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We read books to [nd out who we are.
What other people, real or imaginary, do and think and feel... is an essential guide to our
understanding of what we ourselves are and may become.

Ursula K. Le Guin, The Language of the Night

To understand the world at all, sometimes you could only focus on a tiny bit of it, look very
hard at what was close to hand and make it stand in for the whole.

Donna Tartt, The Goldfinch
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Abstract

Books occupy a signi cant cultural role in human societies, and libraries have long
positioned themselves as institutions committed to equitable access to information
and promotion of reading. As libraries increasingly adopt Al-driven tools, it becomes
important to examine the potential for bias introduced by these systems. This thesis
investigates bias in book recommender systems, with an emphasis on the public library
sector. We approach this topic from three perspectives: understanding the current
ethical considerations around book recommendation, examining the challenges of
measuring statistical bias, and studying the societal implications of statistical bias in
book recommendation.

In the rst part of the thesis, we map the existing landscape. We present the rst
systematic literature review of bias in book recommender systems, surveying 40 papers
from computer science venues. We nd that existing research is fragmented, often
treats books as interchangeable with other media items, and rarely engages with the
unique characteristics of the book domain. We propose future research directions with
an emphasis on interdisciplinarity and domain speci city. Additionally, we conduct an
interview study in which we explore how practitioners at three public service media
organizations in the Netherlands conceptualize diversity in recommender systems. We
nd that diversity is subject to a wide range of interpretations even within a narrow
domain, and that normative choices are unavoidable in operationalizing it.

In the second part, we take a critical look at the measurement of popularity bias.
We reproduce three prominent studies on popularity bias in media recommendation
across the movie, music, and book domains, and identify four aspects as potential
sources of divergence in results: data, algorithms, division of users in groups, and
evaluation strategy. We nd that all aspects contribute to the divergence, with the
evaluation strategy playing a particularly signi cant role. We further experiment with
synthetic and real data to examine the joint e ect of data characteristics and algorithm
con guration, nding that the presence and magnitude of popularity bias are highly
sensitive to these choices. These ndings indicate that conclusions on bias should be
explicitly scoped to the limits of the experimentation.

In the third part, we study the relationship between statistical bias and social bias.
Using the Book-Crossing dataset, we show that popularity bias in collaborative ltering
leads to the over-recommendation of books by American authors, whose works dominate
the data. We then conduct the rst audit-type study of bias in a library recommender
system in production: Booklens, the non-personalized item-to-item system used by
the Danish public libraries. We nd that Booklens is strongly prone to popularity
bias, and that this propagates into author nationality bias, with books by less popular
nationalities being systematically underrepresented. We show that, while tweaking
system parameters can reduce the e ect, bias persists across con gurations.




2 Abstract

The ndings of this thesis highlight that bias in book recommendation is an un-
derexplored yet consequential area of research. We argue that addressing it requires
speci city in research design and a willingness to closely engage with the domain, and
the institutions that use these systems.



Introduction

ooks hold a symbolic role in human societies. Various roles have been attributed

to them: they facilitate connection and understanding among people and peoples
[242), enrich and broaden knowledge 242, re ect human complexities [L8], and shape
cultural narratives [125. In the 21st century, "slow media" in print and analogue forms
are especially romanticized 181, 217], and contrasted with modern visual fast-paced
media. In response to the fear of books becoming obsolete, bookishness has emerged
as a persistent phenomenonl75. There is some evidence that the pandemic and
the popularity of online bookish communities such as BookTok have had a positive
in uence on reading [46, 190, 241].

Libraries have traditionally been gatekeepers of books and stewards of histor¥g2.
In the information age, their set of duties has expanded. Libraries are no longer just
physical repositories but rather dynamic hubs of digital information, interactive learning,
and global collaboration [L67]. They position themselves as inclusive social meeting
spaces that encourage pluriformity and exposure to a variety of perspectives(].
They increasingly provide digital services, which are often driven by Al. Librarians
worldwide are expected to expand their skills accordingly93, 112). Al applications
have the potential to support libraries in the digital age. In particular, recommender
systems, the software tools and techniques that provide suggestions for iteri87],
can assist library patrons with nding material more easily and authors with getting
additional exposure.

It is especially important that libraries scrutinize Al applications. Various concerns
have been raised in the context of risks posed by Al in the library36, 150. Bias in
particular is a known problem in library datasets and services, even outside of Al
applications [L94. In recommendation, bias manifests as a result of the cumulative
in uence of imbalances in the data and algorithmic propagation and can take various
forms [42]. In a library setting, this can occur when a recommender system relies
on past loan histories: books that have historically been borrowed more often, and
are perhaps written by authors from dominant groups, might be recommended more
frequently. It is crucial to investigate what kind of bias may emerge as a result of using

This chapter is partly based on g S. Daniil, Bias in Book Recommendation, RecSys 24 [56].
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automated recommender systems to recommend books so that libraries can adopt
them responsibly.

Bias in recommender systems is often de ned and studied in two forms: either as
statistical bias that certain algorithms are prone to (e.g., popularity bias) or as social
bias that exists in some form in the data and results in unfairness (e.g., a group of
people is underrepresented)42]. These forms of bias are not unrelated but rather
interconnected; social bias in the data can interact with statistical bias on the side of
the algorithms and persist in the recommendations that users receive. It is, therefore,
relevant to study the link between them in the context of book recommender systems.

Studying bias in recommender systems is generally challenging. Recommender
systems as a discipline are known to su er from reproducibility issues that relate to
lack of appropriate documentation on behalf of research studies, as well as the inherent
application-speci ¢ nature of such systems/p]. The implications of bias heavily depend
on the domain at hand. Studies often focus on breaking down the ethical issues of
recommender systems into multiple perspectives depending on the stakeholders of a
system [L49. In the case of book recommender systems bias, one can borrow from the
eld of Library and Information Science (LIS) to distinguish the relevant stakeholders.
Mathiesen [144]introduces a framework to describe informational justice in library
services with the following components: seekers (users), sources (authors), and subjects
(characters/themes). This thesis focuses on book authors, who are known to su er
from social bias in book publishing in general [78, 195]. This PhD was funded by the
KB National Library of the Netherlands to support their research agenda for ethical
use of Al in Dutch libraries.

1.1 Research Questions & Methods

In this thesis, we investigate bias in book recommender systems, with an emphasis
on the public library sector. The overarching goal is to reliably examine how data
and algorithmic bias manifests and propagates into recommendation outcomes. We
approach this from three di erent angles: current practices and concerns (Chapters 2
and 3), measuring statistical bias (Chapters 4 and 5), and the societal implications of
statistical bias (Chapters 6 and 7). In this section, we describe the overarching research
guestions that guide this thesis from each angle.

Part 1: Understanding ethical issues of book recommender

systems
The rst part of the thesis provides a comprehensive overview of two of the most
pressing ethical issues in book recommendation: bias and diversity. In comparison
to other media, bias and diversity in book recommendation are underexplored, and,
to our knowledge, there has been no systematic attempt to map the relevant ethical
considerations from a computational perspective.

Accordingly, we address the following research questions:

Research Question 1.1: How has bias in book recommender systems been studied
in computer science research, and what gaps exist in current approaches?

While bias in recommendation has received signi cant attention by the research
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community, this is not the case for bias in book recommendation speci cally. Experi-
mental research seems to focus more on other types of media recommendation, with
a few exceptions §8, 159. This is particularly problematic in the context of public
libraries, where recommender systems play a role in access to knowledge and represen-
tation, rendering targeted studies on bias necessary. There is theoretical work laid out
from LIS that attempts to map ethical issues of information access, but experimental
work often does not build on it. In Chapter 2, we present the rst comprehensive liter-
ature review of bias in book recommender systems from a computational perspective.
We propose future research directions with an emphasis on interdisciplinarity and
domain speci city.

Research Question 1.2: How do practitioners in public service media conceptual-
ize diversity in recommender systems?

Diversity is one of the core beyond-accuracy values of recommender systems. In
the same line as the previous chapter, it seems that the normative background is often
missing from quantitative research into diversity in media recommendation in general.
The perspective of practitioners on the matter of normative values and how they should
be incorporated in a system is often not taken into account. In Chapter 3, we present a
study where, through semi-structured interviews, we explore how practitioners at three
di erent public service media organizations in the Netherlands, including a library,
conceptualize diversity within the scope of their recommender systems. We provide an
overview of the goals that they have with diversity in their systems, which aspects are
relevant, and how recommendations should be diversi ed. We show that even within
this limited domain, conceptualization of diversity greatly varies, and argue that it is
unlikely that a standardized conceptualization will be achieved. Instead, we should
focus on e ective communication of what diversity in this particular system means,
thus allowing for operationalizations of diversity that are capable of expressing the
nuances and requirements of that particular domain.

Part 2: A critical look into measuring statistical bias in

book recommender systems

The second part of this thesis takes a critical look at current research practices of
measuring popularity bias in recommendation. Recommender systems as a eld are
known to su er from a reproducibility problem. Research is often fragmented and
domain-speci c. This also applies to research on bias in recommender systems. In
this part, we study the obstacles to generalizing conclusions regarding the presence
and magnitude of popularity bias. By extending beyond book recommendation and
adopting a cross-domain lens, we can better understand how research ndings depend
on the domain, which informs the overall thesis.

We address the following research questions:

Research Question 2.1: Which factors lead to divergent results among di erent
studies of popularity bias in recommendation?

Recent work focused on the topic of uneven popularity bias propagation among
users with varying interests for niche items, with movies being the domain of interest
[9]. Later on, two di erent research teams reproduced the methodology in the domains
of music [L27] and books [L59 respectively. The results across the di erent domains
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diverge. In Chapter 4, we reproduce the three studies and identify four aspects that
are relevant in investigating the di erences in results: data, algorithms, division of
users in groups and evaluation strategy. We run a set of experiments in which we
measure general popularity bias propagation and unfair treatment of certain users with
various combinations of these aspects. We nd that all aspects account to some degree
for the divergence in results, and should be carefully considered in future studies. In
particular, we nd that the divergence in ndings can be in large part attributed to the
choice of evaluation strategy.

Research Question 2.2: What is the e ect of data characteristics and algorithm
con guration on popularity bias?

In Chapter 5, we further explore the challenges of measuring and reporting popu-
larity bias. We showcase the impact of data properties and algorithm con gurations
on popularity bias by combining publicly available research data and synthetic data
with well known recommender systems frameworks. We evaluate popularity bias for a
number of datasets, three real and ve synthetic, and algorithm con gurations, and
o er insights on their joint e ect. We nd that, depending on the data characteristics,
various con gurations of the algorithms examined can lead to di erent conclusions
regarding the propagation of popularity bias.

Part 3: Societal implications of statistical bias in book

recommender systems

In the third part, we study the relationship between statistical bias and social bias.
By means of extensive experimentation on both standard research data and in a real
library recommender system currently in use, we closely examine how algorithms can
be prone to author bias as a result of popularity bias.

We address the following research questions:

Research Question 3.1: What is the relationship between popularity bias and
bias toward author nationality based on a publicly available dataset with user-book
interactions?

In Chapter 6, we focus on bias in book recommendation from the perspective of
authors in a publicly available dataset with user-book interactions, Book-Crossingdy.
We enrich the dataset with publicly available author information. We combine the
datasets with various recommender systems algorithms and observe whether popularity
bias also leads to author nationality bias. We nd that popular books are mainly
written by US citizens in the dataset, and that these books tend to be recommended
disproportionally by popular collaborative Itering algorithms compared to the users'
pro les. The results show that social bias in book recommender systems can occur as
a direct result of popularity bias.

Research Question 3.2: To what extent does a real library recommender system
propagate popularity bias and associated author nationality bias?

In the nal chapter of this thesis, Chapter 7, we perform the rst auditing study
of bias in a library system in production. We apply a similar experimentation to
investigate whether popularity bias leads to bias towards author characteristics in
Booklens, the recommender system employed by the Danish public libraries. We nd
that the system propagates popularity bias based on various metrics. Additionally,



1.2 Contributions 7

we empirically show that popularity bias leads to the underrepresentation of authors
of minority nationalities (based on popularity). In line with our previous research,
we experimentally show that adjusting the model con gurations has an impact on
bias. The study was carried out during an extended research visit to DBC Digital, the
software company that supports the IT infrastructure of the Danish public libraries.
To answer the research questions we employ a variety of methods across chapters.
An overview can be seen in Table 1.1.

Table 1.1: Overview of research methods used in each part of the thesis.

Research Method Part 1 Part 2 Part 3
Systematic literature review 3Ch.2

Semi-structured interviews w/ media professionals 3 Ch. 3

Training and testing w/ synthetic data 3Ch.5

Training and testing w/ research data 3Ch.4,5 3Ch.6
Training and testing w/ real data 3Ch.7
Variation of algorithm con guration 3Ch. 4,5 3Ch.7

1.2 Contributions

The main contributions of this thesis are as follows.

" The rst survey on bias in book recommender systems (Chapter 2).

" A framework to analyze diversity in media recommender systems: along goals,
aspects, and tactics (Chapter 3).

A reproduction of prominent work on popularity bias in media recommenda-
tion and an analysis of the system components that lead to divergent results
(Chapter 4).

A method for diagnosing bias in recommendation by experimenting with the
data characteristics and algorithm con guration (Chapter 5).

An analysis of the relationship between popularity bias and social bias in book
recommendation based on user book interaction data (Chapter 6).

The rst auditing study of bias in a real library recommender system (Chapter 7).

An empirical demonstration that popularity bias leads to author bias in a real
library recommender system (Chapter 7).

1.3 Origins

We list the publications that form the origins of each chapter.
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Chapter 2:

" Daniil, S., Bhagwat, G., & Hollink, L. (2025). Bias in book recommendation: A
survey. Manuscript under review.

SD and LH scoped the project and the research questions. SD performed the
literature search, collected and analyzed the results with the guidance of LH. GB
contributed to the literature search in the LIS domain. All authors contributed to the
writing. SD did most of the writing.

Chapter 3:

~ Vrijenhoek, S., Daniil, S., Sandel, J., & Hollink, L. (2024, June). Diversity of
what? on the di erent conceptualizations of diversity in recommender systems.
In Proceedings of the 2024 ACM Conference on Fairness, Accountability, and
Transparency (pp. 573-584).

SV took the initiative for this project. SV, SD and LH scoped the project and the
research questions. SV and SD performed and analyzed the interviews, with the help
of JS and the guidance of LH. All authors contributed to the writing. SV and SD did
most of the writing.

Chapter 4:

~ Daniil, S., Cuper, M., Liem, C.C.S., van Ossenbruggen, J., & Hollink, L. (2024).
Reproducing popularity bias in recommendation: The e ect of evaluation strate-
gies. ACM Transactions on Recommender Systems, 2(1), 1-39.

All authors scoped the project and the research questions. SD performed the
experiments and analysis. All authors contributed to the writing. SD did most of the
writing.

Chapter 5:

"~ Daniil, S., Slokom, M., Cuper, M., Liem, C.C.S., van Ossenbruggen, J., & Hollink,
L. (2025). On the challenges of studying bias in Recommender Systems: The
e ect of data characteristics and algorithm con guration. Information Retrieval
Research, 1(1), 3-27.

All authors scoped the project and the research questions. SD nad MS performed
the experiments and analysis. All authors contributed to the writing. SD did most of
the writing.

Chapter 6:

~ Daniil, S., Cuper, M., Liem, C.C.S., van Ossenbruggen, J., & Hollink, L. (2022).
Hidden author bias in book recommendation. Accepted and presented at FAcc-
TRec 2022. arXiv preprint arXiv:2209.00371.
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All authors scoped the project and the research questions. SD performed the
experiments and analysis. All authors contributed to the writing. SD did most of the
writing.

Chapter 7:

~ Daniil, S., Mollerup, S. H., & Hollink, L. (2026, March). Bias in Book Rec-
ommendation: A Case Study on the Danish Public Libraries. In European
Conference on Information Retrieval (pp. 256-270). Cham: Springer Nature
Switzerland.

All authors scoped the project and the research questions. SD performed the
experiments and analysis, with the guidance of LH and SHM. All authors contributed
to the writing. SD did most of the writing.

The writing of the thesis also bene ted from work on the following publications:

~ Slokom, M., Daniil, S., & Hollink, L. (2025, April). How to Diversify any
Personalized Recommender?. In European Conference on Information Retrieval
(pp. 307-323). Cham: Springer Nature Switzerland.

" Kalra, N., & Daniil, S. (2025). Reading Between the Lines: A Study of Thematic
Bias in Book Recommender Systems. Accepted and presented at FAccTRec 2025.
arXiv preprint arXiv:2508.15643.

Daniil, S. (2022, July). Ethical Recommenders in the Public Library sector. In
Proceedings of the 2022 AAAI/ACM Conference on Al, Ethics, and Society (pp.
895-895).

~ Michiels, L., Vrijenhoek, S., Starke, A. D., Kruse, J., & Daniil, S. (2025, Septem-
ber). NORMalize 2025: The Third Workshop on Normative Design and Evalua-
tion of Recommender Systems. In Proceedings of the Nineteenth ACM Confer-
ence on Recommender Systems (pp. 1386-1388).

"~ Sartini, B., Nesterov, A., Libbi, C., Brate, R., & Daniil, S. (2023). Multivocal
exhibition: a user-centric application to explore symbolic interpretations of
artefacts from di erent cultural perspectives. In ExXICE-Extended Intelligence
for Cultural Engagement Conference.
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A survey on bias in book
recommendation

As libraries increasingly adopt Al-driven decision support systems, understanding the landscape

of bias in book recommender systems becomes essential. In this chapter, we conduct a systematic
literature review of bias in book recommender systems to map current research, identify gaps,
and establish a foundation for the domain-speci ¢ work that follows.

Automated book recommendation is a compelling application given the rich and long-standing
human tradition of writing and reading. The documented discrimination in the publishing

world raises questions on the types of bias that can arise when algorithms are trained on
user-book interactions. Various papers have studied recommender systems bias based on datasets
from platforms where users share their opinions on books. In this chapter, we conduct the rst
survey of computer science research on bias in book recommender systems. We survey 40 papel
from top conferences and journals using the structured PRISMA methodology and provide an
overview of the eld. We map the existing literature into bias types, subjects and actions, and
present key metrics and bias mitigation methods. We nd that there is limited targeted research,
fragmented evaluation practices, and a lack of engagement with the unique characteristics of

the literary domain. Finally, we propose avenues for future work and make concrete suggestions
for interdisciplinary research.

This chapter is partly based on g Daniil et al., Bias in book recommendation: A survey, Under Review.
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2.1 Introduction

nline book recommendation has existed for a long time and in uences worldwide

O consumption patterns. For example, Amazon-owned Goodreads is a book-centric
social media platform very popular among readers internationally. The data cation of
reading patterns which drives their recommender system also has a strong commercial
interest for authors, publishers and booksellerslp]. Recently, virality seems to be
an important factor in the book market, with the rise of online communities hosted
in social media such as TikTok and YouTube that often decide which books will be
chosen for publication B2]. In the public library sector, there are attempts to utilize
Al systems that recommend books to users while ensuring that central library values
are being adhered to 231. In this context, there have been multiple calls to promote
diverse books from librarian associations and Library & Information Science (LIS)
researchers $4]. It is, therefore, pertinent to investigate what is the e ect of automated
suggestion systems on book consumption. Do they propagate the status quo in the
book market? Do they expose users to options they would otherwise not be aware of?

Bias in book recommender systems has received some attention in computer science
research, but to our knowledge no comprehensive literature review on this topic currently
exists. Recommender systems are an explicitly applied discipline, and conclusions are
dependent on the unique characteristics of the domain at hand. Therefore, bias also
needs to be considered on a domain basis, especially since it is a complex term that is
known to be inconsistently used. This is regardless of whether the method proposed to
measure or mitigate bias explicitly takes into consideration characteristics of the dataset
that are beyond statistical properties. Even statistical properties like popularity manifest
di erently between domains. A movie being popular among general audiences is not
equivalent to a book being popular given the di erence in time dedication between
the two and the downward trends of reading 161]. It follows that to ensure scienti ¢
advancement, it is bene cial to monitor the research output of measuring and mitigating
recommendation bias as it pertains to the unique characteristics of the book domain.

In this survey, we aim to contribute to the eld of bias in book recommender
systems by presenting and summarizing the latest research, as well as highlighting what
is missing and what avenues future research could follow.

Our research questions are as follows:

1. What is the current state of research on bias perpetuated by algorithmic systems
that recommend books?

2. What are the challenges, research gaps, and future paths related to this research?

To answer these questions, we survey 40 papers from top-tier computer science
venues (journals and conference proceedings) that study bias in book recommender
systems. We present the process followed to collect these papers in a structured way
with the help of the PRISMA methodology L7(. We provide general statistics across
a set of dimensions such as publication details, prediction task, and type of feedback.
We then categorize the papers based on the type of bias they investigate, statistical or
social; the bias subject, item or user; and the action they perform, bias measurement
or mitigation. Finally, we discuss insights, gaps, and future work that is relevant for the
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domain. Published research on bias in book recommender systems is limited compared
to other media applications. In recent years the eld has expanded, with signi cant
attention being given to popularity bias. However, we notice that studies often do not
su ciently engage with the fact that they are studying bias in a book dataset and rather
usually treat it as one more benchmark dataset frequently used by the recommender
systems community. Additionally, computer science research does not seem to build on
LIS work around what the risks of automated systems that recommend books are. This
observation leaves a lot of room for fruitful between- elds collaborations in the future.

The paper is structured as follows. In section 2, we provide background on
recommender systems, bias, and recommendation in the library. In section 3, we discuss
other surveys in recommender systems. In section 4, we describe our methodology for
collecting and analyzing papers. In section 5, we present the results of our survey. In
section 6, we discuss our insights into gaps and challenges of the domain. In section 7,
we provide a short summary and conclusion.

2.2 Background

2.2.1 Recommender systems research

In the vast and ever-expanding information space, users struggle with nding items
relevant or useful to them. Recommender systems' main role is to automate the process
of suggesting items to users in a given context. Various features of a system are
considered when such a process takes place, from characteristics of the items to user
demographics and consumption history to requirements of the platform that hosts
them. Research into recommender systems often operates by simulating and studying
one or more systems, due to the often limited access to real systems. Adopting a
simulation process assumes the existence of features that an algorithm can exploit to
make recommendations. Researchers employ various strategies to construct datasets
with features: they scrape web applications, access APIs set up by these applications,
do user studies, and more269. These datasets in practice often take the form of user -
item - interaction, with interaction being click, score, purchase, or other. Depending on the
domain and source, further knowledge is sometimes available, such as information on
the user (e.g., gender, age) and item (e.g., publication year, genre, creator). Algorithms
are trained to construct high-dimensional relationships between users and items in
the dataset via computational techniques such as encoding user history (collaborative
Itering), analyzing item features (content-based Itering), or hybrid combinationkg[7].
Given access to a dataset, researchers evaluate a set of algorithms usually by training
them on one part of the dataset and testing them on another, as is commonly done in
machine learning. Finally, researchers report on the algorithm's “success' in modeling
the dataset based on calculating a set of metrics in the recommended lists produced
by the algorithm [86].

2.2.2 Bias in recommendation

Algorithmic success in recommendation is relative. Traditionally, algorithms have been
trained to accurately predict the structure of the test set by, for example, producing
ranked lists of recommendations that closely resemble what users have actually inter-
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acted with in the test set. As the eld progressed, various beyond-accuracy metrics
have been proposed with the goal of encapsulating more than what accuracy metrics do
[144. Criteria such as diversity and novelty are considered equally critical components
of success, both with user satisfaction and business interests in mind. At the same
time, the concept of bias has received attention recently, both in recommender systems
and Al applications in general.

Bias can appear in various stages of the recommendation process. Chen et[4P]
distinguish three points where bias occurs: in the data, in the model, and in the results.
Data bias occurs due to the fact that data is usually collected observationally, and it
therefore does not necessarily match the underlying preference distribution of the users
(e.g., selection bias, position bias). Model bias is a result of the assumptions made
by a model to generalize beyond the training data. Finally, result bias refers to the
discrimination towards a group of users or items in the output of the recommendation.
Measuring result bias involves the estimation of whether a system malfunctions for a set
of users or items that have common properties. There are multiple ways to view said
bias, such as underrepresentation, inability to provide satisfactory recommendations,
and stereotyping. One common example is popularity bias, the phenomenon where
items with many interactions in the dataset might be over-recommended by the system
(regardless of whether users liked them or not).

There are various ways to categorize bias in recommender systems research. For
the purposes of this study, we are interested in bias in the result47], which we further
distinguish into statistical bias and social bias based on the type of user or item features
that they target (see Section 2.5). Bias impacts multiple stakeholders; for example, a
system that su ers from popularity bias might recommend popular items even to users
who prefer niche items §]. In this survey, we distinguish between item and user bias
subjects.

2.2.3 Recommendation in the library

Libraries have always served as institutions dedicated to knowledge dissemination
and cultural preservation, ensuring equal access to information through carefully
structured classi cation systems, catalogs, and personalized librarian recommendations
[180. As digital technologies increasingly mediate the way users access information
and knowledge, libraries have adapted by integrating information technology while
upholding their core values of transparency, fairness, and inclusivityl] 147, 191]. The
expansion of digital library collections and user-driven discovery tools has prompted
technological interventions that balance traditional library functions with modern user
expectations and needs [185].

One signi cant shift has been the transformation of book discovery processes. Users
accustomed to commercial platforms like Goodreads now anticipate similar recommen-
dation services from libraries L60. Traditionally, recommendations in libraries relied
on expert curation, classi cation frameworks, and reader advisory services, which
helped users nd materials suited to their interests, academic level, or thematic prefer-
ences 198. However, these methods were inherently constrained by collection size and
human e ort. The introduction of Online Public Access Catalogs (OPACs) improved
book retrieval through structured metadata but lacked the ability to o er personalized
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suggestions. Al-driven recommender systems showed the possibility to transform the
process into a more dynamic and user-centric experienc3Z. Libraries contain
extensive user data, maintaining detailed records of patrons, including demographic
information and reading habits, which can collectively amount to millions of records
[169 183. Because of such extensive and rich data, they are in a unique position to
develop personalized recommendation systems. The implementation of such systems
in libraries has several advantages, topmost among them being improved accessibil-
ity. Personalized book discovery can help users navigate extensive collections more
e ciently and engage with materials that align with their interests [L62. Librarians
also bene t from these systems, as they get assistance in curating personalized reading
lists for patrons, streamlining the advisory process207]. Moreover, automated recom-
mendation models can facilitate the discovery of lesser-known works, ensuring that
underrepresented authors and forgotten titles gain visibility within library collections.

Despite these advantages, such systems also raise concerns regarding bias, inclu-
sivity, and fairness. Libraries, as institutions, are fundamentally committed to equal
access and being fair to all19]. Hence, they need to be especially mindful of the biases
that can emerge when automating the recommendation process. One key issue is bias
in training data. Many recommendation systems rely on a subset of a big dataset
containing metadata, indexing, lending data, user ratings, and reviews, which may
already re ect existing disparities [LO€]. A study on the Library of Congress subject
headings found that, while online catalogs improved discoverability, subject headings
still failed to adequately represent African American Studies resourced]. If similar
metadata and subject headings are used in training recommender systems, they may
perpetuate the same biases, leading to underrepresentation or misrepresentation of
certain works. Biases of this nature are not new to libraries. Collection bias arises when
certain voices and perspectives are underrepresented in library holdings, often due to
historical publishing trends and selection practices10g. Cataloging bias manifests
in the way books are classi ed and indexed, with traditional systems like the Dewey
Decimal Classi cation (DDC) and Library of Congress Classi cation (LCC) re ecting
Eurocentric structures that can marginalize non-Western and diverse knowledge systems
[139. Bias can be implicit when it is unconsciously introduced by library sta during
collection development and cataloging. This bias stems from their own cultural and
social in uences, which can shape the materials they select and how they categorize
them, even without intentional prejudice [222].

A real-world example of the risks associated with biased Al-driven book recommen-
dation systems can be seen in the 2024 Fable Al controvers80[ 84]. Fable, a reading,
tracking, and social media app similar to Goodreads, deployed OpenAl software
to generate personalized end-of-year reading summaries for users. However, the Al
exhibited signi cant racial and gender biases, producing o ensive and exclusionary
remarks such as:
Your journey dives deep into the heart of Black narratives and transformative tales, leaving
mainstream stories gasping for air. Don't forget to surface for the occasional white author,
okay?

Given that Fable has been integrated into multiple public library memberships in the
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United States?, this incident underscores the potential risks of unchecked bias in library
book recommendation systems. It highlights how biases in training data and algorithmic
decision-making can lead to stereotyping and exclusion, reinforcing dominant literary
trends rather than supporting diverse narratives. To avoid similar pitfalls it is important
to consider not only technical adjustments but also the documented biases and non-
inclusive practices. Fortunately, libraries have studied these biases and challenges
extensively, for example, Warburton et al[238]discussed the structural biases in the
traditional hierarchical library classi cation systems. Cirasella[44] identi ed four
structural barriers that inhibit equitable representation in collections, while Olson
[166]examined how naming in indexing systems can marginalise certain identities and
worldviews. To address these issues, libraries have developed structured frameworks
and tools to evaluate and reduce bias. Resources such as the Anti-racist Library
Collection Building Workbook by the University of Colorado Boulder Libraries 225
provide guidelines to help professionals assess their collections for inclusivity. Such
a framework can be directly applied to enhance the fairness of recommendation
algorithms. For instance, questions such as Are selection Iters potentially eliminating
materials that don't conform to a dominant scholarly worldview? can be adapted to identify
and address biases in Al systems. Various frameworks of enacting inclusivity and
justice within library services have been proposed by LIS scholars [137, 144, 252].
Even though the LIS research provides valuable insights into the challenges of
delivering inclusive book recommendations and can highlight the potential riskstg],
the intersection between LIS and computer science research appears narrow. We
hypothesize that this is partly due to di erences in terminology used to describe similar
concepts. For example, LIS researchers may use terms like "injustice", "inequality”,
or "disparity" to talk about "bias" or "library discovery" or "information seeking" to
describe "recommender systems". We used LIS-speci ¢ terminology in our searches,
such as library discovery, discovery system, cataloging bias, and Al in libraries, but the
results focused on broad or conceptual treatments of Al rather than studies isolating
recommendation bias as a research topic. Our searches showed that very little of this
scholarship focuses speci cally on bias in book recommender systems. Even when
Al or algorithmic tools are mentioned, recommender systems typically appear only
as one illustrative case of technological change, rather than as a primary subject of
study. This re ects a disciplinary di erence in scope and vocabulary and for this
reason we incorporated LIS scholarship through a targeted, unstructured synthesis,
that highlights its conceptual foundations and demonstrate how these insights can
inform interdisciplinary work. In Section 2.9.3, we provide concrete recommendations
towards interdisciplinarity in bias in book recommendation research.

2.3 Surveys in recommender systems

In this section, we discuss papers that either survey work on book recommender systems
or on bias in recommender systems, either generally or in a media-related domain. We

https://smcl.org/blogs/post/join-us-on-fable-a-book-club-app-for-social-reading/
(accessed 26 March 2025)
2https://cedarfallslibrary.org/youth/official-home-of-cedar-falls-public-library-mas
cot-fable-the-fox/ (accessed 26 March 2025).
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focus on how they conduct paper collection and analysis, when explicitly described, as
well as their main ndings and conclusions.

Two papers conduct surveys on book recommender systems more broadly. Alharthi
et al. [17] survey over 30 published papers that address book recommendation. They
classify book recommender systems into 6 categories based on which book features
they take into account. They list the following challenges and future research for
the eld in general: recommending textual items, the e ect of mood, recommending
books to non-readers, the long-tail problem, recommending audiobooks, assuming
a reading model when recommending books, the confusion that translated books
might cause, and others. Anwar et al[22] speci cally focus on machine learning-based
book recommendation. They survey several databases such as Google Scholar and
Scopus by querying terms like “book recommender systems'. Out of the resulting 100
papers, they go through abstracts and conclusions to choose those where machine
learning is used. They classify these papers into the following 6 categories based on
the type of machine learning that is used: classi cation-based, KNN-based, SVM-based,
neural network-based, association rule mining-based, and clustering-based. They trace
the following future research perspectives: user privacy, incorporation of contextual
information such as mood, and exploration of additional machine learning techniques.
These surveys provide valuable insight into automated book recommendation but do
not examine issues of bias that arise from the process.

Topics such as bias and fairness have been the focus of recent surveys in recom-
mender systems. Chen et a[42] extensively review the topic of bias and debias in
recommender systems, motivated by the eld's fragmentation and the inconsistent
ways in which researchers use the term “bias' and its subcategories. They survey over
180 papers between 2010 and 2021 by querying top-tier recommender systems venues
with keywords related to bias and recommendation, and traversing the citation graphs
afterwards. They classify the papers into the following categories: data bias, which
is present in the data, model bias, which is induced by the model itself, and result
bias, which is present in the recommendation. They further break down the category
of data bias into selection, exposure, conformity, and position bias, and result bias
into popularity bias and unfairness and present common debiasing methods for each
subcategory. Finally, they discuss open issues relevant for future work, such as issues
with evaluation, the fact that bias is not always a negative phenomenon, and trade-o s
between accuracy and fairness in recommendation. Wang et §236]are prompted
by the scatteredness of research on fairness in recommendation. They survey more
than 60 papers on fairness in recommender systems published between 2017 to 2022
at top-tier information retrieval venues and group fairness de nitions into process and
outcome fairness, which they further group based on the target and concept. They
also classify fairness issues based on the following concepts: subjects (user, item, joint),
granularity (single, amortized), and optimization object (treatment, impact). They
proceed to list various ways that researchers measure and implement fairness, as well
as datasets commonly used in literature (they do not mention any book datasets).
Finally, they pinpoint future directions for fairness research which they group into 4
pillars: de nition, evaluation, algorithm design, and explanation. We are inspired by
the frameworks constructed by these surveys to track the di erent kinds of bias and
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bias mitigation. Our added contribution is the emphasis on book datasets, as well as
issues that speci cally concern the book domain.

As we mentioned already, to our knowledge no survey on bias in book recommender
systems has been published. However, there are papers that review bias in a di erent
subdomain of media recommendation, namely music. Ospitia-Medina et glL68]review
literature around music recommendation to summarize how and why bias occurs in
such systems, as well as put forward relevant guidelines. They perform two separate
queries: one over the whole literature for mostly recent papers that are about (bias
in) music recommender systems, and one for papers after 2022 that relate to musical
datasets. They discuss recommendation techniques that have been used in music
recommendation, and then zoom in on bias for which they collected 9 papers and which
they categorize as preexisting, technical, and emergent in accordance with Friedman
and Nissenbaum[81] For each category of bias, they provide a list of guidelines
on how it should be handled. In a mini review, Dinnissen and Bauej63] adopt a
stakeholder-centered perspective when surveying literature that addresses fairness
in music recommender systems by classifying it based on the relevant stakeholder:
user, provider, or multi-stakeholder. They also make a note of whether each paper
was improvement-focused, what kind of methodology they used, what was the topic,
which fairness attributes they considered, and which dataset they employed. As main
ndings, they highlight the abundance of work that only analyzes fairness instead of
proposing improvements; the focus on gender bias despite a limiting binary view; and
the relevance of popularity bias, as well as the overuse of datasets that stem from
Last.fm. Similarly to these surveys, we focus on a domain and distill the unique gaps
and challenges.

2.4 Paper selection and analysis methodology

In this section, we describe the process followed for paper selection, as well as the
di culties we faced and the strategies that we eventually abandoned. Additionally,
we present the dimensions that we de ned in order to e ciently analyze the selected
papers.

The eld of recommender systems has a large body of work. A general search
on Google Scholar for the term “bias in book recommendation' yields more than one
million results, the majority of which are irrelevant to our topic of interest; the terms
“book’, “bias' and ‘recommend' are common enough due to polysemy and can therefore
appear in many di erent scienti ¢ contexts. Our rst attempt at addressing this issue
was by restricting the terms “book', “bias' and ‘recommend' (and their variants) to
appear in the title of the paper when querying Google Scholar and Scopus, which
resulted in 252 documents. However, after careful consideration of the results, we only
came up with 5 papers; the rest were either duplicates, not retrievable, not related
to the topic of bias in book recommendation, not a full scienti ¢ paper but rather a
poster or slide deck, etc.

In order to appropriately (but not overly) restrict the literature space, as well as
obtain high-quality research, we looked into a set of reputable registries that often
publish research on recommender systems. Between October 9th and November
7th of 2024, we queried the following sources: the journals Information Processing
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& Management (Elsevier), Transactions on Knowledge and Data Engineering (IEEE),
User Modeling and User-Adapted Interaction (Springer), and Data Mining and Knowledge
Discovery (Springer), the proceedings of the International Workshop on Algorithmic Bias
in Search and Recommendation (Springer) and the European Conference on Information
Retrieval (Springer), and the entire ACM digital library. To target research into bias in 2
book recommendation systems, we looked for papers that contained the terms “bias' and
‘recommender’ as well as mentioned at least one of the following datasets with user-book
interactions: Goodreads, Book-Crossing, Amazon-books, and LibraryThing. To our
knowledge, most datasets with user-book interactions come from these web sources. We
were inspired by PRISMA (Preferred Reporting Items for Systematic reviews and Meta-
Analyses) [L7Q to follow a structured approach for the paper retrieval documentation.
See gure 2.1 for how we reached the nal number of 40 studies included in this survey.

The search on the selected sources resulted in 357 papers, which we combined with
the 5 papers from Google Scholar and Scopus, and removed 2 duplicates. We then
screened the papers by reading the title and abstract, as well as noting in what context
they used each of the queried terms (i.e., “bias' and “recommender'). Accordingly, we
discarded papers for being entirely out of scope (e.g., not being at all about bias).
We could retrieve all 54 remaining papers. After carefully reading through them, we
discarded 14 for the following reasons:

~ 3 are earlier versions of papers also in the set (i.e., conference papers prior to
becoming journal papers)

~ 3 are not about bias in recommender systems

" 4 mention bias as a topic only tangentially related to their research
"~ 2 are not about model bias

~ 1is only tangentially related to recommender systems

~ 1 includes all book dataset-related results only in the Appendix

Our nal set includes 40 papers. To study these papers, we annotated them along
the following set of dimensions:

Basic: Title, Author(s), Link, Year of publication, Venue, Publisher

Bias: Problem statement, Bias de nition, Bias subject(s) (User and/or Item ),
Bias type(s) (Statistical or Social), Acknowledgment of book domain

Data: Dataset(s) used, Dataset preprocessing, Type(s) of feedback (Implicit or
Explicit)

Algorithmic: Algorithm(s) used, Prediction task(s) (Rating or Ranking), Frame-
work (e.g., Python library or Original implementation), Hyperparameter tuning,
Code availability

Methodology: Action (Measuring or Mitigating bias), Method, Metric(s)
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2 Figure 2.1: PRISMA 2020 ow diagram for systematic reviews shows how an initial collection of 362 studies
was reduced to the nal 40 studies included in this survey.
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" Results: Result(s) on the book dataset

Since the bias dimension is the main topic of this survey, we will further explain its
subcategories. Problem statement refers to the main issue that each paper attempts to
address. Bias de nition corresponds to whether the authors explicitly de ne (with their
own words or through a citation) what bias means in the given system and what the -
de nition is. Bias subject is equivalent to the stakeholder that is subject to the bias in
question, which could be the user, the book, or more speci cally the author, publisher,
topic etc of the book. Bias type is the kind of bias that the paper addresses, either
Statistical bias or Social bias. Additionally, for this dimension we keep track of which
statistical or social aspect is of relevance, for example, book popularity, user activity
(statistical bias), author gender, book topic (social bias) etc. Finally, Acknowledgment of
book domain is used to note whether a given paper engages with the fact that the items
at hand are books, either passively or actively.

The repository where we kept track of the collection and analysis process, including
the nal table with all papers and dimensions lled, has been made publicly availabfe

2.5 Overview of the field
This section presents a structured overview of the 40 papers included in this survey.
Table 2.1 lists all the papers along with their main features. The majority of computer
science research on bias in book recommender systems is within the last few years,
and the papers we included are scattered across conferences and journals. Most papers
study statistical bias, especially with item as a subject, and present a mitigation strategy.
Figures 8.1, 8.2 and 8.3 show basic statistics about the papers included in the survey
and can be found in the Appendix.

We organize and interpret the results along three dimensions: (1) bias type, (2)
bias subject, and (3) action. In table 2.2, we divide the papers into categories across
these dimensions.

Bias type We categorize bias in book recommendation into statistical and social
bias based on the type of feature it targets.

"~ Statistical bias targets features that describe the statistical properties of the
interaction between items and users. It relates to structural properties of the data
distribution, such as item popularity or user pro le size.

" Social bias targets features that exist outside of the interaction properties, such
as demographics. For example, a model might underrecommend authors of
minority nationalities and thus discriminate against them.

This categorization is very relevant for book recommendation. On the one hand, as
discussed in Section 2.2.3, practices that are discriminatory towards users or authors
based on their demographic characteristics are unwanted in book recommendation. On
the other hand, such information is not generally publicly available, which often limits
research to studying statistical properties as they are inherent to the interaction datasets.

Shttps://github.com/SavvinaDaniil/BiasinBookRecommendationSurvey
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[ Bias Type Bias Subject Action
Paper | Statistical  Social | User Ttem  Joint [ Measurement  Mitigation | Venue Year
192 X X X BIAS@ECIR 2025
165 X X X IPM 2024
179 X X X ECIR 2024
244] X X X RecSys 2024
58] X X X TORS 2024
237] X X X TOIS 2024
177] X X X TORS 2024
24] X X X RecSys 2024
251] X X X WWW 2024
249] X X X TOIS 2024
[72] X X X UMAP 2024
133 X X X TKDD 2024
260 X X X WWW 2024
205 X X X PeerJ CompSci| 2024
199 X X X JIIS 2024
152 X X X UMUAI 2023
256 X X X BIAS@ECIR 2023
134 X X X RecSys 2023
[239] X X X SIGKDD 2023
259] X X X SIGKDD 2023
90] X X X IPM 2022
131 X X X TKDE 2022
247 X X X DMDK 2022
159 X X X BIAS@ECIR 2022
121 X X X BIAS@ECIR 2022
186 X X X RecSys 2022
240 X X X SIGKDD 2022
176 X X X SIGIR 2022
130 X X X TIST 2022
221 X X X WI-IAT 2022
178 X X X SIGIR 2022
57] X X X arXiv 2022
151] X X X X IPM 2021
[61] X X X IPM 2021
68 X X X UMUAI 2021
82 X X X SAC 2021
223 X X X WSDM 2021
258 X X X WWWwW 2021
117 X X X WWW 2021
157 X X X TIST 2016

Table 2.1: Paper lookup table.



2.5 Overview of the eld 23

Bias Dimensions Related Work

Statistical [24, 58, 82,121, 131, 134, 152 157,159 165 176,
177, 186, 192, 205, 221, 223 237, 239, 244, 247,
249, 251, 256, 258, 259]

Social [57, 61, 68, 72,90, 117, 130, 133 151, 178 179,
199, 240, 260]

Item [24, 57, 68, 72, 82, 90, 117, 131, 178 179 186,
Divided by Subject 192, 199, 205, 221, 237, 239, 247, 258, 259]
User [61, 130, 133 151, 157, 176, 240, 249 251, 256,
260]

Joint [58, 121, 134, 152, 159, 165, 177, 223, 244]
Measurement | [57,58,61,117 121, 134,151, 157,159 178 192
247, 256]

Mitigation [24, 68, 72, 82, 90, 130, 131, 133 152 165, 176,
177,179, 186 199, 205 221, 223 237, 239 240,
244, 249, 251, 258 260]

Divided by Type

Divided by Action

Table 2.2: Lookup table of bias dimensions.

As gure 8.3b shows, most papers study statistical bias, which can be attributed to the
aforementioned limitation. In addition, despite the distinction, these two bias types are
not unrelated. Especially for collaborative ltering where only the user-item interaction
matrix is given as input to the system, social bias is a direct result of statistical relations
between interactions and external characteristics.

Bias subject In line with other research on recommender systems valueg36], we
additionally categorize bias in book recommendation into user, item, and joint based
on the subject it targets.

" User bias targets the users of a book recommender system, which corresponds
to the book consumers, loaners, or cataloguers depending on the source of the
dataset.

" Item bias targets the books themselves, which corresponds to the authors, topics,
characters, publishers, or other book properties.

~ Joint bias targets the users and books simultaneously.

As seen in table 2.2, the majority of papers deal with item bias. This result is in line
with Wang et al. [236]who found that most papers on fairness in recommendation
approach the topic from an item perspective.

Action We nally categorize bias research based on the goal into measurement and
mitigation.

" Measurement includes studies that mainly measure bias, often by proposing a
new metric or view of bias.
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~ Mitigation includes studies that, besides measuring a type of bias, additionally

experiment with mitigation methods against it.

Various papers include both measurement and mitigation as contributions, in which
case we categorize them as Mitigation .

2.6 Statistical bias in book recommendation

In this section, we discuss papers that examine statistical bias in book recommendation,

either from a user or item perspective. Table 2.3 includes a summary of the di erent
types of statistical bias along with their di erent views and metrics.

Bias Type

View / Description

Metrics

Iltem Biases

Popularity bias

Recommendation frequency is in u-
enced by item popularity b8, 121,
159, 186, 221].

correlation [58, 121, 159, PopQ@1
[184, LT frequency [221], LT cover-
age [221]

Recommendation performance varies
across items with di erent popularity
levels P4, 82, 134, 152, 165, 239, 258
259].

recall per group [L65, estimation er-
ror per group [152], LT HR [24, 239,
258 259, LT NDCG [24, 239 258
259, LT precision [82], LT recall [82]

Indirect impact of popularity bias on
recommendation outcomes$8, 165
221, 223, 237, 244]

coverage b8, 221, 223, novelty [165,
NDCG [237], MRR [237], recall [237),
P-fairness [244]

Blockbuster bias

Recommendation frequency is in u-
enced by an item's blockbuster status
[247).

frequency per group [247]

User Biases

Activity level bias

Recommendation performance varies
across user groups with di erent ac-
tivity levels [134, 152, 157, 176, 223
249, 251].

estimation error per group [152, pre-
diction diculty per group [ 134,
NDCG dierence per group [176
249, recall di erence per group [157,
223 249, coverage per group 157,
IA MRR [251], IA HR [251], IA
NDCG [251]

Popularity of recommended items
varies with user activity level [176].

%CGAP [176]

Indirect impact of activity level bias
on recommendation outcomes [244].

C-fairness [244]

Popularity a nity bias

Recommendation performance varies
across users with di erent popularity
anity [58, 121, 165, 176, 256].

recall per group [165, MAE per
group [121], NDCG per group [58,
176, 256]

Popularity of recommended items
varies with users' popularity a nity
[58, 159, 176]

%CGAP [58, 159, 176]

Table 2.3: Statistical bias views and metrics grouped into item/user categories. "LT' means long-tail (items)
and "1A' inactive (users).
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2.6.1 Item
Popularity bias

Most papers on item bias in book recommender systems study popularity bias speci -
cally. Popularity bias is often de ned as the phenomenon where items are recommended
more frequently than their popularity would warrant [42]. Klimashevskaia et al. [118]
propose that a system su ers from popularity bias when the recommendations provided
focus on popular items to the extent that they limit the value of the system or create
harm for some of the involved stakeholders . These de nitions are intentionally broad
and encompass multiple views as indicated by the variety of metrics that have been used
to capture popularity bias. In book recommender systems research, a system is consid-
ered biased in favour of popular items if an item's recommendation frequency depends
on its popularity [58, 121, 159 186, 221, if an item's recommendation accuracy de-
pends on its popularity P4, 82, 134, 152, 165 239, 259, or based on other performance
metrics that are considered sensitive to popularity bias [58, 165, 221, 223, 237, 244].

Measurement A common metric of popularity bias based on the frequency of recom-
mendation view is the correlation between popularity in pro le and in recommendation.
Naghiaei et al.[159] measure popularity bias as a result of a set of collaborative I-
tering algorithms trained on a subset of Book-Crossing. They visually evaluate said
correlation and nd that certain algorithms do propagate popularity bias and others
do not. On the contrary, Kowald and Lacic[121]on the same dataset and using some
of the same algorithms nd that all algorithms propagate popularity bias using the
same visual evaluation. Daniil et al[58] notice that di erent studies report di erent
results when measuring popularity bias in a set of datasets from di erent domains,
including Book-Crossing. They reproduce the studies and nd that the divergence in
ndings is a result of many factors, such as evaluation strategy, that lead to di erent
conclusions even based on the same dataset. Regardless, the characteristics of the
domain play a role: compared to datasets from the other domains, Book-Crossing is
more prone to popularity bias, according to correlation. Another relevant metric is the
coverage and recommendation frequency of long-tail item221], as well as PopQ@1
which expresses the average popularity quantile of the rst recommended item of
each user 186. Other metrics attempt to capture the impact of item popularity on
recommendation performance. Liu et al[134]borrow item response theory (IRT) from
psychometric assessment practices to estimate whether traditional rank-based metrics
re ect an algorithm's ability to model user preferences and assess the relationship
between item di culty and popularity. Unlike the other datasets, for the book dataset,
they do not nd any relationship between item di culty and popularity, which they
attribute to sparsity. Some studies divide items into groups based on their popularity
and calculate accuracy metrics for each group, such as recalldq and estimation error
[152, while others especially highlight the system's accuracy on the long-tail items,
with various accuracy metrics having been use@4, 82, 239 258 259. Finally, many
studies (additionally) indirectly measure popularity bias by assuming it has a negative
impact on novelty [165], coverage [58, 221, 223], or accuracy in general [237].
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Mitigation A relatively large number of papers propose methods for mitigating
popularity bias in book recommendation. Some studies focus on increasing the recom-
mendation frequency of long-tail items. Rhee et a[186]introduce a method called
Zerosum that reduces popularity bias by regularizing the predicted scores to be equal
across items a user prefers via an extension of BPR loss with a regularizer. For the
book dataset, their method performs better (higher accuracy and lower PopQ@?1) for
most algorithms than other debiasing methods. Tang and Zhanf221]emphasize that
it's not su cient to recommend long-tail items, but also that the users don't receive the
same recommendations again and again; the long-tail items recommended should be
su ciently diverse. They present CADDP, a long-tail item recommendation approach
that extracts important feature embeddings to capture the common characteristics of
multiple items clicked by users and ensures that they are relevant and diverse. CADDP
achieves the best performance among the baselines in terms of presence and diversity
of long-tail books in the recommendation.

Other studies attempt to improve the system's performance on long-tail books.
Okamura et al. [165] note that dealing with popularity bias is a complicated task
because popularity might imply quality, and hence it might not be desirable to mitigate
it for all users. Based on some observations around the properties of the inner product
model, they develop a method called DirectMag that facilitates both platforms and
users to manipulate popularity bias post-model training with the help of a parameter
g. They nd that their method generally exhibits high average novelty and accuracy.
Additionally, it creates a trade-o between novelty and recall per popularity-level item
group on the one side and accuracy on the other that thg parameter helps deal
with, though the trade-o is not consistent in the book dataset. Gabbolini et al[82]

o er the following observation: matrix factorization embeddings are very unstable,
but especially so for long-tail items. They develop a variation of matrix factorization
that mitigates instability issues and achieves better accuracy in the long-tail compared
to the default version of MF and some other algorithms. Balasubramanian et gR4]
perform “biased' user history synthesis: they augment the user pro les with a sampling
strategy that is biased in favor of long-tail items and three di erent synthesis models.
With exceptions, they nd overall improvement of accuracy in the long-tail and in
general. Zhang et al.[259] claim that despite the large amount of research around
improving long-tail item recommendation, transferring these methods to industry
practice is challenging due to the dive in performance that most of them introduce,
as well as their complexity and high cost. They design Cross Decoupling Network
(CDN) that reduces the di erence between training and service data for both item
distribution and users' preference given an item. CDN achieves signi cant performance
on long-tail items compared to the baselines, while also maintaining good performance
for all items. Zhang et al.[258]present a dual transfer learning framework that jointly
learns knowledge transfer from both model-level and item-level (i.e. from head to
long-tail items), called MIRec. Based on performance metrics, MIRec achieves the best
performance on long-tail books. Wei et al[239]focus on graph-based recommendation
and present a Meta Graph Learning (MGL) framework for long-tail recommendation
that successfully employs an auxiliary graph of item relations. MGL outperforms other
methods in all performance metrics for long-tail books (including previously mentioned
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MIRec). Misztal-Radecka and Indurkhy§l52]develop Bias Detection Tree (BDT), a
model-agnostic technique that automatically detects combination of user-item attributes
correlated with unequal treatment. They also propose a model selection technique
that improves performance for biased attributes. For the book dataset, while several
“social' features are considered, the most signi cant item bias is associated with low
item popularity.

Finally, some studies deal with popularity bias indirectly. Wang et al[237]develop
GBD, a generative framework for bias disentanglement that constantly generates
calibration perturbations during training to keep intermediate representations from
being biased. GBD can encompass various types of bias. Among those considered,
on the book dataset they only test popularity bias by employing a semi-synthetic
version of the dataset that includes an unbiased subset. They nd improvements over
performance metrics with GBD on the unbiased subset, therefore reducing popularity
bias. All other results are not on the book dataset. Togashi et a[223] note that
because the cold start problem in recommender systems is often solved by selecting
unobserved interaction samples and assuming them to give a negative signal, this can
lead to popularity bias. They propose KGPL, a method that leverages unobserved
samples by using a knowledge graph (KG) with side information about the books and
accordingly generates positive instances from the unobserved samples. They nd that
KGPL exhibits low coverage when trained on the book dataset, presumably due to the
popularity bias present in the dataset. Rahmani et al. [177] notice that fairness-aware
methods in recommender systems often address user and provider fairness separately,
even though it's a two-sided marketplace. They propose CP-FairRank, a re-ranking
algorithm that seamlessly integrates fairness constraints from both sides, with a focus
on popularity from the item side. Even though not many results on the book dataset
are included, their method performs well based on a two-sided fairness metric. On the
topic of two-sided fairness, Xu et al[244]propose Ada2Fair, a framework that extends
the accuracy objective into a controllable loss over the interaction data, which boosts
the exposure of niche book publishers. They nd that their method achieves Pareto
optimality over the baselines considering both accuracy and P-fairness.

Blockbuster bias

Yalcin [247]extend on the notion of popularity, which in literature usually corresponds to
frequency of consumption, by incorporating rating, and refer to bias in favor of popular
and well-liked (i.e., highly rated) items as blockbuster bias. They measure whether a
set of ranking-based algorithms exhibit blockbuster bias and produce extensive and
detailed results. They nd that there is blockbuster bias in the book dataset itself, which
is also distinct from popularity bias (i.e., the well-likedness is impactful). When it comes
to the recommendations, they nd that the algorithms tend to exhibit blockbuster bias
when trained on the book dataset, which is not only caused by item popularity.

Other

We found three papers that di er from the rest and are insightful. Shen and Jianf205]
concern themselves with the fact that users tend to give extreme ratings when evaluating
books that don't re ect book quality (a property that the authors consider intrinsic to

a book), which according to research is especially a problem in children's books where
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the ratings are often done by the parents. They propose a hybrid model that combines
a graph convolutional network and neural matrix factorization to accurately capture
that bias. They consider ratings from top reviewers as unbiased standard and calculate
rating and ranking metrics between that standard and their method's ability to calculate
unbiased ratings. Their method yields the lowest MSE and rank error, as well as the
best NDCG when a recommendation process is applied, compared to other methods.
Rystrgm [192] attempt to empirically test the theory that companies have incentives
to in uence users so as to make them more predictable and use their recommender
systems accordingly. They pose that studying a real-world system instead of performing
a simulation is key to uncovering biases, as it allows validating theoretical claims about
how recommender systems cause bias. They use the Barrier-to-Exit metric and a linear
mixed-e ects model to study the evolution of Amazon book ratings between 1998 and
2023. They nd that it has become more di cult for users to change preferences, which
they attribute to the system's e ectiveness in enacting homogenization by potentially
limiting exposure to diverse content. Lin et al.[131]discuss Spiral of Silence: the theory
that ratings are missing in a biased way because users are more likely to submit ratings
if they agree with the opinion climate. This leads to the majority opinion receiving
growing popularity, while other opinions are pushed back. They verify the existence of
the issue in Amazon-books, study its characteristics, and model the missing ratings in
4 di erent ways. They nd monotonic trends for books with majority opinion, as well

as that hardcore users feel more obligated to underrate a highly appreciated book than
to save a criticized item. There was no recommendation process on the book dataset.

Synthesis Most papers about statistical bias from an item perspective study popularity
bias 24, 57, 82, 121, 134, 152 159, 165 177, 186, 221, 223 237, 239, 244, 258 259.
The sparsity of the book datasets is noted to impact the result, especially in comparison
with datasets from other domains $8, 134, 223 247]. On a related note, some papers
don't include all of the results on the book datasets in their main body, prioritizing
datasets from other domains 131, 177, 186, 223 237, 239 258. Most papers that
mitigate popularity bias are explicitly concerned with maintaining good performance
[165 177, 186, 221, 237, 244, often with an additional emphasis on head items24,
239 258 259. Some papers speci cally attempt to boost tail items by synthesizing
user history that is biased in favor of tail items 24], transferring side information
from knowledge graphs 223, or improving tail items' representations B2, 239, 25§.
Another type of bias studied is blockbuster bias [247].

2.6.2 User

Popularity affinity bias

Many papers on user bias in book recommender systems study popularity a nity
bias. Popularity a nity bias is the phenomenon where users are treated unfairly
based on their a nity for popular items. A system is considered biased towards user
popularity a nity if a user's recommendations are more popular than their preferences
[58, 159 17€ or if a user's recommendation accuracy depends on their popularity
anity [58, 121, 165, 176, 256].
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Measurement The metric used for assessing if the users' recommendations exceed
the popularity of their pro les is %¢GAP, which measures relative di erence between
average popularity in pro le and in recommendation for each group of usersg8, 159
176. The already discussed papers by Naghiaei et dlL59]and Daniil et al. [58], other
than measuring general popularity bias, also measure the unfairness of it. Unfairness
in this case refers to the fact that users with interest in niche books might get over-
recommended popular books. They divide users into three groups, those with niche
interests, those who prefer popular items, and everyone in between. Naghiaei et al.
[159] nd most algorithms to be unfair towards users with either niche or diverse tastes.
In their reproduction work, Daniil et al. [58]also measureée¢GAP but don't present
the results on the book dataset in the main body of the paper. To evaluate the extent
to which the system performs better for mainstream users, studies also divide the users
into group and measure the accuracy per group. Naghiaei et aJ159] nd that all
algorithms perform the best for the users who prefer popular items based on various
performance metrics. Kowald and Lacid121]measure MAE per user group and nd
the lowest recommendation accuracy for the niche group. Zhang et gR56]extend a
previous paper to also include user activity level in the consideration and then evaluate
bias based on recommendation utility per user group. When it comes to the book
dataset, popularity a nity seems to play a more critical role than user activity level
since mainstream users tend to be less active but still receive better recommendations
(based on NDCG), which they attribute to extreme sparsity.

Mitigation In terms of mitigation, one paper evaluates the e ect of re-ranking on
%¢GAP. Rahmani et al.[176]reproduce a user-oriented fairness study and do extensive
experimentation to analyze its dependence on various aspects: domain, model, and
user grouping. They nd that the re-ranking method has di erent e ect depending on
whether the users were divided based on activity level or a nity for popular books.
By comparing the datasets, they nd that the higher number of average interactions
per user can lead to better performance of the fairness model. The same paper also
measures the di erence ofNDCG between user groups to evaluate the divergence of
performance for di erent popularity a nity levels. Okamura et al. [165] who proposed
DirectMag, show that thg parameter can be tweaked to address the needs of users
that are diverse when it comes to their a nity for popular items according to recall
per user group.

Activity level bias

User statistical bias in book recommender systems is often framed as activity level
bias. Activity level bias occurs when users are treated unfairly based on their
activity level. A system is considered biased towards user activity level if a
user's recommendations are more popular than their preferences [ 176], if a user's
recommendation accuracy depends on their activity level [ 134, 152, 157, 176,
223, 249, 251], or if there is indirect impact [177, 244].

Measurement Similarly to popularity a nity bias, %¢GAP is used to measure
whether recommendation popularity exceeds pro le popularity for a group of users,
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with the grouping in this case depending on activity level76. Other metrics are
used to capture the impact of user activity level on recommendation performance.
Most studies divide the users into groups based on their activity level and measure
performance per group L34, 152 157, 176, 223 249, while others especially measure
the system's accuracy on the less active use5[l]. Moody and Glass[157]provide a
framework for user-centered evaluation that divides users into quadrants based on 2
dimensions: their near-neighbor-based similarity and their activity level. They nd the
algorithm to perform the worst (in terms of recall) for users who have rated many books
but are dissimilar to other users and best for users who have rated few books but have
high similarity with other users. The other criteria (coverage and diversity) are not
evaluated on the book dataset. The previously mentioned item response theory-inspired
method developed by Liu et al.[134]is also used to assess the relationship between
user di culty and user activity level, but such a relationship is not found for the book
dataset, which is attributed to sparsity. Yang et al[249]claim that measuring fairness
as similarity of average performance between groups is not su cient because the
variance might be high. Instead, they de ne a new type of fairness: similarity between
the performance distributions across di erent user groups. Finally, some studies only
note the indirect impact of inactive users on C-fairness [177, 244].

Mitigation The aforementioned fairness reproduction study by Rahmani et al. [176]
also estimates the impact of grouping the users based on activity level on a previously
published re-ranking method's success in improvin§o¢GAP, and the results di er
from the popularity a nity grouping. They also measure the di erence of NDCG
between user groups to evaluate the divergence of performance for di erent popularity
a nity levels and nd that the higher number of average interactions per user can
lead to better performance of the fairness model. Yang et a]l249] pursue the goal of
enacting distributional fairness via a generative adversarial training framework called
DistFair, and theoretically and experimentally show its e ectiveness. Their framework
achieves the best fairness performance for active versus non-active users in most cases,
while maintaining a small performance drop. Yang et al[251] concern themselves
with cross-domain recommendation (CDR) and pose that inconsistency in user activity
leads to user embeddings that prioritize users with more frequent interactions. They
propose UCLR, a user-aware contrastive learning framework for robust CDR, and
report signi cant performance improvement for users with only one or two interactions

in Amazon-books compared to the baselines. KGPL, the method developed by Togashi
et al. [223] that uses a knowledge graph with side information about the books to
generate unobserved positive instances, is found to perform better for cold start users
than other KG-based methods. However, all KG methods struggle with the book
dataset, which they attribute to high sparsity. The previously mentioned Bias Detection
Tree developed by Misztal-Radecka and Indurkhy#l52]detects activity level as the
user feature that correlates the most with bias. Their model selection techniques also
improve performance for less active users. Notably, these discrimination rules are
di erent between the training and test sets. For instance, the least active users have
the smallest training error and highest test error, which is probably an indication of
over tting in the training set. Rahmani et al. [177] evaluate CP-FairRank with user
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activity as the user-fairness concern, but there are limited results in the paper. Finally,
Ada2Fair by Xu et al.[244]also boosts inactive users, which results in Pareto optimality
over the baselines considering both accuracy and fairness.

Synthesis All papers about statistical bias from a user perspective group the users
either on (a) level of activity [157, 249 251], (b) a nity for popular items [ 58, 121, 159
165 256, or (c) both [176. Moody and Glass[157]additionally group the users based
on near-neighbor-based similarity. Bias towards users with niche tastes is sometimes
characterized as unfairnessgg, 121, 159. To measure user bias, some papers use the
%C¢GAP metric that expresses an increase in average popularitgg, 159 176, while
others compare the performance across user groupl, 157, 165 176 251, 25§.
Yang et al.[249]extend the notion of across-group fairness to account for di erences
in distribution.

2.6.3 Joint

Some of the papers discussed measure or mitigate statistical bias from a user and item
perspective simultaneously. They either tackle popularity bias and activity level bias
[134 152 223 244, popularity bias and popularity a nity bias [ 58, 121, 159 165, or
both [177].

2.7 Social bias in book recommendation

In this section, we discuss papers that concern themselves with social bias in book
recommendation, either from a user or item perspective. Table 2.4 includes a summary
of the di erent types of social bias along with their di erent views and metrics.

2.7.1 ltem

Author nationality bias

Author nationality bias occurs when authors of certain nationalities are discrimi-
nated against in the recommendation process. This can mean that they are under-
recommended in comparison to their presence in the users' pro les or in comparison
with other nationalities [57]. This type of bias has only been studied by Daniil et al.
[57] who investigate how popularity bias translates to social bias. They observe that
since popularity is not a random phenomenon, it might be that popularity bias leads
to other biases that are not obvious when additional user or item information is not
available. They enrich a book dataset with author information using publicly available
external resources, apply a recommendation process using various collaborative Iter-
ing algorithms, and compare popularity bias with bias towards author nationality. They
nd that popular books in the dataset are mainly written by US-based authors, and
hence US-authored books tend to be over-recommended, especially so by algorithms
vulnerable to popularity bias.

Author gender bias
Author gender bias can similarly be de ned as discrimination against an author's
gender in the recommendation process, either via under-recommendation compared to
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Bias Type

View / Description

Metrics

Iltem Biases

Author nationality bias

Under- or over-representation of au-
thor nationality groups relative to the
training set [57].

frequency per group [57]

Author gender bias

Under- or over-representation of au-
thor gender groups relative to the
training set [68, 117, 178, 179, 199].

gender bias $8], log-bias [99,
AWRF [178 179, ¢gi ;¢ aps ¢sqr S KL
[117], EUR, RUR, IAA, EEL [178]

Under- or over-representation of au-
thor gender groups relative to other
gender groups [68, 72, 178, 199].

gender bias 8], DP [17§, BDV [72],
log-bias [199], FAIR, EED, DP [178]

Publisher location bias

Under- or over-representation of pub-
lisher location groups relative to
other groups [90].

frequency per group P0Q], exposure
per group [90]

User Biases

User age bias

Recommendation performance

MAD NDCG [61], MAD Precision

varies across user age groups [61], GF MAE [133 240 260, GF
[61, 133, 240, 260]. MSE [260]
Recommendation outcomes di er de- saACC [133]

pending on user age [133].
Preferences of certain user age groups
dominate overall recommendations
[130].

DIF [130]

User gender bias

Recommendation performance
varies across user gender groups
[61].

MAD NDCG [61], MAD precision
(61]

Preferences of certain user gender
groups dominate overall recommen-
dations [130].

DIF [130]

Table 2.4: Social bias views and metrics grouped into item/user categories.
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the user proles [117, 179, compared to other authors of di erent gender [72], or both
[68, 178, 199].

Measurement Raj and Ekstrand [179] measures attention-weighted rank fairness
(AWRF) which corresponds to the di erence between a group's (in this case, gender
of authors) exposure in the recommended lists compared to a target distribution,
which they set to the gender distribution in the training ratings. K rnap et al.[117]
point to the problem of missing information when measuring bias: they observe that
fair ranking metrics normally require knowledge of membership of items in groups
that relate to a protected attribute, even though this information is rarely available or
complete. To account for that issue, they propose a sampling strategy and estimation
technique for fair ranking metrics by formulating an estimator that works well even
with a limited number of labeled items. They apply their method to estimate a set
of fair ranking metrics that aim for gender representation in the recommendation
equal to the entire corpus ¢gi ;¢ aps ¢ sq ¢kL) and the exposure of female authors

(Eg), and their estimation outperforms naive baselines. Other metrics compare the
presence of male and female authors in the recommendation. Eleftherakis et f2]
propose Bilateral Disparate Visibility (BDV ), which represents the di erence between
the observed probability of recommending books written by one gender and that of
recommending books written by another gender.

Raj and Ekstrand[178] perform the rst empirical comparative analysis between
fair ranking metrics using various datasets, including author-gender fairness assessment
on Goodreads. Some of the metrics proposed only measure whether the genders are
equally represented in the ranking(s) (FAIR, DP, EED), while others account for utility
(EUR, RUR, IAA, EEL) or gender distribution in the book dataset (AWRF). They
also perform sensitivity analysis to assess the impact of certain design choices. They
generally nd that metrics disagree on orderings of di erent algorithms' fairness, while
they might agree for some experiments and not others. For Goodreads, they nd
that parameters such as the ranked list size and weighting strategy impact whether
the system is considered fair towards authors of di erent genders. In an in uential
paper, Ekstrand and Kluver[68] apply a Bayesian model on user pro les and rec-
ommended lists (to account for size variances) and calculate the gender tendency.
They nd that, in Amazon-books, Book-Crossing, and Goodreads, female authors are
less underrepresented in user-book interactions than in the unique books, particularly
among the popular books. They compare the pro le gender tendency with that in
the recommended lists of a set of algorithms trained on implicit and explicit versions
of the datasets and nd that average balances are comparable to user pro le average
balances, but the algorithms di er when it comes to the distribution. Additionally,
they nd that explicit-feedback algorithms are much less responsive to their users'
input pro les in terms of author gender distribution, likely due to the fact that they
account for rating additionally to consumption patterns. Saxena and Jaifl 99]measure
log-bias, which expresses the extent to which users tend to rate books written by one
gender higher compared to another gender. They report the presence of such bias
in Book-Crossing and Amazon-books in favor of male authors and compare dataset
log-bias with recommendation log-bias.
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Mitigation Some papers propose bias mitigation strategies to reduce di erences in
author gender distribution in the recommendations. Ekstrand and Kluvef68] apply
simple re-ranking strategies on the recommended lists to meet gender balance goals.
They nd that their strategies are successful in bringing the gender distribution to
about 50-50 with minimal accuracy loss. Saxena and Jdite9]address bias towards
author gender given explicit feedback. They propose a model that quanti es gender
bias in book ratings and subsequent recommendations and, accordingly, a model-
agnostic approach to provide unbiased recommendation. Additionally, they incorporate
user preference correction to maintain good model accuracy in rating and ranking
prediction. They use estimated log-bias to measure whether the predicted ratings
of male authors are higher than those of female authors. Their method achieves
signi cant bias reduction with insigni cant accuracy loss. Eleftherakis et al[72] note
that a source of demographic bias in neighbor-based collaborative Itering is that the
neighbors may foster discriminatory patterns, and that some work that addresses this
issue is of low e ciency and impacts accuracy. They propose two new algorithms
that tackle e ciency and accuracy. They measure BDV on the recommendations
based on the young adult subset of Goodreads (in this case male-written books are
viewed as protected). Their method scales better compared to other fairness-aware
methods, especially for Goodreads. Their method's mitigation impact is not as high for
Goodreads than it is for the non-book dataset, but the imbalance (in favor of female
authors) is still reduced. Raj and Ekstrand179] attempt to reduce the di erence

in gender distribution between recommendation and training set, in the context of
a grid-view recommendation. They develop a grid-aware re-ranking algorithm for
provider-side fairness, which adopts existing techniques by taking into account grid
features, and test it on a book dataset. They nd that AWRF is improved when the
re-ranking method is grid-aware, and the results depend on the browsing model, device
size, and column size.

Publisher location bias

Gbémez et al.[90] tackle publisher location bias based on the continent where the
book was published, prompted by the geographic imbalance in the data. They measure
disparate visibility and exposure for each continent-based group given a set of algorithms
and propose a re-ranking approach that addresses both. They nd that 90% of the
books were produced in North America, with these books accounting for 93% of the
ratings (similar to Daniil et al. [57] who noted the over-representation of American
authors), and that this bias is propagated in the recommendation, but their mitigation
method performs well.

Synthesis Most papers about social bias from an item perspective study bias towards
sensitive author characteristics, namely author gende68, 72, 117, 178 179 199
and author nationality [57], while Gémez et al.[90] are concerned with publisher
location. Some papers note the challenge of obtaining such information on the items
[57, 117], while Saxena and Jairj199] use Genderize.io to estimate author gender.
To assess bias towards a group of items, most papers measure how the algorithms
treat disadvantaged versus advantaged groups, either by means of representation in



2.7 Social bias in book recommendation 35

recommendation p7, 68, 72, 90, 117, 178 179 or predicted rating [199. Unlike the
other papers on author gender bias, Eleftherakis et aJ72] consider male authors as
the disadvantaged group.

2.7.2 User
User gender
User gender bias occurs when the system underserves users based on their gender,

either by performing worse for users of a given gende6[l], or by mostly recommending
items that a single group of users prefers [130].

Measurement User gender bias based on the divergent performance view has been
measured by mean average deviation of performance for di erent gender groups by
Deldjoo et al. [61] They systematically track data characteristics that may impact
fairness (and accuracy) of collaborative ltering algorithms via regression-based ex-
planatory modeling. User gender has small explanatory power for fairness on the book
dataset. To measure whether the recommended items are fairly interacted with by
users of di erent genders in their pro les, Li et al. [130]propose a new metric called
Interaction Fairness (IF), for which they measure the di erence between user pro le
and recommendation.

Mitigation Lietal. [130]speci cally look into fairness in sequential recommendation.
They de ne a fairness-aware sequential recommendation task and propose a multi-task
deep model, FairSR, which consistently produces the highest improvement in IF for
di erent user gender groups while maintaining or even improving on performance
metrics.

User age

User age bias occurs when the system underserves users based on their age, either
by performing worse for users of given age6fl, 133 240, 260, by recommending

di erently to di erent-aged users [133, or by mostly recommending items that a single
group of users prefers [130].

Measurement Deldjoo et al. [61] measure the explanatory power of user age on
fairness de ned as mean average deviation of performance for di erent age groups,
but similarly to user gender, they nd small explanatory power on the book dataset.
Other studies also measure deviation of performance metrics between user age groups,
namely MAE [133 240, 260 and MSE P6Q. To estimate the impact of user age on the
recommendation, Liu et al.[133]propose a new metric named saAAC (sensitive attribute
accuracy), based on the items in the recommended list and the latent relationship
between the content attributes and the users' sensitive attributes. Finally, Li et dlL30]
measure the di erence in IF for di erent user age groups.

Mitigation Papers that mitigate bias towards user age in book recommendation by
improving performance fairness are as follows. Wei and HE240]design a framework
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(CLOVER) that ensures fairness of meta-learned recommendation models (individual,
counterfactual, and group fairness) and try to satisfy all three via a multi-task adversarial
learning scheme. They nd that meta-learning for cold start is more unfair than other
cold start alleviation methods, and with CLOVER it becomes fairer towards users of
di erent age while not sacri cing performance. Zhang et al.[260]are also concerned
with unfairness in meta learning, however they're speci cally interested in what is the
critical factor that leads to unfairness. Through theoretical analysis, they show that
the critical factor is group proportion imbalance. Then they propose a fairness-aware
adaptive sampling framework of meta learning (FAST) which adjusts the sampling
distribution for di erent user age groups during training, and theoretically prove
convergence. Based on group fairness metrics among users of di erent age, FAST
generally achieves more signi cant fairness improvements than other fairness methods
(including CLOVER) and comparable utility across various meta-learning paradigms.
In a di erent approach, Liu et al. [133]attempt to Iter sensitive information so that it

is not learned when constructing representations by using DALFRec, a fairness-aware
algorithm that uses adversarial learning to mitigate the e ect of sensitive information
on both user and item side. They assess the algorithm's ability to reduce discrimination
with saAAC (sensitive attribute accuracy) and additional performance fairness metrics.
They measure relation between user age and item publication year and author. When
it comes to user age, they achieve better fairness over traditional recommendations
and other fairness methods. They also note that on the book dataset, the saACC of all
algorithms is high, which indicates that the item distribution in the recommendations
is highly correlated with users' age. Finally, the aforementioned multi-task deep model
FairSR developed by Li et al[130]also improves IF for di erent user age groups in a
sequential recommendation task.

Other

To detect bias towards users, especially because minority preferences are discriminated
against, Misztal-Radecka and Indurkhygd151]design a bias-aware hierarchical clus-
tering algorithm that clusters users to nd ones whose needs are not met by a black
box recommender system. On top, they apply a post-hoc explainer that describes the
most important features of these users. Among other results, they note that (NDCG)
performance is lower for discriminated groups of smaller size than for bigger groups.
However, the discriminated user features are not presented in this chapter for the book
dataset.

Synthesis Most papers about social bias from a user perspective are concerned with
either user age 133 240, 260, or both user age and genderd1, 130. Misztal-Radecka
and Indurkhya [151]test user age and location, but do not disclose which user features
were found to be prone to discrimination in the book dataset. To assess bhias, some
studies measure di erence in performance for di erent user groups (i.e., group fairness)
[61, 151, 260]. Relevant and case-speci ¢ metrics are also proposed [130, 133].
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2.7.3 Joint
None of the papers surveyed deal with social bias towards items and users simultane-
ously.

2.8 Datasets and reproducibility in book recom-

mendation
In this section, we take a closer look into the datasets that researchers use to evaluate
bias. Table 2.5 includes all datasets along with the features that researchers have
evaluated bias towards, as well as basic information on them. These datasets stem
from three sources: Amazon, Book-Crossing and Goodreads. Book-Crossing is widely
used despite having been created more than 20 years ago. All the datasets are very
sparse, which often prompts researchers to preprocess them before use, for example,
by performing k-core Itering (i.e., removing interactions until all users have interacted
with at least k books and all books have been interacted with by at least k users). This
practice raises questions on whether the conclusions of each study hold outside the
limits of their experimentation or can be directly compared with the conclusions of a
di erent study on the same dataset.

Additionally, the datasets include very little information on the users and authors.
Speci cally, bias towards user characteristics has only been studied on Book-Crossing.
Author gender has been studied on multiple datasets, but the enrichment is not
necessarily consistent, as various sources have been used to discern gender, namely
VIAF [ 68], Wikidata [72] and Genderize.io 199. Notably, outside of author features,
the only social book characteristic that has been considered is publisher location.

Table 2.6 shows for each dataset which types of bias have been measured, as well
as based on which metrics. Even though some papers have studied the same type of
bias on a dataset, they mostly use di erent metrics. Therefore, it is mostly not possible
to directly compare the studies unless they explicitly use each other's methods as one
of the baseline comparisons. We will discuss cases where the same metrics have been
used across studies.

Popularity bias on Book-Crossing Daniil et al. [58], Kowald and Lacic [121] Naghi-
aei et al.[159] measure popularity-recommendation frequency correlation based on
algorithms trained on Book-Crossing. Daniil et al[58], Naghiaei et al.[159]measure
%C¢GAP, yet these studies are explicitly reproductions of each other. Daniil et a]58]
conclude that the di erences in evaluation strategies among the studies is the driver
behind the divergence in conclusions, despite the use of the same metric and dataset.

Additionally, Balasubramanian et al.[24], Wei et al.[239] Zhang et al.[258 259]
measure long-tail HR and long-tail NDCG on Book-Crossing. These studies use each
other's methods as baselines in chronological order, as they all attempt to augment the
information space of the long-tail items to empower them.

User age bias on Book-Crossing Liu et al. [133] Wei and He [240] Zhang et al.
[260]measure MAE-based group fairness with user age being the sensitive characteristic
on Book-Crossing, and they are all concerned with meta-learning. In this case, Liu
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Dataset  Bias-related user Bias-related item Users Items Interactions  Source
features features
Amazon- activity [134, 251], popularity 8,026,324 2,330,066 22,507,155 Collected in 2018 from
books popularity anity  [134 165 221], Amazon [163]
[165] author gender*
[68, 199]

Book- activity popularity [24, 278,858 271,379 1,149,780  Collected in 2004 from
Crossing [152, 157, 176, 58 82 121, 152 the Book Crossing com-
177, 223 244, 249, 159, 177, 223 237, munity [34]

popularity anity 239 244, 258 259,
[58, 121, 159 176, author national-
256, user age ity* [57], author
[61, 130, 133 240 gender* [68, 199,
260, user gender publisher location*
[61, 130] [90]
GoodReads popularity  [186, 876,145 2,360,655 228,648,342 Collected in 2017 from
author gender* 68, Goodreads [234, 235]
72,117,178, 179]
Goodbooks blockbusterness 53,424 10,000 5,976,479 Collected in 2017 from
[247] Goodreads [254]

Table 2.5: Bias-related features and properties of four book recommendation datasets. * indicates attributes
enriched by the researchers.

et al. [133]and Zhang et al.[260] compare their respective frameworks with CLOVER,
the framework proposed by Wei and He[240]as a baseline. However, the two studies
do not report the exact same numbers for CLOVER's GF MAE (presumably due to
experimental design di erences), so comparing between them directly is not feasible.

Activity level bias on Book-Crossing Multiple studies measure or mitigate activity
level bias on Book-Crossing by comparing algorithm performance on groups of users
with di erent activity levels [ 157, 176, 249, 259. However, among other di erences,
the studies divide the users into groups di erently between them: Rahmani et a]176]
compare the top 5% most active users with the rest, Yang et g49]compare the top
20% most active users with the rest, Zhang et §259]rank the users based on activity
level and divide them into 4 parts, and Moody and Glas$157]compare the users with
activity level above the median with the rest. We cannot conclude which mitigation
method ([176, 249, 259]) is more successful in addressing activity level bias.

Publicly available datasets with user-item interactions are invaluable for recom-
mender systems research, as they facilitate comparison across methods and support
reproducibility. However, our analysis shows that, in the context of bias in book recom-
mendation, their potential to support cumulative knowledge is currently limited. Even
when the same dataset and the same bias type are studied, di erences in preprocessing,
user or item grouping strategies, metric choice, and evaluation protocols often prevent
direct comparison across studies. As 4 out of 10 studies included in this survey do
not grant access to a public repository with their code and experiments (see Figure
8.2b in the Appendix), addressing these challenges requires more explicit reporting of
dataset preprocessing, clearer operationalization of bias-related concepts, and greater
transparency around experimental setups.
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Dataset Bias type Measurement/Metric Mitigation/Metric
Amazon-books  Popularity popularity-di culty correla- recall per group [L65, nov-
tion [134] elty [165, coverage p21], LT
frequency P21], LT coverage
[221]
Activity level activity-di culty correlation IA MRR [257], IA HR [25]],
[134] IA NDCG [251]

Popularity a nity

recall per group [165]

Author gender

gender tendency 68], log-bias
[199]

Book-Crossing

Popularity

correlation [58, 121, 159]

estimation error per group
[152, P-fairness 244, cover-
age R23, LT precision [82],
LT recall [82], NDCG [237,
MRR [237, recall 237, LT
HR [24, 239 258 259, LT
NDCG [24, 239, 258, 259]

Activity level

recall per group [157]

NDCG per group [176, 249,
recall per group [223 249,
%C¢GAP [176], estimation er-
ror per group [152, C-fairness
[244]

Popularity a nity

%CGAP [58, 159, MAE per

group [121], NDCG per group
[256]

NDCG per [176],

%CGAP [176]

group

Author nationality

frequency per group [57]

Author gender

gender tendency 68|, log bias
[199]

Publisher location

frequency per group 0], ex-
posure per group [90]

User age

MAD NDCG [ 61], MAD pre-
cision [61]

DIF [130], GF MAE [133 240,
260]

User gender

MAD NDCG [ 61], MAD pre-
cision [61]

DIF [130]

GoodReads Popularity PopQ@1 [186]

Author gender DP [17g, EED [178, fre- gender tendency ¢8], AWRF
quency per group 117, expo- [178 179, BDV [72], FAIR,
sure per group [117] EED, DP, EUR, RUR, IAA,

EEL[178, ¢qi ;¢abs ¢ sqs C KL
[117]
Goodbooks Blockbuster frequency per group [247]

Table 2.6: Bias types, metrics, and corresponding paper references per dataset.
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2.9 Discussion

2.9.1 General obsenations

There has been relatively little research speci cally addressing bias in book recom-
mender systems compared to the extensive work done on bias in other domains, for
example, music recommendation. At rst glance, the limited research is surprising
given that bias is a well-known and documented issue in the book market in general
[129. One explanation is that book reading is considered a relatively niche habit com-
pared to other media, and there hasn't been as strong an emphasis on personalization
for the sake of increasing consumption. In recommender systems, research is often
driven by streaming companies. Users consume music, series, and movies faster, which
might inherently require further automation and personalization and hence lead to
bias propagation.

As mentioned before, most of the papers that we include in this survey study
statistical bias, especially popularity bias. There exists varied work on popularity bias
and its e ect on users and items, with a notable emphasis on mitigation while also
ensuring su cient accuracy. Given the fact that the book market is often assumed
to follow a long-tail distribution, this is not surprising. This observation aligns with
Dinnissen and Bauer{63] who found popularity bias to be a prevalent topic in fair
music recommendation literature (see Section 2.3).

Another observation is the ubiquity of incidental and somewhat super cial studies
on bias in book recommender systems. Many of these studies seem to treat bias as
a generic machine learning-related issue without critically engaging with the book
domain. Researchers often use book datasets simply because they are available rather
than because they are concerned with the speci ¢ implications of bias in literary
recommendation. In most of these papers, the book dataset was one of many. Book
recommendation results are sometimes treated as an afterthought: in some cases, book-
related results are hidden in appendices, while in others, they are omitted altogether.
This raises questions about why book recommendation research is sidelined. We
hypothesize that due to the book datasets' sparsity, the results are sometimes too
inconclusive to be included in the main body of the paper and discussed in detail. As
a result, the eld lacks focus and continuity. It also becomes harder for researchers,
especially outside of the eld of recommender systems, to nd material on bias in book
recommendation and draw conclusions.

To add to that, much of the existing research relies on the same few datasets,
primarily American ones, which fails to account for global reading habits and cultural
di erences. Additionally, book recommendation studies often include very few social
characteristics, making it di cult to explore biases related to other relevant charac-
teristics, both for users and books. For users, the only social characteristics tested
are gender and age, presumably because these are the ones available in the datasets.
For books, a few more characteristics are tested; however, the majority of papers are
concerned with author gender. In some cases, the studies use Linked Open Data to
obtain this information, and gender might be easier to discern than other sensitive
characteristics. This observation points to a well-known issue in quantitative research:
sometimes we measure what is available rather than what is important.
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2.9.2 Gaps & future directions
One gap in the mitigation of bias in book recommendation is e ective comparison
between the various methods developed, which would determine which is the 'best'
among them. While most of the mitigation papers compare their method to some
baselines, the emphasis is on the method rather than the e ect on the book dataset
result. As discussed in Section 2.8, the studies included in this survey mostly use
di erent metrics and evaluation protocols, even when measuring the same type of bias
based on the same dataset. An extensive comparative study that tests the di erent
mitigation methods for a set of book datasets and given di erent bias metrics would
shed light on what the state-of-the-art is when it comes to the book domain speci cally.
User-book interaction datasets, as they are now, are limited. There is much progress
to be made on improving them, in the sense of enriching them with publicly available
information. Ekstrand and Kluver [68] take advantage of Linked Open Data sources to
create a valuable dataset that includes author gender, which is used by some of the
other studies that we survey. Daniil et al[57]follow a similar approach to supplement a
smaller dataset with author country of citizenship. While publicly available information
is not complete and is known to be biased in its own right, it would be a step towards
the right direction. At the same time, book themes as a bias subject have barely been
studied. Extracting information on the themes of a book by textually analyzing the
description might be even more accessible than information on the authors' personal
characteristics. Future research on bias in book recommendation could explore this
avenue.

2.9.3 Recommendations for interdisciplinarity

The eld of bias in book recommendation would bene t from connection between
theoretical background and practical studies. There is insight to be gained from
interdisciplinary research, especially when interacting with a eld as rich as LIS.
Recommender systems studies can rely on existing LIS frameworks that describe just
and inclusive library services 107, 137, 225 252 and design metrics for bias and
inclusivity for each component of the book ecosystem accordingly. Grounding on
theory can assist with interdisciplinary communication and ensure overall progress.

A crucial step that can support the aforementioned goal is engagement with real
library or commercial literary recommenders. In simulations, researchers are limited
to making assumptions regarding both how a recommendation is done and also what
is a relevant type of bias in the given use case. Practitioners in the book domain have
a more sophisticated understanding of what bias entails and can support researchers
in their pursuit. Additionally, since bias mitigation for many studies means to simply
reduce bias compared to a baseline, in an actual use case stakeholders can give input
on what an “ideal' system would look like (e.g., appropriate level of representation
for every group of authors) R31]. Context speci city is crucial here; book reading
is very much dependent on the cultural context, even today that many of us exist in
the same online world. Books are still produced and recommended in decentralized
ways. By only studying the same few American datasets, researchers are restricted to a
one-dimensional view of bias and can only make narrow conclusions.

The di erences in terminologies and research methods used by LIS and computer
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science professionals are a signi cant hurdle in creating fair and e ective recommen-
dation systems. The lack of integration between these elds hampers the development
of systems that align with the core values of diversity, accessibility, and fairness, which
libraries uphold. An essential step forward is greater collaboration between LIS profes-
sionals and computer scientists to establish shared terminology and research practices.
Interdisciplinary projects can support the design of recommender systems that take bias
into account in a targeted and situated way. Without such intentional safeguards, these
systems risk perpetuating existing biases and further marginalizing underrepresented
voices.

2.10 Conclusion

In this chapter, we conducted a literature review on bias in book recommender systems
across computer science venues. We gathered and analyzed 40 papers from various
perspectives. We found that, despite the prevalence of book datasets with ratings in
recommender systems research, studies often focus more on the “bias' part rather than
the "book' part. Accordingly, we proposed a set of future directions based on gaps in
literature, as well as recommendations for interdisciplinary practices. We hope that by
collecting and mapping recent research, this chapter can serve as a stepping stone for
researchers, computer scientists or otherwise, who wish to contribute to the eld of
bias in book recommendation.
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The perspective of public
media service practitioners
on diversity in
recommender systems

While Chapter 2 maps the computational research landscape, it is equally important to un-
derstand how norms and values are operationalized in practice. In this chapter, we explore
how practitioners at public service organizations, including a library, conceptualize and enact
diversity in their recommender systems.

Diversity is a commonly known principle in the design of recommender systems, but also ambigu-
ous in its conceptualization. Through semi-structured interviews we explore how practitioners
at three di erent public service media organizations in the Netherlands conceptualize diversity
within the scope of their recommender systems. We provide an overview of the goals that they
have with diversity in their systems, which aspects are relevant, and how recommendations
should be diversi ed. We show that even within this limited domain, conceptualization of
diversity greatly varies, and argue that it is unlikely that a standardized conceptualization

will be achieved. Instead, we should focus on e ective communication of what diversity in this
particular system means, thus allowing for operationalizations of diversity that are capable of
expressing the nuances and requirements of that particular domain.

This chapter is based ong Vrijenhoek et al., Diversity of What? On the Di erent Conceptualizations of Diversity
in Recommender Systems, FAccT '24 [231].
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3.1 Introduction

he concept of diversity is at the same time omnipresent and very ambiguougJ].

In popular discourse, diversity usually refers to the variation of human charac-
teristics, often related to a notion of identity politics [29]; in biological research, as
a quali er to the health of an ecosystem227; and in media studies, as a concept
adjacent to pluralism, expressing whether a news selection contains a plurality of
sources, voices and opinionsifi4. While all interpretations are valid and intuitively
seem to re ect similar concepts, they di er in their operationalization in a way that is
unique to their domain. At the same time, diversity is consistently noted as a social
value that is bene cial to pursue, though in di erent capacities.

In the recommender systems domain accounting for the diversity of a recommen-
dation can help avoid monotony B8, 257]. This follows from the assumption that a
recommender system that is purely optimized on predicted relevance will result in a
feedback loop and thus prioritize similar content, leading to “more of the same'. There
is as such also a business case to be made for diversity. While it has been challenging to
show empirically, diversity may lead to higher user satisfaction and retention, increasing
revenue in the processg9, 10§. This argument can be extended for the news domain,
where worries over Iter bubbles that reinforce existing beliefs by only showing content
that aligns with a user's preferences are especially prevalert48 267. Having a
news recommender system that pursues diversity could help expose users to things
di erent than they are used to or expect seeing, and tailor to their speci ¢ information
needs P6, 97]. For machine learning in general, it is also important to account for
diversity in a social context. Since many algorithms are trained on datasets that are
not representative of all groups in society, not accounting for diversity may further
amplify stereotypes, alienate users, and further entrench rigid social expectations
[153].

The many di erent interpretations of diversity are a fundamental challenge to the
practical development of recommender systems. Evaluating the performance of a
recommender system requires objectively measurable properties, and the eld strives
to do so in a standardized manner263. Standardization allows for comparability and
reproducibility of results and algorithms!, and is achieved through, among others, the
use of benchmark datasets, sampling techniques and evaluation metrics such as mean
reciprocal rank (MRR) or normalized discounted cumulative gain (NDCG) R55, but
has not yet been achieved for diversity. Loecherbach et glL36] who did a literature
review of existing measures of diversity in media studies, note that there is little
to no overlap between concepts and operationalizations used in the di erent elds
interested in media diversity . Lawrence 2§, executing a conceptual analysis of the
term “diverse books', notes that the topic is inherently political, and that we have yet
to arrive at a clear consensus on what the modi er “diverse' means in this and other
instances .

1Recent strands of research have noted that this perceived notion of standardization is often false. Even
with commonly accepted principles there are often signi cant di erences in implementation, and thus
output [204, 220]
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The conceptual unclarity around diversity makes that not only may we implement
it di erently, we may also mean something completely di erent when we use the term.
One could argue that diversity is, in fact, an essentially contested conceptq, 83,
meaning that it is open for discussion and debate and that we are unlikely to reach
consensus on its meaning. As such, striving for agreement or a clear de nition may
lead to a standstill and hinder progress, as it is unclear what a good operationalization
or implementation would look like. It may cause the conceptualization of diversity to
be driven by the information that is available or more easily suitable for quanti cation,
rather than what is desirable; furthermore, blindly trusting “objective' measures may
obscure the fact that the conceptualization of diversity is, eventually, a normative
choice [115. Instead, what we need may be a more exible operationalization that is
capable of re ecting the nuances and requirements of the domain it is deployed in.

The aim of this chapter is to explore the dimensions in which industry practition-
ers within a limited domain conceptualize diversity. To this end we conduct a series of
semi-structured interviews with practitioners from three di erent public service media
organizations in the Netherlands: a broadcaster, a news organization, and a library.
The choice of these organizations is deliberate; though the medium through which
they do it di ers, they all play an active and important role in the dissemination and
curation of information and ideas. As such, we expect there to be a fairly established
conceptualization of diversity within the organization, and comparatively more overlap
between them than with, for example, a commercial music recommendation service.

Through analysis of the interviews, and guided by the “components' of diversity
formalization de ned in Vrijenhoek et al. [230] we aim to answer the following ques-
tions: what goals do the organizations aim to achieve with the recommendations, which
aspects do they consider relevant for diversity, and through which tactics are the recom-
mendations diversi ed. We nd that even within the limited domain of public service
media recommendation, there is a wide variety of conceptualizations of diversity. With
this, we underline that a standardized de nition of diversity in recommender systems
is likely not achievable. However, this empirical categorisation, albeit non-exhaustive,
can assist in the process of conceptualizing and implementing diversity in a particular
concrete context.

3.2 Related work

Recommender systems have long moved from evaluating recommendations solely based
on accuracy-related metrics. Other metrics such as novelty, serendipity and diversity
have become a common part of evaluation practice8§]. Diversity in recommendation

is a current topic, and multiple diversi cation methods have been proposed in recent
years b5, 124. In recommender systems research, diversity is often viewed as the
opposite of similarity; a list of recommended items is diverse if the items are su ciently
di erent between them along a set of axesg65. However, Jesse et a[111]point to a
gap between human perceptions on diversity and intra-list similarity (ILS) commonly
used to assess diversity in o ine recommender systems experiments. Through a user
study, they nd that while ILS can be a good proxy, the details of the implementation
matter and require validation in a given domain and application.
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When diversity is seen as a social value that needs to be incorporated in a system,
standardizing its de nition and operationalization becomes even more challenging.
Mitchell et al. [153]de ne diversity in a subset selection task (e.g., the construction
of a list of items to recommend) as variety in the representation of individuals in an
instance or set of instances, with respect to sociopolitical power di erentials (gender,
race, etc. . As such, they view diversity as a concept with inherently sociopolitical
connotations in contrast to the more general term “heterogeneity'.

In the context of media recommendations, diversity is often closely associated with
pluralism. According to Karppinen [115] the interpretation of pluralism and diversity
in media is dependent on the political and normative understanding of the role of
media in society. Additionally, de ning media diversity is further complicated by its
often contradictory aspects and interpretations. Van Cuilenburd226] point out an
antithesis between the normative media diversity frameworks of re ection and openness;
one requires content distribution to proportionally re ect societal distributions of
relevance, while the other corresponds to perfectly equal representation and attention
to all people and ideas in society. Similar contradictions have been laid out in the
domain of library and information studies [L26. Based on a systematic literature
review on media diversity, Loecherbach et al[136] also referenced in the introduction
on the little overlap between di erent elds' conceptualization of diversity, conclude
that relevant research should be guided by an interdisciplinary e ort to de ne and
benchmark the concept of media diversity, along with its di erent sub-dimensions.
Other work studying diversity in recommender systems would typically acknowledge
the complexity of the concept, yet model it following existing technical standards;
either as a distance to a user's reading history9p], political leaning [95] or as pair-wise
distance between the items in a recommendation, for example in topics, categories
and/or tone [154. In this work, we aim to contribute to this e ort by attempting to
map the dimensions of diversity in media recommender systems.

Diversity in Public Service Media

Diversity in recommendation is especially relevant for public service media (PSM),
whose role and societal responsibilities call for a careful consideration of the content
they produce and give exposure to. Many media organizations underline the potential
of recommender systems and the importance of re ecting editorial values such as
diversity therein [33, 85, 123 155. PSM are often required to o er diverse content,
which might be at odds with the primarily commercial use of recommender systems
that mainly intend to increase media consumption, and therefore, prot §9. Even

if we assume societal agreement on the importance of providing diverse content for
PSM, the practical implications are harder to lay out. Helbergel{96] outlines four
models for the normative conceptualization of diversity in recommender systems that
serve di erent purposes: the liberal, the deliberative, the participatory, and the critical.
While each of the models is in its own way relevant for PSM, the work suggests that
the critical perspective, which focuses on the visibility of minority voices that are
often disadvantaged in public platforms, is less likely to be encountered in commercial
applications, and therefore could be partly served by PSM. Regardless, few have
succeeded in concrete implementations that re ect diversity as a normative value, in
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part due to the gap between journalistic values and recommender system evaluation
metrics [229. Mgller [156] suggests that the abstract nature of journalistic values
make them hard to account for computationally , and that [hJuman journalists have
an important role to play in these processes not only to help conceptualise the values
themselves but also as part of new algorithmic news practices. Translating values into
concrete algorithmic practices is thus as challenging as it is necessary.

To bridge the gap between theory and practice, the perspectives of practitioners
in a given domain can assist, orient, and ground research. On that note, researchers
have conducted interviews with practitioners on the interaction between emerging
algorithmic systems and norms and values. Sgrens¢®l3]interviewed developers,
data scientists, and project leaders from nine European PSM organizations on the
topic of implementing recommender systems. They report that, while interviewees
believe diversity to be an essential aspect of their catalogue, they are reluctant to
depend on an algorithmic implementation instead of the traditional editorial control.
Additionally, they attribute the general lack of formal de nition of diversity to the
di erent understanding between politicians, practitioners, and users. Bastian et aJ25]
interviewed practitioners from di erent departments of two newspapers regarding the
impact of algorithmic news recommenders on their organization's norms and mission,
as well as how to integrate them in the design of news recommenders. They found
that, while the interviewees attach varying degrees of importance to di erent values,
diversity is perceived as one of the core values for news recommender design and
implementation. During the interviews we conducted, we speci cally focused on the
conception and implementation of diversity, which allowed for an in-depth outline of
the perspectives and practices of the interviewed professionals.

3.3 Method

For this study we conducted a series of semi-structured interviews with three public
service media organizations in the Netherlands: a broadcaster, a news organization,
and a library. Interviews were carried out in-person and on site in the o ces of
the interviewees, and took place over a span of four months, between December
2022 and March 2023. At this time each of these organizations were, at di erent
stages of completion, (exploring the possibility of) developing a recommender system
to e ectively serve content to their users, which also means that decisions about
incorporating diversity in the recommendations were actively being made.

3.3.1 Candidate Selection

Potential candidates were approached through a snowball sampling technique: after
initial contacts with the organization were established, interviewees were asked for
recommendations of colleagues to interview in the next round. We actively tried to nd

a set of participants that re ected the composition of the organisations and the relevant
gures in the design, deployment and use of the recommender system. This process
yielded twelve participants in total: six at the broadcaster, four at the library, and two at
the news organization. Following Smets et a[210] our goal was to have a good spread
of di erent types of stakeholders, and sought participants with roles related to Business
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(four participants), Curation (two participants), Product owner (three participants)
and Technology developer (three participants). During the snowball sampling we
would explicitly ask participants whether they knew of potential interviewees with a
role we had not covered yet. Finding all di erent roles did not always succeed, and
we acknowledge this as a limitation of our work. This is also why we are adamant
about not making normative claims about the de nition of diversity per domain, but
rather present it as an exploratory study. Participants were predominantly male (9
out of 12) and white (11 out of 12). This is re ective of the workforce but a caveat for
generalization, further outlined in Section 3.3.4. Disclosing too many details about
individual participants and their roles would undermine the promised anonymity, and
thus each participant is assigned a code re ecting only their organization.

3.3.2 Interview structure

The interviews consisted of four parts. In the rst part, interviewees introduced
themselves and their role within the organization. In the second part interviewees
were asked about their general conceptions of diversity, and how these conceptions
related to their organization. Here, the goal was to understand the mission of the
organization in question, and the role diversity plays in that mission. In the third part
interviewees described their knowledge of the recommender systems that were in use
by their organization, either in planning or in production. This served as a check that
participants were su ciently informed to be included in the analysis, and to prime the
interviewees for the fourth part, in which they were speci cally asked about the role of
diversity in the recommender systems of their respective organization. The aim here
was to go beyond what currently exists, and instead focus on what the recommender
system should look like in an ideal situation. This part of the interview also contained
a small experiment, in which the interviewees were asked to take on the role of a
recommender system and rank a set of items while keeping diversity in mind. During
the experiment participants were asked to voice their thought process by thinking
out loud [41]. Our primary interest was not the nal recommendation generated, but
which aspects of the items participants considered before (not) including an item. For
each organization we prepared a set of 15 candidate items based on the organization's
(potential) catalogue, and included the metadata a user would see when interacting
with the system. We attempted to ensure (to the best of our abilities) that there would
be enough diversity in this candidate list present. To cover our own blind spots we
would ask participants at the end of the experiment whether there was a type of content
that they were missing. We acknowledge that our own conception here steers the type
of diversity that could potentially be found (see also Section 3.3.4).

For each of the organizations, the metadata always included the items' title, summary
and a cover photo. For the library, we also included the authors' name and a set
of keywords about the book; for the broadcaster, the title and description of the
series the item was part of (if applicable); and for the news organization, the time of
publication and the rst few paragraphs of the news item. Based on this candidate
set, we asked participants to make a diverse selection of 5 items. In order to not
in uence people's thought processes in what could potentially be relevant aspects of
diversity, we deliberately left instructions vague, and did not include a pro le of a
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user to create a recommendation for in the instructions. Instead, we considered the
participants' questions for clari cation as part of what they deemed relevant for diverse
recommendation.

3.3.3 Coding and analysis

We executed an inductive thematic analysis on each of the interviews, guided by the
research questions posed in Section 3.1: what the organizations aimed to achieve with
a (diverse) recommendation, which aspects of the items they would consider during
recommendation, and which tactics they would employ to diversify the recommendation.
The rst two authors created a coding scheme based on half of the interviews, which
after completion were discussed and merged. With the resulting coding scheme, the
authors annotated the half of the interviews they had not previously seen, and extended
the coding scheme when gaps were identi ed. Additionally, after the respective coding
schemes were merged, the two authors independently coded the same interview and
proceeded to compare their outputs. This step helped ensure practical consensus, as
the authors were able to align on the speci ¢ nuanced interpretation of each of the
codes, as well as how it applies in the context of the interviews. Based on the resulting
coding scheme, we created a diversity ‘map' of relevant aspects and how they relate to
each other, which will be discussed in the next section. The coding scheme is included
in Appendix 8.2. After the rst draft of the chapter was nished, we reached out to

all participants. We shared with them which quotes had been attributed to them, and
asked them to reach out in case of misunderstandings.

3.3.4 Limitations

There are a number of important caveats to consider in light of this method and
experiment. By presenting the participants with a list of items to recommend, we
inadvertently steer the type of diversity they are likely to mention. For example, if our
sample did not contain any mention of politics, the participants might also be less likely
to mention this as a relevant aspect. Simultaneously, participants may be in uenced by
what is commonly considered a relevant aspect of diversity, or what interpretations
are currently feasible rather than ideal. As such, we cannot draw conclusions on the
importance of a certain aspect.

Another di culty when running this experiment was accounting for the recency
of items, which is extremely relevant for the news organization and the broadcaster,
where the rst will never want to recommend old news, but the latter may sometimes
want to include older content. This was especially an issue given that interviews took
place on di erent days, sometimes weeks apart. For the broadcaster we mixed a stable
set of older content with content that was at the day of the interview popular in the
system. This has the important caveat that the results between broadcaster interviewees
are not fully comparable. For the news organization, we opted for a xed date a few
months in the past. While the interviews are comparable in this case, there is a risk
that important contexts are forgotten or mixed up with current events.

Lastly, while diversity in and of itself is already a complicated and multi-faceted
concept, the concepts related to it are too. People may talk about "di erent ethnicities',
and can mean, among others, dierent skin colors, nationalities or cultures. By
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extension, our ndings are largely in uenced by the people that participated in the
interviews. Organizations are not a monolith, and many of the interviewees were very
explicit about not representing the opinion of every member of the organization they
belong to. Furthermore, many of the responses are in uenced by the background
of the participants themselves, and the fact that this research was conducted in the
Netherlands. The Netherlands has a strong public service media system with a focus
on representing di erent groups in society p3]. That being said, participants were
overwhelmingly white (11 out of 12) and male (9 out of 12). While this is representative
of the general demographic working on recommender systems in the Netherlands,
people are not as acutely aware of the needs of groups they are not, themselves, a part
of [31, 145. As such, this is a suitable group for a descriptive study (‘what is') into the
conceptualizations of diverse recommendations in public service media organisations;
however, a complete normative formalization of diversity (‘what should be') would
require the participation of people from di erent backgrounds and perspectives in
order to provide a complete overview. All limitations considered, the results of this
study cannot be used as a de nition of diversity. Rather, we aim to show that, even
within this limited domain, “diversity' indeed may refer to a wide variety of things.

3.4 Results

We expect that how organizations operationalize diversity is dependent on what they
aim to achieve with their recommendation. We rst identify this goal in the following
section (Section 3.4.1). Then, we analyze both the di erent aspects (Section 3.4.2) and
tactics (Section 3.4.3) mentioned by the participants.

3.4.1 Goal of recommendation

Being a public organization means that the primary goal of the organization is to
provide services that benet society [64. As such, each organization's goals with
building a recommender system extend beyond selling ads and optimizing for clicks,
as is the norm for most commercial organizations. This di erence between being
a public or a commercial organization is explicitly mentioned by most interviewees
(L2,L3,L4,B2,B3,B4,B5,N1,N2), and awareness of this distinction can be considered
central in day-to-day operations. In the absence of optimizing for monetary gains, the
goal of recommendation is di erent for each organization, and is strongly linked to its
mission.

News
Both the News organization and the Broadcaster highlight that they are for and from
everyone . For the News organization, this is fairly straightforward: to reach the widest

possible audience, [and] enable people to be well-informed (N2). This means that the news

should be accessible to anyone, regardless of skill level, and that journalistic quality
takes precedence over personal interest (N1,N2). Each article has a non-personalized
“more like this' section which is automatically populated by a recommender system,
but can be supplemented or turned o by the editorial team. Furthermore, there is a
personalized recommender system under development that aims to connect readers to
important news they have missed (N1). For this, the organization is experimenting
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with how behavioral data and editorial selections can complement each other, in order
to compete against the commercial players (N1).

The News organization notes a very strong collaboration between the technical and
editorial teams. When opening the app, the users will always land on the editorially
curated front page listing the most important news of that moment. At any time, the
editorial team has the power to turn o the recommender systems. While diversity is
an important concept in the news organization, it is not something that is currently
explicitly built into the recommender system. Rather, it is seen as a procedural thing,
to be considered at every step of content creation. This goes from choosing which
stories and events to cover, to which people are doing the reporting, to writing about
events in a neutral way covering multiple perspectives. This control results in a set of
items to recommend from that have to be told from a diverse standpoint in the rst [place]
(N1). The organization sees the UX (i.e., user experience) design of the recommender
system, including where it is placed within the app and accompanied by which headers
and explanations as more impactful (N1). They do see potential in personalization of
style, telling the news through the user's desired medium (text, video, audio) or in a
language complexity level suitable to the reader (N2).

Broadcaster

For the Broadcaster, the mission to be ‘from and for everyone' translates a little

di erently. The organization is e ectively an umbrella for multiple smaller broadcasters,

each representing a di erent section of Dutch society. They are the ones pitching ideas

and creating the content, though the public broadcaster may request a certain type of
program if they feel a particular perspective is missing (B3). The broadcaster then tries

to balance on the one hand helping their users recognize themselves in the content

they have on o er, while also fostering understanding and knowledge of people, ideas

and groups that are “di erent' (B1,B2,B4,B5). For this, they see a clear purpose for
personalized and diverse recommendation: [I]f someone believes or thinks or feels in X,
and they look at our platform, that person is also confronted with Y. And that Y is slightly
di erent from what the person had in mind with X. (B2). Diversity plays a large role

in achieving this, but the split in goals between recognition and broadening causes a

great deal of conceptual unclarity. As one of the interviewees notes, [i]f you are looking

at personalization, then we don't want people to all get the same thing recommended. That's
what | tend to see as diversity. [...] [P]luralism in recommendations would be [that] we'd like to
look into [a] topic from di erent perspectives. And | think if you talk to di erent people within
this organisation, those two things kind of mix. (B6).

The current platform is largely manually curated, with separate sections (displayed
relatively low on the landing page) for algorithmic recommendations. These algorithmic
recommendations balance personal relevance, based on a user's past viewing behavior,
with a so-called “public value score'. This score is an aggregate, obtained through a
daily survey sent to users, in which they are asked to score the programs they watched
recently on things such as the presence of certain population groups or multiple
perspectives. The broadcaster is working on the development of a new platform, which
should have a much stronger algorithmic focus. They hold a uniformly strong position
on user control: while they, as the broadcaster, should provide a diverse o ering, the
user is eventually always in charge of what they do and do not watch.
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Library

The Library hosts a vast collection containing every book published in or about the
Netherlands (L2). They hold a unique position among the cultural institutes, as they

have the added role of coordinating 138 other public libraries. There is high interest in
digitization and innovation in general, which manifests in creation of proof-of-concept
applications that the other libraries can choose to adopt or not (L3). Among other
services and initiatives, the Library has the dual goal of having more people read and
people read more (L4). The Library suspects that the decline of reading among its users

is in part caused by a general lack of available time. Currently, there is a recommender
system feature in the mobile application hosted by the Library, but its functionality is

not satisfactory as people cannot nd something they might be interested in (L4), an issue
partly caused by the organization of metadata. Improved personalization can assist

with the goal of attracting more patrons, as it increases accessibility to the collection

for di erent types of people. At the same time, the Library is conducting research

on the ethics around recommender systems, with topics like bias and privacy being
central (L3). In this sense, personalization is not su cient. There are active e orts

to reduce bias that historically existed in the collections, in order to facilitate every
citizen to be able to participate in society and make society [as a whole] better, smarter anc
more creative (L2).

Overall, the Library aims to deploy a well-functioning recommender system to satisfy
their readers while remaining inclusive and enacting bias correction. However, building
such a system is not trivial, and there are many questions about how development
should be approached.

3.4.2 Aspects of diversity

During the recommendation exercise, and the questions leading up to it, participants
would mention aspects of the content or the user beyond personal relevance that
would lead them to include that item in the diverse recommendation or not. Figure
3.1 provides a schematic overview of these aspects, which can be divided into Item-,
Human- and World aspects.

Item aspects

The rst dimension considers aspects of the items that are to be recommended. For
the Library these would be books, news articles for the news agency, and videos for the
Broadcaster. The rst group of aspects revolves around topicality, or what is actually
discussed in the items. The dimensions mentioned by most interviewees are category,
or sometimes genre, and topic. All interviewees but one mentioned balancing di erent
categories and topics in the recommendation, to avoid saturation and to keep a user
engaged. This is re ective of how diversity is currently most often conceptualized in
technical recommender system literature; see [38].

Related but still separate from the topic are the geographic location the item
centers on, and the time period it discusses. The Library may want to recommend
books that discuss a topic through the lens of di erent time periods (L1), whereas
the News organization aims to ensure that they not only cover news from densely
populated urban areas, but also from rural areas (N2). Secondly, recommendations



3.4 Results 53

Figure 3.1: Schematic overview of the identi ed aspects of diversity and how they interact with each other.
The 'World' class is unconnected in the graph, but in truth encapsulates and informs everything: from the
content that is being produced, to what user wants to read, to what constitutes a “viewpoint' or a “minority".
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may vary on accounts of stylistic properties. This relates to the way in which a message
is communicated, and whether it is easily accessible for the user. Examples are the
complexity of the content, the amount of time investment a user is required (and
willing) to make, the language it is written in, the target audience of the item,
and its medium (text, video, audio). Many of these properties are symmetric with
characteristics of the user: a certain item complexity level or language requires a certain
amount of skill from the user.

Thirdly, there are a range of other item properties which may be prioritized. An
important one is an item's publication date. While this is of primary importance to
the news agency (one would not want to recommend a news item from two months
ago), it is much less so for the broadcaster and the library: while there may be some
preference for new publications, they also want to help their users discover less popular
content. Another important dimension is the perceived quality of the item. While
the news organization would explicitly optimize for (editorial) quality, opinions di er
between participants from the library: while some would nd it acceptable if readers
only read comic books and manga, others wanted them to be pushed towards more
high-brow literature (L4). More di erences could be observed in terms of an item's
popularity: some said that popular items are likely to be items that readers are looking
for and should therefore be recommended (L4,B1), while others explicitly distanced
themselves from it: | do know that out of this selection, [sensationalist article] would
have been clicked on more than [serious article]. [...] That's why what we're doing with those
recommendations is designed the way we designed it, which is that the journalistic selection w
make takes precedence. (N2). Additionally, items that had a high production cost may
be prioritized (B3,B4).

Last, but de nitely not least, interviewees referred to the people involved in the
content. These can be split into the Creators, such as producers or authors, and the
people that were Subject in the items, either through active participation or being
discussed by others. Think of guests at a talkshow, politicians discussed in the news or
a novel's protagonist. These are further discussed in Section 3.4.2.

Human aspects
While item category is the aspect of diversity mentioned by most interviewees, it is
closely followed by notions of the diversity in the context of people. While there are
a number of attributes that all humans share, there are three “subclasses' that can be
derived with speci ¢ roles within the system. These are Users, Creators and Subjects.
Users are the people that receive the recommendations, and have a set of unique
properties that the other types do not have: their history and preferences. Creators
are, as the name implies, in some way or another involved in the creation of the items;
the authors of books, journalists or producers of shows. Lastly, there are the people
that are the Subject of the item's content, such as protagonists of books or people
appearing on talk shows. These subjects can be ctional or real, and be active or
passive agents within the Item by either speaking on their own behalf or by being
described or mentioned by others.

The general Human aspects, such as age, gender identity, etc, are applicable
to each type. A frequently mentioned aspect of diversity is relating to a person's
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background. Culture, ethnicity, nationality and sometimes religion (for example
"Muslims') are often used interchangeably, and the distinction or relation between
them is not always clear. For example, B5 notes: | think about [...] representing di erent
societal groups. So ethnic minorities. More black and white. Maybe a bit more foreign language
[...] , while L2 says: | don't know if this persona is from a speci ¢ country or has a speci c
background but [author] is an American author. Identifying the presence of di erent
ethnic and/or cultural groups is notoriously di cult, partly because the data required
to do so is often lacking. In each of the domains described above, textual data was the
only type of data available, and often no additional information was present beside
a person's namé. In some cases, data enrichment might be possible (B3). Yet, this
requires building a dataset on attributes that are often considered sensitive, which
gets even more problematic when considering the fact that, to “expand horizons' or
‘represent’, a similar type of dataset would be necessary about the users, which would
then lead to issues of privacy (L2); see also Papageorgiou and Mougélhr1] Similar
safety concerns can be raised for aspects like gender identity and sexuality; see
Pinney et al. [174].

Culture- and viewpoint diversity are sometimes mentioned in the same breath:
for me, diversity means having multiple colors, multiple opinions, multiple cultures, multiple
points of view about something. (B2). We make a distinction between the two, and
denote viewpoint diversity as a person's perspective on events. Viewpoint diversity
then often becomes linked to politics, or opinions about current events. A rich body of
work exists around so-called viewpoint or stance detection, aiming to algorithmically
extract these from text [L6, 65, 18§. Even when successful, it is often unclear what a
diversity of viewpoints would look e ectively like, which is further discussed in Section
3.4.3.

World aspects

Aspects related to the World are beyond the direct control of a recommender system
or user. They in uence which content is created, and as such the pool of items that
a recommender system can make its selection from. They also interact with a user's
preferences to determine what type of content a user is interested in, looking for, or
should be reading. Current events determine what is newsworthy, and what news a
user needs to consume to ful ll their information needs. Naturally this aspect is of
high importance to the News organization (N1,N2) and to some extent the Broadcaster
(B3, B5), but much less so to the Library. In contrast, society represents the world as
it currently is, including its biases and existing power distributions. An organization
may choose to either re ect or counter these existing structures (see Section 3.4.3).
For example, the Library acknowledges that much of their catalogue consists of white,
American male authors, and wants to account for this in their recommendations (L1).

3.4.3 Tactics for diversification
During the experiment, the participants considered and deployed di erent tactics
to produce a diverse recommendation. Some participants articulated the tactic they

2Some approaches have attempted to predict a person's ethnicity based on their name, but this process is
not generally accurate and can su er from misrecognition bias [135]
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deployed explicitly, while others did not clarify it in as much detail.

Diversity between items

Diversity between items is perhaps the most intuitive interpretation of diversity, and
refers to ensuring that all items within a list of recommendations are su ciently di erent
between them. Following this tactic requires choosing one or more appropriate axes to
diversify over. In that sense, constructing a diverse list also entails exclusion, since
some aspects have to be deemed less relevant. This issue is particularly important
for public organizations; selecting meaningful aspects for which diversity needs to be
safeguarded is a crucial decision that must comply with the values and mission of the
organization. Multiple interviewees constructed a recommended list by considering
diversity between items in the process (B2,B3,B4,B5,B6,N2,L1,L2,L3,L4), especially to
recommend items that are diverse between them in terms of category. In particular,
the Broadcaster may aim for a balance between [e]ntertainment and information (B2),
given their wide range of o erings and mission to inform, educate, and entertain (B2).
For the Library, item category translates to book genre, and is commonly taken into
account when creating a diverse list (L2,L3,L4).

Instead of generally diversifying between items, a somewhat adapted tactic is to
recommend a set of items that are di erent between them in some perspective, but
engage with the same topic or theme. For example, one interviewee opted for selecting
ve books that give [...] aninsight on [...] LGBTQ [...] [ ,h]Jow that works or is around the
world in di erent cultures and di erent times (L1). Furthermore, in case of a socially
relevant emerging topic, the Broadcaster can create a highlight lane and then o er a lot
of di erent opinions that people can scroll through (B5).

Finally, interviewees noted as a result of the experiment that to combine several
aspects [is] really hard (L2). It might be that a set of items is diverse over one important
axis, but not over a di erent equally important one. In this context the act of creating
a diverse recommendation can be seen as an optimization process that an algorithm
can contribute to. Regardless, ensuring diversity between items requires some sort of
aspect prioritization, as well as an appropriate justi cation for it.

Diversity as a within-item measure

A di erent tactic for ensuring diversity is recommending items that consist of diverse
perspectives or types of people within the item itself. For example, according to a
participant from the Broadcaster, a travel series that allows the viewer to see multiple
worlds [...] ts very well into diversity (B2). This also pertains to episodes of political
programs where people from a lot of the major parties [appear], which captures a big part of
the political spectrum (B4). The News organization notes that their inventory consists of

very good stories which have to be told from a diverse standpoint in the rst[place] (N1). From
this perspective, guaranteeing item diversity may be a part of the production/acquisition
process or an explicit step of the recommendation. During the exercise, one interviewee

(B4) suggested combining within-item and between items, by composing a list of items

on di erent topics where each item contains multiple perspectives on the respective

topic. According to the interviewee, pursuing diversity in recommendation can also be

seen as a process of achieving maximum diversity. This tactic requires that the media
organization's catalogue consists of items that can facilitate the maximization process.
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Diversity considering the user

User-speci ¢ diversity is a personalized form of diversity, where the user's history

and/or preferences are taken into account when composing a diverse list of items to
recommend. The rst way to operationalize this tactic is to cater to a user's speci ¢

needs that potentially diverge from the norm. This can manifest in assisting the user

with nding uniquely niche content. Based on this outlook, diversity is about ensuring

that [...] everyone feels that there is something for [them] (B1) in the catalogue. The Library
and News organization also mentioned literacy in this context (L4,N1), as how [to] help

those with di culty reading [...] [is] also a diversity topic in a way (N1). Additionally, for -
the Library diversity in accordance with the user can help them recognize themselves in

the author or in the main characters or the topics [such as] age and physical ability and sexual
orientation (L2). The second way to apply user-speci c diversity is to recommend to

a user content that extends further from their current interests, and that they might

not be aware of. In other words, an organization can also recommend items so as to

give people [...] a broader perspective of what is available (L3) and to broaden the user's
horizons (B5). This tactic can be seen as a way to ensure that users do not stay in

their own bubble (L2) by educating people [that] there's more than [their] bubble (B5).

Diversity considering the world

Diversity considering the world entails recommending items that in some way re ect

or diverge from the norms that exist in the world, leading to “similar to world' and

“di erent from world' diversi cation tactics. When re ecting the world, one could think

of having a good spread of topics that are representative of the important news of that
day (N2), or, by representing political parties in a way similar to their distribution

in government (B4). With a “di erent from world' diversi cation tactic, the aim is to
counter existing power structures. With this interpretation, an item can be considered
diverse on its own merit. This can be because the content represents a minority culture,
an outsider [...] in a political sense (B4), a very di erent part of the world that [the
society] knows too little about (B2), or even a theme or topic that you do not nd that
many [items] in the catalogue (L4). In this case, very popular items may be deemed
inherently not diverse, and might not need to receive further exposure: [l]t's going to be
on the website probably anyway (B6).

What constitutes a minority was often implicitly assumed by the interviewees, poten-
tially due to the social context that their organization operates in. For example, multiple
interviewees referred to LGBTQ-themed media as inherently diverse (B4,B5,B6,L2),
which also prompted their inclusion in a diverse recommendation as part of the experi-
ment. The same can be said for media that gives exposure to people with a minority
cultural background or engages with topics not related to the Randstad, a dominant
urban area in the Netherlands (N2). From this perspective, diversity considering the
world and user-based diversity (in a broadening-horizons way) can overlap when a user
is assumed to be the typical or default representation of the majority culture in the
given context.
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3.5 Discussion

The wide range of interpretations highlighted in Section 3.4 show that, even within
this limited domain, conceptualizations of diversity among participants vary greatly. It

is therefore unlikely that a standardized de nition, encompassing all potential goals,
aspects and tactics, can be attained; however, that does not mean that it is impossible to
implement a meaningful form of diversity into a recommender system. In this section,
we outline the implications the ndings of this study have for the implementation of
diversity-aware recommender systems.

3.5.1 Implementing diversity: a normative process

Diversity has traditionally been seen as something we always want more of: more
viewpoints, more topics, more di erent nationalities. However, during the interview
participants often mentioned instances in which they would actually want less. An
interviewee from the Library wanted to recommend items that t the amount of time a
user was willing to invest, while the News organization only wanted to recommend items
of a certain quality. In these cases, meaningful diversity could be achieved by controlling
for one aspect and diversifying over another; for example, when recommending di erent
viewpoints for one controlled topic, or vice versa, by showing the opinions of one
particular group over a wide range of topics. The same dynamic also occurs in the
way interviewees spoke about diversi cation tactics. In some cases, a recommendation
similar to a user's preferences or history would be desirable, in order for them to
recognize themselves in the content on o er. In others, it should be di erent, so as to
expose them to new perspectives. This shows that di erent applications may not only
prioritize di erent aspects of diversity, they may also have di erent expectations on
whether a recommendation should have high or low diversity.

Participants would often mention that recommendations should be “diverse enough.'
This requires an underlying model that not only determines which items are similar and
di erent, but also informs the system whether su cient diversity has been attained. This
is non-trivial, especially in a domain such as news recommendation, where contexts
change rapidly. One could imagine using an external source as a reference point:
for example, the presence and size of political parties in government, or a country's
composition in terms of cultural groups as determined by a national statistics agency.
However, this yet again relies on a conscious decision of what is the “right' model to
use and re ect through the recommendations, and each choice will have pros and cons.
There is therefore a normative choice to be made about the type of diversity that is
desired, with di erent aspects to consider, di erent diversi cation tactics, and di erent
levels of diversity. The wide variety in the answers given by participants is also an
indication that this normative choice is not one that can be taken lightly, and requires
a good deal of internal discussion and alignment with all the relevant stakeholders
involved before it can be satisfactorily modeled and implemented.

3.5.2 Generalizing to domains beyond public service media

While the results are not directly generalizable to other domains, there are likely
elements of the aspects and tactics identi ed here that would also be applicable. For
example, while music recommendation might put less stock in the diversity of people
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discussed in an item's content, they would be interested in the diversity of Creatorg€);
similarly, while in-item diversity would not be applicable, they could be interested in
countering existing biases through di erent-from-world recommendation tacticsd4].
We believe that the goals, aspects and tactics of this chapter can still serve as a starting
point for discussion in other domains, which may make it easier to identify gaps and
unique challenges.

3.5.3 Exploring versus defining diversity

Participants varied greatly in which diversity aspects and diversi cation tactics they
mentioned. Some of these di erences can be traced to the di erent ways participants
speak: some people are more verbose, more inclined to stick to a speci ¢ set of examples,
or already have a more developed concept in mind than others. Furthermore, the
three organizations were at di erent stages of developing strategies towards diversity,
which may have an impact on said di erences between participants. However, they
are all working on or considering the implementation of a recommender system. Our
participants are thus also actively making decisions about how diversity would be
conceptualized and implemented. They are as such representative of the “real' world,
rather than the “ideal' world, and therefore suitable candidates for an exploration of
the dimensions along which diversity is currently conceptualized. For these reasons, we
refrain from making claims about whether certain aspects or tactics are "'more important'
than others, nor do we make claims about the “correct' de nition of diversity. Our
hope is that the overviews of goals, aspects and tactics presented in this study will
facilitate building a common understanding and vocabulary between stakeholders
with a di erent background, making it easier to nd common ground and establish
priorities that re ect the requirements of that particular implementation.

3.6 Conclusion

Through interviews with participants from public service media organizations, we
identi ed a range of di erent interpretations of diversity within a recommender system.
We grouped these into di erent goals (e.g. broadly informing the public or allowing a
user to recognize themselves), aspects (e.g. the topic of the content, or the cultural
background of an author), and diversi cation tactics (e.g. ensuring diversity within

a single item or countering biases in society). Given the great variety found in the
conceptualization of diversity in recommender systems, even within a limited domain,
we nd that it is unlikely that a standardized de nition can be attained. Instead,
rather than striving for this standardization, we argue that it should be conceptualized
on a case-by-case basis. We hope that our mapping of goals, aspects, and tactics
can contribute in e ectively communicating what diversity entails within a speci ¢
application.
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Ethical considerations statement

A main ethical concern in interview-based research is breaching the anonymity of the
interviewees. To support anonymity, we refer to the organizations by their general
functionality instead of naming them. To the interviewees themselves we refer by
their organization's functionality as well as a random identi er. Even though we did
consider their position in the organization when selecting them, we do not include it
when quoting them, as an extra measure for anonymity. Additionally, we asked the
participants to sign an informed consent document. We explicitly asked for permission
to record the interviews. Finally, we forwarded to them the conclusions of our research
and quotes attributed to them to ensure we correctly interpreted and contextualized
their words.

Researcher positionality statement

The authors of this work are all European citizens who operate in the academic
circles of the Netherlands. This shaped the work as we interviewed practitioners
from the Netherlands who all work for organizations that we are familiar with in a
professional and personal capacity, and some are in turn partly familiar with our
work, which rendered communication with them easier. Three out of the four authors
of this chapter work in the computer science eld, and one has joint expertise in
computer science and communication science. For this reason we also received help
(see Acknowledgments) from communication scientists, in particular when it comes
to structuring the interview and devising a coding scheme. One author works closely
with cultural institutes, one with media institutes, and one with both, which helps us
contextualize the statements of the interviewees.

Adverse impact statement

Despite our e orts to ensure anonymity of the individual interviewees, it might be
that readers familiar with the media landscape of the Netherlands can deduce which
organizations we refer to in this chapter. Additionally, readers of this chapter might
generalize the personal statements of the interviewees as completely representative
of the entire organization that they work in. Finally, we do not intend our mapping

to serve as a nal and conclusive categorization of media diversity, but it might be
interpreted as such by readers.
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Reproducing bias in
recommendation studies

Having established current perspectives on recommender systems bias, we now examine a
methodological challenge: how can we reliably measure and report on bias in recommender
systems? In this chapter, we reproduce three prominent studies on popularity bias in media
recommendation and identify which methodological choices drive divergent ndings, thereby
contributing to more robust bias evaluation.

The extent to which popularity bias is propagated by media recommender systems is a current
topic within the community, as is the uneven propagation among users with varying interests for
niche items. Recent work focused on exactly this topic, with movies being the domain of interest.
Later on, two di erent research teams reproduced the methodology in the domains of music and
books respectively. The results across the di erent domains diverge. In this chapter, we reproduce
the three studies and identify four aspects that are relevant in investigating the di erences in
results: data, algorithms, division of users in groups and evaluation strategy. We run a set of
experiments in which we measure general popularity bias propagation and unfair treatment of
certain users with various combinations of these aspects. We conclude that all aspects account
to some degree for the divergence in results, and should be carefully considered in future studies.
Further, we nd that the divergence in ndings can be in large part attributed to the choice of
evaluation strategy.

This chapter is based org Daniil et al., Reproducing Popularity Bias in Recommendation: The E ect of Evaluation
Strategies, ACM Transactions on Recommender Systems, Volume 2, Issue 1 [58].
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4.1 Introduction

n this chapter we reproduce three papers that study popularity bias in media

recommender systems. Websites that host media content are known to employ rec-
ommender systems to lter through the content and provide the user with personalized
suggestions. In the case of collaborative Itering, neither explicit demographics of
the user nor information about the content are needed to encode their taste, but only
consumption and browsing history. Despite the lack of explicit input of user or item
characteristics in the system, collaborative Itering approaches are still known to su er
from bias [21€]. Popularity bias has been identi ed as a relevant issue with negative
implications from a multi-stakeholder perspective3]. In short, popularity bias is the
algorithmic phenomenon where items already popular in the users' pro les tend to
become even more popular due to being disproportionally recommended.

In the context of media recommenders, di erent research teams have studied the
impact of popularity bias on the users. Speci cally, they focused on the extent to which
it impacts them disproportionally based on their interest for popular items, which
they refer to as unfairness. In 2019, Abdollahpouri et al[9] published a paper called
The Unfairness of Popularity Bias in Recommendation where the propagation of
popularity bias by di erent algorithms and for di erent user groups was reported in
the setting of movie recommendation. Two subsequent papers reproduced the work to
evaluate the same phenomenon in music recommendation (Kowald et §122) and
book recommendation (Naghiaei et al[159). The papers used a similar process and
metrics to evaluate the unfairness of popularity propagation, but di erent datasets,
data preprocessing, and some di erent algorithms. While all studies reported on the
same types of results, diverging results were presented. Both Kowald et HI22]and
Naghiaei et al.[159]proposed that the di erences in data characteristics might be the
cause.

The studies take signi cant steps in the direction of understanding the unfairness of
popularity bias, and a new metric for popularity bias is proposed by Abdollahpouri et al.
[9]. The e ect of popularity bias on several baseline and state-of-the-art collaborative
Itering algorithms is analyzed. The view of unfairness is user-centric, unlike previous
work on the matter, which contributes to the signi cance of these studies in the
eld of recommender systems. It is, therefore, pertinent to comprehend the source
of divergence in their reported results when it comes to whether certain algorithms
propagate popularity bias, as well as the extent to which certain user groups are unfairly
treated.

The following results were presented by all three studies:

" Overall Popularity Bias Propagation: The studies observed whether frequency
of an item in the users' pro le and in an algorithm's recommended list correlated
(the higher the correlation the larger the bias), and whether only a few items
were getting recommended to all users. Their results diverged in the following
ways:

Abdollahpouri et al. [9] and Naghiaei et al.[159]found that only for certain
algorithms there is positive correlation, with the correlation found by the
latter being stronger than by the former.
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Kowald et al. [122]found that this correlation exists for all tested algorithms
rather than for only some of them.

" Popularity Bias Propagation per User Group: The studies evaluated unfairness
of popularity bias propagation by using the%¢ Group Average Populariégg¢GAP)
metric, which is de ned as the di erence in average popularity of items in a user's
pro le and in an algorithm's recommended list, averaged for a group of users.
Speci cally, they calculated%¢GAP for di erent user groups de ned by their
propensity for popular items, and then compared the results between groups and
algorithms. The higher the%¢GAP for a group, the more unfairly this group is
treated.

is larger for users who prefer niche (i.e. not popular) items than for other
user groups. Certain algorithms examined by Naghiaei et al. [159] did not
propagate popularity bias for any of the user groups, which was not the
case for Abdollahpouri et al. [9].

Abdollahpouri et al. [9] and Naghiaei et al.[159]found that popularity bias

Kowald et al. [122] observed no such clear di erence between the groups
for any algorithm.

In this chapter, we perform an extensive reproduction study of the three above men-
tioned papers (Abdollahpouri et al. [9], Kowald et al. [122] Naghiaei et al.[159). We
are motivated by the divergence in results and wish to investigate and comprehensively
report on the source. We do not only attempt to replicate and verify the individual
claims, but also locate properties of the recommendation and evaluation process that
have an impact on popularity bias. Therefore, our reproduction study allows us to
draw conclusions further than the transferability of a claim to a di erent domain,
which was the goal of the two reproduction studies (Kowald et a[[122] Naghiaei et al.
[159). By zooming in on these studies and understanding how their di erences in
implementation resulted in divergent results, we can o er insights and suggestions on
the topic of popularity bias evaluation, and reproducibility in recommender systems in
general.

First, we study the choices made by Kowald et a[122]and Naghiaei et al.[159]
when reproducing Abdollahpouri et al.[9]. We recognize the challenges that stem from
either lack of clarity around or di erentiation in the strategies the three studies used
to evaluate popularity bias. We identify four aspects that are relevant in investigating
the di erences in results between the three studies:

1. data; the studies use three datasets, with di erent characteristics such as size,
sparsity and distribution of item popularity.

2. algorithms; the studies evaluate mostly di erent algorithms, with some exceptions.

3. division of users in groups; the studies de ne propensity for popular items
di erently and divide them accordingly.

4. evaluation strategy; the studies make di erent choices in the testing process.
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Second, we run a set of experiments in which we measure popularity bias with
various combinations of these aspects. For example, we run the evaluation strategy of
one paper on the dataset of the other paper. We nd that evaluation strategy has a
signi cant impact on the reported results. Speci cally, certain algorithms trained on the
same data and with the same view of popularity either show or not show propagation of
popularity bias depending on the evaluation strategy. We believe that our observations
can prove useful for future e orts to reproduce evaluations of recommender systems,
as they give insight on how strategic choices a ect the outcome even when the same
evaluation metric is used.

4.2 Related work

4.2.1 Reproducibility in recommender systems

The ability to reproduce and examine published studies is valuable, as reproducibility of
experimental results is a cornerstone of scienc87]. However, the eld of Al as a whole

is known to face reproducibility issues 104. Machine learning is highly dependent
on the characteristics of the chosen training data, as well as parameter tuning to x
the inherent randomness of the algorithmsZ50. Therefore, lack of published code
and data render the replication of existing work by other researchers challengin@1].
Many reported results are irreproducible, though Gundersen and Kjensmf87] found

a signi cant increase in documentation over time. In the context of recommender
systems, lack of reproducibility is recognized as one of the key components that have
led the eld into a state of stagnation [50]. While reviewing recommender systems
papers published in big conferences such as KDD, IJCAI and SIGIR, Ferrari Dacrema
et al. [74] found less than 50% of them to be reproducible. Cremonesi and Jannach
[50] consider lack of incentive to be the main reason behind limited reproducibility, as
the academic system's operation often motivates researchers to publish more instead of
putting in the work to provide su cient code, data and documentation.

Recently, Al conferences have started providing checklists to ensure that the sub-
mitted papers are su ciently reproducible [173. Additionally, many conferences such
as RecSys, ECIR and SIGIR have initiated reproducibility tracks where researchers
can submit studies that reproduce, analyze or re ect on prior work. Gundersen et al.
[88] provide a set of speci c recommendations on how to ensure reproducibility in Al
research. They motivate researchers by highlighting the importance of reproducibility
for the improvement of science overall as well as the bene ts for the researcher them-
selves. Beel et al[26] outline actions that can make recommender systems research
more reproducible, such as adopting practices from medical sciences, social sciences,
and natural sciences, and conducting more comprehensive experiments, for example
by varying model parameters and observing the e ect. In this work, we attempt to
further motivate reproducibility in recommender systems research by experimenting
with various aspects of the recommendation process and showcasing the e ect on the
phenomenon of popularity bias.
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4.2.2 Evaluation strategy

In recommender systems research, reproducing the evaluation process followed in
previous studies is not always trivial. To assist researchers in this endeavour, Said
and Bellogin [196] describe the dimensions of evaluating recommender systems as
dataset, data splitting, evaluation strategies, and metrics. Speci cally, they identify
and benchmark four stages of designing an evaluation protocol: data splitting, item
recommendation, candidate item generation, and performance measurement. Appli-
cation of metrics takes place in the nal stage of evaluation, namely when measuring
the performance of the scores produced during the recommendation process. Before
measuring performance, it is necessary to de ne a crucial aspect of the evaluation
strategy; generating candidate items for recommendation for each user, so that scores
can be produced for them. The process of evaluating recommender systems includes
reporting on results of commonly used metrics, which allows comparison between
di erent algorithms to estimate their success in the context of the task at hand. To
calculate the metrics in a way that meaningfully represent the success of the system, it
is necessary that the evaluation strategy is suitable for the system, as well as for the
metrics to be measured.

In terms of metrics, Gunawardana et al[86] list a set of properties frequently
taken into account when evaluating recommenders, such as accuracy, coverage, novelty,
diversity etc. They point out that di erent applications have di erent needs, and thus
the metrics to be evaluated should be chosen to appropriately re ect on the desired
property. Said and Bellogin[196]argue that comparison of recommendation quality
between di erent studies requires careful consideration of all stages of an evaluation
protocol. They experimentally show that even when recommendation algorithms
are similarly implemented, the results are not comparable when di erent evaluation
strategies are used. In our study, we follow a similar approach of employing di erent
evaluation strategies on the same task and comparing the results. We are prompted by
variations in evaluation strategy choices made by published reproducibility studies,
which highlights the importance of taking into account and addressing all evaluation
steps in recommender systems research.

4.2.3 Popularity bias

Studying and evaluating a speci ¢ phenomenon requires understanding its roots and
e ects. In the context of item popularity, it is known that consumption of media often
follows a long tail distribution, where a few items are very popular and the rest are
located in the heavy tail p0]. Recommender systems attempt to facilitate users in
their e ort to discover items appropriate for them, regardless of the items' position in
the long tail. However, it has long been noted that collaborative Itering techniques
can be prone to popularity bias, the phenomenon where popular items tend to be
recommended over long-tail ones39]. When an algorithm showcases such tendency,
it may produce ranked lists with items not equally covered along the popularity tail
[249. Bellogin et al.[28] argue that common ranking metrics calculate overall assumed
satisfaction of a population, and therefore produce high values when the recommended
list consists of mostly popular items, even when it is not personalized. Item popularity
is not a de facto bad criterion for recommendation and can be leveraged to track item
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quality [43, 261]. However, very popular items are often more likely to be already
known, which renders the recommendation of mostly popular items to a user potentially
not useful for the user and the system in general [2].

In addition to the three studies examined in this chapter, other studies evaluate
popularity bias in various contexts and propose methods to mitigate it35, 101, 113 264.
These studies vary in terms of methods to measure popularity bias and ndings. Elahi
et al. [71] nd that propagation of popularity bias is dependent on the scenario and
domain; in certain cases, popularity bias is reduced through the recommendation
process. In a follow-up paper to Kowald et al[122] Kowald and Lacic [121] study
popularity bias by four collaborative ltering algorithms on all three datasets used
by the three studies we are reproducing, namely MovieLens1M, LastFM and Book-
Crossing. It is interesting to note that their results are similar across the three datasets,
while they diverge from the results reported by Abdollahpouri et al[9] and Naghiaei
et al. [159] This observation implies that the discrepancy in results showcased by the
three studies cannot be explained solely by the di erences between the datasets. In this
work, we wish to investigate which aspects of the process account for the discrepancy.
Our results and conclusions can contribute to consistency and reproducibility when
evaluating popularity bias and other recommender systems phenomena by the research
community.

4.3 Overview of the studies to be reproduced

In order to comprehend the di erences in results between the three studies, we studied
and collected the details of each approach to accurately reproduce their process. Note
that while Kowald et al.[122]and Naghiaei et al.[159]made their code publicly available,
we could not nd a public repository for the code developed by Abdollahpouri et al.
[9]. Therefore, we describe the characteristics of their study based on the text of the
published paper, and private correspondence with the authors. Throughout the paper,
we explicitly state whether our understanding is based on this correspondence.

4.3.1 Core process
The studies followed similar processes to compare the popularity distribution in the
data and in recommendations:

1. Analyze distribution of popularity among items in given dataset.

2. Label items as "popular” if they belong in the 20% most frequently rated items in
the dataset.

3. Analyze distribution of user propensity for popular items and divide users in
three groups (Niche, Diverse and Blockbuster focused) accordingly.

4. Set aside 80% of the ratings for training and 20% for testing.
5. Train the algorithms on the training data.

6. Recommend 10 items to each candidate user for each algorithm.
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7. Report on overall popularity bias propagation: compare the number of times
each item is recommended with the number of times it is rated. Repeat for each
algorithm.

8. Report on popularity bias propagation per user group: compare average pop-
ularity of the items in pro le with the items in recommendation for every user
and average for each user group. Repeat for each algorithm.

4.3.2 Data

The studies used publicly available datasets which are commonly used in recommender

systems literature. Abdollahpouri et al.[9] used MovieLens1M 4], Kowald et al. [122]

used LastFM-1b 201], and Naghiaei et al.[159]used Book-Crossing465. Kowald et al.

[122]and Naghiaei et al.[159] processed their respective datasets in order to approach

the size of MovieLens1M. Speci cally:

" Kowald et al. [122]extracted 3,000 users from the original dataset, which contains
120,000 users. They also grouped the listening events into user-artist pairings.
Subsequently, they scaled the amount of times a user listened to an artist into a
preference score from 0 to 1000. Therefore, the algorithms in Kowald et d1122]
do not try to predict explicit rating, but rather the preference of a user towards
an artist, which is represented by the amount of times the user listened to this
artist.

Naghiaei et al. [159] only kept the explicit ratings from the original dataset.
Afterwards, they removed users with more than 200 ratings. Finally, they removed
users and items with very few ratings, until all users in the dataset had rated at
least 5 items and all items in the dataset had been rated by at least 5 users.

Abdollahpouri et al. [9] do not explicitly mention whether they used the dataset
intact or processed it before the analysis and recommendation process, and it was not
clari ed from our correspondence with the authors. Table 4.1 shows the characteristics
of each dataset, namely number of users, items, ratings, and sparsity. Sparsity in the
context of rating data refers to the percentage of possible user-item ratings that are
missing from the data.

Dataset #lusers #items #ratings Sparsity
MovieLens1M 6,040 3,900 1,000,209 95.75%
LastFM-1b (subset) 3,000 352,805 1,755,361 99.83%

Book-Crossing (subset) 6,358 6,921 88,552 99.80%

Table 4.1: The characteristics of the datasets used by the three studies.

The resulting datasets di er in terms of size and sparsity. At the same time, item
consumption is di ererently distributed among them. Figure 4.1 shows the number of
users that rated each item in every dataset. While every gure shows that the rating
data is skewed towards more popular items, the long-tail distribution is clearer in
the subset of LastFM-1b than in the subset of Book-Crossing, and especially than in
MovieLens1M.
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(a) MovieLensiM (b) LastFM (subset) (c) Book-Crossing (subset)

Figure 4.1: The long-tail distribution of item popularity in all datasets.

4.3.3 Algorithms

Each study examined whether several di erent algorithms propagated popularity
bias into their recommendations, as seen in Table 4.2. They all tested two baseline
algorithms, MostPopular and Random. Other than these, the studies tested mostly
di erent algorithms. Abdollahpouri et al. [9] tested four well known collaborative
Itering algorithms. Kowald et al. [122]also tested four collaborative ltering algorithms,
but partly deviated from the choices of Abdollahpouri et al.[9]. Speci cally, they
excluded SVD++ and ItemKNN to reduce computational cost, potentially due to the
large number of items in the LastFM dataset. Finally, Naghiaei et a[159]tested a total

of nine collaborative ltering algorithms in order to cover a wider range of state-of-the-
art approaches. Overall, the list of algorithms consists of Nearest Neighbour-based,
Matrix Factorization-based, and Neural Network-based approaches. The only common
collaborative ltering algorithm across all studies is UserKNN R0Q. The divergence in
the choice of algorithms between the original study and the reproduction studies raises
the question of whether a di erent overall conclusion would be drawn if all studies
tested the same set of algorithms.

4.3.4 Division of users in groups
The notion of item popularity is central in the three studies, and it is de ned as
frequency of either rating by the users (popularity in pro le) or of recommendation by
the algorithms (popularity in recommendation). Abdollahpouri et[@] deem an item
popular in pro le if it is one of the 20% most frequently rated items in the entire dataset.
This choice is important since Abdollahpouri et al.[9] use this label to divide the users
based on their propensity for popular items. Therefore, the fact that item popularity is
di erently distributed across the three datasets as shown in Figure 4.1 a ects which
users are considered Niche, Diverse or Blockbuster focused.

Speci cally, the user division in Abdollahpouri et al. [9] happens as follows:

1. The popularity of every item is calculated as the percentage of users who have
rated it.

2. The items are sorted based on their popularity.

3. The 20% items with the highest popularity are labelled as popular.
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Algorithm Abdollahpouri  Kowald Naghiaei

et al. [9] et al. [122] et al. [159]
UserKNN 3 3 3
ltemKNN 3
UserKNN w/ means 3
UserltemAvg 3
SVD++ 3
NMF 3 3
BMF 3 3
PMF 3
WMF 3
HPF 3
NeuMF 3
BPR 3
VAECF 3
MostPopular 3 3 3
Random 3 3 3

Table 4.2: The algorithms tested by the three studies.

4. The average propensity towards popular items of every user is calculated as the
average popularity of the items that this user has rated.

5. The popularity fraction of every user is calculated as the percentage of the items
in this user's pro le that have the label popular.

6. The users are sorted based on their popularity fraction.
7. The top 20% users are labeled "Blockbuster focused".

8. The bottom 20% users are labeled "Niche".
9

. The remaining users are labeled "Diverse".

While Naghiaei et al. [159] follow the same process, Kowald et al[122] di er;
they do not use the popularity fraction to divide the users into groups. Instead, they
use the mainstreaminess score, which is available for the users in the LastFM dataset.
Mainstreaminess is de ned as the overlap between a user's listening history and the
aggregated listening history of all users in the original dataset. The 3,000 users are
strategically extracted by Kowald et al.[122]} 1,000 users with low mainstreaminess,
1,000 with medium, and 1,000 with high. In other words, the mainstreaminess score
is used as a proxy for user propensity for popular items and the user groups are
divided based on that instead of user preference for items labeled "popular” in the nal
dataset. Note that the mainstreaminess score cannot be computed on MovieLens1M or
Book-Crossing, as it requires multiple interactions between users and items (i.e., play
counts) [121].



70 4 Reproducing bias in recommendation studies

4.3.5 Evaluation strategy

A key di erence between the studies' approaches is the strategy they adopt to evaluate
the propagation of popularity bias. In all studies, the dataset of ratings is divided
into a training and a test set with a 80-20% split. However, they di er in terms of
which users they recommend items to, and when it comes to candidate item generation,
a step of the evaluation process that was benchmarked by Said and Bellogi96]
Said and Bellogin[196] discuss that this aspect of the evaluation protocol is crucial
for the result, since by changing the item candidates for recommendation, a di erent
ranking is evaluated. This is likely to have an e ect on the measured popularity bias
propagation. Table 4.3 shows an overview of the above mentioned characteristics of
each study's evaluation strategy.

Let U" denote the set of users that an algorithm recommends items to, arq, the
list of items that it ranks and chooses from to recommend to a user u in'U

Kowald et al. [122] recommend items to every user in the test set. To generate
candidate items, they adopt the UserTest strategylpg; the system only considers
items that the user has rated in the test set. In other words, in their systebh contains
all users in the test set, and., for every useru in U" contains every itemi for which
the rating (u;i) exists in the test set.

Naghiaei et al.[159]recommend items to all users in the training set. They adopt
a version of the Trainltems strategy 196]; the system considers every possible item
as candidates for a given user. In this casé)’ consists of all users in the training
set, andL, for every useru in U" contains every itemi. Note that Said and Bellogin
[196]describe Trainltems as disregarding the items that the user has actually rated,
but Naghiaei et al. [159] consider all items instead.

In our correspondence with Abdollahpouri et al.[9], they stated that they recom-
mend items to all users in the test set. They also adopt the Trainltems strategy, but
di erently to Naghiaei et al. [159] Speci cally, for every useru in U" which are all the
users in the test setl, contains every itemi that u has not rated in the training set.
According to Said and Bellogin[196] this approach is suitable when simulating a real
system where no test set is available.

Reference papers User candidates Item candidates

Abdollahpouri et al. [9] Users in the test set Iltems that the user has not
rated in the training set

Kowald et al. [122] Users in the test set Items that the user has rated
in the test set

Naghiaei et al. [159] Users in the training set All items

Table 4.3: Overview of the user and item candidates on which each study based the evaluation of popularity
bias propagation. Note that, unlike Kowald et al.[122] and Naghiaei et al.[159] our description of the
strategy used by Abdollahpouri et al. [9] stems from correspondence rather than studying their code.

4.3.6 Other variations
While in our experiments we consider the aforementioned four aspects that vary across
the three studies, there are other variations that we do not consider:
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" Kowald et al. [122] and Naghiaei et al.[159] both used Python to run their
experiments, but used di erent Python-based libraries to perform the training and
recommendation process. Kowald et a[122]used Surprisé, a toolkit for building
and analyzing recommender systems that deal with explicit rating datalp3.
Naghiaei et al.[159]used Cornad, a framework for multimodal recommender
systems 197]. Abdollahpouri et al. [9] stated through our private correspondence
that they used Librec-autd, a Python tool for running recommender systems
experiments [212].

In their paper, Abdollahpouri et al. [9] state that they tuned all collaborative
Itering algorithms to reach a precision of 0.1, so that the results are comparable.
On the other hand, neither Kowald et al.[122]nor Naghiaei et al.[159]tuned

the algorithms. Instead, they used the default hyperparameters in the Python
libraries.

4.4 Experimental setup

In order to investigate the cause of di erence in results, we de ne a set of experiments
that allows us to track which of the aspects that varies across the three studies a ects
whether popularity bias is propagated and whether the propagation unfairly impacts
certain user groups. Each experiment consist of the following phases.

Training
" Divide the dataset with ratings into training and test set using a 80-20% split.

"~ Train the algorithms on the training set.

Prediction

" For every useru in U;, predict ratings for item i in L, based on each trained
algorithm. (see notation in Section 4.3.5)

" Rank the items based on the predicted rating.

" Recommend to the user the top 10 items.

Evaluation

" Overall popularity bias propagation: Note that the three studies indirectly
use the concepts of correlation and item coverage to report on overall popularity
bias, by plotting frequency of an item in pro le versus in recommendation for
every algorithm and visually observing whether there is correlation and whether
certain items are almost never recommended. In this study, we quantify these
concepts as follows:

Lhttps://surpriselib.com/
2https://cornac.preferred.ai/
Shttps://librec-auto.readthedocs.io/
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For the set of items | calculate
Correlation B r(P;; F) 4.1

wherer is the Pearson correlation coe cient, R is the list of popularities of
each item in the users' pro les, andF, is the list of frequencies of each item
in the users' recommended lists (see [47]).

For the set of items | calculate

iR\Ij

Coverage BT (4.2)
where R is the list of items recommended at least once.
" Popularity bias propagation per user group
For every user group g calculate
AP AP
%eGAP(g) B AP @r CAP@) b 4440, (4.3)

GAP(9)p

where GAP(g), is the average popularity of the items in the users' pro les and
GAP(g) is the average popularity of the items in the users' recommended
lists (see notation in Abdollahpouri et al. [9]).

For every user groupg calculate NDCG@10110. Items for which no rating

is available in the test set are assumed to have a utility of 0, as implemented
by Ekstrand et al. [70].

We design the experiments by considering di erent choices for every aspect in which
the studies deviated, and combining them in all possible ways. To train the models,
we use the Cornac library (version 1.17.0), since it contains almost all algorithms
needed. Similarly to Kowald et al.[122]and Naghiaei et al.[159] for every dataset we
X the random seed when splitting in training and test set for reproducibility. The code
we developed for our experiment$ has been made open source. In the subsequent
subsections we summarize the choices for each of the four aspects.

4.4.1 Data

We train the algorithms using MovieLens1M, LastFM, and Book-Crossing. We use the
entire MovieLens1M dataset, and the Book-Crossing subset that is used by Naghiaei et al.
[159] For computational reasons, we do not experiment with the entire LastFM subset
that Kowald et al. [122]use. The large humber of items makes some algorithms crash
when combined with certain evaluation strategies, and we wish to evaluate as many
combinations as possible. Instead, we sample by removing items with less than 20
ratings. This sampling does not decrease the number of users, but greatly decreases
the number of items from 352,805 to 12,690. The characteristics of the resulting dataset
can be seen in Table 4.4. To assess whether the sampling has a large impact on the
conclusions, we compare our results with the results reported by Kowald et 422]

and nd that they are consistent®

“https://github.com/SavvinaDaniil/UnfairnessOfPopularityBias
5See Appendix, Section 8.2
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Dataset #users #items #ratings Sparsity
MovieLens1M 6,040 3,900 1,000,209 95.75%
LastFM-1b (subset of subset) 3,000 12,690 1,008,479 97.35%
Book-Crossing (subset) 6,358 6,921 88,552 99.80%

Table 4.4: The characteristics of the datasets used in our experiments.

4.4.2 Algorithms

We train all collaborative Itering algorithms in Table 4.2, with the exception of
UserltemAvg and SVD++, which are not available in Cornac. In total, we train 11
collaborative ltering algorithms. Note that we use the same default hyperparameters

as Kowald et al. [122] and Naghiaei et al. [159]. -

4.4.3 Division of users in groups
We divide the users in groups in the following ways:

1. PopularPercentage: Divide the users based on the percentage of items in their
pro le that have the label "popular" with a 20%-60%-20% scheme, in the same
way as Abdollahpouri et al. [9] and Naghiaei et al. [159]. An item gets the label
"popular” if it is one of the 20% maost frequently rated items in the dataset.

2. AveragePopularity: Divide the users based on the average popularity of items
in their pro le with a 20%-60%-20% scheme. This approach is not followed by
any of the studies. Given that it may result into di erently divided groups, and
as it also does not depend on items being labeled "popular”, it is interesting to
investigate how it impacts the results in terms of whether certain user groups are
unfairly treated by a recommender.

3. Mainstreaminess: Divide the users based on the mainstreaminess score in the
same way as Kowald et al[122] This division is only tried on LastFM, given
that the mainstreaminess score can only be calculated on this dataset.

Note that while each study used domain-speci ¢ terms to refer to each user group, for
simplicity we will use the terms Niche, Diverse and Blockbuster-focused regardless the user
division and dataset.

4.4.4 Evaluation strategy

We apply all di erent evaluation strategies adopted by the studies. Speci cally, the
strategies vary with regards to which user and item are candidates for generating
recommendations.

1. Modi ed Trainltems (Naghiaei et al. [159]):

(a) Recommend items to every user in the training set.
(b) Choose out of all items.

2. UserTest (Kowald et al. [122]):
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(a) Recommend items to every user in the test set.
(b) Choose out of all items the user has rated in the test set.

3. Trainltems (Abdollahpouri et al. [9]):

(&) Recommend items to every user in the test set.
(b) Choose out of all items the user has not rated in the training set.

4.5 Results

In this section, we present the results across all popularity bias metrics for every
experiment. First, we discuss overall popularity bias propagation, and then we focus
on propagation per user group.

4.5.1 Overall Popularity Bias Propagation

To evaluate overall popularity bias propagation for every combination of aspects, we
report on correlation and coverage as described in Section 4.4. Tables 4.5, 4.6, and
4.7 show the above mentioned values for each algorithm and each evaluation strategy;,
for MovieLens1M, LastFM and Book-Crossing respectively. In addition to the correlation
and coverage tables, we choose one algorithm, namely NMF, and plot frequency in
pro le versus in recommendation for every dataset and evaluation strategy. Figure 4.2
includes the resulting scatter plots. Given the large number of experiments, we include
the scatter plots for the other algorithms in the Appendix, Figures 8.5 to 8.14. We
analyze how the di erent aspects a ect the results. The type of user division in groups
is not relevant here as it does not relate to whether an algorithm overall propagates
popularity bias.

Table 4.5: Correlation and item coverage for the MovieLens1M dataset.

Modi ed Trainltems UserTest Trainltems
Correlation \ Coverage | Correlation \ Coverage | Correlation \ Coverage
UserKNN -0.0373 0.0124 0.7913 0.6654 -0.0375 0.0108
ItemKNN -0.0261 0.5229 0.9028 0.6832 -0.0439 0.4509
UserKNN w/ means -0.0821 0.0688 0.8012 0.6805 -0.0838 0.0618
BPR 0.4121 0.0216 0.8448 0.5901 0.4818 0.0586
MF 0.1685 0.5982 0.8841 0.7337 0.1080 0.5990
PMF 0.3429 0.2415 0.8399 0.6786 0.2761 0.2515
NMF -0.0456 0.1012 0.7977 0.6646 -0.0474 0.1012
WMF 0.3313 0.0157 0.8114 0.5923 0.3656 0.0229
HPF 0.6524 0.1058 0.8928 0.6141 0.7535 0.1743
NeuMF 0.4864 0.0583 0.8652 0.5947 0.5657 0.1033
VAECF 0.6312 0.1913 0.8906 0.6190 0.7240 0.2715
Mean 0.2576] 0.1762 | 0.8474] 0.6469 | 0.2784] 0.1914

Data
The resulting correlation and coverage vary across the three datasets. There is not

a clear pattern of a dataset being more or less prone to popularity bias across all
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Table 4.6: Correlation and item coverage for the LastFM dataset.

Modi ed Trainltems UserTest Trainltems
Correlation \ Coverage | Correlation \ Coverage | Correlation \ Coverage
UserKNN 0.0537 0.0796 0.6586 0.3773 -0.0170 0.0403
ItemKNN 0.5614 0.6686 0.8881 0.7338 -0.0178 0.7097
UserkKNN with means 0.1821 0.1422 0.6732 0.5031 -0.0259 0.0694
BPR 0.3823 0.0094 0.8192 0.2065 0.4556 0.0177
MF -0.0001 0.0008 0.9039 0.7095 -0.0034 0.0351
PMF -0.0081 0.0009 0.6223 0.2983 -0.0083 0.0009
NMF -0.0412 0.0133 0.7565 0.5489 -0.0413 0.0144
WMF 0.2999 0.1981 0.8191 0.4063 0.2621 0.2062
HPF 0.5819 0.0383 0.8390 0.3407 0.6836 0.0878
NeuMF 0.4844 0.0213 0.8385 0.2332 0.5586 0.0356
VAECF 0.6402 0.0866 0.8574 0.3006 0.7376 0.1256
Mean 0.2851\ 0.1145 \ 0.7887\ 0.4235\ 0.2349\ 0.1221
Table 4.7: Correlation and item coverage for the Book-Crossing dataset.
Modi ed Trainltems UserTest Trainltems
Correlation \ Coverage | Correlation \ Coverage | Correlation \ Coverage
UserKNN 0.0407 0.2672 0.9121 0.8130 0.0385 0.2588
ItemKNN 0.7249 0.9835 0.9115 0.8138 0.7275 0.9766
UserkKNN with means 0.0454 0.3658 0.9105 0.8148 0.0421 0.3569
BPR 0.4554 0.0014 0.9208 0.7992 0.4626 0.0023
MF 0.0507 0.2177 0.9105 0.8152 0.0498 0.1608
PMF 0.1454 0.0673 0.9142 0.8103 0.1406 0.0657
NMF -0.0364 0.2237 0.9124 0.8138 -0.0365 0.2137
WMF 0.8312 0.8951 0.9195 0.8047 0.8304 0.7180
HPF 0.8362 0.0714 0.9174 0.8067 0.8410 0.0923
NeuMF 0.4202 0.0014 0.9209 0.8000 0.4244 0.0023
VAECF 0.7338 0.0864 0.9177 0.8065 0.7418 0.0971
Mean 0.3861 \ 0.2892 \ 0.9152 \ 0.8089 \ 0.3875 \ 0.2677
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Figure 4.2: Item popularity in pro le versus frequency of recommendation by the algorithm NMF, for every
dataset and evaluation strategy.
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algorithms. However, we notice in Table 4.7 that the correlation averaged over all
algorithms is higher than in Tables 4.5 and 4.6 for a given evaluation strategy. In
other words, when trained on the Book-Crossing dataset, the algorithms on average
result in recommended lists where item frequency is more highly correlated with item
popularity than when trained on the other two datasets. By this metric, the subset of
Book-Crossing used by Naghiaei et[db9]is on average more prone to popularity bias
than MovieLens1M and LastFM.

Table 4.7 shows that the mean item coverage is also higher for Book-Crossing than
for the other two datasets in Tables 4.5 and 4.6 for a given evaluation strategy. For
example, given Modi ed Trainltems, the mean item coverage for Book-Crossin@ig892
for MovieLens1MD:1762 and for LastFM 0:1145 Looking at Figure 4.1 and Table 4.4,
we see that Book-Crossing is very sparse and popularity is scattered. Even very popular
books have been rated by less thaB50 users, in contrast with MovieLens1M where 4
some movies have been rated by more than half of the users. It is therefore expected
that item coverage is higher, as popularity is less concentrated. Note also that when
UserTest is applied, the item coverage is higher for Book-Crossing than for MovieLens1M,
and especially for LastFM, not just on average but for every individual algorithm.
These observations lead us to wonder whether high correlation is su cient to conclude
popularity bias propagation, when it is not combined with low item coverage.

Algorithms

The algorithms propagate popularity bias in di erent degrees. Tables 4.5 to 4.7 show
that BPR, HPF, NeuMF and VAECF consistently result in relatively high positive
correlation, as well as low item coverage for Trainltems and Modi ed Trainltems. In
this sense, BPR, HPF, NeuMF and VAECF are consistently prone to popularity bias.
Note that these algorithms were only tested by Naghiaei et aJ159] which means
that the choice of algorithms may have a large impact on whether popularity bias will
be observed by a study. On the other hand, Figure 4.2 shows that NMF shows no
correlation for any dataset for Trainltems and Modi ed Trainltems, as is the case for
UserKNN.

Evaluation strategy
Evaluation strategy has a large impact on the reported result. Across all datasets
and algorithms, there is a strong positive correlation between popularity in pro le
and in recommendation when UserTest is employed. This observation is in line with
the conclusions of Kowald et al.[122] who used UserTest in their study, as well as
their follow up paper [121]. This is due to UserTest only recommending to a user
items that they have already consumed in the test set. For example, if a test user
has rated 8 items in the test set, only these items are candidate for recommendation
and they will all be recommended to that user given a 10-item recommendation. In
this case, it is reasonable that popularity in pro le and in recommendation correlate;
popular items are more likely to be in the users' test sets and therefore be candidate
for recommendation.

It is also the case that for every dataset item coverage is on average higher when
UserTest is employed. For example, Table 4.5 shows that for MovieLens1M average
coverage is0:6469when UserTest is employed, while onB:1762and 0:1914when
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Modi ed Trainltems and Trainltems are employed respectively. Given that candidates for
recommendation are only the items from a user's test set, it follows that more items
will be covered by the recommendation process as users have di erent tastes. This

is especially the case for Book-Crossing given its sparsity. The consistency in results
when UserTest is deployed prompts to consider that the popularity bias reported might
mostly be a result of the evaluation process instead of the algorithm's functionality or
data characteristics.

For Trainltems and Modi ed Trainltems, the results uctuate per algorithm. Figure
4.2 shows that for all datasets, NMF propagates popularity bias when evaluated with
UserTest, but does not with the other two strategies. Trainltems and Modi ed Trainltems
show similar results overall. However, in some cases the fact that Trainltems excludes
items that the user has rated in the training set does impact the conclusion on whether
popularity bias is propagated. For example, IltemKNN trained on LastFM shows
no correlation when Trainltems is employed, but positive correlation with Modi ed
Trainltems.

4.5.2 Popularity Bias Propagation per User Group

To assess popularity bias propagation per user group, we report on ti¢GAP metric

and on NDCG@10 as described in Section 4.4. Given the large number of experiments,
we choose to present the results on LastFM since all three ways of dividing in user
groups were possible on this dataset. Tables 4.8, 4.9 and 4.10 show #%¢GAP value

for each user group, algorithm and user division, using Modi ed Trainltems, UserTest
and Trainltems respectively. Tables 4.11, 4.12 and 4.13 shd®CG@10for each user
group, algorithm and user division, using Modi ed Trainltems, UserTest and Trainltems
respectively. The results on the other datasets are included in the Appendix, Tables
8.3 10 8.14.

Table 4.8: %¢GAP for every user group, algorithm and way of dividing users, when Modi ed Trainltems is
used. N, D and BF signify Niche, Diverse and Blockbuster-focused. ** indicates that the corresponding result is
signi cantly higher than for the two other groups, while * indicates that it is signi cantly higher than for

one of the other groups. Statistical signi cance was concluded based on a t-test with p<0.005.

Modi ed Trainltems
PopularPercentage AveragePopularity Mainstreaminess
N [ D [ BF N [D | BF N [ D [ BF
UserKNN -32.6* | -32.6* | -47.8 -27.6* -30.9* | -52.7 -53.2 | -28.2** | -30.4*
IltemKNN  -20.8 -13.4* | -28.6 -17.0* -11.6* | -33.3 -17.4 | -13.6 -24.2
UserKNN with means  6.3** -6.4* -25.7 10.9** -4.7* -30.0 -34.7 | -4.6* 6.0**
BPR 596.6** | 352.6 | 240.0 || 611.0* | 358.2 230.8 || 379.8* | 355.4* | 319.4

MF  -49.0 -68.9 -78.3 -47.1 -68.6 -79.1 -67.6 | -68.1 -71.4
PMF  -69.7 -81.5 -87.1 -68.6 -81.3 -87.6 -80.8 | -81.1 -83.1
NMF  -78.6* -87.1* | -90.9 -77.8% -87.0 -91.1 -86.1** | -86.8* | -88.4

WMF  -2.8 14.2% | 1.2 0.6 17.8~ | -7.0 -30.4 | 20.0* 32.5%*

HPF 150.4* | 143.8* | 125.2 || 166.0* | 148.6* | 110.1 || 93.2 153.2* | 167.6**
NeuMF  399.1** | 242.3* | 157.3 399.6** | 243.9* | 159.2 || 262.2* | 239.0* | 2134
VAECF 126.6 181.0** | 156.3* || 125.1 182.7** | 153.7* || 156.6 | 175.8** | 169.4*
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Table 4.9: %¢GAP for every user group, algorithm and way of dividing users, when UserTest is used. N, D
and BF signify Niche, Diverse and Blockbuster-focused. ** indicates that the corresponding result is signi cantly
higher than for the two other groups, while * indicates that it is signi cantly higher than for one of the other
groups. Statistical signi cance was concluded based on a t-test with p<0.005.

UserTest

PopularPercentage AveragePopularity Mainstreaminess

N [ D | BF N [ D | BF N | D | BF
UserKNN  21.9 35.2* 31.2* || 23.7 36.7* | 27.6 19.6 | 37.9* 39.0*

ltemKNN -2.1 2.8 17.6** || -3.4 2.9 17.4* || 9.8* | 2.2 7.2
UserKNN with means 16.5 31.7* 29.1* || 18.2 33.1** | 25.6 9.1 33.3* 43.1**
BPR 171.6*| 168.7* | 108.1 || 181.9* | 172.6* | 98.4 136.3 | 178.2** | 142.0

MF -0.4 -0.1 0.7 1.0 0.6 -1.2 0.2 -0.5 0.6
PMF 57.2 74.0% | 62.3 59.7 77.4* | 54.7 52.6 | 77.5* 75.0*
NMF  16.9 21.6 30.1** || 15.7 23.1 27.2* || 16.8 | 22.2 30.4**
WMF  20.6 40.2** | 31.3 23.1 41.9** | 27.0 13.7 | 42.7* 47.8*
HPF 613 89.9* | 72.1 71.4 92.7* | 62.7 52.8 | 96.3* 93.3*
NeuMF 123.8* | 137.1* | 90.6 131.3* | 139.2* | 84.9 112.4 | 140.5** | 114.8
VAECF 63.7 114.8* | 87.1* | 69.7 117.0** | 80.5* | 84.4 | 116.9* | 100.7*

Table 4.10:%¢GAP for every user group, algorithm and way of dividing users, when Trainltems is used. N, D
and BF signify Niche, Diverse and Blockbuster-focused. ** indicates that the corresponding result is signi cantly
higher than for the two other groups, while * indicates that it is signi cantly higher than for one of the other
groups. Statistical signi cance was concluded based on a t-test with p<0.005.

Trainltems
PopularPercentage || AveragePopularity ] Mainstreaminess
N ‘D ‘BF HN ‘D ‘BF HN ‘D ‘BF
UserKNN -57.9** | -82.0* -87.3 -56.1** -81.8** | -87.9** || -80.2 -81.6 -80.1
ItemKNN -57.6** | -70.0* -77.8 -56.8** -70.6* -76.5 -49.4** | -75.6* | -85.2
UserKNN with means -51.8** | -81.1* -87.3 -49.4** -81.1* -87.7 -77.5*% -81.2 -79.3
BPR 580.6* | 323.6 214.0 596.4** | 328.1 206.5 362.1** | 325.0* | 288.2
MF  -53.6** | -70.4* -79.8 -51.7** -70.1* -80.7 -70.5* -69.5* | -72.9
PMF -70.1* -81.8* -87.2 -69.0 -81.6 -87.6 -81.0 -81.3 -83.2
NMF -78.6 -87.1 -90.9 -77.8* -87.0 -91.1 -86.1 -86.8 -88.4
WMF -8.2 -5.0* -19.5 -5.6* -2.9*% -24.3 -35.7 -0.8 5.8**
HPF 120.4** | 100.1* | 86.8* 132.1** | 103.4* | 76.4 65.5 106.1* | 121.7*
NeuMF 382.6* | 215.3* | 138.1 384.5** | 216.5* | 140.3 244.7* | 211.8* | 187.9
VAECF 118.6 158.0** | 133.4* || 117.8 159.3** | 131.3* || 145.6 153.0 140.7
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Table 4.11:NDCG@10for every user group, algorithm and way of dividing users, when Modi ed Trainltems

is used. N, D and BF signify Niche, Diverse and Blockbuster-focused. ** indicates that the corresponding result
is signi cantly lower than for the two other groups, while * indicates that it is signi cantly lower than for

one of the other groups. Statistical signi cance was concluded based on a t-test with p<0.005.

Modi ed Trainltems

PopularPercentage

AveragePopularity

Mainstreaminess

N D [BF N [D  [BF N D [BF
UserkNN  0.007 | 0.009 | 0.002* || 0.010 | 0.007 | 0.004 | 0.010 | 0.005 | 0.007
ltemKNN  0.007 | 0.009 | 0.008 || 0.008 | 0.007 | 0.011 | 0.013 | 0.007 | 0.005
UserkNN with means  0.009 | 0.007 | 0.001* || 0.011 | 0.006 | 0.002 || 0.012 | 0.004* | 0.002*
BPR 0.188**| 0.325 | 0.352 | 0.188* | 0.326 | 0.350 | 0.251** | 0.335 | 0.323
PMF 0.013 | 0.012 | 0.003* | 0.013 | 0.012 | 0.004* | 0.015 | 0.012 | 0.006*
NMF 0.006 |0.008 | 0.006 [ 0.007 |0.008 | 0.005 || 0.007 |0.010 | 0.004
WMF 0200 | 0222 | 0213 [ 0206 |0.227 |0.192 || 0155 |0.242 | 0.251
HPF 0278 | 0.340 | 0.359 | 0.292* | 0.335 | 0.357 || 0.260** | 0.355 | 0.378
NeuMF 0.209* | 0.339*| 0.393 | 0.219** | 0.337*| 0.390 | 0.271** | 0.350 | 0.351
VAECF 0.297** | 0.376 | 0.396 || 0.294** | 0.374 | 0.405 | 0.326** | 0.379 | 0.388

Table 4.12:NDCG@10for every user group, algorithm and way of dividing users, when UserTest is used. N, D
and BF signify Niche, Diverse and Blockbuster-focused. ** indicates that the corresponding result is signi cantly
lower than for the two other groups, while * indicates that it is signi cantly lower than for one of the other
groups. Statistical signi cance was concluded based on a t-test with p<0.005.

UserTest

PopularPercentage AveragePopularity Mainstreaminess

N \ D \ BF N \ D \ BF N \ D \ BF
UserKNN 0.669 | 0.648 | 0.640*| 0.668 | 0.646 | 0.645| 0.643* | 0.636* | 0.672
ltemKNN  0.621* | 0.620* | 0.659 || 0.621* | 0.620* | 0.661| 0.619* | 0.622* | 0.643
UserKNN with means 0.671 | 0.656 | 0.657 | 0.671 | 0.656 | 0.658 | 0.648* | 0.647*| 0.684
BPR 0.655 | 0.668 | 0.677 || 0.651*| 0.667 | 0.683| 0.625** | 0.670* | 0.706
PMF 0.665 | 0.646 | 0.662 || 0.661 | 0.644*| 0.672| 0.635* | 0.642* | 0.682
NMF 0.642 | 0.632 | 0.646 || 0.635 | 0.634 | 0.649 || 0.640 0.626 | 0.645
WMF 0.678 | 0.664 | 0.657 || 0.673 | 0.664 | 0.661 | 0.655* | 0.654* | 0.687
HPF 0.710 | 0.708 | 0.720 || 0.706 | 0.711 | 0.716 | 0.673** | 0.707* | 0.752
NeuMF 0.657*| 0.675 | 0.690 || 0.656*| 0.675 | 0.690 || 0.633** | 0.680* | 0.710
VAECF 0.695 | 0.693 | 0.707 || 0.693 | 0.694 | 0.705| 0.663** | 0.694* | 0.730

Table 4.13:NDCG@J10for every user group, algorithm and way of dividing users, when Trainltems is used.

N, D and BF signify Niche, Diverse and Blockbuster-focused. ** indicates that the corresponding result is
signi cantly lower than for the two other groups, while * indicates that it is signi cantly lower than for one

of the other groups. Statistical signi cance was concluded based on a t-test with p<0.005.

Trainltems
PopularPercentage AveragePopularity Mainstreaminess
N [D [BF N [D |FBF N [D [BF
UserKNN  0.010 0.015 | 0.002* || 0.014 0.012 | 0.006 0.015 0.010 | 0.010
ItemKNN 0.013 0.019 | 0.028 0.013* | 0.018 | 0.032 0.025 0.018 | 0.016
UserKNN with means  0.015 | 0.014 | 0.004** || 0.020 0.012 | 0.004** || 0.019 0.011 | 0.006*
BPR 0.236** | 0.456 | 0.479 0.242** | 0.454 | 0.479 0.324** | 0.460 | 0.466
PMF 0.013 0.013 | 0.003** || 0.013 0.012 | 0.004* 0.015 0.012 | 0.006*
NMF  0.006 0.008 | 0.006 0.007 0.008 | 0.005 0.007 0.010 | 0.004
WMF  0.307 0.301 | 0.282 0.309 0.314 | 0.242* || 0.225** | 0.333 | 0.338
HPF 0.389** | 0.507 | 0.544 0.409* | 0.505*| 0.530 0.369** | 0.532* | 0.572
NeuMF 0.279* | 0.489* | 0.550 0.300** | 0.488* | 0.533 0.366** | 0.505 | 0.508
VAECF 0.448* | 0.556* | 0.594 0.458* | 0.555* | 0.587 0.469** | 0.565 | 0.591
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Algorithms

It is apparent in Tables 4.8 to 4.10 that certain algorithms consistently produce recom-
mended lists with higher average popularity, while others do not. BPR, HPF, NeuMF

and VAECF showcase higfo¢GAP values for all groups, regardless the evaluation
strategy. For example, Table 4.8 shows that when Modi ed Trainltems is deployed and
users are divided in groups based on PopularPercentage or AveragePopularity, NeuMF
recommends to Niche users items almoéttimes more popular than they have rated

in their pro les (i.e., the %¢GAP is 399:1and 399:6respectively). Note that the same
algorithms consisently result in high correlation and low coverage, as discussed in
Section 4.5.1.

Tables 4.11 and 4.13 show that given Modi ed Trainltems and Trainltems, BPR, HPF,
NeuMF and VAECF also result in highhDCG@ 10regardless the user division. However,
the NDCG@10values are signi cantly lower for the Niche group. We can conclude that
these algorithms tend to recommend mostly popular items to all users when trained
on LastFM, at least when their default hyperparameters are used. On the contrary,
MF mostly results in negative%¢GAP values across Tables 4.8 to 4.10, meaning that
the average popularity in the recommended lists is reduced compared to the users’
pro les. Finally, some algorithms like WMF are inconsistent when it comes to the
average popularity of the items they recommend to each group.

Additionally, Tables 4.8 to 4.10 show that BPR and NeuMF's recommendations
generally result to higher%¢GAP for the Niche and Diverse groups compared to the
Blockbuster-focused group. However, other algorithms do not showcase such consistency,
as%¢GAP uctuates across evaluation strategies and user divisions. Consequently, it
is challenging to deduce that a set of algorithms tend to treat Niche users unfairly while
others do not. It might be that such conclusions can be drawn given a speci ¢ context,
and not about an algorithm's inherent functionality.

User division in groups
The way the users are divided in groups in some cases determines whether the Niche
user group is unfairly treated, as well as to what extent. For example, we see in
Tables 4.8 and 4.10 that for Modi ed Trainltems and Trainltems, HPF results in higher
%¢GAP for Niche users with PopularPercentage and AveragePopularity, whereas with
Mainstreaminess the Blockbuster-focused group receive the highest increase in average
popularity. Additionally, PopularPercentage and AveragePopularity also sometimes result
in di erent conclusions on which group is unfairly treated. Table 4.8 shows that given
Modi ed Trainltems, WMF recommends more or less popular items to the Niche group
depending on which user division is assumed®f¢GAP of 2:8 for PopularPercentage
and 0:6 for AveragePopularity).

PopularPercentage and AveragePopularity mostly result in similar trends in terms of
which group receives unfair treatment. On the other hand, Mainstreaminess often leads
to di erent conclusions than PopularPercentage and AveragePopularity. This is somewhat
expected since Mainstreaminess is not dependent on the propensity for popularity
within the given data, but the mainstreaminess score that characterizes the underlying
population where this subset of LastFM stems from. Therefore, in order to conclude
unfair treatment of a group, it is necessary to de ne the characteristics of the group in
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question and whether we refer to speci ¢c behavior within the training dataset or we
incorporate external information as well.

Evaluation strategy

As is the case for overall popularity bias propagation, the choice of evaluation strategy
largely in uences %¢GAP. When UserTest is employed, almost all algorithms provide
recommendations with increased average popularity compared to user pro le for all
user groups regardless the type of division (see Table 4.9). Even in cases wh#eGAP

is negative, the decrease is small. Overall, when UserTest is deployed, %S AP
values do not vary between algorithms as much as given the other two evaluation
strategies.

On the other hand, when Modi ed Trainltems and Trainltems are used, the results
uctuate between algorithms. Furthermore, the recommended lists of the algorithms
which consistently perpetuate popularity bias for all groups (BPR, HPF, NeuMF and

VAECF) showcase highePo¢GAP with Modi ed Trainltems compared to Trainltems
across all types of user divisions (see Tables 4.8 and 4.10). This likely signi es that
excluding items that a user has rated from the candidate list reduces popularity bias.
Given that by de nition many users have rated the popular items, then the popular
items are excluded from many users' candidate items list when Trainltems is deployed.
The choice of evaluation strategy also has a large e ect oNNDCG@10 Table 8.13
shows that UserTest results in highBiDCG@ 10than the other two strategies. Since
the pool of candidate items is limited to a user's test items when UserTest is deployed, it
follows that the recommended list will likely be similar to the “ideal' list. Additionally,
the produced NDCG@10values are generally higher for Trainltems than for Modi ed
Trainltems across algorithms and user division in groups. This is due to the exclusion
of training items from a user's candidate list when Trainltems is deployed. In our
calculation of NDCG@10Q we only considered items to have a nonzero utility for the
user if they were consumed unbeknownst to the system, i.e., the test items (see [70]).

4.6 Discussion and future work

The results show that data, algorithms, user division in groups, and evaluation strategy
in uence the conclusion on whether popularity bias is propagated and whether the
users that have lesser propensity for popular items are disproportionately a ected.
The datasets have impactful di erences, especially when it comes to distribution
of item popularity; Book-Crossing is a very sparse dataset, which results in higher
item coverage on average compared to the other two datasets, even when correlation
between popularity in pro le and in recommendation is also high. At the same time, the
choice of which algorithms to include in the study in uences the results; some matrix
factorization algorithms (HPF, NeuMF, VAECF) consistently propagate popularity bias,
and in most cases recommend disproportionately many popular items to the Niche
users. User division in groups often de nes whether unfairness can be concluded,
especially when a proxy measure of propensity towards popular items is used that does
not stem from the speci c training dataset. Finally, evaluation strategy, and speci cally
the generation of user and item candidates is overall crucial given the e ect it has on
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whether both overall popularity bias propagation and user group unfairness can be
observed.

The results indicate that perceived propagation of popularity bias is sensitive to
various aspects of the evaluation process that are often unaddressed. The fact that
tweaking these aspects determines whether propagation of popularity bias can be
concluded or not renders the individual conclusions of the studies unique to their
context and set up, and less generalizable. We conclude that it is challenging to
report on popularity bias as a phenomenon that persists as a result of an algorithm's
functionality. While some algorithms we studied do consistently propagate popularity
bias given our metrics, for most algorithms the results largely uctuate depending on
the other aspects. Similarly, even though the choice of dataset does have an impact, we
showed that the divergence in results across the reproduced studies could not be solely
attributed to the datasets' characteristics.

Consequently, we recommend careful consideration of each of these aspects when
popularity bias is evaluated. Future studies on the topic should re ect on:

Data: Which domain does the data come from? What is the size of the dataset?
How sparse is it? What is the long-tail item distribution?

Algorithms: What type of optimization is performed? How sensitive is it to item
popularity?

User division in groups: How is user propensity for popular items de ned in
this domain? What characteristics would deem a user Niche? Is behavior in the
dataset the relevant factor, or is external information needed?

Evaluation strategy: Which exact aspect of popularity bias is the study eval-
uating? How can it be translated into choices for every step of the evaluation
process?

Evaluation in the case of recommender systems is generally challenging. O ine
evaluation, in particular, is restricted by the lack of data or lack of absolute ground
truth. The fact that a user has rated an item highly does not necessarily mean that they
prefer it to an unrated one; it can simply mean lack of awareness. In other words, high
accuracy in o ine evaluation does not equate to a successful system. As a result, the
choice of evaluation strategy is often application-speci ¢, which extends further than
the choice of metrics. For example, the same algorithm might be di erently evaluated
when used in an application which recommends 5 items to a user instead of 10. Some
metrics can only be evaluated with certain strategies because of the data they require.
For example, Mean Absolute Error can only be calculated for user-item pairings that
do exist in the dataset and thus UserTest would be appropriate in this case. However,
other metrics leave room for di erent choices and there might not be one right way to
evaluate them.

To appropriately evaluate a metric, it is important to consider what is the exact
phenomenon it is intended to measure. While popularity bias is not a recent topic
within recommender systems research, there is a certain lack of speci city around the
exact meaning of it. Correlation, coverage, and di erence in average popularity can




84 4 Reproducing bias in recommendation studies

all be useful in measuring some sides of popularity bias, among others. Having said
that, their interpretation requires careful design of an evaluation process that answers
the question we are wondering about. In the case of the three studies each evaluation
strategy answers a di erent question:

~ Modi ed Trainltems does not disregard the items a user has already consumed
from the recommendation process. Such strategy is unsuitable when assessing
general performance, as it leads to information leakage. It could be used to
assess popularity bias in a system that does recommend to users items that they
have already consumed and positively rated. However, the information leakage
needs to be considered and accounted for.

UserTest only recommends to a user items that they have already consumed
unknowingly to the system (i.e., from the test set), which renders it inappropriate
for evaluating overall popularity bias. However, it might still be interesting to
observe whether the items a user has rated and are unseen to the system are
di erently ranked by the system than by the user, because of popularity bias.

Trainltems measures whether a learned model propagates popularity bias into
unseen user-item combinations. It is our belief that this strategy is the most
appropriate to measure popularity bias, as it more closely resembles a real world
scenario of learning the preferences of the users and recommending items to
them that they have not yet rated.

Studies on the topic of popularity bias should account for these di erences in evaluation
strategy by specifying the research question, as well as the evaluation strategy that
accompanies it. To ensure reproducibility of such studies, a way ahead could be to adapt
the dimensions of evaluation benchmarked by Said and Bellogii96]into a checklist
for submissions in conferences and journals. Such an initiative can motivate researchers
to critically think about the evaluation strategy they employ in their experimentation,
and allow for easier comparison between the reported results of di erent studies.

Our study has limitations that future work should address. It is our intention
to approach the phenomenon of popularity bias fundamentally by locating speci c
data and recommendation characteristics that instigate its propagation. While the
aspects we identi ed through reproducing these studies are very important, there are
additional ones we plan to consider. First, our reported results on UserKNN di er
signi cantly from Abdollahpouri et al. [9] and Naghiaei et al.[159] even when the
same evaluation strategy and data are used. The reason is presumably tuning and
implementation; Abdollahpouri et al. [9] state that they tuned all the algorithms to
reach similar precision in order to appropriately compare them. On the other hand,
Naghiaei et al.[159] manually trained UserKNN instead of using Cornac like they did
for the other algorithms. This prompts us to consider tuning an important aspect of the
process as well, and future work should focus on the e ect it has on the propagation of
popularity bias. In practice, algorithms are designed to satisfy some accuracy metric
instead of being trained with their default hyperparameters, and thus it is realistic
to assume that tuning takes place. Second, by measuring propagation of popularity
bias with cross-validation instead of one-shot prediction, we could account for random
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small di erences between algorithms, and generalize their comparison. Finally, all
three studies used di erent Python libraries to perform the recommendation process.
For future work, we plan to explore the e ect of potentially di erent implementations
of the same algorithm across these libraries.

4.7 Conclusion

In this chapter, we reproduced the analysis on the propagation of popularity bias by
commonly used collaborative Itering algorithms performed by three studies using
di erent datasets from the media domain. The studies evaluated overall popularity
bias propagation, as well as whether users with niche tastes were unfairly treated by
the system. The results reported di ered for both evaluation tasks. We identi ed four
aspects which varied across the three studies and could potentially account for the
divergence in results: data, algorithms, division of users in groups, and evaluation
strategy. We designed and carried out experiments to investigate to what extent each
aspect impacted the results by combining all possible choices for each aspect. We
found that all aspects a ected the result to some degree. Evaluation strategy speci cally
largely accounted for the divergence, as the one employed by the study in the music
domain resulted in reporting propagation of popularity bias for all datasets and all
algorithms. We conclude that clarity around the evaluation strategy employed during
the recommendation process is necessary to reproduce and compare analysis for
di erent algorithms and datasets, especially for phenomena like popularity bias whose
evaluation is not standardized in literature yet.
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The challenges of studying
bias iIn recommender

systems

Building on our reproduction work (Chapter 4), we deepen our investigation into how data
characteristics and algorithm con gurations jointly a ect bias measurement. In this chapter,
we systematically explore the sensitivity of bias conclusions to these design choices.

Statements on the propagation of bias by recommender systems are often hard to verify or falsify.
Research on bias tends to draw from a small pool of publicly available datasets and is therefore
bound by their speci ¢ properties. Additionally, implementation choices are often not explicitly
described or motivated in research, while they may have an e ect on bias propagation. In this
chapter, we explore the challenges of measuring and reporting popularity bias. We showcase
the impact of data properties and algorithm con gurations on popularity bias by combining
real and synthetic data with well known recommender systems frameworks. First, we identify
data characteristics that might impact popularity bias, and explore their presence in a set

of available online datasets. Accordingly, we generate various datasets that combine these
characteristics. Second, we locate algorithm con gurations that vary across implementations in
literature. We evaluate popularity bias for a number of datasets, three real and ve synthetic,
and con gurations, and o er insights on their joint e ect. We nd that, depending on the

data characteristics, various con gurations of the algorithms examined can lead to di erent
conclusions regarding the propagation of popularity bias. These results motivate the need
for explicitly addressing algorithmic con guration and data properties when reporting and
interpreting bias in recommender systems.

This chapter is based ong Daniil et al., On the challenges of studying bias in Recommender Systems: The e ect of
data characteristics and algorithm con guration, Information Retrieval Research, 1(1), 3-27 [59].
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5.1 Introduction

ecommender systems are commonly used as a tool to encode taste based on the
R information available, be it user history or metadata. The wide use of recommender
systems necessitates critical re ection on the issues that may arise when we allow
automation to dictate our exposure to information. Speci cally, bias in recommender
systems is a topic of interest within the scholarly community. Bias is a complex term
that can refer to various types of biases associated with interactions between users and
items in a given system [42].

Many studies have focused on measuring the phenomenon of popularity bias in
collaborative Itering systems B, 13, 71, 118 246 261]. Despite this large research
e ort to track and mitigate popularity bias, there is no univocal message regarding why
and when it occurs. In previous work, we found that studies that measure popularity
bias propagated by commonly used algorithms on benchmark datasets report varying,
sometimes contradicting results$8]. This observation raises questions; is popularity
bias sensitive to properties of the system that do not receive su cient attention? Why
is a seemingly simple phenomenon so hard to study? Additionally to the evaluation
strategy which was the focus of our previous work, we hypothesize that two factors that
also complicate bias measuring and reporting are data characteristics and algorithm
con guration.

Data characteristics Benchmark datasets are useful for academic research, as they
allow researchers to evaluate their hypotheses and compare their proposed debiasing
methods. However, their consistent use raises concerns that relate to the dependence
on the domain and source they were constructed from, and the potentiality for blind
spots that stem from outdated rating behaviour. Most importantly, by reporting on
types of bias on only a small set of publicly available datasets, researchers are restricted
by their specic characteristics. This speci city limits the scope of research, and
obfuscates the process of examining causality. In other words, it is not trivial to
conclude whether the propagation of bias or lack thereof is a result of the respective
algorithm's functionality, or of certain intricate details of the user-item interactions
within these datasets. Data synthesis based on assumptions can potentially assist with
shedding light on the aforementioned blind spots and gaining new insights into bias in
recommender systems.

Algorithm con guration Insu cient reporting of algorithm con guration leads to a
reproducibility problem within research on recommender systems. Studies have shown
that papers published in big conferences often do not disclose su cient information for
replication and veri cation [ 75]. This issue is also relevant in the bias discussion. Even
relatively simple algorithmic approaches, such as neighbour-based ones, are constructed
using hyperparameters and implementation choices that might a ect whether bias prop-
agation is observed. The RecSys community proposes a set of evaluation frameworks
to promote reproducibility 1, but there are important con guration di erences between

Lhttps://github.com/ACMRecSys/recsys-evaluation-frameworks
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them that often go unmentioned P7]. Testing the e ect of algorithm con guration can
be a means of reporting on bias in a comprehensive manner.

In this chapter, we experiment with data characteristics and algorithm con gurations
and observe the e ect on popularity bias. First, we look into data characteristics
that might have an impact on popularity bias given a rating prediction and top-10
recommendation task, a common setup among recent studies on popularity bias
[121, 122 159. Speci cally, we delve into the relation between popularity and rating,
as well as the preferences of users with large pro les. We analyze these characteristics for
three real datasets: a subset of Book-Crossingd5 constructed by Naghiaei et al[159]
MovieLens1M [P4] and Epinion [143. Additionally, we form a set of data scenarios
by tweaking and combining these characteristics. For each scenario, we generate a
corresponding synthetic dataset of ratings, based on the interactions from the subset
of Book-Crossing. Second, for a set of algorithms we identify con guration choices that
may impact whether or not popularity bias is observed. We study three widely used
algorithms, UserKNN, Biased Matrix Factorisation and Deep Matrix Factorization,
implemented in three frameworks recommended by ACM RecSys, LensKiBf], Cornac
[197], and Elliot [21]. We perform the recommendation process for the subset of Book-
Crossing, MovieLens1M and Epinion, as well as each synthetic dataset with varied
algorithm con guration choices. We apply commonly used popularity bias metrics
to evaluate the recommended lists, as well as RMSE and NDCG@10 to estimate the
performance of the algorithms when it comes to rating prediction and ranking.

Our results show that whether popularity bias is observed, and to what extent,
depends on much more than the algorithm that was used, or the domain in which
a study is carried out: all algorithms that we tested were seen to strongly propagate
popularity bias in some experimental settings, while not propagating popularity bias
in other settings. The same is true for datasets: all datasets led to bias in some
settings and not in others. The results further clarify that whether or not popularity
bias is observed depends on, rstly, specic (often unreported) con guration and
implementation details of algorithms. The implication of that is that the choice for a
certain framework largely impacts the outcome of a study. It also depends, secondly,
on characteristics of the dataset that is studied; speci cally, the relationship between
rating and popularity, as well as the preferences of users with large pro les are crucial
when it comes to popularity bias propagation. Finally, it is especially the interplay
between algorithm con guration and dataset characteristics that determines whether
popularity bias will be observed or not.

The contributions of this chapter are as follows:

a systematic investigation into the e ect of data characteristics on popularity bias,
by comparing results on three commonly used datasets as well as ve synthetic
datasets for which we control the properties.

a systematic investigation into the e ect of implementation di erences, by compar-
ing results of algorithm con gurations as well as non-con gurable implementation
di erences in well known frameworks.

"~ for the more interpretable algorithms, we highlight notable results among the
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many, to give insights into why certain combinations of dataset characteristics
and algorithm con gurations lead to popularity bias.

With this work, we wish to contribute to the eld by highlighting and disentangling
the challenges in studying popularity bias in recommender systems.

5.2 Related Work

In this section, we provide a brief overview of existing work on bias in recommender
systems and datasets and reproducibility.

5.2.1 Bias in Recommender Systems

Recommender systems are not immune to bias, even when only user consumption
history is fed to the model and not other information about the users or items. Edizel
et al. [66] discuss that a model might learn sensitive information like the gender of the
user in the latent space, and produce recommendations that are gender-dependent,
even more so than the interactions observed in the training set itself. In a survey on
the topic of bias and debias in recommender systems research, Chen et[dR] identify
three factors that contribute to bias: user behavior's dependence on the exposure
mechanism of the system, imbalanced presence of items (and users) in the data, and
the e ect of feedback loops. One type of bias that arises from the interaction between
an algorithm and imbalanced data is popularity bias.

Popularity bias is the phenomenon where popular items (i.e., items that are fre-
quently interacted with in the dataset) are recommended even more frequently than
their popularity would warrant [6]. It is commonly believed to be caused by the long-tail
distribution that often characterizes user-item interactions: most items have been rated
by only a few users, and a few items have been rated by many use83][ Various
studies have reported that frequently used recommender systems algorithms are prone
to propagating popularity bias existing in the dataset they were trained ond, 122, 159.

Di erent metrics have been proposed to quantify popularity bias 7, 9]. Despite the
extensive literature, our understanding of why certain algorithms and datasets are
more or less prone to popularity bias is limited. In a systematic work, Deldjoo et al.
[61]used regression-based modeling to explain accuracy and fairness exhibited by a
set of collaborative Itering algorithms through the lens of data characteristics such
as rating and popularity distribution. In this chapter, we describe scenarios of data-
algorithm interaction and report the results of di erent metrics associated speci cally
with popularity bias.

5.2.2 Datasets and Reproducibility

The way that recommender systems researchers usually test their hypotheses, novel
algorithms, and metrics is by conducting experiments on one or more publicly available
datasets of user-item interactions. Surveys on the topic of recommender systems research
show that the pool of datasets used is smalB®]; user behavior data from real-world
applications such as media platforms is often proprietary and therefore cannot be used
for benchmarking [L16]. In popularity bias studies, the use of di erent versions of
MovieLens is exceedingly commonZ3€], which leads us to wonder whether studies
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can be conclusive when they are carried out solely on a few datasets. In our approach,
we include a data synthesis step that allows us to experiment with di erent data
distributions and observe the result. Synthetic data serves multiple purposes, each
with its own speci ¢ requirements and evaluation setupd09. Data synthesis is a
much-discussed topic in recommender systems research, often explored in the context
of privacy [208 224]. Additionally, studies have employed data simulation to measure
bias in recommender systems under varying data properties [28].

The existence of datasets for training and testing is valuable for the recommender
systems community; research on publicly available data is necessary in order to ensure
reproducibility [ 196]. However, as noted by Cremonesi and JannadbO], sharing the
used data is not always su cient to ensure basic reproducibility. Studies showed that
in most cases recommender systems papers presented at top-tier conferences did not
provide code for their data preprocessing or hyperparameter tuning74, 75]. This
is also the case in popularity bias research; studies are often not accompanied by
code, and sometimes do not describe the data Itering or hyperparameter setting
[9, 1Q). Therefore, concluding that an algorithm or a dataset is prone to popularity bias
becomes challenging, as it is not possible to verify or falsify the claim5(Q]. Research -
has shown that the choice of hyperaparameters can highly impact quality metrics,
including average popularity of the items recommended1f09. At the same time,
popular frameworks seem to have important di erences that translate into di erent
performances for the same datasets given somewhat di erent implementations of the
same algorithm P7]. To further explore this issue, we experiment with algorithms
implemented in di erent libraries and with di erent parameter con gurations and
evaluate popularity bias for each of them.

5.3 Identifying Data Characteristics and Algo-
rithm Configurations

In this section, we identify data characteristics and algorithm con gurations that can
in uence popularity bias propagation in the context of a rating prediction and top-10
recommendation task. First, we locate data characteristics that can have an e ect on
whether popularity bias is propagated, partly inspired by the functionality of UserKNN.
UserKNN is a relatively simple algorithmic approach that simulates a “word-of-mouth’
setting and has lower dependence on non-intuitive parameters that impact optimization
(e.g., learning rate). Accordingly, we form a set of data scenarios that combine the
located characteristics. Second, we inspect UserKNN and two matrix factorization
algorithms, one traditional and one neural network-based, and locate con gurations
that can be potentially impactful for popularity bias propagation.

5.3.1 Data Characteristics

Whether or not popularity bias is propagated depends on how popularity manifests in
the dataset at hand. We discuss the relation between rating and popularity and the
preferences of in uential users.
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Relation Between Rating and Popularity In the context of a rating prediction task,

an algorithm aims to predict a future rating for every user of every item they have not
already consumed. Given that this is done by considering the other users' ratings, it
may be that items with high average rating will be prioritized by the system. Popularity
bias studies often do not disclose whether the popular items in the dataset also have
high ratings, but instead assume that their frequent recommendation is solely due to
their popularity. Previous work has shown the impact of high ratings on popularity
bias [246].

In uential Users In the context of UserKNN, certain users may be in uential because
they neighbour with many other users. For example, if only two users have rated an
item and they have not rated any other items, then this item will not be recommended to
anyone, because the two users are not in uential at all within the system. Consequently,
it is interesting to investigate the notion of user in uence and whether the result is
dominated by the preferences of users who, because of their large pro le size, are more
likely to have many neighbours.

Real Datasets

Figures 5.1a, 5.1b and 5.1c show the aforementioned characteristics for Book-Crossing,
MovieLens1M and Epinion, respectively. Speci cally, they show the correlation between
item average rating and item popularity among all users, as well as among the users
with the 20% largest pro les. We see that for Book-Crossing and MovieLens1M there
is a slight positive correlation between rating and popularity, and a negative one for
Epinion. Additionally, for the rst two datasets there is no obvious di erence between
the tendencies of all users and the ones with large pro les, while the users with large
pro les in Epinion are less favourable towards the popular items than the entire set of
users. Table 5.1 shows the number of users, items, and interactions, and sparsity for
each of the datasets.

Table 5.1: Basic characteristics of the real datasets. The synthetic datasets share the same characteristics as
Book-Crossing.

Dataset #users #items #ratings Sparsity

Book-Crossing (subset) 6,358 6,921 88,552 99.80%
MovieLens1M 6,040 3,706 1,000,209 95.53%
Epinion 22,164 296,277 912,441 99.99%

Data Scenarios

We synthesize data that follows a long-tail distribution for items and users, as it is
discussed as a prerequisite for popularity bias to occuBf, 39]. Speci cally, we choose
the interactions in a subset of the Book-Crossing datasetq9, 265 as a baseline, but
remove the rating values. We choose Book-Crossing as a basis for our experimentation
given the broader theme of book recommendation in this thesis and the fact that we
have extensively investigated its sensitivity to bias. To re ect on the observations above,
we form a set of scenarios around the relationship between popularity, rating and user
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(a) Book-Crossing (b) MovieLens1M (c) Epinion

(d) Scenario 1 (e) Scenario 2 (f) Scenario 3

(9) Scenario 4 (h) Scenario 5

Figure 5.1: Relation between item average rating and item popularity among all users and among users with
the 20% largest pro les, given three real and ve synthetic datasets.
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in uence to assign a synthesized rating to each interaction. This approach allows us to
simulate a real-world scenario where consumption is long-tail, while still experimenting
with data properties relevant for popularity bias. We recognize that the scenarios are
not necessarily realistic. User tendencies are likely to be more subtle in real world
situations. However, we believe that experimenting with extreme behaviors can help
us showcase the e ect that we are investigating, and lead the way for more nuanced
experimentation.

The scenarios, as well as the process we followed to generate each of them are as
follows:

1. Scenario 1: There is no relation between popularity and rating: For each
interaction, draw a rating value between 1 and 10 uniformly at random. In
this case, the popularity of the item is not taken into account when a rating is
generated.

2. Scenario 2: Popular items are generally rated higher by the users: For each
interaction, draw a rating value between 1 and 10 from a normal distribution,
where the mean is the popularity of the item normalized between 1 and 10. Since
the mean of the rating distribution is the item's normalized popularity, more
popular items tend to receive higher ratings.

3. Scenario 3: Popular items are generally rated lower by the users: For each
interaction, draw a rating value between 1 and 10 from a normal distribution,
where the mean is the opposite number of the popularity of the item normalized
between 1 and 10. Since the mean of the rating distribution is the opposite
number of the item's normalized popularity, more popular items tend to receive
lower ratings.

4. Scenario 4: Only users with large pro les rate popular items higher: For
each interaction, draw a rating value between 1 and 10 uniformly at random.
For the users with the 20% largest pro les, replace by drawing from a Poisson
distribution where the mean is the popularity of the item normalized between 1
and 10. While most users rate at random, users with large pro les tend to rate
popular items higher.

5. Scenario 5: Only users with large pro les rate popular items lower: For each
interaction, draw a rating value between 1 and 10 uniformly at random. For the
users with the 20% largest pro les, replace by drawing from a Poisson distribution
where the mean is the opposite of the popularity of the item normalized between
1 and 10. While most users rate at random, users with large pro les tend to rate
popular items lower.

Figures 5.1d to 5.1h show the correlation between item average rating and item
popularity within the ve synthetic datasets. The e ects are much more pronounced
than for the real datasets. Scenario 1 shows no relation between average rating and
popularity, as the ratings were drawn uniformly at random. Scenarios 2 and 3 showcase
a very positive and a very negative correlation, respectively. For scenario 4, we see a
positive correlation, which is higher for users with large pro les, and for scenario 5 a
negative correlation, which is even lower for users with large pro les.
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5.3.2 Algorithm Configurations
In this section, we describe the algorithm con gurations examined for UserKNN and
two matrix factorization algorithms, one traditional and one neural network based.

UserKNN

Despite UserKNN's simplicity, there are con guration choices that can potentially
greatly in uence the result. We identi ed the following: minimum similarity, the items
considered for similarity, and minimum neighbours.

Minimum Similarity It is common in UserKNN implementations that not all users
who rated an item are considered §2]. Instead, the notion of neighbourhood is
introduced; only the users most similar to the target user are taken into account when
producing a predicted score. The ltering can be done by introducing a cut o value
of minimum similarity for consideration, among other techniques.

ltems for Similarity Given a similarity metric (e.g., cosine similarity), a design
choice still has to be made on whether similarity between two users will be calculated
for their full rating vectors, or only for ratings on items these two users have in common.
See [12] for clari cation.

Minimum Neighbours When the neighbourhood is constructed for a given user,
then a score is predicted for each item in a list of candidates. In some implementations,
the predicted score is not calculated for all potential items. Instead, the algorithm
focuses on items that have been rated by at least a minimum number of neighbours of
the current user.

It is worth noting that LensKit and Cornac di er when it comes to these choices as
seen in Table 5.2. Two of the parameters tested are not con gurable in Cornac, while
the third is not con gurable in either framework and is set to a di erent value in each
of them.

Table 5.2: Con guration choices related to UserKNN made by LensKit for Python and Cornac.

Con guration choice LensKit for Python Cornac

Minimum similarity Con gurable (default: 0) Fixed to -1

Items for similarity Fixed to all items Fixed to common items
Minimum neighbours  Con gurable (default: 1) Fixed to 1

Traditional Matrix Factorization
In order to experimentally inspect the e ect of implementation, we focus on a matrix
factorization algorithm that is implemented by both LensKit and Cornac. Namely, we
look into Biased Matrix Factorization (BMF).

BMF is a type of matrix factorization used for explicit rating prediction, and it is
di erently implemented in LensKit and Cornac. LensKit provides an alternating least
squares implementation of BMF, and the default solver is coordinate descer&l9 with
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weighted regularization P62. Cornac implements a stochastic gradient descent solver
for BMF [119. In both libraries, the Boolean parameter of bias is included to signify

whether user and item bias are used to predict the ratings, and is by default set to
True. Bias is an interesting parameter to investigate in the context of popularity bias

propagation.

Deep Matrix Factorization

Along with BMF, we perform preliminary analysis on the popularity bias propagated
by a neural network based matrix factorization algorithm, namely Deep Matrix Fac-
torization (DMF). DMF uses a multi-layer perceptron to project users and items into
a latent structured space 245. It takes into account explicit ratings and implicit
interactions to compute the low-dimensional vectors via a neural network architecture,
and then estimates the relevance of an item to a user with cosine similarity between
the vectors. DMF is not available in either Cornac or LensKit. The Elliot framework
[2]] includes an implementation of DMF that comes with a set of hyperparameters
that can be tweaked. DMF's hyperparameters consist of latent factors, which represent
the number of units in the nal MLP layer for both users and items. The regularization
term controls over tting by penalizing large weights in the model. The learning rate
determines the step size during optimization. Finally, the similarity measure computes
the relevance between user and item embeddings using cosine similarity.

Neural network based approaches are generally understood to be less interpretable.
Therefore, predicting or even explaining the e ect of their parameters on popularity bias
is nontrivial. For the purposes of this study, we experiment with the number of latent
factors in the nal layer of the network, since they can a ect the under tting/over tting
of the model, which can have an interplay with the data characteristics.

5.4 Experimental Setup

In this section, we describe the experiments that we run in order to determine the e ect
of data characteristics and algorithm con guration on the propagation of popularity
bias. We run all experiments on a Fedora Linux 40 machine with a 24-core AMD EPYC
7401 Processor and 1TiB RAM. We use the following versions of the recommender
systems frameworks: LensKit 0.14.2, Cornac 1.16.0 and Elliot 0.3.1. The code we
wrote to run the experiments3 has been made open source. For the Book-Crossing
subset, the datasets MovieLens1M and Epinion, as well as every synthetic data scenario,
we perform a recommendation process given every version of every algorithm. For
UserkKNN, we test the following versions given the con gurations discussed in section
5.3.2:

~ Min. similarity 0, over all items, 1 min. neighbour.
~ Min. similarity 0, over all items, 2 min. neighbours.

" Min. similarity -1, over all items, 1 min. neighbour.

2https://github.com/SavvinaDaniil/DiagnosingBiasRecSys
Shttps://github.com/SavvinaDaniil/Elliot
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" Min. similarity -1, over all items, 2 min. neighbours.
~ Min. similarity -1, over common items, 1 min. neighbour.

For BMF, we test the LensKit and Cornac version, along with the bias parameter.
For DMF, we test the Elliot version, along with the number of factors in the nal
layer. For each algorithm version and each dataset, we perform optimization based on
RMSE by splitting the dataset into 80-20% sets to nd the best values for some of the
non- xed hyperparameters of the respective version, except for DMF that we based
the optimization on NDCG@10 since DMF does not predict rating but relevance score.
The resulting hyperparameters can be seen in our repositories. Afterwards, we divide
the users into training and test users in a 5-fold cross validated way. We make sure
to use the same splits for all algorithms and all versions. For every test user, we use
80% of their ratings for training and the remaining 20% for testing, which is an option
in LensKit. We train the model on the training set. For each user in the test set, we
predict a rating for every item they have not rated in the training set (see Trainltems
in section 3.1.3 of 19€]), rank the items based on the predicted score and recommend
the top-10 items, in line with recent studies on popularity bias.

We report on RMSE and NDCG@10 where applicable to estimate the e ectiveness
of the rating prediction and ranking, respectively. We also calculate the following
widely used metrics on the recommended lists to estimate popularity bias propagation:

1. Popularity Correlation (PopCorr): The correlation between popularity in
training set and recommendation frequency for every item [121].

2. Average Recommendation Popularity (ARP): The average popularity of the
items in the recommended lists [8, 253].

3. Popularity Lift (PL): The average relative di erence in popularity between the
recommended items and the items in the users' pro les [10].

Finally, for every dataset and algorithm we perform a Mann WhitneyU test to
observe whether there is a signi cant di erence among con gurations for ARP and
PL, and include the result in the respective tables.

5.5 Results

In this section, we provide insights into how algorithm con gurations impact popularity
bias and performance for the di erent datasets by presenting the results across the
set of metrics listed in section 5.4. For each metric, we embolden the highest value
among con gurations. For ARP and PL, we use the asterisk (*) to signify which values
are signi cantly lower than the highest one according to a Mann WhitneyU test with
p<0:005. We abbreviate Book-Crossing as B-C and MovieLens1M as ML1M.

5.5.1 Popularity bias by UserKNN

Real Data

Table 5.3 shows the results when combining di erent UserKNN con guration choices
with the Book-Crossing subset, MovieLens1M, and Epinion.
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Table 5.3: Popularity bias and performance of di erent UserKNN con gurations given Book-Crossing,
MovieLens1M, and Epinion. OverCommon set to True corresponds to the Cornac implementation, and set
to False to the LensKitimplementation. For each metric, we embolden the highest value among con gurations.
For ARP and PL, we use the asterisk (*) to signify which values are signi cantly lower than the highest one
according to a Mann Whitney U test with p<0.005.

Dataset Min Itemsfor Min Pop ARP" PL" RMSE# NDCG
Sim  Similarity Nbrs Corr" @10"
B-C -1 Common 1 0.010 0.002* -32.843* 1.739 0.001
All 1 -0.000 0.002* -38.583* 1.860 0.001

2 0.282 0.003* 15.018* 1.758 0.003

0 1 0.071 0.003* -17.740* 1.816 0.001

2 0.446 0.005 67.356 1.704  0.006
MLIM -1 Common 1 -0.093 0.000* -99.722* 0.910 0.000
All 1 -0.082 0.000* -99.782* 0.906 0.000
2 -0.053 0.017* -86.270* 0.904 0.004

10 0.247 0.175 26.134 0.894  0.055
0 1 -0.050 0.010* -91.918* 0.900 0.003
2 -0.003 0.041* -67.794* 0.894 0.013

10 0.176 0.170* 21.997 0.898 0.048
Epinion -1 Common 1 0.020 0.000* 20.789* 1.154 0.000
All 1 0.023 0.000* 36.538* 1.212 0.000

2 0.173 0.001* 176.224 1.168 0.000

0 1 0.043 0.001* 65.527* 1.148 0.000

2

0.153 0.001 165.929 1.108 0.001
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The extent to which popularity bias propagates in the recommendation varies across
the datasets. For Book-Crossing, the algorithm performance is best when popularity
bias is high, based on both RMSE and NDCG@10. When minimum neighbours are set
to 1, there is no notable popularity bias according to all metrics. On the other hand,
when minimum neighbours are set to 2, the PopCorr and PL metrics indicate strong
popularity bias. Additionally, minimum similarity is impactful: increasing it from -1
to O increases popularity bias across all metrics. Finally, which items to consider for
similarity has a small e ect on all metrics, but without a clear direction.

For MovieLens1M, according to NDCG@10, ranking performance is higher than
for Book-Crossing and Epinion. For MovieLens1M, the minimum neighbours hyperpa-
rameter of UserKNN impacts popularity bias largely, with bias increasing when more
minimum neighbours are required. In contrast to Book-Crossing, popularity bias is the
highest for minimum similarity of -1, based on all metrics. Which items to consider for
similarity has no discernible e ect on popularity bias.

On Epinion, popularity bias is present for all versions of the algorithms according
to the PopCorr and PL metrics. Again, increasing minimum neighbours increases
popularity bias across metrics. The parameters of minimum similarity and which items
to consider for similarity a ect popularity bias, but not largely.

It is immediately observable that popularity bias varies across the di erent con gurations
of UserKNN with the parameter of minimum neighbours, one that is not con gurable in one of
the frameworks, being especially in uential. This is true for every dataset, though the degree of
popularity bias also di ers between the datasets. The results indicate that popularity bias is not
unavoidable when the data follows a long tail distribution, and depends on other characteristics
of the datasets as well as the con guration of the algorithms.

Synthetic Data

To investigate which data characteristics could impact popularity bias propagation
given each version of UserKNN, we present the results for the synthetic datasets in
table 5.4.

Performance varies across the data scenarios. RMSE speci cally is lower for
scenarios 2 and 3 compared to the other three. In these two scenarios, users tend to
agree between them on whether they like popular items or not, which facilitates the
rating prediction task. NDCG@10 is the highest for scenario 2, where popular items
are highly rated by the users. In this case, the rating prediction and ranking tasks are
linked, since the highest ranked (i.e., popular items) are also highly rated.

Popularity bias also varies across the data scenarios, and the e ect depends on the
algorithm con guration. In the following paragraphs, we describe and re ect on the
most impactful e ects of the interaction between data and con guration.

For scenario 1 where ratings are uniformly at random generated, there is no notable
popularity bias propagation observed when minimum neighbours are set to 1, while
there is bias when minimum neighbours is set to 2. This observation is in line with
what we noted for the real datasets, where increasing minimum neighbours results in
higher popularity bias for all datasets and metrics.

In scenario 3 where all users agree that popular items are bad, popularity bias is
not propagated when minimum similarity is set to 0. However, when setting minimum
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Table 5.4: Popularity bias and performance of di erent UserKNN con gurations given synthetic data based
on di erent data scenarios. OverCommon set to True corresponds to the Cornac implementation, and set to
False to the LensKit implementation. For each metric, we embolden the highest value among con gurations.
For ARP and PL, we use the asterisk (*) to signify which values are signi cantly lower than the highest one
according to a Mann Whitney U test with p<0.005.

Data Min Items for Min  Pop ARP" PL" RMSE# NDCG
Scen. Sim  Similarity Nbrs Corr" @10"
Scen.l -1 Common 1 0.004 0.002* -35.746* 3.337 0.001
All 1 0.018 0.002* -32.285* 3.502 0.001

2 0.418 0.004*  21.252* 3.352 0.003

0 1 0.101 0.003* -12.827* 3.624 0.002

2 0.615 0.005 65.440 3.464  0.005
Scen.2 -1 Common 1 0.604 0.015* 305.197* 1.150 0.013
All 1 0.596 0.021* 426.621* 1.188 0.019

2 0.614 0.022* 447.618* 1.190 0.021

0 1 0.552 0.027 632.300 1.040 0.023

2 0.562 0.027 591.966 1.026 0.025
Scen.3 -1 Common 1 0.522 0.006* 151.686* 1.151 0.001
All 1 0.559 0.008* 187.197* 1.182 0.002

2 0.728 0.008 192.127 1.182 0.002

0 1 0.025 0.002* -35.765* 1.044 0.001

2 0.161 0.003* -13.100* 1.034 0.004
Scen4 -1 Common 1 0.184 0.003* 8.669* 2.458 0.001
All 1 0.253 0.003* 23.063* 2.502 0.001

2 0.772 0.006*  97.490* 2.404 0.004

0 1 0.588 0.008* 164.549* 2.500 0.004

2 0.701 0.014 297.047 2.386 0.010
Scen5 -1 Common 1 0.057 0.002* -16.243* 2.783 0.001
All 1 0.087 0.003* -7.924* 2.880 0.001

2 0.623 0.005* 57.969 2.776 0.003

0 1 0.136 0.003* -16.122* 2.914 0.003

2 0.612 0.005 42.849 2.794 0.006
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similarity to -1, we can observe popularity bias propagation across all metrics. The
reason is that users with completely di erent opinions are considered and their opinions

count negatively. Therefore, popular items still get recommended since everyone's
"negative" neighbours dislike them, and we can observe popularity bias propagation
across all metrics.

When considering only common items to calculate similarity, users with smaller
pro les have a larger in uence. This is relevant in scenario 4 where users with large
pro les like popular items. Table 5.4 shows that even though scenario 4 still leads
to popularity bias, considering only common items reduces it across all metrics.
Therefore, this implementation choice can have a big impact on whether popularity
bias is propagated and to what extent.

Finally, the value for minimum neighbours largely in uences popularity bias. Across
almost all scenarios and metrics, increasing minimum neighbours from 1 to 2 leads to
increased popularity bias. By setting a higher neighbour barrier for considering an
item for recommendation, it follows that less popular items will be disadvantaged. This
result is particularly relevant given that the parameter of minimum neighbours could
only be tweaked in one of the considered frameworks, so studies that use Cornac or
LensKit might reach di erent conclusions on the extent of popularity bias propagated
by UserKNN.

Popularity bias manifests di erently in di erent datasets; an explanation for this can be
found in data characteristics, speci cally the relation between item ratings, item popularity,
and the in uence of users with large pro les. All three con guration choices a ect the observed
bias, as they in uence the weight of each user's preference.

5.5.2 Popularity bias by Matrix Factorization algorithms

Real Data

Table 5.5 shows the results for BMF, trained on Book-Crossing, MovieLens1M and
Epinion.

BMF tends to have a better performance than UserKNN overall. Popularity bias
varies across the LensKit and Cornac implementations of BMF. Also very notable is
the e ect of the bias parameter.

For Book-Crossing, in both implementations the bias parameter increases popularity
bias. For example, PopCorr on Book-Crossing with LensKit i€0:013 with bias set to
False and0:108with bias set to True, as seen in Table 5.5. Speci cally, the LensKit
implementation with the bias parameter set to True is the only version where there is a
positive popularity correlation, as well as positive popularity lift, with the di erence
being signi cant.

For MovieLens1M, there is higher popularity bias across metrics when the Cornac
implementation is used. Additionally, the bias parameter changes PL from negative to
positive when the LensKit implementation is used.

For Epinion, there is higher popularity bias across metrics when the LensKit
implementation is used. The bias parameter is also very in uential, as setting it to
True results in higher popularity bias across all metrics, given both implementations,
as was the case for Book-Crossing.



102 5 The challenges of studying bias in recommender systems

Table 5.5: Popularity bias and performance on the Book-Crossing, MovieLens1M and Epinion datasets given
di erent BMF implementations. For each metric, we embolden the highest value among con gurations. For
ARP and PL, we use the asterisk (*) to signify which values are signi cantly lower than the highest one
according to a Mann Whitney U test with p<0.005.

Bias Pop ARP" PL" RMSE# NDCG

Dataset Framework parameter Corr" @10"
B-C Cornac False -0.015 0.001* -68.639* 1.587 0.001
True 0.003 0.002* -40.168* 1.535 0.001

LensKit False -0.013 0.002* -58.518* 1.762  0.004

True 0.108 0.005 46.533 1560 0.004

ML1IM  Cornac False 0.266 0.193 35.186 0.856  0.064
True 0.234 0.192 35.859 0.856 0.059

LensKit False 0.151 0.125* -14.392* 0.860 0.038

True 0.183 0.155* 7.987* 0.866 0.040

Epinion Cornac False 0.001 0.000* -53.845* 1.152 0.000
True 0.009 0.001* 19.814* 1.029 0.000

LensKit False 0.020 0.001* -54.107* 1.240 0.000

True 0.126 0.003 402.394 1.030 0.001

We see that the choice for a framework - LensKit or Cornac - largely determines whethe
popularity bias is observed when using a Matrix Factorization algorithm on widely used datasets
and the e ect di ers per dataset. In addition, setting the bias parameter of these algorithms
impacts to what extent popularity bias is observed.

Synthetic Data

Additionally to the conclusions drawn from the results on the real datasets, to observe
whether the data scenarios in uence popularity bias propagated by BMF and the
impact of the bias parameter, we present the results on the synthetic datasets in table
5.6.

BMF has a better performance than UserKNN when trained on the synthetic
datasets. Similarly to UserKNN, BMF also results in low RMSE for scenarios 2 and 3,
and high NDCG@10 for scenario 2. Experimenting with di erent synthetic datasets
helps explore the observation from the previous section that BMF propagates popularity
in some cases. Popularity bias can be observed for scenarios 2 and 4, while scenario
5 where users with large pro les do not like popular items results in no popularity
bias across metrics. This indicates that the preferences of users with large pro les are
in uential for the system, and thus, for popularity bias.

In the previous section, we saw that the LensKit and Cornac implementations
lead to varying results with respect to popularity bias. On the synthetic datasets, the
e ect is more apparent. The bias parameter has opposite e ects between the two
implementations in scenario 4 as seen in Table 5.6. In Cornac, using bias increases
popularity bias across all metrics. On the contrary, the bias parameter decreases
popularity bias in the LensKit implementation. This can be due to the use of di erent
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optimization methods by Cornac and LensKit. Further investigation is needed to better
understand the impact of the bias parameter on popularity bias.

Table 5.6: Popularity bias and performance given di erent BMF implementations and synthetic data based
on di erent data scenarios. For each metric, we embolden the highest value among con gurations. For ARP
and PL, we use the asterisk (*) to signify which values are signi cantly lower than the highest one according
to a Mann Whitney U test with p<0.005.

Data Bias Pop ARP" PL" RMSE# NDCG
Scenario Framework parameter Corr" @10"

Scen. 1 Cornac False -0.013 0.001* -67.527* 3.191 0.001
True 0.079 0.006 74.548 2.872 0.003

LensKit False -0.015 0.002* -52.395* 3.400 0.002

True -0.008 0.002* -49.725* 3.028 0.001

Scen. 2 Cornac False 0.475 0.030 743.388 0.938 0.026
True 0.467 0.030 743.446 0.802 0.025

LensKit False 0.507 0.030* 740.064 0.940 0.025

True 0.498 0.030* 742.366 0.818 0.025

Scen. 3 Cornac False -0.022 0.001* -76.210* 0.850 0.001
True 0.010 0.002 -31.473 0.796 0.001

LensKit False -0.091 0.001* -73.688* 1.032 0.001

True 0.017 0.002* -37.387* 0.810 0.001

Scen. 4 Cornac False 0.036 0.004* -20.286* 2.510 0.005
True 0.424 0.027 647.074 2.297 0.019

LensKit False 0.462 0.010* 149.807* 2.746 0.012

True 0.219 0.008* 129.271* 2.390 0.008

Scen. 5 Cornac False -0.018 0.001* -73.474* 2.671 0.001
True -0.006 0.002* -53.320* 2.500 0.001

LensKit False -0.045 0.001* -59.393* 2.890 0.002

True -0.013 0.002 -50.113 2.582 0.001

We conclude that, even though the data synthesis was based on the functionality of UserKNN,
the di erences between the synthesized datasets largely impact popularity bias propagated by BMF.
Furthermore, the results con rm that for both BMF implementations, the bias parameter a ects
popularity bias. The e ect is di erent - sometimes even opposite - for di erent combinations of
dataset and implementation.

5.5.3 Popularity bias by Deep Matrix Factorization
The goal of this section is to see whether the lessons learned from the detailed analysis
presented in the previous sections hold for a neural network-based method.

Real Data
Table 5.7 shows the results when combining di erent DMF con guration choices
with the Book-Crossing subset and MovieLens1M. Training DMF on Epinion was not
possible due to memory allocation limitations.

The number of latent factors in the nal layer of the neural network has a clear
impact on the results. Interestingly, the impact di ers between the two datasets.
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Speci cally, when the number of factors is set to 64, popularity bias increases for
Book-Crossing, with the di erence being signi cant. In the case of MovieLens1M, the
same con guration results in signi cantly lower values across metrics.

We observe that the combination of data and con guration also a ects popularity bias
propagation by neural architectures.

Table 5.7: Popularity bias and performance on the Book-Crossing, MovieLens1M and Epinion datasets given
di erent DMF versions. For each metric, we embolden the highest value among con gurations. For ARP
and PL, we use the asterisk (*) to signify which values are signi cantly lower than the highest one according
to a Mann Whitney U test with p<0.005.

Pop ARP" PL" NDCG
Dataset Factors Corr" @10"
B-C 32 0.012 0.002* -38.610* 0.002
64 0.125 0.005 35.582 0.003
MLIM 32 0.046 0.064 -54.777 0.010
64 0.032 0.057* -59.654* 0.008

Synthetic Data
To con rm and expand upon the observations of the previous section, we report on
performance and popularity bias of DMF on the synthetic data in table 5.8.

Table 5.8: Popularity bias and performance given di erent DMF versions and synthetic data based on
di erent data scenarios. For each metric, we embolden the highest value among con gurations. For ARP
and PL, we use the asterisk (*) to signify which values are signi cantly lower than the highest one according
to a Mann Whitney U test with p<0.005.

Pop ARP" PL" NDCG
Data Scenario Factors Corr" @10"
Scenario 1 32 0.057 0.003 -8.529 0.003
64 0.059 0.003 -10.247 0.003
Scenario 2 32 0.183 0.005 42.030 0.004
64 0.720 0.004* -13.542 0.017
Scenario 3 32 0.039 0.003* -19.041* 0.002
64 0.074 0.004 4.613 0.003
Scenario 4 32 0.009 0.002* -41.003* 0.002
64 0.393 0.003 -34.005 0.006
Scenario 5 32 0.004 0.002* -43.433* 0.002
64 0.079 0.003 -10.451 0.003

Popularity bias and performance uctuate among scenarios. In line with the results
from previous sections, popularity bias is the highest for scenarios 2 and 4, and the
low for the other scenarios. The parameter tested also has an e ect, which aligns with
the e ect on the real data. For all scenarios, increasing the number of factors in the
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nal layer increases popularity bias, in most cases signi cantly, which aligns with the
results on Book-Crossing.

Note that the results presented in this section are preliminary. Further research
is needed to explore the e ect of data characteristics and algorithm con guration on
popularity bias propagated by neural network based algorithms. A future study could
align with recent advancements in recommender systems by formulating a ranking
prediction task and studying popularity bias propagation by the neural network based
algorithms available in commonly used open source frameworks.

The preliminary results indicate that the conclusions drawn above also hold for neural
network based approaches: data characteristics determine whether popularity bias occurs;
popularity bias is not unavoidable even when the data follows a long tail distribution; parameters
that can be set at implementation time have a large e ect on the propagation of popularity bias.

5.6 Discussion

5.6.1 Implications of the present study
Our research shows that multiple data and con guration factors can have an e ect on
whether bias is propagated. Relying on frameworks readily available to researchers is
convenient and a concrete step towards reproducibility, but requires being aware and
detailed about the limitations. When simple parameters, such as minimum neighbours
in UserKNN, are so in uential, it raises questions on how generalizable research on
recommender systems bias can be. Our results indicate that bias studies can only draw
conclusions within the limits of their speci ¢ research and not further than that.

It follows that being explicit about the context within which a type of bias is studied
is crucial, both in terms of data characteristics and implementation. It is a known
issue in recommender systems literature that implementation details are often not
disclosed by studies. Even in cases where they are, guessing the e ect of di erent
hyperparameters that are not present in an implementation or experimented with is
not trivial. Bias reporting is de nitely not complete if it is not accompanied by clarity
around the characteristics, goals and limitations of the system that is being studied.

5.6.2 Recommendations of the present study
Based on the results of the present study, we put forward two recommendations towards
researchers who study bias in recommender systems.

First, researchers should analyze and report on the dataset characteristics that
might impact the type of bias they are concerned with. For UserKNN, the relationship
between rating and popularity, as well as the preferences of users with large pro les
impact popularity bias and should be taken into account in relevant studies. For
other algorithms and types of bias, there could be other relevant characteristics. Such
analysis will help the reader understand the extent to which the results are a result of
the dataset characteristics.

Second, researchers should test multiple algorithm con gurations when measuring
bias propagation. In a similar way that the community expects x-fold cross validation,
since presenting the results of only one run may not be reliable, we could expect to see
results on multiple algorithm con gurations as well. If the conclusions are only valid
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for one speci ¢ con guration of the algorithm at hand, then that should be clear in the
limitations of the study.

5.6.3 Limitations of the present study and future work

Despite our extensive testing, the results are potentially sensitive to our own experi-
mental design, such as the method for train-test splitting or randomness in the data
generation process. Similarly, instantiating the di erent implementations with the exact
same con guration choices is not always possible due to some of the parameters not
being con gurable. As a result, there might be implementation di erences between
the frameworks that we are not aware of and cause part of the variation in results,
irrespectively of the con gurations tested. On this note, we noticed that our reported
accuracy does not always coincide with the conclusions of other papers that study
the same algorithms and/or datasets. For example, the developers of DMF reported
high NDCG@10 results for MovieLens1MZ45. However, their evaluation strategy
was very di erent from ours: for every user, they only held out one item consumed
by them for testing, and only ranked 100 random items instead of all the items not
present in the training set like we did. It is reasonable that their performance is better
than the one we report. This discrepancy further supports our claim that generalizing
conclusions beyond the boundaries of a speci ¢ study is not always possible and should
be done carefully, which aligns with our previous work where we emphasized the
impact of evaluation strategy 58]. These observations highlight the importance of our
line of research instead of hindering it, since they hint that data and implementation
dependence might be present more often than we think.

We recognize that the scholar community has generally moved on from explicit
user preferences and rating prediction. We do not focus on implicit feedback given that
recent studies on popularity bias are often performed on datasets with explicit ratings
in the context of rating prediction tasks [L21, 122, 159. A process similar to ours can
be followed in the context of implicit feedback: instead of tweaking ratings, researchers
can form scenarios around the distribution of popularity in the dataset and study
distributions with varying levels of long-tail. Future work can also focus on components
that we chose not to investigate in this study, such as more advanced algorithms,
other open libraries for implementation, and the vulnerability of other types of bias
to data and algorithms. For example, researchers can create data scenarios based on
assumptions regarding the relationship between an item's rating and the demographic
characteristics of its creator. Further nuance can be introduced in the data synthesis
part, by allowing for more complex relationships between popularity, rating and user
in uence. Future work could further investigate the impact of data characteristics
and con gurations on the complex relationship between system performance and
popularity bias. Our ndings could also be of use in the domain of bias mitigation:
certain algorithm con gurations appear to have a clear e ect on popularity bias (e.g.,
increasing the minimum neighbours in UserKNN consistently increases it). It is,
therefore, relevant to investigate whether appropriately con guring certain parameters
assists with popularity bias mitigation.
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5.7 Conclusion

In this study, we re ected on the need for fundamental understanding of the relationship
between data, algorithms and bias in recommender systems. We focused on reporting on
popularity bias, and tracked algorithm con gurations and data characteristics that are
of importance in its propagation. Accordingly, we generated a set of synthetic datasets,
experimented with performing a recommendation process on real and synthetic datasets
using di erent con gurations of the algorithms at hand, and evaluated popularity bias
using well-known metrics. We found that even when the distribution of popularity in the
dataset is long-tail, popularity bias is not unavoidable. We showed that the relationship
between popularity and rating, as well as the preferences of users with large pro les
have an impact on bias. We highlighted the sensitivity of bias propagation to algorithm
con guration and, by extension, framework implementation. Our observations point
to methodology and reproducibility issues that extend further than a speci ¢ use case,
to the recommender systems eld at large.

Recommender systems are widely used in our online lives, and bias propagation
by such systems can have serious societal impact. With this work, we hope to have
called attention to the ambiguity in bias reporting and motivated researchers to strive
for reproducibility and highlight speci city when appropriate.
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Hidden author bias in
publicly available dalasets

Following our investigation of how data characteristics and algorithms a ect bias measurement

(Chapters 4 5), we now ask whether popularity bias in practice corresponds to social bias. In
this chapter, we examine whether the statistical phenomenon of popularity bias translatesgg
bias against authors based on demographic characteristics.

Collaborative lItering algorithms have the advantage of not requiring sensitive user or item
information to provide recommendations. However, they still su er from fairness related issues,
like popularity bias. In this work, we argue that popularity bias often leads to other biases
that are not obvious when additional user or item information is not provided to the researcher.
We examine our hypothesis in the book recommendation case on a commonly used dataset with
book ratings. We enrich it with author information using publicly available external sources.

We nd that popular books are mainly written by US citizens in the dataset, and that these
books tend to be recommended disproportionally by popular collaborative Itering algorithms
compared to the users' pro les. We conclude that the societal implications of popularity bias
should be further examined by the scholar community.

This chapter is based on g Daniil et al., Hidden Author Bias in Book Recommendation, arXiv:2209.00371 [57].
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6.1 Introduction

In recent years, Trustworthy Al is discussed as an important principle within the Al
scholar community, but also on a national and international governmental level7p).
Robust algorithms have proven to be vulnerable to undesirable data patterns, and
developers are not always able to beforehand recognize that. Public organizations
speci cally bear immense responsibility when utilizing Al to promote and facilitate
their purposes. Recently publicized scandals have showcased that issues of bias and
fairness are not always properly taken into account [30, 98].

Recommender Systems are a very popular class of algorithms within domains like e-
commerce and entertainment platforms132. They often process an enormous amount
of data in order to pro le users and suggest products that they are likely to consume,
and have proven to be very e cient. Collaborative Itering algorithms are a subset of
Recommender Systems that speci cally function by receiving consumption history as
input rather than sensitive personal information of the users or itemslpP(d. One might
think that by omitting sensitive information, unwanted bias has no way to manifest in
such a system. This is not the case; collaborative lItering approaches are still known
to su er from popularity bias. In short, popularity bias is an algorithmic e ect where
items that were originally popular in the training dataset tend to be recommended
more often and thus have their popularity increase further.

Popularity bias is recognized in both social and academic circles as a problem to
be dealt with. It leads to decreased exposure of long-tail items that are critical for
providers and platforms P], and users with niche tastes may have their interests ignored
[9]. At the same time, feedback loops are a point of concern for recommendations as
homogeneity in user behavior ampli ed by popularity bias hinders utility [40].

However, certain indirect implications of it are not placed in the forefront of said
discussions. Given the fact that popular items tend to become more popular, it is
appropriate to wonder which items were popular in the rst place. We argue that
popularity is often linked to other properties of an item, which translates to popularity
bias leading to other sorts of data bias as well.

Speci cally, we are investigating the topic of bias within the book recommendation
domain. In this context, book authors are potential recipients of bias by a recom-
mender system, as their popularity might coincide with sensitive characteristics such
as age, ethnicity, religion, gender identity, sexual orientation, nationality and political
preference. Multiple of said characteristics are known to instigate unfair treatment
of authors in the publishing world R3]. The treatment of authors by a recommender
system based on their gender identity has received some attention from the scholar
community [68, 199], but other characteristics remain unexamined.

In this speci ¢ work, we are zooming in on author country of citizenship. In a
globalized book market, readers are no longer only exposed to local production. Steiner
[215]argues that ..shifts in Internet use, the expansion of an e-book market, and the
in uence of a few large American corporations together appear to be transforming
international publishing and retail . Hence, it is relevant to examine the relation
between author country of citizenship and popularity, as well as the resulting e ects in
recommendation. Speci cally, we are answering the following research questions:
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1. Do commonly used recommender algorithms propagate data bias towards author
country of citizenship?

2. What is the relation between author country of citizen bias and popularity bias?

We are considering these questions in the context of a dataset with book ratings
frequently used in literature to evaluate recommender systems.

6.2 Related Work

In this section, we will discuss previous work on popularity bias, as well as recent
reports on the presence of bias in the book publishing industry.

6.2.1 Popularity bias

Popularity bias is a long standing problem within the context of Recommender Systems
and Information Retrieval [37]. As explained by Steckj214]it stems from the users'
tendency to provide feedback to popular items more often than long-tail items, which
may not represent their true preferences. A system that recommends solely popular
items to every user might score high on accuracy metrics, but it does not satisfy other
requirements like item coverage [146].

Recently, studies in the movie, music and book domain showed that popularity bias
impacts di erent user groups disproportionally depending on their a nity for popular
items [9, 122, 159. Speci cally, users who tend to prefer niche items still receive mostly
popular items as recommendations by well-known recommender algorithms. In that
sense, niche users are treated unfairly by the system that fails to expose them to items
that presumably would match their preferences better.

Popularity bias is recognized as a aw of the system that leads to overall poor
functionality in terms of fairness and balance, which transcend the basic goal of user
satisfaction. Abdollahpouri[3] argues that recommenders exist in multi-stakeholder
platforms, thus rendering the satisfaction of interests, economic or otherwise, of item
providers and platforms equally desirable. However, to our knowledge the societal
connotations of popularity bias are not su ciently addressed. Commonly used datasets
with ratings tend to not contain information that would be needed to examine which
items are consistently popular or which social groups of users/providers are unfairly
treated. In other words, the potential of societal harm when popularity correlates with
sensitive data properties adds an extra layer to the view of popularity bias breaching
fairness.

6.2.2 Bias in the book market

The existence of di erent forms of bias in the publishing industry is well known.
Female authors at large have historically been undervalued in the publishing landscape,
for example by being less likely to be considered for reviews or major awardg{].
The 2020 academic study "Rethinking Diversity in Publishing" conducted qualitative
interviews with professionals from all major UK literary agencies and concluded that
publishers cater mostly to white middle-class audience and hence are less likely to
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invest in acquisition and promotion of authors of color 195. Similar patterns have
been reported in the US by various surveys [127, 266].

In the globalized book market, the US holds the largest revenue share according to
a 2018 survey by the International Publishers Associatior243. At the same time, 7
out of the 10 highest-paid authors worldwide reported in 2018 by Forbes are US citizens
[51]. Social cataloging websites commonly used by younger readers for discovering and
reviewing new titles also tend to be US-centric. For example, the American Amazon
owened Goodreads places rstin the list of websites related to "Libraries and Museums"
ranked by tra c [ 206. While US based Goodreads users make up an estimated 40%
of the tra c [ 233, the popular authors' country of origin is disproportionally skewed,
with 12 out of the 15 most often rated authors between 2016 and 2021 being American
[142. In other words, the US holds strong in uence in the modern literary world,
particularly when it comes to renowned authors.

6.3 Research Design

In this section, we will describe the data selection, preprocessing and enrichment, and
our approach to measuring bias in the data and recommendations.

6.3.1 Data

In order to study hidden author bias in book recommendation, we selected the Book-
Crossing dataset 265, a very popular dataset for book recommendations created in
2004 by crawling the website of Book-Crossing for four weeks. Book-Crossing is an
international book exchange community whose members can leave books anywhere in
the world and indicate their location to other users. The users can then update their
pro le with the information that they read a new book and also submit a rating from 1

to 10.

The dataset consists of three sub-datasets: book ratings, users and their location,
and items along with some information on them, namely the name of the author, the
publisher, and the year of publication. We hence used external sources to enrich it with
additional author information when publicly available. We took the following steps, as
shown in Figure 6.1:

1. We linked Book-Crossing to Google Books based on ISBN. We used the author
name included in Google Books to validate and/or correct the one provided in
Book-Crossing, since we noticed mistakes and inconsistencies.

2. We linked to Virtual International Authority File (VIAF) using author name.

3. We linked to Wikidata using VIAF ID, and validated using author name. From
Wikidata, we extracted author country of citizenship.

Our motivation for selecting Book-Crossing is that Naghiaei et al[159] utilized it
in their Fairbook system to investigate the unfairness of popularity bias in the book
recommendation case. In order to build on their work by comparing how certain
recommender algorithms propagate popularity versus how they propagate author bias,
we reproduced their preprocessing approach:
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Figure 6.1: Links between the datasets.

" Remove implicit ratings.

" Remove users with more than 200 ratings.
~ Remove users with less than 5 ratings.

~ Remove items with less than 5 ratings.

The application of such cut os is common in the recommendation literature
given the vast but sparse amount of data that online platforms usually possedS§.
Therefore, it is compelling to observe whether it has an e ect on the inherent bias of
the dataset.

We further processed the dataset to account for duplicate items with di erent ISBN
numbers, as well as ISBN numbers included in the ratings dataset but not in the
items dataset that we considered to be mistakes. This processing is documented and
accessible in our GitHub. The general characteristics of the processed version of the
entire dataset, as well as of the Fairbook dataset can be seen at Table 6.1.

Table 6.1: Dataset characteristics. The cut-o thresholds introduced by Fairbook signi cantly decrease the
dataset size.

#ratings #books #users

Entire dataset - processed 1,021,847 222,496 92,106
Fairbook dataset - processed 86,356 5,504 6,354

6.3.2 Measuring bias

In the interest of answering the research questions, we devised a way to measure the
country of citizenship bias existing in the data and compare it to the recommendations

o ered when training di erent recommender algorithms on that data. We applied the
research design to the Fairbook dataset in order to juxtapose the propagation of data
bias to the propagation of popularity bias studied by the Fairbook system.

First, we examined whether there is a signi cant relationship between book popu-
larity and country of citizenship of the author. We de ne popularity of an item to be
the amount of ratings of said item, similarly to Abdollahpouri et al.[9]. Afterwards,
we trained the same algorithms as the Fairbook system so we can directly compare the
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results, using the Cornac frameworkq97), version 1.14.2. Speci cally, we trained 11
recommender algorithms, 9 collaborative Itering and two dummy approaches as seen
in Table 6.2, with a 80-20% split. We then recommended to each user 10 books as a
result of each algorithm's predicted ranking.

Table 6.2: Recommender algorithms chosen to be trained on our dataset. They are the same ones trained by
the Fairbook system.

Algorithm Approach Acronym
User K-Nearest Neighbors K-Nearest Neighbors ~ UserKNN
Matrix Factorization Matrix Factorization MF
Probabilistic Matrix Factorization Matrix Factorization PMF
Non-negative Matrix Factorization Matrix Factorization NMF
Weighted Matrix Factorization Matrix Factorization WMF
Hierarchical Poisson Factorization Matrix Factorization PF
Bayesian Personalized Ranking Ranking-based BPR
Neural Matrix Factorization Neural Network-based NeuMF
Variational Autoencoder for Collaborative Filtering Neural Network-based VAECF
Most Popular Dummy MostPop
Random Dummy Random

Finally, we compared the distribution of author country of citizenship in the users'
pro les versus recommended lists for every algorithm. That way we were able to
observe whether and how each algorithm's recommendations impact this distribution
and compare the result to the propagation of popularity bias for each algorithm.

Our code both for the data enrichment and the bias analysié have been made
open source.

6.4 Results & Discussion

In this section, we will present the results of measuring author country of citizenship
bias in the data and in the recommended lists.

6.4.1 Bias in the data
Data analysis shows clear bias in favor of US citizens authors. As seen in gure 6.2a,
in the entire set of unique books around 36% were written by American authors. When
the cut o s are introduced, the percentage of American-authored books grows to 68.5%,
as seen in gure 6.2b. The same e ect appears in the ratings datasets, gures 6.3a and
6.3b. Out of the entire dataset, 55.3% of the ratings are given to books written by US
citizens. Similarly, the phenomenon is more apparent for the Fairbook ratings, with
the percentage growing to 74.4%.

We conclude that introducing the cut o s increased the bias of the dataset in favor
of US citizens authors. This remark already implies a direct relation between item
popularity and country of citizenship of the author, given that Fairbook excludes all

Ihttps://github.com/SavvinaDaniil/EnrichBookCrossing
2https://github.com/SavvinaDaniil/BiasinRecommendation
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items with less than 5 raters. At the same time, the Book-Crossing website reports that
20% of the users are based in the U$4]. We can deduce that American authors are
overrepresented in the data compared to the amount of American users.

Finally, we divided the books on American-authored and non American-authored. A
t-test between the mean popularity of the two sets showed a signi cant higher popularity
for the American-authored items.

(a) Country distribution in the entire book dataset. (b) Country distribution in the book dataset with
Fairbook cut o s.

Figure 6.2: Country distribution in unique books.

(a) Country distribution in the entire ratings (b) Country distribution in the ratings dataset with
dataset. Fairbook cut o s.

Figure 6.3: Country distribution in unique ratings.

6.4.2 Bias in recommendation
After applying the recommendation process as explained in 6.3.2, we compared the
ratio of American-authored books in users' pro les to the one in the recommended list
of each algorithm. Figure 6.4 shows that, setting aside Random and MostPopular, all
collaborative Itering recommenders increase the ratio, except from NMF, MF, and
PMF.

In order to compare these algorithmic tendencies to popularity bias, we used the
% GAP metric [9]. It expresses the relative increase of average item popularity in a
user's recommended list compared to their pro le. Figure 6.5 is a recreation of a graph
from Fairbook, with the di erence that %t GAP is calculated over all users rather than
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per user group. It shows that all collaborative Itering algorithms but PMF, MF, and
NMF produce recommended lists with increased average item popularity. In other
words, the same algorithms that recommend excessively American-authored books also
recommend excessively popular books.

Figure 6.4: Average ratio of recommended books by every algorithm that were written by US citizens.
Comparison with the average ratio of American-authored books in the users' pro les.

Figure 6.5: Relative increase in average popularity between pro le and recommendation by every algorithm,
averaged over all users.

We then zoom in on each user and compare their pro le ratio of US citizens authors
to the recommended list of each recommender algorithm. Figure 6.6 shows that most
collaborative ltering algorithms either recommend consistently disproportionally many
American-authored books despite the user's preferences (BPR, NeuMF), or they show
a correlation between pro le and recommended ratio (UserKNN, WMF, PF, VAECF).
The only exceptions are NMF, MF, and PMF, which consistently recommend lower
ratio than average. UserKNN, WMF, PF, and VAECF may show correlation between
ratio of American-authored books in user pro le and recommendation, but as seen in
Figure 6.4 they on average increase the ratio.

When comparing our results with the Fairbook conclusions, we see that they follow
similar trends in the sense that the same recommender algorithms that propagated
popularity bias also acted in favor of American-authored items by disproportionally
recommended them. Naghiaei et al. stated that ...no positive correlation exists in
PMF, MF, and NMF, indicating that the latter algorithms in Matrix Factorization-based
approaches are not prone to popularity bias in Book-Crossing dataset. . This is a strong
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indication that the behavior we observe in our results is a direct result of popularity
bias.

() Random (b) MostPop (c) UserkNN
(d) MF (e) PMF (f) NMF
(9) WMF (h) BPR (i) PF

() NeuMF (k) VAECF

Figure 6.6: Ratio of American-authored books in pro le versus in recommendation for every user.

6.4.3 Analysis
Given our results, we can answer Research Question 1 by stating that certain rec-
ommender algorithms propagate bias against author country of citizenship, despite
not receiving country of citizenship as a feature in the training process. Speci cally,
American authors were favoured by those algorithms by being disproportionally rec-
ommended. Comparing propagation of American author bias and popularity bias also
enlightens us on its origins. Considering the similar manifestations of bias by the dif-
ferent recommenders, we do believe that the observed author bias was directly incited
by the known phenomenon of popularity bias, thus answering Research Question 2.
The results indicate that American book platforms accessed by users around
the world may be disproportionally US centric, and that this phenomenon can get
perpetuated when certain recommenders are being applied without proper examination.
Lack of geodiversity in open data is a known problem that requires addressing when
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this data is employed for either research or commercial purpose2(3. The results
also hint that popularity bias in recommendation should be viewed as more than an
issue of potentially weak performance that mostly impacts e-commerce. Naturally,
popularity is not always a bad criterion for recommendation, as argued by Zhao et al.
[261] Word-of-mouth is commonly how we as humans stay informed on art, politics,
science, and other socially important topics. Popularity among topics can signal what
is relevant and/or of quality, and automated systems can often accurately encode what
is typically happening in society.

That being said, Al is known to track patterns in the data that do not objectively
depict reality, but rather often undesirable historical context. Consequently, employing
Al in a way to directly imitate the data without check points can bring about societal
harm in unexpected ways. In the case of book recommendation, e cient recommender
algorithms can be used to increase reading habits, but without risking demoting
certain books by virtue of their authors' sensitive features that may correlate with
past unpopularity. For this reason, our work indicates that researchers must be very
thorough when examining potential bias in recommended systems and make active
e ort to address it, even when seemingly popularity is the cause.

6.5 Conclusion & Future Work

This chapter is a part of an ongoing attempt to re ect on the concepts of bias and
inclusivity in the book recommendation case. We examined the phenomenon of hidden
bias in recommendation introduced by commonly used recommender algorithms that
do not take any item features as input. We theorized that feature bias comes as a
direct result of popularity bias which is a known issue that recommenders face. We
investigated the hypothesis in the context of book recommendations and used a well-
known book ratings dataset to validate our hypothesis. We found the books written by
American authors within the dataset to be signi cantly more popular compared to the
rest. We also found that many commonly used collaborative Itering algorithms on
average recommend more American-authored books than in the users' pro le. In fact,
the same algorithms seem to propagate popularity bias according to previours work on
the same dataset.

We believe that hidden bias in recommender systems should be in the spotlight
for the scholar community. Fair treatment of social groups should be a priority for
Al developers. As shown, it is not su cient to explicitly exclude sensitive personal
features from the training process; bias can appear and manifest in proxies.

In collaboration with the KB National Library of the Netherlands, we wish to study
recommender systems in terms of their capability to be inclusive. In their published
Al principles, under the "Inclusive" section the National Library acknowledges Al's
susceptibility to bias. At the same time, they equate maintaining inclusivity to knowing

. where and to what extent bias occurs [in the data], so that it can be eliminated
or compensated. PR2§. Given a library's unique position as a public organization
that aims to promote education and responsibility to treat all social groups fairly, it
is crucial to identify potential blind spots that can cause bias against author social
groups to manifest when a recommender system is in use.

Currently we only compare pro le with recommended lists, since we aimed to
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focus on the relation between popularity bias and author bias. In the future, it will be
interesting to use feedback loops in order to investigate how the observed phenomenon
progresses through multiple iterations of recommendation and consumption.

At the same time, there is room for expanding the data enrichment process. We
currently depend on the information existing in Wikidata on someone's country of
citizenship, which is evidently incomplete. Moreover, it is documented that Wikidata
can be biased in terms of country of citizenship, with Europe and North America being
often overrepresented 207. The aforementioned skewness in the available Wikidata
entries may be introducing additional bias to our data. As seen in Figure 6.2, more
than one third of the books in the entire dataset are written by authors whose country
of citizenship we could not trace, while the authors of unknown origin have written
less than one in ten books in the Fairbook version. Our reliance on Wikidata, as well
as our choice to implement the Fairbook cut o s, might be result in blind spots around
patterns in the relationship between popularity and author country of citizenship. We
plan to address this topic thoroughly in future work.

The question of how bias surfaces in book recommendation is not negligible; it
could be directed to authors, books, users. Our study focuses on authors and speci cally
country of citizenship, but each of these dimensions can be important depending on
the context and thus should be given attention. For future work, we plan to consider
the other dimensions of the problem as well. By having a well rounded understanding
of hidden bias in book recommendation, we can move on to properly account and
compensate for it. In this case, libraries can bene t from the automation recommender
systems o er in attracting users, while ensuring that their value of inclusivity is being
properly adhered to.

Acknowledgements
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A case study on the Danish
public libraries

Building on our ndings that popularity bias can manifest as author nationality bias in datasets
and algorithms (Chapter 6), we now examine whether these patterns persist in a real library
recommender system currently in production.

Public libraries can potentially bene t by automated recommendation to increase patron en-
gagement. Unlike commercial platforms, these publicly funded services have a responsibility to
remain alert to biases that emerge in algorithmic recommendations. In this work, we conduct a
systematic evaluation of popularity and author nationality bias in Booklens, a non-personalj
item-to-item recommender used in Danish public libraries that receives loans, clicks, il
tags, and creator name as input. We prompt the system with a set of 10,000 books of varying
popularity and author nationality and analyze the resulting recommendations under di erent
parameter con gurations controlling (e.g., recommendation list length). For each con guration,
we measure overall popularity bias and resulting bias toward authors of di erent nationalities.
Our analysis reveals that popularity strongly drives recommendation outcomes, with up to a 40%
relative decrease in exposure for less popular nationalities depending on the parameter setting.
We also show that certain con gurations signi cantly amplify or decrease these disparities.
These results highlight the need for systematic bias analysis to be a structural component of
recommender systems evaluation, supporting libraries in aligning algorithmic behavior with
social and cultural missions.

This chapter is based ong Daniil et al., Bias in Book Recommendation: A Case Study on the Danish Public
Libraries, ECIR '26 [60].
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7.1 Introduction

ook recommendation was among the rst applications of automated recommen-

dation. Amazon launched as an online bookseller in 1994, only to later dominate
e-commerce 211]. The incentive behind automating book recommendation is to
fast-track the process by substituting the role of the librarian or employee in a brick-
and-mortar bookstore, while giving access to a wide range of material. Algorithms
function by synthesizing numerical identities for books/users, and computing high-
dimensional relations in a purportedly objective manner. A motivation for relying on
algorithmic recommendation is the perceived “binary between the subjective decision-
making of humans and the computational objectivity implicated in cultural imaginings
of how algorithms work' [158].

Despite these cultural imaginings, the purported objectivity of algorithms has
been questioned repeatedly. Various systems have been shown to commit faux pas
by stereotyping, pigeonholing users, or over-recommending popular item89, 159,
216. Additionally, algorithms do not merely mirror users by statistically processing,
analyzing, and interpreting their behavior; rather, they also shape itlf1, 40, 141].
These systems are constructed, optimized, and evaluated with the advancement of
organizational goals as the main objective.

In libraries, much more than the goal of increasing user engagement and consump-
tion is at stake. Libraries are institutes where human values have been traditionally
safeguarded and promoted via culture dissemination. At the same time, there is a
perception that for public libraries to be able to exist in an economic space driven
by automation and speed, they need to satisfy their patrons who are used to inter-
acting with data-driven models 100, 184]. This tension requires careful management.
Libraries need, more so than other entities, to be able to assess and control bias in
their data and system [140].

In this chapter, we conduct the rst study of bias in a real library recommender
system. We investigate Booklens, a non-personalized item-to-item recommender built
for and used by the Danish public libraries, in the general websiteb{bliotek.dk )
and municipal library websites. We study two bias types: popularity bias, the tendency
to disproportionally recommend popular items [f], and author nationality bias, the
underrepresentation and/or overrepresentation of author nationality groups in the
recommendation p7]. We collect a set of books from the Danish library collection,
record their click-based popularity, enrich them with author nationality information
when publicly available, and study the relationship between popularity and author
nationality. To measure bias propagation, we prompt Booklens with a data sample
and observe the popularity and author nationality shift in the recommendations.
Additionally, we investigate the e ect of a set of Booklens parameters on popularity
and author nationality bias, as they are known to impact the extent to which bias
occurs [59].

We answer the following research questions:

1. Does Booklens exhibit popularity bias?
2. Does Booklens exhibit bias towards author characteristics?

3. What is the impact of various system parameters on bias propagation?
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We nd that Booklens favors popular items in the recommendation, even when
prompted with niche items. Additionally, author nationalities whose books are less
popular are especially underrecommended even though they comprise a substantial
part of the collection. We observe that bias propagation persists through repeated
recommendation cycles. Finally, we report that tweaking various Booklens parameters
(e.g., how many books from the same author can be recommended at once) can
signi cantly in uence the popularity and author nationality distribution; however,
the general recommendation tendencies persist given that the system's characteristics
(i.e., reliance on behavioral data) remain. We conclude that bias analysis should be a
structural step of incorporating automation in library discovery systems.

7.2 Related work

Al technologies are emerging in library settings in recent years. The growth of
Al-powered methods in use across elds and data types means that libraries follow
along in their adoption of such methods 36]. Applications such as chatbots and
automated library discovery systems promise to “streamline cataloguing, classi cation,
and recommendation processes, enabling e cient information access for patrons'
[21§. At the same time, e ciency and convenience are only a small part of library's
requirements; it is their duty to responsibly empower users by adopting algorithms
that, among others, do not perpetuate biasl0d. Yet, bias is undoubtedly present in
various library systems 184], as both classi cation and information access systems
re ect the social context that they exist in [193].

Bias in recommender systems has been extensively studied from a computational
perspective §2]. Various papers have focused on measuring and mitigating bias in
domains such as musicd9, 77, 128 and news L4, 172. In the literary domain, publicly
available datasets with user-book interactions (e.g., ratings and loans) have been
shown to follow a long-tail distribution: a few books have been interacted with by
many users, while the vast majority of books have barely been interacted with. When
algorithms are trained on such datasets, the uneven distribution of popularity has an
impact on the recommendation, with di erent systems being more or less vulnerable
to over-recommending already popular items121, 159. Additionally, statistical biases
that algorithms are prone to may lead to discriminatory outcomes if the margins of
distributions correlate with certain demographics 216. Research on datasets stemming
from social book cataloguing websites has shown such e ects from the perspective of
author demographics, such as gende6f] and nationality [57]. To our knowledge, this
is the rst computational study of popularity and author bias applied on a real library
recommender based on user behavioral data.

7.3 Book recommendation in Danish public libraries

In this section, we describe in detail the Booklens system. Booklens was developed by
DBC Digital, the software company that supports the IT infrastructure of the Danish
public libraries. DBC is owned by KL (Local Government Denmark) and has a key role
in the Danish public library sector. Among other responsibilities, they have created
and maintain a set of recommender systems to assist public library patrons to nd
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Figure 7.1: "Reminds of' ("Minder om') list under Pride and Prejudice in bibliotek.dk.

suitable material in the library websites. Booklens is the system behind the "Reminds
of' banners displayed under every item in bibliotek.dk, the general public library website
(see Figure 7.1). Various data sources of either behavioral or content information are
used to compute item-item similarity, which the system then aggregates and accordingly
constructs the "Reminds of' banner with the top-10 items.

Data sources

To compute similarity between items, the following data sources are considered: loans,
bibliotek.dk  search clicks, municipal library search clicks, reading-experience tags,
and creator name. Information on these sources is shown in Table 7.1. For each
data source, similar items are identi ed based on the number of shared features (e.qg.,
users who have borrowed the same item). For each item, the items most similar to it
according to each data source are ltered to only keep those with matching metadata
(type, language, audience), which are stored in the database. The full overview of the
process is described in Algorithm 1 in our repository.

Source aggregation

To produce the nal recommendations based on a target item, Booklens retrieves the
candidates deemed the most similar by each source, Iters them to satisfy a cover
requirement and matching metadata (type, audience, location), merges them into a list
and orders them based on prede ned weights for each source. A nal subset is selected
by enforcing a maximum number of appearances for each author and a positional
o set. The process is described in Algorithm 2 in our repository. The data sources
are re-constructed and aggregated weekly with the following default parameter values:
maximum two items from the same author, zero o set, ten nal recommendations.

Lhttps://github.com/SavvinaDaniil/RecBiasInDanishLibraries/
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Table 7.1: Data sources and features used by Booklens to nd similar items.

Source | Description |  Feature
Behavioral data sources
Loans Historical loan data from public libraries (20 8 years User ID
ago). DBC does not have access to more recent loan
data.

Bibliotek.dk | Clicks from sessions following searches on bibliotek.dk. Session ID
search clicks | No user data is available, only session IDs. Data arg
continuously updated.
Municipal Daily-sampled search clicks from municipal library| Session ID
library (ML) | websites. No user data is available, only session IDs
search clicks

D

Content data sources

Metacompass| Expert-created ontology of approximately 6000 tags Tags
tags (e.g., fast-paced, humorous) describing the reading| ex-
perience. Tags cover a few thousand mainly Danish
ction titles.
Creator Author(s) or other creators of an item. Creator ID

7.4 Research design
In this section, we describe the process we follow to enrich the data with author
information and our methodology for measuring bias in the recommendation.

7.4.1 Data Collection and Enrichment

For our experiments, we collected search click counts of books from bibliotek.dk
between 17-2-2015 and 11-3-2025. Arouthd million unique books were clicked at
least once in this period. We use the number of clicks of a book to represent its
popularity level. We sample at random 10,000 books for our experiments.

We use external sources to enrich the dataset with additional author information
when publicly available. Speci cally, we link our dataset to the Virtual International
Authority File (VIAF) 2, a service hosted by OCLC that combines various authority les
(e.g., digital author entries from national libraries) into a single entry. As a result, for
each author multiple versions of their name are present, which facilitates the process
of linking our dataset to VIAF. Additionally, VIAF often provides author demographic
information such as nationality, gender, occupation, birth and death data, as well as
link to their Wikidata entry. In recent months, VIAF has decreased the API request
rate limit and currently does not facilitate provisions for researchers. However, data
dumps last updated in 2024 are publicly available, which we downloaded in the xml
format.

To link our dataset with VIAF, we take the following steps. We collect entries
tagged as Personal (i.e., authors) from the xml le. We store the following information
when available: name(s), viaf ID, nationality, birth year. We store all entries along with

“https:/iviaf.org/
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Table 7.2: Characteristics of the full and sample datasets.

All items  Sample items

Total num. books 1,779,709 10,000
Total num. clicks 32,958,244 181,936
Perc. books with known author 82.9% 90.6%
Perc. books with known author nationality 60.2% 60.2%
Num. unique authors 611,491 7,866
Average book popularity 18.5 18.2
Median book popularity 3 3
St. dev. of book popularity 96.8 73.8

the available information in an ElasticSearch index. Finally, we link our dataset to the
index based on author name. An expected issue is that various authors have the same
name. In case there are multiple results but they all point to the same nationality, we
keep this nationality. If nationalities vary, we mark the item as Ambiguous. Iltems whose
author could not be matched with VIAF were marked as None. The enrichment process
is detailed in our repository. Given that many author nationalities are present in the
dataset, we categorize them as follows: Kingdom of Denmark (Denmark, Greenland, Faroe
Islands), Scandinavia (Norway, Sweden), Anglosphere (USA, Canada, UK, Australia,
New Zealand), Other. Our motivation for this categorization is that on the one hand we
expect Danish authors to be popular in the dataset, and other Scandinavian authors
as well given the cultural proximity. We further extract the Anglosphere countries
given the big hand they are known to have in the global market, as well as results from
previous work that is based on American datasets [57].

In table 7.2, we can see the characteristics of the full and sample datasets. As shown
in gure 7.2c, both datasets follow a long tail distribution, which means that popularity
bias is very much present in the data. In both cases, more than 30% of the items have
only been clicked once in the 10 year period that we are examining. Figures 7.2a and
7.2b show the distribution of our prede ned (available at VIAF) author nationalities
in the full and sample dataset respectively, among unique authors, unique books, and
clicks. In the sample dataset, while Other-authored books take up more than a quarter
of the dataset, they correspond to only 12 percent of the clicks. Similarly, Figure
7.2d shows that Other-authored books have lower popularity on average than all other
categories.

7.4.2 Measuring Bias in Booklens

To estimate bias in the system, we adopt the following strategy. First, for our sample
of 10;000books as prompting items, we trigger a recommendation process using
Booklens, and measure popularity and author nationality bias in the result. Second,
for the same sample, we trigger 15 consecutive recommendation processes by assuming
that every time the user clicks the rst item. We calculate bias in each recommended
set and report the evolution. Finally, we trigger a recommendation process on the same
sample while varying the con guration of a set of Booklens parameters: limit, o set,
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(a) Nationality distribution in the full dataset among (b) Nationality distribution in the sample dataset among
unique authors, books, and clicks. unique authors, books, and clicks.

(c) Normalized popularity distribution of full and sample (d) Average popularity per nationality in the full and
dataset. sample dataset.

Figure 7.2: Popularity and nationality distributions in the full and sample datasets.
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author_max, source weights, and the cover requirement. We report the impact of each
parameter on bias.

Inspired by Klimashevskaia et al[118] we measure the following for popularity
bias:

1. Average Recommendation Popularity (ARP): Average number of clicks the
recommended items have received, averaged across prompting items [4].

2. Popularity Lift (PL): Average di erence between popularity of a prompting
item and the average popularity of its recommended item [10].

3. Prompting/recommended correlation (Corr): Correlation between popularity
of a prompting item and the average popularity of its recommended items,
averaged across prompting items. It ranges from 0 to 1.

4. Popularity Bias (PopBias): Inspired by NDCG, it expresses whether the items
are ranked similarly to if they were ranked based on popularity, averaged across
starting items. It ranges from O to 1 [35].

5. Average Popularity of items that receive Recommendation (AP Recs):
Given that the system is not able to construct a "Reminds of' list for all items
(as for many of them there is no su cient information), we measure the average
popularity of the items that do receive recommendations.

6. Average Popularity of items that do Not receive anyRecommendation (AP
NoRecs): Similarly, we measure the popularity of the items that do not receive
any recommendations.

For author nationality bias, we measure the following:

1. Relative exposure di erence: Relative di erence between the presence in the
prompting and recommended set for each prede ned nationality category.

2. NoRec: The percentage of books from each nationality category that do not
receive any recommendations.

7.5 Results

In this section, we answer the research questions as posed in section 7.1. First, we
discuss the popularity and author nationality bias in the default Booklens version, and
then we examine the e ect of various system parameters.

7.5.1 Bias in the default Booklens version

The current version of Booklens clearly exhibits popularity bias according to all tested
metrics as seen in Table 7.3. The recommended items have been clicked an average of
301 times, while the prompting items have been clicked only about 18 times on average.
The average popularity lift is 62, which means that on average, the recommendations
are much more popular than the item that prompted them. There is a weak yet
signi cant positive correlation between the popularity of the prompting item and that
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Table 7.3: Popularity bias analysis for the default Booklens system. * indicates that the correlation is
signi cant (p<0.05).

Metric ARP PL Corr PopBias AP NoRecs AP Recs
Result 301.36 61.97 0.2263* 0.6974 3.09 35.89

of its recommendations. PopBias is approximately 0.7, indicating that items are roughly
ranked in line with their popularity. Finally, the prompting items that receive no
recommendation have only been clicked an average of 3 times, contrast to the average
of 36 clicks that the rest of the prompting items have received.

Figure 7.3 shows the evolution of popularity in the prompting set and ensuing

15 runs assuming the rst recommended item is clicked. After a few runs, the item
popularity spikes and then drops, presumably since the very popular items have already
been reached. The popularity converges on about the same levels as the rst run,
which still comprises of much more popular items than the prompting set on average.
Additionally, by the end 88% and 96% of the items have popularity higher than the
mean and median of the full dataset respectively, indicating strong popularity bias.
Items with only 1 or no clicks account for 3% of the recommended lists. At the same
time, out of the items in the full dataset with the top 20% unique highest popularity
(about 400 items out of 1.8 million), more than 1 in 10 appear in the recommended
lists in every step. Finally, in this process the maximum number of unique items that
the user is exposed to settles quickly to about double of the initial items and no new
items are recommended.

In summary, Booklens consistently ampli es the prominence of popular items. A
all metrics, books with substantially higher click counts than those in the prompting sem
favored, and this tendency persists across repeated recommendation cycles. Less pop
are underrecommended, and they often do not prompt recommendations either.

In terms of author nationality bias, Danish-authored books dominate the recom-
mendation compared to the prompting items, as seen in Table 7.4. Books from other
Scandinavian countries appear about equally in the prompting and recommended sets.

The rest of the categories are underrepresented in the recommendation, especially the

non-Anglosphere items. 68% of Other-authored books do not receive any recommenda-
tions, presumably because the system does not have enough information on them due
to their lower popularity.

After 15 runs where the rst item is clicked, Danish-authored books are still the
majority and books by Norwegian and Swedish authors consistently take up 10% of
the recommendation. Notably, books written by authors from the Anglosphere appear
more than in the rst few runs and settle to almost one third of the recommendations.

On the contrary, books by the remaining nationalities (more than 100 nationalities in
total), continue to be underrepresented and the e ect worsens after the rst few runs.

In summary, Booklens exhibits author nationality bias. Danish-authored books dominate the
recommendations, while authors from other Scandinavian countries appear with roughly equal
representation as in the prompting set and those from other nationalities are underrepresented.
This imbalance persists across repeated recommendation cycles, with Anglosphere authors gaining
moderate visibility over time, whereas books by other nationalities remain underrepresented.
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Figure 7.3: Popularity evolution in the initial dataset and 15 runs.

Table 7.4: Author nationality bias analysis for the Figure 7.4: Nationality distribution in the initial

default Booklens system.

dataset and 15 runs.

Author Rel. exp. NoRec
nationality di. (%) (%)
Kingdom of Denmark 115.76 38.76
Scandinavia 2.33 49.92
Ambiguous -17.58 56.99
Anglosphere -28.07 53.31
Other nationalities -43.89 67.84
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7.5.2 Effect of system parameters

Table 7.5 shows the median, minimum and maximum value of each metric per param-
eter value. The cover requirement strongly a ects all metrics; ARP, AP Recs, PL and
PopBias signi cantly decrease when the cover requirement is dropped. On the contrary,
Corr is higher, which means that popular items prompt popular items even though
the general popularity is lower. The representation of items written by Other nation-
alities is signi cantly higher. Allowing more books from the same author decreases
most popularity bias metrics, even though the result is not signi cant. High limit
(i.e., number of recommended items) impacts the metrics di erently: it signi cantly
decreases PL and increases the presence of Other-authored items, but also increases
Corr. Con guring the o set similarly results in varying results. When the o set is high,
ARP is also high, which means that items down the similarity ranking are even more
popular. However, PL is lower. Finally, among the weights, prioritizing the mood tags
results in signi cantly lower popularity bias for most metrics. However, it does not
positively impact the presence of Other-authored items, since the mood tags currently
cover only Danish ction titles. Prioritizing loans or clicks from biblioteek.dk increases
most popularity bias metrics. None of the weight con guration has a signi cant impact
on the recommendation of authors from Other nationalities.

In summary, most of the parameters a ect the metrics. Filtering for books with cover images
biases towards popular content and reduces representation of less popular author nationalities.
Prioritizing mood tags over behavioral data results in lower increase in popularity. Limit and
o set impact the result di erently based on the chosen metric. Regardless of the con guration
of parameters, all experiments propagate popularity and author nationality bias to di erent

extents.



132

7 A case study on the Danish public libraries

Table 7.5: Median of bias metrics by parameter value. Default parameter values are underlined. * indicates
that the given median is signi cantly di erent than the default con guration's median, given a non-parametric
posthoc Dunn's test.

Param.  Val. ARP AP Recs PL PopBias Corr Rel.exp.dif. NoRec
% % %(Other) %(Other)
Author 0.1 252.8 37.1 44.8 62.4 38.6 -39.4 69.6
Max 0.2 248.3 36.7 44.0 62.2 38.5 -39.6 68.9
1 237.9 36.3 43.0 62.6 38.4 -39.8 68.3
Limit 10 247.7 37.1 44.6 67.9 29.0 -40.7 69.6
20 246.1 36.7 43.6 62.7 36:8 -40.4 68.9
100 2515 36.3 41:5 57.5 44:4 -38:8 68.3
O set 0_ 242.3 34.3 47.1 62.3 375 -39.2 65.7
2 250.6 36:8 45.9 62.5 38.3 -39.8 69:2
5 251.2 38:6 45.1 62.6 35.4 -39.8 71:1
10 257:5 40:9 42:1 62.6 40.4 -39.6 73:0
Cover False 192:4 35:2 31:8 59:8 43:5 -37:0 66:7
req. True 312.2 39.5 58.0 64.6 34.5 -42.5 72.1
Weights  Def. 259.5 36.8 43.2 62.6 35.8 -39.7 68.9
ML 235.4 36.8 43.1 62.4 16:0 -39.5 68.9
Loans 283:4 36.8 44.7 63.7 41:3 -39.7 68.9
bib.dk  280:9 36.8 44.7 64.0 49:3 -39.3 68.9
Tags 212:4 36.8 40:2 62.2 23:8 -39.5 68.9
Auth. 2451 36.8 43.6 61.4 36:9 -39.8 68.9
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7.6 Discussion

7.6.1 Behavioral daia and popularity

Across experiments and metrics, popularity bias is undoubtedly present. Booklens
depends on behavioral data and thus reproduces existing popularity patterns. Popular
items have been clicked by the same users as many other items, and thus the system has
a substantial level of knowledge on them. Given that the clicks stem from searching a
term and then clicking di erent items in the ensuing session, the popularity of already
popular items is bound to increase. On the contrary, items that have rarely if ever been
clicked are practically unknown to the system, and as long as similarity mainly depends
on behavioral data, they will remain unknown unless explicitly searched for. Even
though mood tags have the potential to increase the visibility of tail items, they now
only cover a small part of the collection. While one of the purported positive e ects
of algorithmi cation is enabling the long tail (since users can browse and discover
items they might not notice in a library), an explicit mechanism would need to be
incorporated in Booklens to promote less popular items.

A core principle of the library is to provide space for a diversity of voices and
perspectives 105, and overrepresenting already popular items may undermine this
principle. At the same time, the scope of this research is limited to popularity bias as
we have no su cient access to the system to evaluate how it performs from, for example,
a user satisfaction perspective. It is therefore inappropriate to claim that dependence
on behavioral data is inherently wrong. The presence of popularity bias is merely
one of the criteria that should comprise an extensive computational evaluation of
performance and utility. Recommending popular items to drive engagement might be
a valid strategy for the library, and disentangling conformity from popularity is its own
research goal 261]. Furthermore, the implications of popularity bias on other author
characteristics should be analyzed contextually. One of the missions of Danish libraries
is to communicate Danish cultural heritage 189, which may justify a stronger emphasis
on Danish authors. Overall, this work highlights the importance of treating bias
evaluation as an essential part of system design, so that the results can be interpreted
appropriately and incorporated into future development.

7.6.2 Information on authors

Enriching datasets with demographic information by linking them to online data sources
is a nontrivial task. First, this information is rarely available and ndable. Second,
disambiguation is its own complex eld of study. Third, even if this information
exists and can be reliably disambiguated, it has the potential to be incomplete or
even incorrect because of human error, bias, system limitations etc. For example,
VIAF currently only categorizes authors as Male or Female even in cases where the
equivalent Wikidata entry indicates a diverse gender identity. We do not attempt to
make normative, general and de nite statements about the relationship between author
nationality and popularity outside the limits of this experimentation. This work aims,
among others, to give context to the often abstract concept of long tail and highlight
that popularity is not a standalone property and can signi cantly correlate with other
item characteristics.
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7.6.3 Theory of change

This work serves as the rst extensive study of popularity bias propagated by a real
library system, as well as of its consequences when it comes to the system's treatment of
authors with various national origins. With this study, we aim to support DBC in their

e ort to evaluate the system they developed by investigating its vulnerability to two
di erent types of bias and proposing a pipeline of evaluation. Consequently, this work
serves as a diagnostic step for Danish public libraries, as well as libraries in general
that wish to ful Il their social obligation of recognizing bias and keeping their systems
in check. We contribute to the conversation around incorporation of automation in
library discovery by showcasing the need to measure the extent to which a system
might underrepresent certain kinds of items, both from an economic perspective (i.e.,
their popularity) but also as it relates to those items' societal characteristics. We
computationally show that de ning similarity between items assumes a set of heuristic
choices that render the evaluation of their e ect on bias essential.

At the same time, our work is not the end of the road. For one, author nationality
is only one item characteristic that might be subject to bias. While our process of
enriching the dataset is not foolproof, an author's nationality is still one of the easiest
characteristics to discern. Computationally assessing bias is limited by the information
available and quanti able. Accounting for bias in library data and discovery systems
is a broad endeavor that goes beyond bias metrics; it involves evaluating the entire
pipeline of collection and dissemination of items. Solely relying on bias metrics without
considering the entire library ecosystem has the potential of increasing practitioners'
blind spots instead of shedding light on them.

7.7 Conclusion

In this chapter, we presented the rst study of bias in a real and current library
recommender system: Booklens, a non-personalized item-to-item system that is used
by the Danish public libraries and was developed by DBC digital. We investigated
popularity bias propagated by the system, as well as ensuing author nationality bias.
To this end, we enriched a dataset consisting of books from the online library platform
with author nationality information from VIAF. We found that Booklens is very prone

to popularity bias based on a set of commonly used metrics. Additionally, Booklens
underrecommends books authored by nationalities that are not very popular in the
dataset. Finally, we observed that tweaking some system parameters can reduce bias,
but it is still largely present. We believe that this work can serve as a step towards
constructing a framework for evaluating bias exhibited by library systems. Future work
can follow a similar process to investigate bias in other book recommender systems
used in libraries.
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his thesis has focused on the presence of bias in book recommender systems,

with an emphasis on the public library sector. We approach this topic from three
perspectives: i) understanding the ethical issues around book recommendation, ii)
understanding the challenges of studying statistical bias, and iii) understanding the
implications of statistical bias in book recommendation.

In this chapter, we summarize our key ndings across the six research questions,
re ect on the domain, and propose future research directions.

8.1 Findings
Part 1: Understanding ethical issues of book recommender

systems

RQ 1.1 How has bias in book recommender systems been studied in computer

science research, and what gaps exist in current approaches? m

To answer RQ 1.1, we performed the rst systematic literature review of bias in
book recommendation in Chapter 2. We collected 40 papers published in computer
science conferences and journals and analyzed them across components related to bias:
type (statistical or social), subject (user, item, or joint), and action (measurement or
mitigation). We organized the papers across these dimensions and further broke down
bias type into subcategories, along with di erent metrics that are used to measure them.
We found that most relevant studies concern themselves with popularity bias, where
often the dataset with user-book interactions is one of multiple datasets that researchers
experiment with. Additionally, when it comes to social bias, only a few features have
been studied as potential recipients of bias (author nationality and gender, user age and
gender, and publisher location), presumably due to data availability limitations. We
highlighted gaps in the literature, such as the lack of comparative study among di erent
bias mitigation methods in the book domain and the limited data availability. Finally,
we emphasized the need for interdisciplinary research and recommended the following
future directions to achieve it: reliance on LIS theoretical frameworks, engagement
with literary recommenders currently in use, and establishment of shared terminology
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and research practices among computer scientists and LIS researchers. Based on these
ndings, we propose that future research on bias in book recommendation should
not be limited to treating books as interchangeable items across domains and instead
explicitly design research questions and objectives in relation to the book domain.

RQ 1.2 How do practitioners in public service media conceptualize diversity in

recommender systems?

In Chapter 3, we presented the results of an interview study among practitioners
in three public service media organizations in the Netherlands: a broadcaster, a
news organization, and a library. We conducted semi-structured interviews where
the participants explained how they conceptualize diversity in general, in the context
of their respective organizations, and in recommender systems. The last part of the
interview contained a small experiment that involved the ranking of a set of items
with diversity in mind. We recorded, transcribed, encoded and thematically analyzed
the interviews and identi ed the following components as relevant to diversity in
recommendation: the goal of recommendation, the aspects to be considered, and the
tactic that should be employed to produce diverse recommendations. To answer RQ
1.2, we listed the various conceptualizations discussed by the participant along the three
dimensions and examined the interplay between them. We concluded that diversity
encompasses a wide range of interpretations and that normative choices need to be
made in every step of the way towards operationalizing it in a recommender system
that serves public service media. The existence of multiple interpretations of diversity
alludes that researchers designing recommender systems for public institutions such
as libraries should engage with practitioners to ensure alignment with organizational
values.

Part 2: A critical look into measuring statistical bias in

book recommender systems

RQ 2.1 Which factors lead to divergent results among di erent studies of popu-

larity bias in recommendation?

In Chapter 4, we conducted an extensive reproduction study of three recent papers
on popularity bias in media recommendation and its e ect on users with di erent
propensity towards popular items in the movie, music, and book domain. To answer RQ
2.1, we reproduced the three studies and identi ed the following aspects as potential
sources of the di erence in results: data, algorithms, division of users in groups, and
evaluation strategy. We ran a set of experiments in which we measured popularity
bias and unfairness of popularity bias with various combinations of these aspects. We
found that all aforementioned aspects impacted popularity bias, with the choice of
evaluation strategy playing a signi cant role. Based on the apparent sensitivity of
popularity bias propagation on various system tweaks, we proposed that conclusions
should be explicitly made within the limits of the experimentation and contextualized
accordingly. We believe that researchers studying recommender systems bias should
systematically report methodological choices that have the potential to signi cantly
impact the result.

RQ 2.2 What is the e ect of data characteristics and algorithm con guration on

popularity bias?
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To answer RQ 2.2, we experimented with data characteristics and algorithm
con guration to observe the e ect on popularity bias, and we presented the results
in Chapter 5. We chose two data characteristics that might impact popularity bias,
namely the relation between popularity and rating and the preferences of users with
large pro les, and analyzed them for three publicly available datasets. We altered these
characteristics to de ne a set of data scenarios and accordingly synthesized datasets.
Furthermore, we identi ed con guration choices that might impact popularity bias for
three widely used algorithms implemented in three open frameworks and performed
training and testing for each dataset (real and synthetic) and algorithm version. We
found that the presence and magnitude of popularity bias are highly sensitive to the
tested characteristics and their interplay. Consequently, we highlighted the importance
of speci city around the design choices of bias studies and need to experiment with
various data and algorithm characteristics when studying bias propagation. These
ndings indicate that achieving generalizability across datasets and implementations is
inherently unlikely; instead, speci city is more desirable with relation to real systems.

Part 3: Societal implications of statistical bias in book
recommender systems

RQ 3.1 What is the relationship between popularity bias and bias toward au-

thor nationality based on a publicly available dataset with user-book
interactions?

To observe whether popularity bias leads to bias toward author nationality, hence
answering RQ 3.1, in Chapter 6 we experimented with a publicly available dataset
with user ratings of books, Book-Crossing. We enriched Book-Crossing with author
information based on Linked Open Data sources: Google Books, VIAF and Wiki-
Data. Subsequently, we trained and tested a set of collaborative lItering algorithms
on the user-item interactions, following the same pipeline as previous research on
popularity bias. We found that books written by American authors are signi cantly
more popular than the rest of the books, and that this phenomenon propagates in
the recommendation; algorithms that are prone to popularity bias are consequently
prone to over-recommending American-authored books. We concluded that this line of
research is necessary in order to identify blind spots that can cause bias against certain
author groups. Future work on bias in book recommendation should further examine
whether and how book characteristics, author or otherwise, interact with popularity
and indirectly a ect the recommendation.

RQ 3.2 To what extent does a real library recommender system propagate popu-

larity bias and associated author nationality bias?

To answer RQ 3.2, in Chapter 7 we applied a similar line of research as in Chapter 6
on a library recommender system in production. As far as we know, this is the rst
audit-type study of bias perpetuated by a library recommender system. In collaboration
with DBC Digital, the company that supports the IT infrastructure of the Danish
public libraries, we investigated popularity and author nationality bias propagation
by Booklens, the non-personalized item-to-item recommender that is present i
bliotek.dk . We gathered a dataset of around 1.8 million clicks between 2015 and
2025, de ned book popularity as the number of clicks in this period, and enriched the
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dataset with information on the author using VIAF. We extracted 10 thousand books
for our experimentation, and compared the data characteristics between the full and
sample dataset; in both datasets, the clicks per book follow a long-tail distribution,
and popularity correlates with author nationality. We found that Booklens is very
prone to popularity bias, and that it underrecommends books authored by less popular
nationalities. We also found that, while tweaking some system parameters can reduce
bias, it is largely present in all versions. We concluded that the process of developing
recommender systems for libraries should include bias evaluation as a core step. The
incorporation of recommender systems in public libraries requires the development of
clear criteria of utility and value alignment, with bias being a crucial consideration.

Synthesis

The ndings in Part 1 establish that incorporating organizational values in book rec-
ommender systems is an inherently normative process, and that this is often ignored in
academic research. The interview study showed that public service media practitioners
conceptualize diversity in varying and even con icting ways, while the literature review
exposed gaps in computer science research on bias in book recommendation: there is
limited engagement with prior work by the LIS community and with literary recom-
menders in operation. Together, these ndings highlight the importance of moving
away from domain-blind solutions and towards a grounded understanding of bias and
diversity in book recommendation.

The ndings in Part 2 show that statistical bias is highly sensitive to methodological
choices. Across the experiments, we showed that the measurements of popularity
bias vary substantially depending on factors such as evaluation strategy, dataset
characteristics and algorithm implementation details. Accordingly, this thesis argues
against viewing recommender system bias as an inherent property of algorithms,
but rather as an outcome of interactions between technical design decisions and the
environments in which systems are trained and operate.

The ndings in Part 3 show that methodological observations have broader social
implications. In both chapters, we demonstrated that popularity bias as an algorithmic
mechanism can reinforce existing disparities in the visibility of authors of di erent
current popularity and from di erent national backgrounds, yet these dynamics di er
across contexts and are in uenced by changes in implementation. These results
support one of the central arguments of this thesis: that book recommendation bias is
closely tied to cultural and organizational context. They also highlight that technical
decisions and processes can have unforeseen consequences for cultural exposure and
representation.

Taken together, the ndings across the three parts of this thesis show that bias
in book recommender systems cannot be addressed as an isolated technical issue.
Across all three parts, this thesis advances the understanding of book recommender
systems in three ways. First, by showcasing that bias in book recommendation cannot
be studied independently of the domain and context in which the recommender
system operates. Second, by suggesting that bias in recommender systems is not
purely algorithmic, and emerges through the interplay of data availability, system
design, evaluation methodology, and organizational values. Third, by arguing that
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recommender systems used in libraries and other public service cultural institutions
should explicitly incorporate bias considerations as part of their design and evaluation
processes.

8.2 Reflections & Future directions

Throughout the research conducted to complete this thesis, we had the opportunity
to re ect on the state of the domain, the challenges we encountered, as well as the
avenues for future research that lay ahead. We detail these re ections below.

Challenges in evaluating bias

As mentioned repeatedly throughout this thesis, bias in automated book recommen-
dation is an underexplored domain, which naturally leads to research challenges. For
one, the data availability is limited. To train and test collaborative Itering algorithms,
researchers need behavioral data in the form of ratings, clicks, loans or other type of
interactions. Yet, only a few standard research datasets are currently publicly available.
On top of that, the datasets that are most often used by researchers stem from US-based
sources such as the Book-Crossing community, the Amazon e-commerce website, and
the book cataloguing social media Goodreads. It is expected that these datasets contain
largely American authors and users, which harms the transferability of the conclusions
to other contexts. In our own research we found that, while American authors are very
popular in Book-Crossing, this is not the case in the Danish online library data, which
led to di erent observations around recommendation trends: American authors were
over-recommended by algorithms trained on Book-Crossing (Chapter 6) but not by
the Danish library recommender (Chapter 7). These ndings suggest that researchers
should validate whether trends observed in commonly used research datasets also hold
in a real-world context. Additionally, standard research datasets tend to be outdated,
and it is not trivial for researchers to access more recent data. For example, in line with
recent trends of media platforms, Goodreads deprecated their APl in 2020. Working m
with real-world systems, such as library recommender systems in production, can
partially mitigate this issue by providing access to more current interaction data.

Research on bias often does not only require interaction data, but also external
information. It is not possible to measure whether certain groups of authors are
underrepresented or groups of users underserved when no information is available on
either side. In some of the datasets, user characteristics such as age or location are
included. When it comes to the authors, researchers need to link the datasets with
publicly available information, which is often neither complete nor necessarily accurate.
Disambiguation is more challenging for authors who are less known internationally

which was the case for the Danish library dataset. Sources such as WikiData have

been found to be unbalanced among countries in terms of information completeness.
Di erent use cases may require di erent pipelines to locate, extract, and disambiguate
author information.

Another hurdle is that work on bias in book recommendation seems scattered and
unfocused, as we discussed extensively in Chapter 2. Many studies that measure or
mitigate bias in recommendation test their methods on many datasets from di erent



140 8 Conclusion

domains, as this is the standard research practice. While it is understandable that
researchers try to show the applicability of their method in a variety of contexts, this
means that it is harder to make conclusions on the progress made in the book domain
in particular. This challenge also emerged clearly from the ndings in Part 2 of this
thesis (Chapters 4 and 5), where methodological choices that are often left implicit were
shown to lead to substantial di erences in measured bias. An additional consequence
of this practice is that many studies do not incorporate the characteristics of user-book
interactions in their setup. For example, popular might mean something di erent
between types of media and cultures, which renders the use of universal popularity
thresholds (e.g., the top 20% most consumed items) inappropriate. De ning popularity
thoughtfully and speci cally is an arduous yet necessary step in the research process.
Responsibility for addressing this lies primarily with researchers, who should document
and justify such design choices in relation to the domain and context.

Future directions

The ndings of this thesis, along with the concrete challenges outlined in the previous
section, highlight the importance of speci city in book recommendation bias research.
We as researchers need to be speci ¢ in the way we design our methods, de ne the
parameters, express our conclusions and assess their generalizability and limitations.
While research trends may call for universally applicable methods and magic pill
solutions, contextual, normative and application-based research is very much needed
in the current landscape. Interdisciplinary collaborations and consultations with
practitioners who specialize in a given domain of application can help recommender
systems researchers think through what is important to study and how it should be
approached. Parts of this thesis already re ect such collaboration, for example through
working with up-to-date Danish library data and interviewing practitioners on their
conceptualization of recommender systems values. In addition, focusing on real-world
systems can help address the challenges related to data and metadata availability.
Working with institutions like public libraries gives access to up-to-date interaction
data, instead of relying on a few old benchmark datasets. It also allows researchers to
think together with practitioners about which features really matter, rather than only
analyzing what is easy to access, and to consider ways of collecting missing features,
for example through small targeted user studies. We believe that this is the way ahead
for researching bias in book recommendation.

Throughout human history, books have proven to be one of the most signi cant
cultural artefacts. This is so widely understood, that it reads as a nonstatement yet
it's true. We as a society and libraries in particular have an incentive to promote books
and reading, and there is real potential in employing computational tools to achieve
this. Automated recommender systems will never be unbiased, because humans are
not unbiased. Bias is a term used to express that a system displays tendencies that
may have societal implications and harmful consequences. Libraries should not aim to
be unbiased altogether, but rather ensure that they exert control over their systems,
put safety mechanisms in place and de ne clear standards to turn to when needed. In
this thesis we have showcased what types of problems can arise in the context of book
recommendation bias, and hope that public libraries can bene t from this research to
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inspire their operationalization of automated recommendation and evaluation thereof.
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Appendix

This section serves as supplementary material to every chapter.

Chapter 2

(a) Year of publication (b) Venue and publisher

Figure 8.1: Papers per publication year, venue, and publisher. *We conducted the survey in 2024 but one of
the papers has o cial copyright in 2025.

Figures 8.1, 8.2 and 8.3 show basic statistics about the papers. According to gure
8.1a, the big bulk of computer science research on bias in book recommender systems is
within the last few years. Figure 8.1b shows the paper distribution among publishers and
venues. Unsurprisingly, most of the papers come from ACM publications. Otherwise,
the papers we included are scattered across conferences and journals. In gure 8.2a
we see that Book-Crossing is used in more than half of the papers, with Goodreads and
Amazon-books used in the majority of the other papers. The results across papers are
not necessarily comparable even if they use the same dataset, since, as gure 8.2b
shows, the majority of the papers train their models in a preprocessed version of the
given dataset (e.g., k-core Itering). According to the same gure, a bit more than half
of the papers provide a link to a repository where they include their code. Figure 8.3a
shows that roughly the same amount of papers use explicit (i.e., ratings) and implicit
(i.e., interactions) feedback as the basis of training a model. Regardless of the type of
features, most of the papers analyze bias given a ranking task. This result is in line
with recent trends in recommender systems which favor ranking rather than rating
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(a) Dataset used (b) Code availability and dataset preprocessing

Figure 8.2: Papers per dataset, code inclusion, and dataset preprocessing. Note that Goodreads and
Goodbooks stem from the same source.

(a) Prediction task and type of feedback (b) Bias type, bias perspective and action taken

Figure 8.3: Papers per prediction task, type of feedback, type of bias, and action taken
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prediction. Most papers study statistical bias, especially from an item perspective,
as gure 8.3b shows. Across bias types and perspectives there is a balance between
measurement and mitigation, with the exception of statistical bias towards items where
most papers present a mitigation strategy.

Chapter 3
Coding scheme and mentions

Table 8.1: Final coding scheme, containing both aspects and tactics. Aspects are divided into Item, Person
and World aspects.

Bl B2 B3 B4 B5 B6 L1 L2 L3 L4 N1 N2

category / genre X X X X X X X X X X X
complexity X X X X X
cost X
creator (person) X X X X X X X X
geographic location X X X X X X X X X X
language X X X
newsworthiness / quality | x X X X X X X X X
medium X
ltem subject _(person) X X X X X X X X X
popularity X X X X X X X X X X
publication date X X X X X X
recurring X X
relevance X X X X X X X X X
sentiment X
target audience X X X
time investment X X
time period discussed X X X
topic X X X X X X X X X X X X
ability X X
age X X X X X X X
cultural background X X X X X X
education X X X
ethnicity X X X X
gender identity X X X X X X X
Person ge_ographic_location X X X X X X X X
living situation X X X X X X
nationality X X X X X X X X
religion X X X X X X X
sexuality X X X X X X X X
viewpoint X X X X X X X X X X
user; history X X X X X X X
user; preferences X X X X X X X
World current events X X X X
society X X X X
di erent in item X X X X X
dierent in list X X X X X X X X X X X
similar to user X X X X X X X X X X
di erent from user X X X X X X
di erent/similar to world X X X X X X



172 Appendix

Chapter 4

LastFM: comparison between complete and filtered dataset

As described in Section 4.4.1, for computational reasons we Itered the LastFM dataset.
We assessed whether the sampling has a large impact on the conclusions by comparing
our results with the results reported by Kowald et al[122] In order to ensure su cient
compareability between the results, we applied the code provided by Kowald et al.
[122] on our sampled dataset. We plot the relation between popularity in pro le
and recommendation frequency for every item in the sampled dataset, given the
algorithms UserKNN, UserKNN with means, and NMF, which are the algorithms reported
by Kowald et al. [122] Figure 8.4 shows that there is a consistent correlation between
popularity in pro le and frequency of recommendation. This conclusion aligns with the
results reported by Kowald et al.[122]and supports our argument that the consistent
correlation stems from the evaluation strategy deployed, regardless the lItering of the
dataset.

(a) UserKNN (b) UserKNN with means (c) NMF

Figure 8.4: Relation between recommendation frequency and popularity in pro le for the sampled LastFM
dataset.

Additionally, we calculated the MAE metric for each user group of the sampled
dataset, as seen in Table 8.2. While the exact number di er from the ones reported by
Kowald et al. [122] the trends are consistent, with the Niche user group receiving the
worst rating predictions for the given algorithms, evaluation strategy and division of
users in groups.

Table 8.2: MAE results for UserKNN, UserKNN with means and NMF, applied on the sampled LastFM dataset.
The worst results are always given for the Niche user group (statistically signi cant according to a t-test with
p<0.005 as indicated by **). Across the algorithms, the best results are provided by NMF.

User group UserKNN  UserKNN with means NMF

Niche 62.088** 55.422** 45,473*%*
Diverse 54.599 45171 37.537
Blockbuster-focused| 57.353 52.147 45,584
All 57.397 50.088 42.239
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Extensive Results
Overall Popularity Bias Propagation

We plot item popularity in pro le versus frequency of appearance in the recommended
lists of each algorithm, for every dataset and evaluation strategy, in Figures 8.5 to 8.14.

Figure 8.5: Item popularity in pro le versus frequency of recommendation by the algorithm UserkKNN, for
every dataset and evaluation strategy.

Figure 8.6: Item popularity in pro le versus frequency of recommendation by the algorithm ItemKNN, for
every dataset and evaluation strategy.
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Figure 8.7: Item popularity in pro le versus frequency of recommendation by the algorithm UserKNN with
means, for every dataset and evaluation strategy.

Figure 8.8: Item popularity in pro le versus frequency of recommendation by the algorithm MF, for every
dataset and evaluation strategy.






