The
key concept in explainability involves the types of
explanations, often categorized in literature into
two main groups: (i) local and global explanations
and (ii) self and post-hoc explanations (Guidotti
et al., 2018; Adadi and Berrada, 2018), as follow.

Local explanations: This first type of explana-
tion provides information or justification for the
model’s prediction regarding a specific input. Fur-
thermore, local explanations are also known as
model-agnostic explanations, meaning they do not
consider the structure of the model.

Global explanations: This second type of expla-
nation arises directly from the prediction process. It
provides justification by revealing how the model’s
predictive mechanism works, regardless of any spe-
cific input. Moreover, global explanations are also
known as model-specific explanations, as they con-
sider the internal structure of the model’s process
and rely on the specific architecture used.

In addition, explanations differ based on whether
they are generated as part of the prediction process
or require post-processing after the model makes a
prediction. These are categorized as self-explaining
and post-hoc explaining, as described below:

Self-explaining: This type of approach is also
referred to as directly interpretable (Arya et al.,
2019). It generates explanations simultaneously
with predictions, utilizing information provided by
the model during the prediction process. For ex-
ample, decision trees and rule-based models exem-
plify global self-explaining models, whereas fea-
ture saliency approaches, such as attention mecha-
nisms or feature engineering, serve as examples of
local self-explaining models.
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Post-hoc explaining: This approach generates
explanations after the model has been built, requir-
ing an additional operation performed after predic-
tions are made. LIME (Local Interpretable Model-
Agnostic Explanations) (Ribeiro et al., 2016) and
SHAP (SHapley Additive exPlanations) (Lundberg
and Lee, 2017) are examples of post-hoc explain-
ing methods. LIME provides local explanations for
predictions by perturbing input data and observing
the resulting changes in the model’s predictions. In
contrast, SHAP measures the contribution of each
feature to the prediction by considering all possible
combinations of features and can be used for both
local and global explanations.

3 Problem, Motivation and Objectives

Advances in NLP models have led to a decline
in transparency, increasing risks such as bias and
reduced accountability, particularly in socially sen-
sitive tasks such as fact-checking and hate speech
detection. These challenges are particularly no-
table for Portuguese, which still lacks adequate
resources and explainable methods. Hence, the
main objectives of this thesis are: (i) to analyze the
risks, and limitations of “black-box” NLP models
applied to fact-checking and hate speech detection
in Portuguese; (ii) to design and release benchmark
datasets for Portuguese, enriched with expert an-
notations and human-interpretable rationales; (iii)
to propose novel explainable NLP methods that
integrate interpretability into the learning process
while maintaining state-of-the-art predictive perfor-
mance; and (iv) to contribute to the advancement
of the Portuguese NLP community by providing
open-access data, methods, and evaluation metrics.

4 Research Hypotheses

This thesis was guided by two main hypotheses.
First, research on explainability is essential for
building trust, ensuring fairness, and promoting
the responsible use of Al, particularly for under-
standing the risks and social impacts of “black-box”
NLP models for automated fact-checking and hate
speech detection in Portuguese. Second, by reveal-
ing when models rely on spurious patterns or so-
cial biases, explainability supports error diagnosis,
improves robustness, and enables accountability,
which is crucial in hate speech detection and fact-
checking, where understanding the reasons behind
a decision is as important as the decision itself.



5 Research Methodology

The research adopts a data-driven and evaluation-
oriented methodology, comprising: (i) the construc-
tion of benchmark datasets for Portuguese with
expert annotations and rationale-level supervision;
(ii) the development of explainable NLP models, in-
cluding self-explaining and post-hoc architectures;
(iii) the evaluation of models in Portuguese lan-
guage using standard NLP metrics alongside ex-
plainability and fairness-oriented assessments; and
(iv) a comparative analysis against strong state-of-
the-art baselines to quantify advances in perfor-
mance, transparency, and robustness.

6 Research and Social Impact on
Portuguese Language Processing

The research presented in this dissertation has had
a significant national and international impact on
the computational processing of Portuguese, partic-
ularly in the context of socially-aware NLP tasks
such as hate speech detection, misinformation, and
explainable Al. The proposed methodologies and
language resources directly address theoretical and
technological challenges, with a special focus on
Brazilian Portuguese, contributing to the advance-
ment of robust, transparent, and socially respon-
sible Portuguese-language NLP systems. A ma-
jor outcome of this work is the creation of widely
adopted benchmark datasets for Portuguese, includ-
ing the HateBR,HateBRXplain, HateBRMoralX-
plain, FactNews, Multilingual Offensive Lexi-
con (MOL), and MFTCXplain all of which have
been extensively used for benchmarking, evalu-
ation, and methodological development in NLP
research. These resources fill critical gaps in high-
quality, expert-annotated datasets for Portuguese.
In the international context, the impact of this
dissertation is evidenced by its adoption and ci-
tation by leading research institutions and univer-
sities such as Microsoft Research, Carnegie Mel-
lon University, Harvard University, University of
Maryland, University of Turin, Technical Univer-
sity of Munich, University of Bonn, University of
Lisbon, National University of Singapore, Vrije
Universiteit Amsterdam, and the Rochester Insti-
tute of Technology. These institutions have lever-
aged the proposed datasets, as well as our meth-
ods, such B+M, SSA, SELFAR, SRA, SMRA, for
advancing multilingual and Portuguese-centered
NLP research. Her international recognition con-
tinues to grow. In December 2025, Dr. Vargas
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was invited to present her research at the highly
prestigious ASML Synthesizer Open Showcase
20253 at Harvard University, where she presented
“Brazil #WithoutHate: Self-Explaining and Moral-
Aware Al for Hate Speech Detection.” This in-
vited presentation highlights the maturity, origi-
nality, and societal relevance of her doctoral re-
search, as well as its contribution to the develop-
ment of explainable and fair Al systems for the
processing of Portuguese. In the national context,
this work has directly influenced graduate-level re-
search in Brazil. Several universities, including
UFMG, USP, UFF, UFCG, UDESC, UFOP, etc.,
have proposed or developed MSc and PhD theses
centered on hate speech and misinformation analy-
sis using the datasets and methodologies introduced
in this dissertation. The relevance and visibility of
this research also extend beyond publications. The
author was invited to serve as a visiting researcher
at the University of Southern California, and to
present this work at Leibniz Institute for the So-
cial Sciences. Additionally, she has actively con-
tributed to international NLP research communities
through service roles, including participation in the
organizing committees of ICWSM (2021, 2022,
2023) and WOAH (2025) and DeepXplain (2025),
as well as program committee in ACL, EMNLP,
NAACL, LREC, and COLING. Overall, this dis-
sertation contributes novel methods, datasets, and
evaluation frameworks for Portuguese, promote re-
producible research, and support the development
of linguistically and socially responsible NLP tech-
nologies, fully aligning with the objectives of the
PROPOR Best PhD Dissertation Award.

7 Thesis Outcomes
The thesis generated several outcomes, including:

1. 15 (fifteen) published papers in top-tier in-
ternational conferences: In total, 15 (fif-
teen) papers were published in top-tier Al and
NLP international conferences, workshops,
and journals (e.g., EMNLP, NAACL, LREC,
RANLP, NLP journal, AAAI etc.) (see list of
publised papers).

Several benchmark datasets for Por-
tuguese: HateBR* (Vargas et al., 2022), Hate-
BRXplain (Salles et al., 2025), and HateBR-
MoralXplain (Vargas et al., 2026) (the first
3https://cyber.harvard.edu/events/

asml-2025-synthesizer
*https://github.com/franciellevargas/HateBR
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large-scale expert-annotated corpora for hate
speech detection in Brazilian Portuguese, in-
cluding hate speech and moral rationales for
explainability); MOL> (Vargas et al., 2024a)
(the first multilingual offensive lexicon, ex-
tracted from the HateBR containing 1,000 ex-
plicit and “clues” to identify implicit terms
in Portuguese, translated into five languages
while accounting for cultural aspects.); Fact-
News® (Vargas et al., 2023c¢) (a sentence-level
annotated dataset for fact-checking in Por-
tuguese); and MFTCXplain’ (Trager et al.,
2025), the first benchmark for evaluating
moral reasoning of LLMs.

3. 5 (Five) new post-hoc and self-explaining
computational methods evaluated for Por-
tuguese: SELFAR® (Vargas et al., 2024b)
(the first explainable fact-checking method
in Portuguese); SSA? (Vargas et al., 2023a)
(a counter-stereotype post-hoc explanation
method to assess social bias in hate speech
classifiers); B+M!'0 (Vargas et al., 2021)
(a contextual BoW with interpretable input
and feature optimization for explainable hate
speech detection); and SRA (FEilertsen et al.,
2025) and SMRA!! (Vargas et al., 2026)
(self-explaining methods that integrating hate
speech and moral human-annotated rationales

into deep learning models by attention align-

ment loss).

4. A Web platform to combat hate speech in
Portuguese: NoHateBrazil'? (Vargas et al.,

2023b), a public platform for hate speech de-

tection in Brazilian Portuguese.

5. Microsoft leveraged the HateBR dataset to
train LLMs: Microsoft Research has used the
proposed HateBR dataset to train two 2 (two)

LLMs: CultureLLM (Li et al., 2024) and Cul-

turePark (Li et al., 2025), demonstrating its
clear relevance and practical applicability.

6. National and international awards: This
work has been widely recognized through

5https://github.com/franciellevargas/MOL

https://github.com/franciellevargas/FactNews

10.

prestigious national and international awards
and grants, including the Google LARA!3,
the Maria Carolina Monard Award Best The-
sis in AI'%, International Trevisan Prize for
Students “Al for Good“!’, and was nominated
for the Brazilian Computer Society’s Thesis
Awards in Computer Science (Vargas et al.,
2025a) and Multimedia, Hypermedia and Web
(Vargas et al., 2025b). Finally, the author
of this thesis received a Diversity & Inclu-
sion (D&I) award from the Association for
Computational Linguistics (ACL) for EMNLP
and NAACL 2024. This award is granted to
Ph.D. students in recognition of their outstand-
ing contributions and achievements in Natural
Language Processing and Computational Lin-
guistics, as well as to applicants from under-
represented groups presenting a paper at the
main conference.

Invited as an international visiting re-
searcher: The author of this thesis was invited
to visit the University of Southern California
(USC) and to present her work at an event of
the Applied Social Media Lab at the Berkman
Klein Center for Internet & Society, Harvard
University.

. Invited as an international keynote speaker:

The author of this thesis served as a keynote
speaker at the Conference on Harmful Online
Communication at the Leibniz Institute for the
Social Sciences (GESIS), in Germany, and at
the Conference cum Conclave on Emerging
Trends in Journalistic and Media Practices at
DG Vaishnav College, in India.

. Invited roundtable lead at ICLR 2026 work-

shop: The author of this thesis was invited to
serve as a Roundtable Lead at the Algorith-
mic Fairness Across Alignment Procedures
and Agentic Systems (AFAA) Workshop, held
at the International Conference on Learning
Representations 2026!°.

Invited to top-tier NLP international con-
ference and journals program committees:

13https://research.google/programs-and-events/
phd-fellowship/
14https://www.icmc.usp.br/institucional/
premios/premio-maria-carolina-monard
15https://cs.unibocconi.eu/news/
trevisan-prize-students-ai-good-winners
https://www.afciworkshop.org/afaa-2026
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7https://github.com/franciellevargas/
MFTCXplain
8https://github.com/franciellevargas/SELFAR
9https://github.com/franciellevargas/SSA
10https://aclanthology.org/2021.ranlp—1.161/
Hhttps://github.com/franciellevargas/SMRA
Zhttp://143.107.183.175:14581/
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The author of this thesis was invited to serve
on the program committees of Language Re-
sources and Evaluation, Expert Systems with
Applications, Online Social Networks and Me-
dia, Natural Language Processing Journals,
as well as EMNLP, ACL, NAACL, RANLP,
COLING, LREC, ICWSM, WWW and CIKM
conferences.

11. Co-organizer of top-tier international con-
ferences and workshops: The author of this
thesis co-organized the prestigious ICWSM
conference in 2021, 2022 and 2023, and was
selected to organize ACL Workshop on Online
Abuse and Harms (WOAH 2025) (Calabrese
et al., 2025), and proposed the IJCNN 2025
Special Session on Explainable Deep Neu-
ral Networks for Responsible Al: Post-Hoc
and Self-Explaining Approaches (DeepXplain
2025) 7.

12. +10 new Ph.D. and M.Sc. theses, and under-
graduate research projects in Brazil: Sev-
eral prestigious public universities in Brazil
have used our resources to propose new Ph.D.
and M.Sc. theses, including institutions such
as USP, UFMG, UFF, UFOP, UFC, among
others.

13. Co-adyvisor of a computer science master’s
student with a published paper in a top-
tier NLP venue: The author of this thesis
co-advised a master’s student in computer sci-
ence at DCC-UFMG, whose work was pub-
lished at COLING 2025, a top-tier interna-

tional NLP conference (see paper).

14. High citations from prestigious interna-
tional institutions: Research by prestigious
institutions (e.g. Carnegie Mellon University,
University of Maryland, Harvard University),
has been significantly influenced by the re-
sources provided in this thesis, as reflected
in a substantial number of citations (Google

Scholar: 325 citations) 8.

15. Collaboration with researchers across 10
countries on 5 continents: The author of this
thesis has led projects and collaborated with
researchers in ten different countries on five

continents (see research projects).

17https ://deepxplain.github.io/
Bhttps://tinyurl.com/2ckwn6vd
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16. Press Coverage: The results of this disserta-
tion received relevant media coverage, with
nine reports, including one international outlet
(see).

8 Ph.D. Dissertation

Link: https://tinyurl.com/7ps8ykys

9 Conclusion

This Ph.D. dissertation advances the state-of-the-
art in Natural Language Processing for Portuguese
by addressing the lack of high-quality resources
and explainable methods for socially sensitive tasks
such as hate speech detection and automated fact-
checking. To bridge this gap, this thesis intro-
duced several benchmark datasets for Brazilian Por-
tuguese with expert annotations and rationale-level
supervision. In addition, it proposed novel explain-
able computational methods that integrate post-hoc
and self-explaining approaches to improve trans-
parency in classical and neural machine learning
models. Experimental results across multiple tasks
demonstrate that explainability and predictive per-
formance can be jointly optimized, leading to more
robust and trustworthy Al systems. Beyond its
methodological contributions, this research has had
a significant scientific and societal impact. The
datasets and methods proposed in this thesis have
been widely adopted by the international research
community, enabling new studies and graduate
research projects while strengthening Portuguese-
centered NLP. Overall, this dissertation contributes
new resources and methods that advance explain-
able and socially responsible NLP for Portuguese,
reinforcing the importance of transparency and ac-
countability in modern Al and NLP systems.
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