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Abstract

Over the past decade, rapid advancements in natural language processing have opened
up new avenues for tackling complex issues such as news bias analysis. This progress has
empowered researchers to explore innovative approaches to uncovering the complex biases
inherent in news production and coverage processes. News bias, a multifaceted reflection
of the inherent biases in the news production and coverage workflow, has far-reaching
implications for public opinion and decision-making. Analysing it poses a formidable chal-
lenge, given its susceptibility to a variety of influencing factors, including but not limited
to political affiliation, editorial independence, and writing style.
The thesis at hand delves into this complex landscape, aiming not only to identify and

analyse news bias but also to extend these analyses to a multilingual context. By critically
evaluating existing research, proposing future strategies, and establishing comprehensive
methodologies for bias mitigation, the thesis lays the foundation for comprehensive method-
ologies for bias mitigation in news reporting. It also presents the design and provides the
implementation of adaptable data generation scripts for generating customised datasets
for related tasks. Furthermore, it introduces a publicly available, novel event-centric news
dataset.
In addition, the thesis introduces a novel learning framework for predicting bias in news

headlines, incorporating inferential commonsense knowledge. It demonstrates how such
knowledge improves comprehension of short headlines that lack proper semantic and syn-
tactic context. Specifically, it illustrates the crucial role played by commonsense when
coupled with proper selection and refinement techniques in simplifying, interpreting, and
explaining events not explicitly stated in the headlines, thereby significantly enhancing the
task of bias analysis.
This thesis aims to close the gap by broadening its focus to embrace multilingualism in

response to the shortcomings of existing approaches, which primarily focus on languages
with abundant resources. This is accomplished by extending the previously introduced
framework to efficiently harness inferential knowledge in a multilingual context, employing
the translate-retrieve-translate strategy. This strategy is then used to propose a multi-
lingual bias prediction framework capable of handling low-resource languages under an
imbalanced sample distribution. It assesses the generalisability of the frameworks pre-
sented and investigates the effects of knowledge augmentation and attention mechanisms.
It also provides a qualitative analysis of bias prediction performance across languages and
provides comprehensive explanations.
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Povzetek

V zadnjem desetletju je hiter napredek na področju obdelave naravnega jezika odprl nove
možnosti za reševanje zapletenih vprašanj, kot je analiza pristranskosti novic. Ta napre-
dek je raziskovalcem omogočil raziskovanje inovativnih pristopov za odkrivanje zapletenih
pristranskosti, ki so neločljivo povezane s postopki priprave in poročanja o novicah. Pri-
stranskost novic, ki je večplasten odsev pristranskosti v procesu priprave in pokrivanja
novic, ima daljnosežne posledice za javno mnenje in sprejemanje odločitev. Analiziranje
te pristranskosti predstavlja velik izziv, saj nanjo lahko vplivajo različni dejavniki, med
drugim politična pripadnost, uredniška neodvisnost in slog pisanja.
Pričujoča disertacija se poglablja v to zapleteno področje in si prizadeva ne le opredeliti

in analizirati pristranskost novic, temveč tudi razširiti te analize v večjezičnem kontekstu.
S kritično oceno obstoječih raziskav, predlogi prihodnjih strategij in vzpostavitvijo celovi-
tih metodologij za zmanjševanje pristranskosti, doktorsko delo postavlja temelje celovite
metodologije za zmanjševanje pristranskosti pri poročanju novic. Predstavlja tudi zasnovo
in zagotavlja implementacijo prilagodljivih skript za generiranje podatkov za generiranje
prilagojenih podatkovnih nizov za sorodne naloge. Poleg tega je predstavljen nov javno
dostopen, im na dogodke osredotočen nabor podatkov o novicah.
Delo uvaja tudi nov učni okvir za napovedovanje pristranskosti v naslovih novic, ki

vključuje znanje na podlagi inferenčnega zdravo-razumskega sklepanja. Prikazuje, kako
takšno znanje izboljša razumevanje kratkih naslovov, ki nimajo ustreznega semantičnega in
sintaktičnega konteksta. Natančneje, prikazana je ključna vloga, ki jo ima zdrav razumsko
sklepanje v povezavi z ustreznimi tehnikami izbire in izpopolnjevanja pri poenostavljanju,
razlagi in pojasnjevanju dogodkov, ki niso izrecno navedeni v naslovih, s čimer se bistveno
izboljša naloga analize pristranskosti.
Namen te disertacije je zapolniti vrzel s širitvijo fokusa na večjezičnost kot odgovor

na pomanjkljivosti obstoječih pristopov, ki se osredotočajo predvsem na jezike z bogatimi
viri. To dosežemo z razširitvijo predhodno predstavljenega okvira za učinkovito izkoriščanje
sklepalnega znanja v večjezičnem kontekstu z uporabo strategije prevajanja - zajemanja -
prevajanja. Ta strategija se nato uporabi za predlog večjezičnega okvira za napovedovanje
pristranskosti, ki lahko ob neuravnoteženi porazdelitvi vzorcev obravnava jezike z malo
viri. Ocenjena je posplošljivost predstavljenih okvirov in raziskani so učinki mehanizmov
razširitve znanja in pozornosti. Disertacija vključuje tudi kvalitativno analizo uspešnosti
napovedovanja pristranskosti v različnih jezikih in podaja izčrpne razlage.
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Chapter 1

Introduction

The advancement in the �eld of natural language processing (Khurana et al., 2023; Min et
al., 2023) over the last decade has made the solutions to complex machine learning problems
more convenient and vice versa. The problems such as machine translation (Ranathunga
et al., 2023), text summarization (Widyassari et al., 2022), information retrieval (Zhu et
al., 2023), text classi�cation (Q. Li et al., 2022), among others, are being solved much
more e�ciently than ever before. Consequently, it o�ered the researchers the opportunity
to use these advanced techniques to solve problems in a variety of contexts, such as news
bias analysis (Krieger et al., 2022; Naredla & Adedoyin, 2022).

News bias is the product of the inherent bias present in both the production and coverage
processes (Hamborg et al., 2019). It occurs when an outlet publishes a story selectively or
incorrectly. Multiple factors, such as the ethnic point of view, gender, political a�liation,
writing style, and editorial independence of the people involved in the news production
process, in�uence the story (Andrew, 2007; Ecker et al., 2014). It is nearly impossible to
produce a bias-free story (Park et al., 2009). Biassed news has the potential to in�uence
the thought process and decision-making of the person listening, watching, and/or reading
it (Kahneman & Tversky, 2013). It can have several direct or indirect implications, whether
political or social. For example, if the news shows only the positive or negative sides of a
political party, it has been observed to in�uence the public vote (Bernhardt et al., 2008;
De Vreese, 2005; Meyrowitz, 1986). Not only politics, but the news about a disaster or the
spread of a viral disease also a�ects the beliefs of the general public.

News bias analysis is concerned with the identi�cation of the inherent bias present in
news production and its coverage process (Rodrigo-Ginés et al., 2023). The analysis is
not only important for consumers but is also essential for journalists, publishers, and
other people involved in the news production process (Dallmann et al., 2015; McCarthy &
Dolfsma, 2014). It gives them an insight into whether they have overlooked some signi�cant
aspects of the news or exaggerated their reporting. They need this analysis more because
at each step of the news production process, starting with story selection, bias can arise.
Analysis of such bias in a news story involves various aspects like which story is worth
reporting (Bourgeois et al., 2018) and how much importance it should be given (Bucher &
Schumacher, 2006; Stovall, 1985), is it fake or not (Bago et al., 2019), are the sources of
the story legitimate (Baker et al., 1994; Gentzkow & Shapiro, 2006), does the topic de�ne
the story correctly (W.-F. Chen et al., 2018; Gangula et al., 2019), are the words selected
for the content writing appropriate (Grefenstette et al., 2004), selection of picture and
its captions (Estrin, 2014) and many other factors. Although numerous research works
have been published to study news bias, none of them provides its users with a broader
perspective in terms of di�erent dimensions, cultures, and languages.

A multitude of ongoing events provides numerous opportunities for biases to manifest in
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di�erent forms (Bourgeois et al., 2018). Diversity in language and culture makes the iden-
ti�cation of biases even more complicated. While most research work seeks to strengthen
techniques for monolingual news bias analysis, there is less consideration of multilingual
bias in news reporting. As a result, we intend to discuss the strategies and methods that
we propose to develop in order to analyse news reporting bias in a multilingual context.
We base our work on the identi�cation of political bias in news headlines. It is a critical
task since it in�uences the selection and distribution of news articles (Gangula et al., 2019).
Predicting political bias using conventional methods is challenging due to the absence of
su�cient syntactic and semantic information in the short headline texts (Gangula et al.,
2019; Laban et al., 2021). To compensate for this lack of information, inferential com-
monsense knowledge can be employed in a way similar to how people use commonsense
inferences to perform a variety of tasks. However, without proper emphasis, the additional
inferential context is prone to introducing unnecessary noise, preventing models from fully
exploiting the acquired knowledge.

To address these bottlenecks, we �rst introduce a learning framework that makes use of
knowledge with proper selection and re�nement techniques. Utilising the knowledge via a
translate-retrieve-translate strategy, we then propose to extend the introduced framework
to deal with multilingual news reporting bias. In addition, we consider investigating news
bias in other dimensions, such as event selection, news content, and news sentiment.

1.1 Motivation

With the advent of machine learning and neural networks in recent years, advanced scien-
ti�c methods for identifying and analysing news reporting bias have been developed (Davis
et al., 2022; Spinde, 2021; Spinde, Rudnitckaia, et al., 2021). Despite the fact that the
headline is increasingly becoming the only part of a news item that is read (Holmqvist et al.,
2003), the related research predominantly focuses on news articles rather than headlines.

Deep learning is assumed to be superior at learning complex and dense text represen-
tations by capturing semantic and syntactic information (Patil et al., 2023). However,
it is implausible to extend it from bias classi�cation at the article level to the headline
level (Gangula et al., 2019). This is due to the fact that headlines are more ambiguous
than articles but also lack contextual and conceptual information. This problem becomes
even more challenging in a multilingual context, which is a gap this thesis aims to bridge.

Existing research on multilingual news bias primarily focuses on languages with abundant
resources (Aksenov et al., 2021; Guo & Zhu, 2022). Even though mitigating the e�ects
of bias is equally important in assisting readers of languages with limited resources (Park
et al., 2012), only a few studies have been conducted on these languages (Doan & Gulla,
2022). Moreover, these studies are either limited to a single language or conducted on news
in di�erent languages independently.

The framework proposed in this thesis is driven by the motivation to overcome the
above-mentioned limitations. It highlights the role of inferential commonsense knowledge
in facilitating the comprehension of short news headline text. It further proposes that the
knowledge, when used in conjunction with the translate-retrieve-translate strategy (Fang
et al., 2022), can e�ectively aid in the comprehension of narratives in a multilingual con-
text. In e�ective systems, both implicit and explicit knowledge is expected. The proposed
framework supports this viewpoint by combining the implicit knowledge derived from lan-
guage models with the inferred knowledge in the form of explicit knowledge. A system is
also expected to deal with low-resource situations in the real world; it is language-agnostic
and thus adaptable to such scenarios.

We believe that the proposed framework is a valuable tool for copy editors responsible
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for rewriting headlines (Einsohn & Schwartz, 2019). It also has the potential to be useful in
practical applications such as e-journalism and manual news-bias prediction portals, where
it could be used to automatically classify headlines into di�erent bias types. In addition,
it could help to reduce the number of articles that require manual examination, which is a
time-consuming process prone to annotator bias (Spinde, Krieger, et al., 2021).

Another driving motivation for this thesis is a lack of annotated data, which occurs
frequently in real-world scenarios. The proposed data generation strategy, which is capable
of working with low-resource languages with an imbalanced distribution, is intended to
address this issue. In addition, it will facilitate future expansion and the creation of custom
datasets for related tasks. The generated data would not only be ideal for automated
systems like the �bias �ipper� (W.-F. Chen et al., 2018; R. Liu, Jia, & Vosoughi, 2021;
R. Liu, Wang, et al., 2021) but would also be bene�cial for social scientists and researchers
interested in analysing news reporting bias.

1.2 Hypotheses and Aims

We summarise our work as a set of hypotheses developed in relation to prior research and
with speci�c goals in mind. We investigate and empirically test these hypotheses, which
serve as the foundation for the contributions, as described in Section 1.3.

ˆ Hypothesis 1: The adaptable data generation method for analysing news
bias enables the creation of customised datasets for associated tasks, o�er-
ing valuable insights into the complex dynamics of bias in news reporting.
For instance, its implementation as scripts for generating event-centric news datasets
holds promise for facilitating a more nuanced understanding of complex event-outlet
relationships.

State of the art: Traditional dataset generation methods often lack adaptability for
customisation, restricting their suitability across diverse tasks (D. Liu et al., 2020).
To address this limitation, the emergence of adaptable data generation methods has
shown promising results in enhancing dataset creation for a variety of tasks (El Emam
et al., 2020). Nevertheless, when it comes to tasks related to news bias analysis, such
adaptable methods are scarce (Wessel et al., 2023). Regarding the availability of
datasets, there still remains a gap in publicly accessible event-centric datasets that
encompass a diverse array of features. While there are numerous datasets pertaining
to news articles (J. Lee et al., 2023; S. Lee et al., 2023), only a few explicitly focus on
events (Leetaru & Schrodt, 2013). Furthermore, these event-centric datasets often
lack essential attributes for specifying the outlet(s) reporting the event, hindering in-
depth analysis to grasp their complex interactions and relationships. Furthermore,
the majority of these datasets are tailored to speci�c categories such as politics,
healthcare, and disasters, constraining their applicability to speci�c research purposes
only (Cheng et al., 2020).

Aim: Our aim is to design an adaptable data generation method for generating
customised datasets for tasks related to news bias analysis and to provide its imple-
mentation as scripts. We intend to use the scripts to introduce a publicly available,
novel, event-centric news dataset with a diverse set of features, making it ideal for
studying and analysing complex relationships between events and outlets.

ˆ Hypothesis 2: The introduction of inferential knowledge, with an emphasis
on signi�cant inferences, enhances news headline comprehension and a
model's overall ability to predict bias in reporting.
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State of the art: News headlines are inherently short, catchy or appealing, context-
de�cient, and contain only subtle bias clues (W.-F. Chen et al., 2018; Laban et al.,
2021). Understanding the short headlines necessitates understanding the narrative
being presented (Bruneau et al., 2012). This can be accomplished by identifying
connections between what is explicitly stated and what is implied (Berner, 1983). It
is well known that incorporating commonsense reasoning abilities can facilitate the
inference of such connections by identifying a set of unstated causes and e�ects (D.
Li et al., 2021; J. Li et al., 2021). Such additional knowledge has been proven to be
bene�cial for several tasks (Du et al., 2022; Lieto et al., 2021). Nevertheless, existing
approaches fail to acknowledge the potential of commonsense reasoning in facilitating
headline comprehension to aid in bias prediction. The inclusion of inferential knowl-
edge has demonstrated signi�cant improvements in the model's performance across
a wide range of tasks, including emotion inference (D. Li et al., 2021), sarcasm de-
tection (Chowdhury & Chaturvedi, 2021), sarcasm generation (Chakrabarty et al.,
2020), and reading comprehension (Huang et al., 2019), among others. Although
this additional knowledge has been demonstrated to be promising, existing research
fails to acknowledge its potential in aiding text comprehension, particularly in the
domain of news bias prediction. Furthermore, existing research lacks the integration
of relevant attention mechanisms to emphasise signi�cant inferences suited for news
bias prediction.

Aim: Our aim is to leverage inferential commonsense knowledge to enhance the
comprehension of news headlines by simplifying, interpreting, and explaining events
that are not explicitly stated in their short texts. We intend to use this knowledge to
design a knowledge-infused learning framework for enhancing the prediction of news
reporting bias. To fully utilise its potential and deal with any unnecessary noise it
may introduce, we also intend to emphasise signi�cant inferences using the attention
mechanism.

ˆ Hypothesis 3: Translate-retrieve-translate strategy facilitates the e�cient
use of inferential knowledge as a source of additional information in a
multilingual context for the task of news bias prediction.

State of the art: Inferential commonsense knowledge is not tied to any speci�c
language. Although it is language-agnostic, the majority of knowledge sources for
generating commonsense are available for languages with abundant resources, such as
English (Hwang et al., 2021). To overcome this barrier, related research acknowledges
the potential of using the translate-retrieve-translate strategy (Fang et al., 2022).
Nonetheless, no attention has been paid to modelling this strategy for comprehending
short multilingual headlines in low-resource languages for the task of bias prediction.

Aim: Our aim is to leverage the translate-retrieve-translate strategy to facilitate the
e�cient use of inferential knowledge in a multilingual, low-resource language-agnostic
setting. We aim to use it as a source of additional information in the proposed
multilingual framework for predicting bias in multilingual news headlines. We also
intend to evaluate the generalisability of our framework and conduct a qualitative
analysis of its performance across languages, accompanied by detailed explanations.

1.3 Scienti�c Contributions

The key scienti�c contributions of the thesis are as follows:

ˆ SC 1. A Novel Data Generation Method:
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We present the design and provide the implementation of adaptable data generation
scripts for generating customised datasets for related tasks. Additionally, we intro-
duce a publicly available, novel event-centric news dataset generated with a wide
range of features. We expand on it in Chapter 2 and publication (Swati & Mladeni¢,
2021).

ˆ SC 2. Commonsense-Infused Bias Prediction Framework:

We identify the importance of inferential commonsense knowledge in facilitating the
comprehension of short news headlines. Using this knowledge, we introduce a neural
network framework for bias prediction and evaluate the impact of selective knowl-
edge augmentation on prediction performance. Our work is the �rst to harness this
knowledge for enhancing bias prediction in short news headlines. We provide addi-
tional insights in Chapter 3 and publication (Swati, Mladeni¢, & Grobelnik, 2023).

ˆ SC 3. Multilingual Language-Agnostic Bias Prediction Framework:

We propose to leverage multilingual commonsense knowledge through a translate-
retrieve-translate strategy. Expanding upon our earlier framework, as de�ned in SC 2,
we introduce a knowledge-infused, language-agnostic learning framework. It aims to
enhance the prediction of political bias in multilingual news headlines, particularly
under the setting of an imbalanced sample distribution for under-resourced languages.
We also evaluate the impact of knowledge infusion on prediction performance across
languages. We elaborate on it in Chapter 4 and publication (Swati, Grobelnik, et al.,
2023).

1.4 Organisation of the Thesis

The thesis begins by introducing the challenges associated with enhancing bias predic-
tion in news reporting. It seamlessly transitions into an in-depth analysis and design of
methodologies aimed at addressing these challenges. Shedding light on its complex aspects,
Chapter 2 explores the multifaceted realm of news reporting bias. By critically assessing
existing research, it lays the foundation for comprehensive methodologies for mitigating
bias in news reporting. It is organised into four distinct sections. Section 2.1 begins by
navigating through Arti�cial Intelligence (AI) and Machine Learning (ML) methodologies
aimed at uncovering news reporting bias. Section 2.2 introduces a customisable data gen-
eration method and provides an event-centric dataset for analysing complex event-outlet
relationships. It discusses the �ndings presented in the paperEveOut: an event-centric
news dataset to analyse an outlet's event selection patterns(Swati & Mladeni¢, 2021) and
the scienti�c contribution SC 1. Section 2.3 presents a novel method for addressing the
task of predicting outlets, as described in Swati and Mladeni¢ (2020). Section 2.4 analyses
the impact of geographical bias on the emotions conveyed in news articles, as described
in Swati et al. (2021).

Chapter 3 presents our second scienti�c contribution (SC 2), also published in Swati,
Mladeni¢, and Grobelnik (2023), and investigates the impact of leveraging inferential com-
monsense knowledge to address the challenges of predicting political bias in short news
headlines. Chapter 4, also published in Swati, Grobelnik, et al. (2023), addresses our
third scienti�c contribution (SC 3) by expanding the challenge introduced in Chapter 3 to
a multilingual setting having languages with limited resources. It addresses the challenge
by leveraging commonsense knowledge through a translate-retrieve-translate strategy. The
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thesis concludes with Chapter 5, which reviews the key scienti�c contributions and outlines
future objectives and research directions.
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Chapter 2

News Reporting Bias

This chapter explores the multifaceted realm of news reporting bias, focusing on various as-
pects such as bias in event selection, headline and content, sentiment, political orientation,
and news aggregation. It also endeavours to investigate the main challenges by critically
assessing the existing research in this �eld. By acknowledging the limitations, this chap-
ter sets the stage for more comprehensive and sophisticated approaches to mitigate news
reporting bias.

The �rst section navigates through Arti�cial Intelligence (AI) and Machine Learning
(ML) methodologies to uncover news reporting bias. The following sections present the
papers authored and published during the course of this thesis. Each of these papers sheds
light on distinct yet interconnected concepts. They collectively provide a comprehensive
analysis of di�erent aspects of bias in news reporting. In particular, they o�er detailed
insights into the relationships between events and news outlets, methodologies for predict-
ing outlet biases, and the impact of geographical boundaries on the sentiment of news
coverage.

The second section introduces a reproducible event-centric dataset designed to explore
and analyse the complex relationships between events and news outlets. The subsequent
section presents a novel approach to address the task of outlet prediction. The last section
concludes the chapter with an examination of the impact of geographical bias on the
sentiments embedded in news articles. Using the legacy articles of the London and Rio
Olympics as a case study provides valuable insights into how geographic context in�uences
news sentiment.

2.1 AI/ML Approaches to Analyse Media Bias

The presence of bias in news reporting stems from the crucial phase of event selection,
which plays a pivotal role in shaping news coverage (Martin, 2005). It is important for a
journalist to know which event is worthy to be published (Lundman, 2003) Even readers
would be interested in knowing the factors that a�ect this selection (Knobloch-Westerwick
et al., 2020). However, instead of identifying the di�erences in topic coverage, the existing
methods aggregate the related articles (Hamborg et al., 2020). They then outsource the
task of bias identi�cation to users, forcing them to determine the bias on their own. It
could be a better approach to provide an overview of the topic and to visualise di�erences
in coverage. Yet it is certainly not an automated approach that exposes the outlet's event
selection bias to its readers.

Content-based news-bias analysis tasks still depend on premature text analysis methods
such as keyword or frequency analysis (Cho et al., 2021; Nah et al., 2023). They are
far from state-of-the-art methods speci�cally for complex Natural Language Processing
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(NLP) tasks (Raza et al., 2024). For example, Word Sense disambiguation and other
advanced, task-speci�c NLP text-analysis techniques are still underutilised (Rakhecha et
al., 2023). Additionally, approaches to content-based bias analysis require considerable
human expertise (Lazaridou et al., 2020). Manual intervention is needed to screen and
annotate the texts systematically, as existing NLP tools are not powerful enough to identify
and annotate individual instances of biassed texts. A notable limitation also lies in the lack
of investigation from an unsupervised perspective and the development of semi-automated
techniques to address these challenges inherent in content-based bias analysis in news
reporting (Mowery, 2021; Stefanov et al., 2020).

Tasks that rely on sentiment words often overlook the nuanced sentiment conveyed
through sentence structure (W.-F. Chen et al., 2020). Also, a negative quote does not
automatically mean that the whole article is negatively biassed (Tan et al., 2023), as au-
thors often choose criticism in a sarcastic way. Besides that, explicitly stated sentiment
words used for news bias determination are not task-speci�c (Balahur et al., 2013). They
may not even represent the bias-inducing words. These limitations highlight the chal-
lenges that result from the lack of a comprehensive list of news-speci�c sentiment- and
bias-inducing words. The absence of such a resource limits the e�ectiveness of advanced
sentiment analysis tools in detecting subtle biases conveyed through sentence structure and
sarcasm (Bestvater & Monroe, 2023).

Studies that aim to identify political orientations are typically based on explicitly de-
�ned features, such as quotes from think tanks (Groseclose & Milyo, 2005). However,
articles might not cite a speci�c policy group but still exhibit political favouritism (Dun-
ham, 2013). For instance, one party may be disproportionately criticised for building up
another party's reputation. A number of features are therefore required to be consid-
ered to determine political leaning. Moreover, the majority of these models classify the
articles as liberal/conservative (F. Ribeiro et al., 2018) or right/left/centre (Baly et al.,
2020; D'Alessio, 2012). The absence of scores assigned to these classes to quantify the
bias of the articles poses yet another constraint. Another limitation lies in the absence
of a �ner-grained classi�cation model, which could o�er deeper insight into the diverse
ideologies represented in news articles. The emphasis on identifying biases against cer-
tain cultural aspects, such as those speci�c to Muslims (secular or Islamic), also con�nes
related research. Consequently, it fails to account for potential biases in other cultural
dimensions (Knott & Poole, 2016; Mahmood, 2009).

Authors tend to publish facts from their viewpoints, which may result in biassed news (An-
drew, 2007; Ecker et al., 2014). It may in�uence the thought process of the readers (Mc-
Carthy & Dolfsma, 2014). For example, any political controversy presented from a speci�c
perspective may alter the voting pattern (Chiang & Knight, 2011). However, only a few
of the existing research considers the e�ect of media bias on the perceptions or actions of
readers (Bursztyn et al., 2020; Mastrorocco & Minale, 2018). Furthermore, news stories
are transient in nature and evolve over time (Vaca et al., 2014). For instance, some issues,
such as natural disasters, may arise during the election period, and some other issues,
such as terrorism, may arise during the next election. Factors like the dynamic nature of
news narratives and the potential long-term e�ects of media bias on readers' perceptions
make the generation of annotated datasets for news bias analysis challenging. In addition,
generating such comprehensive and representative datasets requires extensive annotation
and curation, which can be both resource-intensive and time-consuming (Fan et al., 2019).
Furthermore, ensuring that such datasets can be generalised across diverse news sources
and events adds to the complexities. These limitations underscore the need for adaptable
data generation methodologies for generating custom datasets for related tasks to better
re�ect the multifaceted nature of media bias.
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As far as the availability of datasets is concerned, there is a lack of large publicly avail-
able annotated data that can be generalised across machine learning models. In fact, the
existing datasets are category-dependent (politics, healthcare, disasters, etc.), and that too
for a speci�c time period (weeks, months, or years), which tends to make the generalisation
even more di�cult (Baly et al., 2020; Cheng et al., 2020). Whereas most of the research
work seeks to strengthen mono-lingual news bias analysis techniques (Krieger et al., 2022;
Naredla & Adedoyin, 2022), multilingual and cross-lingual bias analysis is given less atten-
tion. Although promising, developing such models capable of capturing temporal patterns
to determine news reporting bias over time presents di�culties in e�ectively capturing
nuanced shifts in bias across di�erent languages and temporal contexts. Furthermore, de-
veloping such models requires addressing complex linguistic and cultural variations, as well
as ensuring scalability and reliability across multiple news sources and languages. There-
fore, these inherent limitations limit the practical implementation of cross-lingual models,
despite their potential.
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2.2 Event-Outlet Relationship

This section presents the research published in the article titledEveOut: an event-
centric news dataset to analyze an outlet's event selection patterns(Swati et al.,
2021). The paper was published in the scienti�c journalInformatica - an Interna-
tional Journal of Computing and Informatics, Volume 45, in 2021.

News outlets select events based on their newsworthiness, potentially leading to event
selection bias, also known as gatekeeping bias (Pingree et al., 2013). To study and under-
stand this complex relationship between events and news outlets, we introduced EveOut,
a novel event-centric news dataset. The methodology involved the creation of �exible
data-generation scripts. These scripts were designed not only to facilitate the development
of EveOut and its subsequent iterations but also to expedite the process of generating
datasets tailored to custom tasks.

The investigation entailed statistical analyses of selected English and Slovenian news
outlets, aiming to uncover biases in the event selection process. The investigation exam-
ined the impact of geographical, temporal, and categorical preferences on news coverage
patterns. Additionally, it highlighted a promising application: the outlet prediction task.
It also demonstrated how employing sophisticated conditional probabilistic models can en-
able the estimation of correlations between outlets. Further investigation encompassed a
thorough examination of event selection patterns among the outlets. The �ndings under-
score signi�cant patterns in event selection among the outlets. Speci�cally, the analysis
revealed `Politics' to stand out as the most extensively covered category, drawing consider-
able attention. In contrast, `Environment' received notably minimal coverage, indicating
a potential gap in the attention dedicated to such topics. In particular, outlets exhibited
a clear preference for geographically relevant events, shedding light on their selective fo-
cus. The bias towards events with strong geographical ties also underscores the outlets'
preferences in their selection process.

Although the study focused on speci�c parameters, such as geographical and categorical
biases, it provided a foundational framework for understanding inherent biases in event
selection. On the other hand, the dataset's availability has empowered researchers to de-
velop tools that can enhance methods for digital journalism concerning bias. The study
not only provided valuable insights but also uncovered unexplored avenues for further in-
vestigation, including the importance of features such as event descriptions to help identify
the underlying biases inherent in the event selection process. In conclusion, the study holds
the potential to be used in automated solutions to provide an overview of the events and
visualise di�erences in coverage, as it is important for journalists to know which events are
worthy of publication and which factors in�uence the selection process.
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2.3 Outlet Prediction

This section presents the research published in the paper titledAre You Following the
Right News-Outlet? A Machine Learning based approach to outlet prediction(Swati
& Mladeni¢, 2020). The paper was presented in proceedings of the 23rd International
Multiconference Information Society � IS 2020, Volume C, in 2020.

Event selection bias encompasses the inherent bias observed in the process of selecting and
reporting events by media outlets (Haselmayer et al., 2017). Expanding on the previous
research (Swati et al., 2021), which identi�ed the task of outlet prediction as a potential
solution to address event selection bias in media outlets, this study introduced a novel
neural network model designed to address these aforementioned challenges. The lack of
any trustworthy automated method to predict outlets covering particular events of interest
acted as the secondary driving force behind this study. The primary objectives were to
empower readers to select and engage with diverse event perspectives and to provide media
outlets with valuable insights into their reporting patterns. To address these, a model was
designed to provide insights into the predictability of event coverage by major outlets while
also addressing the issue of passive reliance on waiting for publication.

In addition, the study introduced a benchmark task of outlet prediction along with a
tailored dataset of English news events. The evaluation results underscore the superior
predictive ability of the proposed model compared to existing rule-based approaches, es-
tablishing a foundational baseline for future method evaluations. In particular, the model
demonstrated superior performance compared to the uniform and strati�ed models. The
subset accuracy improved by 0.41 points and 0.26 points for both the uniform and strati�ed
models. Correspondingly, the hamming loss showed enhancements of 0.25 points and 0.15
points for the two models.

To further enhance the prediction quality, it is possible to integrate supplementary meta-
data derived from Wikipedia concepts into our model. Factors such as the speed at which
news is reported, the duration of news coverage, the signi�cance of events to media outlets,
and the evolution of reporting styles over time are also worth investigating.
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2.4 Geographical Boundaries and News Sentiments

This section presents the research published in the paper titledUnderstanding the
impact of geographical bias on news sentiment: A case study on London and Rio
Olympics. (Swati & Mladeni¢, 2021). The paper was presented in proceedings of
the 24th International Multiconference Information Society � IS 2021, Volume C, in
2021.

Geography plays a pivotal role in shaping public perceptions of events (Mello et al., 2023),
in�uencing various aspects like political a�liations and editorial independence, which in
turn impact the sentiment of news articles (Nisar & Bleich, 2020; Pino et al., 2016).
To address this, we explored the in�uence of geographical boundaries on the sentiments
conveyed in news articles, focusing on the legacies of the Olympics in London and Rio as
a case study. The study utilised the Event Registry API 1, to generate a comprehensive
dataset comprising news articles from these locales published between January 2017 and
December 2020. Based on the concept of article similarity, we then computed the cosine
similarity scores of all possible article pairs, one from each set (London and Rio), to assess
sentiment di�erences among similar article pairs.

The exploratory analysis unveiled the pivotal role that geographical boundaries play in
shaping news sentiment. We extended the analysis to examine the disparity in relation to
di�erent news categories. The results highlighted substantial variations in sentiment, no-
tably evident in categories such as politics, business, sports, and technology. Intriguingly, it
was observed that political and business articles were signi�cantly in�uenced by geograph-
ical factors, whereas science and technology articles appeared impervious to location-based
sentiment shifts.

The descriptors used to portray positive and negative legacies in both Rio and London
were also examined, aiming to analyse the cultural biases inherent in these depictions.
Although we did not extend this analysis to a multilingual context in this study, it remains
an intriguing avenue for future exploration. In essence, the analysis reveals the contrast-
ing expectations between Rio as the �rst South American Olympic host and London, a
representative of a wealthier nation. This exploration unravels the intricate societal and
cultural perspectives con�ned by geographical boundaries, shedding light on how economic
disparities contribute to distinct news sentiments.

1https://eventregistry.org
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Chapter 3

Knowledge-Infused Bias Prediction
Framework

This chapter presents the research published in the article titledAn Inferen-
tial Commonsense-Driven Framework for Predicting Political Bias in News Head-
lines (Swati, Mladeni¢, & Grobelnik, 2023). The paper was published in the sci-
enti�c journal IEEE Access, Volume 11, dated July 2023. The journal holds a Q1
quartile ranking with an impact factor of 3.9 and is indexed in the Science Citation
Index Expanded.

The task of identifying political bias in news headlines poses a formidable challenge, pri-
marily stemming from their brevity, complexity, and lack of contextual information, which
frequently fail to capture the subtle biases embedded within the underlying article (W.-F.
Chen et al., 2018). To aid in the comprehension of short headlines by simplifying, inter-
preting, and explaining events that are not explicitly stated in the headlines, in this study,
we proposed to leverage inferential commonsense knowledge (Sap et al., 2019). For the
sake of simplicity, we henceforth refer to this knowledge as `IC_Knwl' throughout this
thesis. Despite the proven e�ciency of IC_Knwl in numerous tasks (C. Chen et al., 2024;
Ravi et al., 2023; Sabour et al., 2022), it remains underutilised for the task of decoding
bias. Therefore, to fully exploit its potential in enhancing political bias prediction, we
introduced a novel framework called IC-BAIT: Inferential Commonsense aware BiAs Iden-
Ti�er. It makes use of inferential knowledge to aid in the task of political bias prediction
in news headlines. For a given short headline text, it acquires its associated IC_Knwl
to train a classi�er that maps this extended feature space of short texts into the political
bias label set. The approach emphasises signi�cant inferences using an attentive knowl-
edge selection strategy (Majumder et al., 2020) while mitigating unnecessary noise. It is
capable of harnessing both implicit knowledge acquired from pre-trained language mod-
els and explicit knowledge in the form of IC_Knwl simultaneously. To ensure its future
adaptability, we designed the framework to be model-agnostic, enabling it to be bundled
with cutting-edge linguistic models as they emerge. To acquire the necessary knowledge,
we employed the neural knowledge model known as COMET (Hwang et al., 2021) trained
on ATOMIC 20

20 (Hwang et al., 2021) knowledge graphs.
Addressing the absence of standardised, large-scale annotated datasets tailored for this

task, we introduced two bias-annotated datasets: MediaBias and GoodNews. We generated
MediaBias by utilising bias labels sourced from the bias rating portal allsides.com. On the
other hand, we constructed GoodNews by extracting the headlines and their bias values
from GoodNewsEveryone (Oberländer et al., 2020), a dataset based on the bias ratings
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obtained from adfontesmedia.com.
For a comprehensive evaluation and to determine the framework's generalisability, we

conducted experiments on both datasets with multiple state-of-the-art pre-trained language
models. The �ndings suggest that the baseline models exhibited better performance on
both datasets when incorporated into our framework. Within our framework, these mod-
els exhibited noteworthy enhancements in accuracy ranging from 2.0% to 10.0%, macro-
averaged F1 scores ranging from 2.2% to 22.2%, Jaccard scores showing an increase of up
to 15.1%, and micro-averaged F1 scores showing an increase of up to 18.6%.

Furthermore, we conducted a qualitative analysis to assess the impact of selective knowl-
edge augmentation on overall performance using the xAI framework LIME (Local Inter-
pretable Model-Agnostic Explanations) (M. T. Ribeiro et al., 2016). The �ndings reveal
the scenarios in which the selected knowledge is bene�cial and when it is counterproduc-
tive. For instance, when such knowledge enables the model to focus on important entities,
events, and explanations for unstated events, it results in enhanced predictions. On the
other hand, incorporating it o�ers little or no enhancement if it lacks valuable informa-
tion or is generic and insigni�cant. Additionally, we performed an in-depth error analysis,
revealing that pairing the headline with a carefully chosen IC_Knwl enables the model
to emphasise essential entities, events, and explanations for unstated events, resulting in
enhanced predictive capabilities. In conclusion, our study exhibits potential not only in ef-
fectively identifying political bias in news headlines but also in comprehending the complex
headline text.
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