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The transition from traditional journalism to algorithm-driven digital media has intensified existing challenges
such as news bias, selective exposure, and polarization, which threaten democratic engagement. An optimally
constructed news environment enables an informed and engaged citizenry, which forms the foundation for
the socio-political interactions that take place within democracies. This project introduces Public Sphere Sys-
tems (PSS), a groundbreaking framework that reimagines how news supply can foster democratic public
spheres. Building on insights from communication studies, political theory, and computer science, it opera-
tionalizes normative ideals of public spheres into algorithmic systems that disseminate news. By (i) con-
ducting systematic literature reviews and multilingual news corpus analysis, (ii) implementing distinct PSS
models that align with democratic public-sphere principles through News Recommender System (NRS) tech-
niques, and (iii) rigorously testing these PSS models through longitudinal field experiments in diverse Western
media systems (Norway, Poland, the United States, Germany), the project bridges theory and practice. Public-
sphere news supply systems will be constructed, and, for the first time, their effects demonstrably evaluated.
Key outcomes include open-source PSS prototypes, comprehensive performance criteria for news environ-
ments, and evidence-based policy recommendations tailored to the EU Digital Services and Al Acts. These
outcomes promise to reshape the relationship between technology and democracy, offering a blueprint for how
media systems can be both technologically advanced and normatively aligned with societal goals.

This project redefines the role of digital news environments in the 21st century. It establishes a groundbreaking
path for aligning technological innovation with democratic ideals, ensuring that ideal public spheres do not
remain theoretical constructs but become tangible systems for democracy.

n.a.

! Instructions for completing Part B1 can be found in the ‘Information for Applicants to the Starting and Consolidator
Grant 2025 Calls’.
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Lischka Part B1 PSSADEMOCRACY
Section a: Extended Synopsis of the scientific proposal

Challenge Addressed. Good citizens and a healthy public sphere have been crucial in democratic societies
since the emergence of democratic principles in ancient Athens. Aristotle emphasized the role of “good citi-
zens” who participate in public affairs for the functioning of the state. In the 17th and 18th centuries, European
coffeehouses emerged as key spaces for public discourse, fostering discussion on politics, literature, and social
issues. Building on these historical foundations, Habermas (1962) describes the ideal public sphere as an
inclusive, autonomous space where politically knowledgeable citizens engage in rational-critical debate to
form public opinion, providing legitimacy for political decisions. Access to information, facilitated by the
news media (Ball-Rokeach & DeFleur, 1976), is a crucial prerequisite for citizens’ active participation in the
public sphere (Livingstone & Markham, 2008). Therefore, journalism plays a central role for public spheres
by supplying accessible and deliberation-focused news with diverse perspectives, including majority and mar-
ginal voices. Yet, an ideal news supply has never been fully realized, as journalism research, including my
PhD about the performance of economic news during the financial crisis (Lischka, 2014, 2016), has frequently
shown (Bennett & Entman, 2001; Castro, 2021; Hamilton, 2004).

In media economics, the field of my academic socialization, an ideal public sphere is conceptualized as achiev-
ing a Pareto optimum, where no further improvements can be made to one objective without harming another
objective. For instance, viewpoint diversity may not be increased without decreasing relevance in the news.
Historically, media regulation has aimed to enhance the diversity of news supply by promoting pluralism in
media systems. However, regulation struggles to achieve Pareto-optimal outcomes due to the inherent trade-
offs between commercial incentives and normative expectations of journalism (Freedman, 2008). Depending
on the role of public-service media (Humprecht & Esser, 2018), news organizations prioritize profitability,
preventing journalism from fully meeting normative expectations (Picard, 2002; Usher, 2021). Yet, navigating
competing objectives is critical for news supply fostering a healthy public sphere (Lischka, 2020, 2021).
Innovative Approach. The proposed project takes an entirely new direction by creating day-to-day news sup-
ply environments optimized for political knowledge gain, political engagement and deliberation through the
innovative use of Pareto-optimal news recommender systems (NRS). NRS are algorithm-driven systems de-
signed to personalize news items. With recent advancements in NRS research in computer science (Deldjoo et
al., 2024; Li & Tuzhilin, 2024), we now have the unique opportunity to actively construct and test news supply
environments that align with the needs of democratic public spheres, taking user behavior into account. Con-
cretely, this project fundamentally advances our understanding of an ideal public sphere by putting it into
reality through the development of Public Sphere Systems (PSS). PSS represent a transformative new
framework for public-sphere aligned news supply that transcends theoretical ideals, demonstrating how
the design of algorithmic recommender systems can enhance democratic participation, a direction jour-
nalism scholars have strongly advocated (Lischka et al., 2024; Nechushtai & Lewis, 2019). By identifying the
optimal conditions for good citizenship, the project lays the foundation for new, evidence-based public-sphere
news supply that incorporates the possibilities offered by technological innovation. This represents a signifi-
cant departure from traditional methods of improving the public sphere, which relied on indirect regulatory
interventions. By designing news supply environments that actively promote political knowledge and en-
gagement, | propose a Normative-Technological Approach for journalism’s contribution to democracy.
Figure 1 illustrates the progression from traditional news curation to algorithmic public spheres and ultimately
to an optimal public sphere achieved by the project. This project ambitiously enhances the democratic function
of journalism by engineering news environments that lead to a more informed citizenry and political partici-

pation. Through NRS techniques, PSS enable
high-dimensional optimization of news supply
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The project bridges communication studies, journalistic news curation, political theory, algorithmic computa-
tion, and Artificial Intelligence (Al). The interdisciplinary nature of this project makes it uniquely equipped to
revolutionize algorithmic governance in media systems and sets the foundation for a future where the ideal
news supply is not only a theoretical concept but a tangible system driving democratic engagement.
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Lischka Part B1 PSSADEMOCRACY

Objective. In contemporary societies, media systems serve as platforms for the public sphere, mediating access
to information. Media systems are the institutional and technological frameworks responsible for the produc-
tion, dissemination, and regulation of information. The project tackles three interconnected and pressing chal-
lenges in digital media systems. First, it addresses the issue of news bias, where structural and editorial tenden-
cies lead to imbalances in the representation of political actors and viewpoints (Castro, 2021). Second, these
biases are exacerbated in digital environments through selective exposure and the feedback loops created by
recommendation algorithms reinforcing user preferences for ideologically aligned content (Bodo et al., 2017).
Third, the project addresses the consequence of these dynamics: the polarization of citizens (Téth et al., 2023).
As news consumption is fragmented and ideologically siloed, public discourse is undermined and social cohe-
sion is threatened (Milano et al., 2020). The project will develop fairer digital news environments that
mitigate bias, enhance diversity, and promote democratic citizenship, addressing these challenges.

State of the Art. NRS determine what is seen by whom. This represents a new layer of mediation within public
spheres (Min, 2018; Vrijenhoek et al., 2021). NRS enable the personalization of news content, marking an
unprecedented innovation in the history of journalism, departing from the traditional one-size-fits-all model of
mass media to individually personalized news supply (Lischka et al., 2024). Unlike conventional editorial
curation, NRS utilize algorithms to filter and prioritize news, based on user data and characteristics of the news
itself. NRS transform input data, such as user preferences, behavior, and news content attributes, into a per-
sonalized news feed, resulting in a ranked list of news items. Through their design, NRS have the potential to
systematically shape specific types of public spheres, effectively acting as digital gatekeepers—a societal func-
tion traditionally fulfilled by journalism. As such, NRS require both research and regulation akin to journalism.
The implications of this gatekeeping role are profound, as the visibility of particular viewpoints in the public
sphere directly influences public opinion and political engagement (Eberl et al., 2017). NRS affect exposure
diversity to news, including the diversity of sources, topics, and viewpoints (Joris et al., 2020; Loecherbach et
al., 2020). In the PI’s previous research, my team and | designed and investigated NRS to understand their
impact on news supply, user engagement, and political learning (Heitz et al., 2023). Our findings, based on
field experiments with users, indicate that higher diversity in news content, by including a wider range of
political actors, enhances user engagement with news compared to contemporary journalistic news curation. |
was surprised to uncover this unmet demand for higher content diversity, an aspect long emphasized by nor-
mative expectations of journalism (Habermas, 1962; McQuail, 1992) but not met by journalism practice. Ad-
ditionally, participants had learned more about political leaders when exposed to diverse political news (Heitz
et al., 2023). In a previous study, we demonstrate that an NRS supplying opposing views fosters greater toler-
ance, particularly among conservative voters (Heitz et al., 2022). Our finding aligns with research on effects
of exposure to contrasting news content (Broockman & Kalla, 2022; Levy, 2021).

Me and my team’s results highlight a key issue: the news supply produced by traditional journalistic curation
and supplied in contemporary news environments lacks the diversity needed to fully engage and inform the
public, suggesting that the present news supply system is suboptimal for fostering informed and politically
engaged citizens. This leads to the central research question:
What is the optimal news supply system that can best sustain informed and engaged citizens?
Or, put holistically, Which Public Sphere System for Democracy?

To approach an answer, political communication studies has discussed prototypical models of the public

sphere in relation to models of democracy (McQuail, 1992; Mouffe, 2002; Strémback, 2006). A liberal de-

mocracy emphasizes individual freedoms, representative institutions, and a market economy (Held, 2006). A

participatory democracy enhances political efficacy and a concern for collective issues with an active and

knowledgeable citizenry, who is directly involved in political decision making (Pateman, 1970). A deliberative
democracy is centered on the process of discussion as a means to make decisions (Dryzek, 2002). It values
rational debate and consensus-building, in line with Habermas’s concept of the public sphere. Representative
democracy relies on elected officials representing the interests of the people. In contrast, radical democracy is

a critique of traditional liberal democracy, advocating for a more profound transformation of political struc-

tures (Mouffe, 2000). This approach relates to agonistic public spheres where minority viewpoints are more

pronounced. Addressing the question, “Which public sphere for democracy?” (Mouffe, 2002), | propose six
distinct PSS models (a to f). Four of these models of democratic PSS can be described by differences in visi-

bility of major and minor political viewpoints, drawing on Helberger (2019) and Vrijenhoek et al. (2021):

a. The Liberal PSS emphasizes majority political perspectives and appeals to user preferences. Empirically,
political news coverage in Western democracies often provides a visibility bonus to the incumbent party,
which may reinforce existing power relations (Castro, 2021).

b. The Representative PSS scales party visibility proportionally to parliamentary share (Helberger, 2019).

c. The Impartial PSS ensures that all political parties receive equal coverage and promotes a deliberative
news environment, for instance through emotionally engaging content (Vrijenhoek et al., 2021).
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d. The Critical PSS focuses on prioritizing underrepresented and marginalized political voices, aligning with
critical public sphere theories (Fraser, 1990; Mouffe, 2000).

In addition, two user-aware models integrate principles of user knowledge enhancement and personalization:
e. The Knowledge Gain PSS is designed to enhance user knowledge by identifying gaps in the user’s con-
sumption to political viewpoints and boosting the visibility of unknown perspectives (Sergas, 2024).

f. The User Preference-Based PSS tailors recommendations to align with users’ past behavior. Although
this approach has been criticized for potentially fostering filter bubbles due to users’ selective exposure,
empirical evidence substantiating this claim remains missing (Dahlgren, 2021; Méller, 2021)— and can
be managed through algorithmic design to balance relevance and diversity (Anwar et al., 2024).

Results of NRS news supply have been studied regarding news consumption and cognitive, attitudinal as well
as behavioral effects. Regarding news consumption, usage diversity correlates with diversity in news supply
(Mattis et al., 2024) because users generally follow the recommended news items (Heitz et al., 2023; Heitz et
al., 2022; Ludwig et al., 2023). Moreover, a more diverse news environment encourages political learning
(Heitz et al., 2023). When moving from cognitive effects (e.g., knowledge gain) to attitudinal changes and
finally to behavioral outcomes (e.g., voting), the PI’s previous studies suggest a decreasing effect strength,
which is largely in line with studies on effects of political news consumption (Johann et al., 2018). In a one-
shot forced-exposure experiment, more emotionally charged language in news content was found to increase
policy support but had no significant effect on political engagement (Mattis et al., 2024). Regarding news
sentiment in content-based news recommendations, Ludwig et al. (2023) demonstrate that spending more time
with an NRS accentuating negative sentiment increases affective polarization.

In conclusion, previous NRS user studies, including the PI’s, reveal the transformative role of NRS in reshap-

ing news consumption and public sphere dynamics. By leveraging computational algorithms, NRS transcend

traditional editorial curation to offer personalized content. However, their profound implications for political
engagement and public opinion formation call for careful exploration of their design, especially in balancing
user preferences with societal needs for diversity and inclusivity.

Groundbreaking Approach. This project pioneers the application of NRS to dynamically integrate diversity
metrics, user engagement, and political knowledge gaps through Pareto optimality. Unlike existing NRS sys-
tems, which often prioritize user engagement at the expense of representational diversity, this project leverages
Deep Pareto Reinforcement Learning (DPRL) (Li & Tuzhilin, 2024) to balance competing objectives such as
party visibility, viewpoint diversity, and emotionalization. Therefore, the project identifies systemic biases in
real-world news and establishes a fundamentally new approach to aligning technological innovation with pub-
lic-sphere priorities, setting a new standard for media systems. This project embodies ERC’s vision of sup-
porting groundbreaking research by tackling the pressing challenge of diversity in digital news environments,
an issue with profound societal implications such as political polarization (Téth et al., 2023). Its interdiscipli-
nary approach, bridging communication studies, computer science, and political theory, allows for a trans-
formative reconceptualization of how digital systems interact with the public sphere. By addressing fundamen-
tal questions about achieving a well-informed electorate, the project promises to create a blueprint for ethically
aligned Al in media, showcasing the ERC’s commitment to advancing science that directly benefits society.

Scientific Approach
Table 1: Research Outline

INPUT THROUGHPUT OUTPUT
Prototypical Public Spheres PSS Design PSS Validation o
- WP1 WP2 WP3 g
2 Systematic literature review, Natural Language Processing (NLP),  Longitudinal field experiments
g Special Issue, news scraping NRS development, performance as- during election cycles in four
sessment and user feedback countries
2 (1) Prototypical public- (1) Public Sphere-informed News As- (1) Empirically optimal PSS
5 sphere models sessment (PSiNA) framework (2) Open-source PSS prototypes
g (2) PSS community (2) News app and NRS pipeline (3) Education material

(3) Multilingual news corpus (3) Distinct Feeds of User News (FUN) (4) Design guides & policy briefs
1.1.Which public spheres 2.1 How does political news supply dif- 3.1. Which PSS conditions are re-

S does research describe? fer between each PSS? lated to usage and user effects?
@ 1.2 How does real-world po- 2.2 How do users perceive the political 3.2. What is the optimal public
litical news perform? news supply in each PSS? sphere system?

The project adopts innovative and comprehensive social-science and computer-science methodological ap-
proaches, combining multiple advanced research techniques. The study begins with a systematic literature
review of public sphere models, real-world news collection and Natural Language Processing (NLP) (Working
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Package 1 (WP1)) (see Table 1). It proceeds to the implementation of six NRS models (a to f) into an NRS
pipeline with a news app as user interface (WP2). The resulting news feeds (FUNSs) will be tested in extensive
field experiments conducted across four countries, empirically identifying optimal PSS (WP3).

In selecting the four countries Norway, Poland, U.S., and Germany, the project utilizes a Most-Different
Systems Designh (MDSD), encompassing varied media systems (Humprecht et al., 2022) to ensure a diverse
range of Western political and news media contexts to assess the generalizability of NRS model outcomes.
Working Packages. In WP1, first, a systematic literature review of models of the public sphere, their objec-
tives and operationalization in NRS is conducted, potentially refining objectives in Table 2. Second, the PI
will host a Special Issue preceded by a workshop on Designing Public Sphere Systems, fostering a collabora-
tive academic and practitioner community to advance research on optimizing algorithmic systems for demo-
cratic public spheres. Third, me and my team conduct a large-scale collection of multimedia news from major
national outlets across four countries, capturing real-time news throughout the project duration. The volume is
estimated at about 80-240 political news articles per day, supplemented by general, business, entertainment,
science, and sports news, resulting in a total of around 2 million news articles annually. Fourth, WP1 defines
and validates a comprehensive set of public-sphere metrics through advanced NLP techniques and human
supervision to capture the objectives proposed by public sphere models (Table 2), resulting in a pioneering
framework for Public Sphere-informed News Assessment (PSiNA). Key metrics include party visibility,
which is the distribution of mentions across political parties using entity linking (EL) (Sevgili et al., 2022) and
multimodal face recognition (Qi et al., 2023). Viewpoint diversity quantifies the range of perspectives (e.g.,
pro/contra stances) using stance detection (Mascarell et al., 2021). Emotionalization intensity captures the de-
gree of emotional framing (e.g., outrage, hope) in news content (Barriere et al., 2023). We will utilize cutting-
edge multilingual and multimodal language models capable of integrating text and image data across multiple
languages (Jin et al., 2024; Qin et al., 2024). The metrics will be designed to integrate additional features, such
as visual content and multimedia elements, as the project evolves. To ensure reliability, automated metrics will
be systematically validated against manual content analysis. The outcome will be the first comprehensive
measurement framework of journalism performance across most-different media systems, establishing a robust
baseline for the PSS design.

In WP2, first, my team and | implement a set of six PSS models (a to f in Table 2), each prioritizing different
combinations of public-sphere objectives, which are operationalized by PSiNA framework in WP1.

Table 2: PSS models and exemplar objectives

Objective  Party Visibil- Viewpoint Emotionaliza- User Knowledge

PSS Model ity Diversity Diversity tion Intensity Preferences Gap Closure
a) Liberal Majority Majority High High Passive
b) Representative Proportional Proportional Moderate Moderate Passive
¢) Impartial Equal Balanced Low Low Passive
d) Critical Marginalized  Marginalized High Low Active
e) Knowledge Gain Balanced Moderate Moderate Moderate Active
f) User Preference Balanced Moderate Moderate High Passive

A scoring mechanism allows the system to adapt to the goals of each model, bridging theoretical public-sphere
objectives with PSS metrics. A news item i in the recommendation list is ranked based on its overall score

R, calculated as the sum of values of each PSiNA metric M/ defined in WP1, defined as:
N

Ri = z W]Ef‘iRL) . Mki
k=1

To detect and adjust the weights w, we employ a combination of data-driven and theoretical approaches.
Weight identification is a cornerstone, as it determines how news recommendations differ in each PSS model.
Predefined public-sphere priorities will establish minimum acceptable thresholds for diversity metrics. DPRL
(Li & Tuzhilin, 2024) dynamically adjusts weights by identifying Pareto-optimal trade-offs between metrics.
Weights are adapted to cohort-level biases C (e.g. major visibility of the incumbent party in a news batch) and
user engagement U (e.g. strong selective exposure of hews covering Party C). The scoring mechanism directly
influences the composition of the personalized Feed of User News (FUN), which is pushed into a news app.
A NRS pipeline with a news app as user interface (Heitz et al., 2024) delivers the FUN, a personalized list of
news recommendations, integrating both political and non-political news, tracking participants’ news usage.

Next, we will test the performance of each PSS FUN with the news corpus collected in WP1 and the multilin-
gual xXMIND news dataset (Iana, Glavas, & Paulheim, 2024). These tests will assess how well each PSS bal-
ances competing public-sphere metrics such as party visibility, viewpoint diversity, and emotionalization in-
tensity. Standard metrics in computational NRS research like Precision@K and Mean Reciprocal Rank
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indicate user relevance, while diversity metrics such as Intra-List Diversity and Coverage assess the breadth
and novelty of recommendations (lana, Schmidt, et al., 2024). We determine whether the metrics statistically
differ between FUNSs. If models fail to exhibit significant differences, adjustments will be made by enhancing
metric sensitivity or incorporating additional datasets to enrich perspective diversity. User feedback is gathered
to assess the perceived differences between FUNs. This configuration ensures that the NRS models are not
only distinct in design but also regarding their FUNs. As an outcome, we introduce novel and precise evalua-
tion criteria for the quality assessment of news supply, i.e., PSS objectives and their pareto-optimal weights.
The final PSS FUNs serve as stimulus material in WP3 to measure their effects on users.

In WP3, the PSS FUNSs are pretested with users, followed by field experiments across four countries—Norway,
Poland, the U.S., and Germany—utilizing a 4 x 6 between-subjects factorial design (4 countries x 6 NRS
models) during a national election cycle over five weeks leading up to the election. This period represents the
peak of election campaigns, marked by an increased supply of political news and heightened demand from the
electorate (Haugsgjerd & Karlsen, 2024). The experiments apply a pre-post treatment-control design to eval-
uate the impact of each FUN on user outcomes. We track news usage and measure political knowledge, affec-
tive polarization, and political engagement with validated scales through online surveys (Anson, 2018; Geers
& Bos, 2017). Participants will be recruited from 1SO-20252 certified online panels and monetarily incentiv-
ized. Quotas for party preference, political interest, and gender are defined to reduce self-selection bias. To
detect small effect sizes (2 = 0.08) with high statistical power (0.90), we plan to recruit 200 participants per
group. With 7 groups per country (6 PSS models, 1 control group), the sample will include n = 1,400 partici-
pants per country, resulting in n =5,600 participants in total. By comparing dependent variables including
perceived viewpoint diversity (Zerback & Kobilke, 2022), political knowledge gain (Anson, 2018), affective
and ideological polarization (Garrett & Stroud, 2014), news media trust (Kohring & Matthes, 2007), and indi-
cators of good citizenship such as civic knowledge and political participation (Choi et al., 2017), the study
identifies which PSS model fosters the most desirable outcomes in line with public-sphere principles under
which conditions. The results will provide empirical evidence for determining the optimal PSS that balances
normative and user-centered goals across diverse political and cultural contexts. Thus, my team and | provide
public education material, establish design guidelines for Pareto-optimal PSS, and propose concrete policy
implementations for EU’s DSA and Al Act. By consolidating the project’s insights, WP3 bridges the gap
between cutting-edge technological advancements and the practical needs of a healthy, inclusive public sphere.

Feasibility and Risk Assessment. The project’s feasibility is underpinned by its integration of cutting-edge
methodologies, including reinforcement learning, Pareto optimization, and multilingual NLP. Leveraging the
expertise of the University of Hamburg’s Hub for Computing and Data Science (HCDS), the project ensures
that all computational tasks are executed with state-of-the-art tools and methods. To support this, personnel
from HCDS with advanced expertise in NLP, machine learning, and algorithmic optimization will be em-
ployed. Potential challenges, such as highly biased datasets or computational limitations, are mitigated through
a combination of alternative news archives, scalable machine learning frameworks, and human supervision.
Ethical risks, such as the potential for biased news recommendations, will be mitigated through continuous
audits. The user study in WP3 will utilize rigorous field experiments within the significant context of national
elections, while managing the risks of unintended consequences on electoral outcomes. The modular WP struc-
ture ensures that each phase of the project builds incrementally toward its objectives, while alternative meth-
ods, such as pre-defined thresholds and pretesting, safeguard progress if components underperform. This adap-
tive strategy ensures the project remains robust and achievable.

Pathways to Impact and Dissemination Plan. PSS4DEMOCRACY aims to set a new benchmark for design-
ing digital news environments that align with democratic ideals through advanced NRS techniques. The PI
will actively engage with stakeholders from news organizations and policy-making bodies through targeted
workshops and policy briefs. By bridging the gap between technological advancements and democratic theory,
this project demonstrates a highly original approach that addresses urgent societal needs. The research out-
comes will offer evidence-based, technologically sophisticated models of the public sphere for the first time,
capable of fostering an informed, knowledgeable, and engaged citizenry. Beyond advancing NRS design, the
project will inform policy discussions on algorithmic transparency and fairness, contributing to guidelines for
ethical Al deployment in media systems. Through the groundbreaking integration of advanced NLP and multi-
objective NRS optimization, PSS4ADEMOCRACY sets the stage for an era of algorithmic public sphere design
to enhance democratic engagement and political deliberation. The outcomes of this project will redefine the
way news supply in media systems operates, creating a transformative framework that meets user demand and
aligns with democratic values. This project therefore directly contributes to combating polarization of our
digital society. Beyond academia, the methodologies and findings will inform policymakers, news organiza-
tions, and technology developers, enabling them to design normatively aligned news dissemination systems
that strengthen democracy.
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Section a. State-of-the-art and objectives

The primary contribution of journalism for democracy is providing relatively accurate, relevant, and diverse
information about public affairs, as argued by Nielsen (2017). While normative theories envision journalism
as fostering social cohesion, educating the public, facilitating informed debate, and holding power to account
(McQuail, 1992; Schudson, 2003; Siebert et al., 1956), the reality often falls short of these ideals. Thus, Nielsen
advocates for a pragmatic approach to journalism rather than “wishing for more” (Nielsen, 2017, p. 1251). In
contrast, | propose a Normative-Technological Approach that radically rethinks journalism’s societal poten-
tial by leveraging technology—specifically News Recommender Systems (NRS). My approach embeds nor-
mative ideals like diversity and engagement directly into the technological infrastructure of news delivery,
addressing gaps in the current system and paving the way for a better informed and participatory citizenry.
As articulated by Kranzberg’s (1986) first law of technology—“Technology is neither good nor bad; nor is it
neutral” (p. 662)—NRS are neither inherently beneficial nor harmful, nor entirely neutral. The design and
operation of NRS reflect a process of social construction (Lindén, 2016) that carries significant ethical impli-
cations for digital societies (Milano et al., 2020). Properly designed, NRS can serve as powerful tools, guiding
users through the abundance of news, shaping public opinion, and potentially fostering social cohesion (Bern-
stein et al., 2021; Min, 2018). However, when overly focused on user preferences, NRS can create self-rein-
forcing feedback loops, amplifying biases and harming the functioning of public debate, deliberation, and thus
democratic institutions (Milano et al., 2020). As technological artifacts, they not only reflect but can also am-
plify biases and systemic inequalities present in the news (Lischka et al., 2024). The ability of NRS to influence
public discourse hinges on their underlying design principles.
Despite their transformative promise, a critical review of existing studies (Heitz et al., 2023; Heitz et al., 2022;
Stray et al., 2024; Vrijenhoek et al., 2024) reveals substantial limitations in current NRS design. The primary
challenge lies in striking a balance between user personalization and the need to supply relevant, timely, and
diverse content. Existing NRS often operate with competing objectives. On one hand, they aim to maximize
user engagement by recommending content aligned with individual interests. On the other hand, they have the
potential to influence public discourse by selectively boosting certain topics, political actors, or perspectives.
This dual function places NRS at the nexus of user personalization and societal responsibility, making their
design and operational characteristics critical to their overall impact.
To address these challenges, this project introduces Public Sphere Systems (PSS) as a conceptual framework
that extends the scope of NRS to include normative objectives for news supply such as fostering political
learning and minimizing affective polarization. Normative objectives represent what “ought to be” achieved
based on ideals of prototypical public spheres. That is, PSS are designed as a meritorical good, explicitly
aimed at generating positive externalities for society through news supply. To achieve this, PSS adopt the
principle of Pareto optimality, a concept from economics, to manage multiple, often conflicting objectives.
Unlike conventional optimization approaches in recommender system design, which focus on optimizing and
evaluating specific, measurable Key Performance Indicators (KPIs) in isolation, the Pareto optimality approach
enables a more holistic evaluation. Pareto optimality enables PSS to identify and balance trade-offs between
competing goals—such as user engagement versus political learning. By optimizing multiple criteria simulta-
neously, PSS ensure that no single objective is entirely subordinated to another. This methodology is able to
integrate the personalized nature of NRS with the overarching goals of public spheres.
The project takes a groundbreaking step by operationalizing normative objectives for news supply into algo-
rithmic systems. This advanced and novel approach aims to redefine democratic engagement in digital media
systems. By integrating methodologies from communication studies and computer science, the project lever-
ages cutting-edge NLP and NRS techniques to advance the optimization of diverse and personalized news
content, overcoming many limitations in contemporary digital public spheres. My overall assumption is:

The ideal PSS will foster good citizenship, an informed electorate, political engagement, build trust in

journalism, encourage tolerance for opposing views, and minimize polarization.

The overall objective of this project is to identify evidence-based characteristics of the ideal public-sphere
news supply by engineering Pareto-optimal news supply systems with NRS, developing PSS that set a new
standard for fostering democratic deliberation in fragmented digital societies.

1



Lischka Part B2 PSS4ADEMOCRACY

Table 1 organizes the project’s specific objectives along the algorithmic logic of input, throughput, and output.

Table 1: Project Objectives
INPUT THROUGHPUT OUTPUT
(1) Prototypical public sphere models  (3) Public-sphere design criteria (5) Empirically optimal PSS
(2) Diversity in political news (4) Multi-objective optimized NRS (6) Public Sphere Design

1. The Ideal Public Sphere and the Good Citizen

Public sphere theory provides a foundational framework for understanding the role of journalism and deliber-
ation in democratic societies. The public sphere is conceptualized as a domain where private individuals come
together to engage in reasoned debate about matters of public interest, shaping collective opinion and inform-
ing political action (Habermas, 1962). In the 17" and 18" centuries, European coffeehouses provided an egal-
itarian space where individuals from different walks of life, i.e., “Gentlemen and Cits”, “the clean and the
unclean” (as cited in Klein, 1997, p. 35), could meet and discuss matters of public interest, challenging tradi-
tional hierarchies of knowledge and power. Coffeehouses also served as spaces where misinformation and
disorder could spread (Klein, 1997), highlighting the importance of ensuring the quality of information avail-
able to the public. They were closely linked to the rise of the printed press, including newspapers and pamphlets
that were frequently read and debated within these settings (Cowan, 2008). These establishments became cen-
ters for the circulation of ideas and information, laying the groundwork for modern journalism. Coffeehouses
symbolize an environment of inclusivity, equal participation, and rational-critical discourse, where ideas are
exchanged free from coercion and domination (Habermas, 1962).

The Habermasian ideal of the public sphere has faced significant scrutiny and evolution. Scholars like Fraser
(1990) and Mouffe (2000) have critiqued Habermas’s model for its reliance on consensus-driven discourse
and failure to account for power dynamics and marginalized voices. Fraser introduces the concept of subaltern
counterpublics, arguing that multiple, overlapping public spheres exist to address the exclusion of marginalized
groups. In this regard, Mouffe (2000, 2002) emphasizes the importance of agonistic pluralism, which recog-
nizes the role of contestation in democratic deliberation, particularly in diverse societies. Benkler’s (2006)
concept of the networked public sphere further evolves these ideas, focusing on how digital platforms create
decentralized, interconnected spaces for public discourse. The networked public sphere allows for greater in-
clusivity and accessibility, empowering marginalized voices while also navigating challenges such as frag-
mentation and polarization. Digital platforms also enable the formation of networked counterpublics (Papa-
charissi, 2015), where marginalized voices can organize, mobilize, and challenge dominant narratives. How-
ever, when counterpublics center on anti-democratic or conspiracy-driven narratives, their impact becomes
harmful rather than constructive (Lischka, 2024; Pasquetto et al., 2022). This aligns with selective exposure,
where individuals gravitate toward ideologically aligned content (Knobloch-Westerwick & Johnson, 2014).
Bennett and Pfetsch (2018) describe the emergence of disrupted public spheres in these contexts, where the
dominance of hyperpartisan outlets and algorithm-driven content distribution challenges the foundational ide-
als of inclusivity and rational deliberation. Instead, algorithm-driven content distribution through NRS should
bridge fragmented publics (Min, 2018). Previous research has suggested metrics to operationalize public
sphere models (Vrijenhoek et al., 2021).

Normative conceptions of public spheres regard the political engagement of the “good citizen” as a key desired
outcome. Aristotle discussed the role of a “good citizen” in his work Politics, emphasizing participation in
public affairs and the importance of civic virtue for the functioning of a polis (city-state) (Aristotle, 1998 (384-
322 B.C.)). Even though Aristotle notes that the polis cannot entirely consist of perfectly good citizens, polit-
ical engagement remains essential for the vitality of a democratic society. Political engagement refers to the
activities and behaviors through which individuals influence political decisions, participate in governance, or
express political views. This concept encompasses a range of actions, from formal activities like voting, cam-
paigning, and party membership to informal actions such as protesting, discussing politics, or engaging with
political content online (Brady et al., 1995; Norris, 2002). In the digital age, political engagement has further
expanded to include social media activism (Gil de Z0figa et al., 2012). Political engagement is closely tied to
political knowledge and political attitudes. Political knowledge refers to an individual’s awareness and under-
standing of political institutions, processes, and issues (Galston, 2001). It serves as a critical precursor to in-
formed engagement, as individuals who are politically knowledgeable are more likely to participate meaning-
fully in democratic processes (Galston, 2001). Political attitudes, such as trust in government, political effi-
cacy, or ideological orientation, influence the nature and intensity of political engagement (Dalton, 2008).
Positive attitudes toward political institutions and processes correlate with higher levels of participation, while
negative attitudes can lead to apathy or protests or boycotts (Norris, 2011). Dalton (2008) identifies good
citizenship norms, distinguishing between duty-based norms, such as traditional forms of participation like
voting, and engaged citizenship norms, which prioritize activism, tolerance, and informed deliberation. Good
citizenship online involves not just consuming information but actively participating in discussions and

2




Lischka Part B2 PSS4ADEMOCRACY

contributing to collective decision-making (Gagr¢in et al., 2022). Political knowledge, attitudes, engagement,

and good citizenship shapes democratic processes in traditional and digital public spheres. These aspects are

relevant outcomes when evaluating effects of NRS and represent key dependent variables in this project. |

propose the following initial assumption (A):

Al. The principles of prototypical public spheres can be operationalized with performance metrics for NRS,
with each prototypical model prioritizing different objectives to align with its democratic outcomes, such
as aspects of good citizenship and political engagement.

As digital news environments increasingly mediate public sphere activity, integrating public sphere theory into

NRS design offers a pathway to fostering an informed and engaged citizenry.

Objective 1. The first objective is to compare prototypical models of the public sphere and their objectives,
as well as the technical implementation of public-sphere objectives in NRS.

2. The Role of Media Systems for News Supply

In contemporary democracies, media systems serve as platforms for the public sphere, mediating access to
information and enabling political discourse. Media systems reflect the institutional, political, technological,
and cultural conditions that shape public deliberation. They range from regulated public-service-oriented mod-
els to liberal, market-driven environments (Hallin & Mancini, 2004). Public-service-oriented media systems
prioritize balanced, accessible, and diverse news content, fostering informed and inclusive public discourse
(Humprecht et al., 2022). Aalberg and Curran (2013) argue that such systems are better equipped to support
deliberative democracy, reducing knowledge gaps and polarization by ensuring that citizens encounter a broad
range of perspectives. Likewise, Mutz (2006) argues that exposure to diverse viewpoints within news environ-
ments promotes tolerance and critical thinking, which are essential for constructive political discourse. In con-
trast, fragmented and commercialized media systems, such as those in the U.S., tend to emphasize market
incentives over public interest, leading to a more polarized and segmented public sphere (Hamilton, 2004).
Since news serves as the primary, and often the sole, source of information for the electorate to learn about
political parties and candidates (Soroka & Krupnikov, 2021), news access affects political knowledge and
attitudes. Haugsgjerd et al. (2021) examine political knowledge gaps across 18 democracies from 1995 to
2015. Their longitudinal study reveals that countries with strong public service media, such as Scandinavian
countries, exhibit lower and more stable knowledge inequalities compared to commercialized systems like the
U.S.. Fragmented and highly commercialized systems exacerbate disparities in news access to and engagement
with political information. Haugsgjerd et al. (2021) conclude that the architecture of the digital political com-
munication system limits the extent to which people access the news.

Therefore, the diversity of accessible content within media systems has been identified as a key determinant
of their ability to support democratic engagement. News diversity is defined as the variety of available infor-
mation within media systems. On the level of a single news outlet, internal diversity refers to variations in
topics, perspectives, and modalities within the news of this outlet. On system level, external diversity pertains
to the diversity of sources, viewpoints, and content across different news outlets within a media system (Joris
et al., 2020; Loecherbach et al., 2020). McQuail (1992) emphasizes that diversity supports pluralism and dem-
ocratic engagement by ensuring the inclusion of varied perspectives, balanced ownership structures, and re-
sponsiveness to evolving audience needs over time, fostering an informed and inclusive public sphere.

One mechanism lowering internal diversity and eventually external diversity across all media systems is news
bias. According to Entman (2010), content bias is a persistent slant in news framing that favors specific inter-
ests, parties, or ideologies. It occurs when consistent patterns of slant promote certain actors while discrediting
others. Importantly, “[d]espite journalists’ best efforts, framing often favors one side over another in political
disputes” (Entman, 2010, p. 389). Cross-national analyses confirm that political parties often receive dispro-
portionate visibility, depending on the ideological alignment of news outlets and their audiences (Castro, 2021;
Newman et al., 2018; van Remoortere & Vliegenthart, 2024). Frequently, incumbent parties benefit from in-
creased visibility, amplifying their political dominance (Castro, 2021; Jandura et al., 2019). This incumbent
party bonus can be explained with a greater public relevance, i.e., news value, of the governing party. Eberl,
Boomgaarden, and Wagner (2017) emphasize that such news bias operates on multiple levels, including visi-
bility, tonality, and issue bias. Positive news coverage enhances perceptions of competence and charisma in
political actors, while negative coverage has the opposite effect (Eberl, Wagner, & Boomgaarden, 2017). By
emphasizing positive or negative valence, news subtly shapes public perceptions of political events and actors
(Soroka & Krupnikov, 2021).

Beyond news bias, commercialized media systems often feature news outlets with limited internal diversity
and clear political leanings, which can exacerbate audience polarization. For the U.S., lyengar and Hahn (2009)
introduce the concept of “blue media” and “red media,” describing how ideologically segregated news outlets
cater to distinct partisan audiences. This segregation contributes to audience fragmentation and affective po-
larization, where individuals not only align strongly with their preferred political party but also develop hostile
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attitudes toward opposing parties. Peterson et al. (2021) expands on this phenomenon, demonstrating that the
selective exposure enabled by fragmented media systems has intensified partisan divides. Audiences consum-
ing “blue media” (aligned with liberal ideologies) or “red media” (aligned with conservative ideologies) are
not only exposed to ideologically reinforcing content but are also more likely to perceive the opposing party
as extreme or morally corrupt. This dynamic exacerbates misunderstandings and mistrust across party lines,
undermining the prospects for bipartisan deliberation and cooperation. To counteract this, Broockman and
Kalla (2022) incentivized viewers of Fox News (red media) to watch CNN (blue media) for several hours each
week over a month. This cross-exposure to ideologically opposing content significantly influenced partici-
pants’ perceptions and attitudes: Fox News viewers exposed to CNN reported less polarized attitudes toward
key political issues and became more critical of conservative narratives.
Similarly, this project aims to test the impact of various news supply systems on users. To achieve this, it is
first necessary to measure the level of news bias and internal as well as external diversity of news within a
media system. The following assumption is made:
A2. More politically segregated media systems exhibit lower internal diversity in news coverage and political
news bias in line with an outlet’s political slant, while more public-service-oriented media systems main-
tain higher internal diversity and an incumbent party bonus.

Objective 2.  The second objective is to analyze real-world political news supply across most-different
Western media systems to compare internal and external diversity and to assess the level of achievement
of public-sphere objectives in news supply.

3. Design Criteria of NRS for the Public Sphere

Computationally designed news environments rely on algorithmic frameworks guided by design criteria. De-
sign criteria are formalized, goal-oriented specifications that define the functional and operational parameters
of NRS, serving as foundational guidelines to ensure alignment with specific objectives, such as personaliza-
tion or diversity. Design criteria are then evaluated through measurable performance metrics within NRS.
Heitz, Vrijenhoek, and Inel (2024) emphasize the importance of addressing beyond-accuracy design criteria,
such as novelty and diversity, in NRS evaluation. They argue that current evaluation frameworks, which pri-
oritize user engagement metrics, limit the capacity of NRS to align with the democratic ideals of a healthy
public sphere. This involves moving beyond accuracy metrics toward holistic criteria that reflect the interplay
of personalization, diversity, and public-interest values. These standards can redefine how journalism perfor-
mance is evaluated, prioritizing their role as democratic institutions.

The discussion around diversity in news recommenders is lead in both computer science (Chen et al., 2023)
and communication studies (Joris et al., 2024; Loecherbach et al., 2020). In computer science, the focus is on
algorithmic performance and metrics. For example, Treuillier et al. (2022) design algorithms that balance user
preferences with diversity, using metrics like Intra-List Diversity (ILD) and Coverage and complement them
with engagement-aware metrics, fairness measures, and temporal consistency evaluations to ensure that di-
verse recommendations remain relevant, equitable, and effective over time. Metrics like ILD measure the var-
iation among items within a single recommendation list, ensuring a broad range of topics, perspectives, or
content types is presented, while Coverage assesses how much of the available content (e.g., topics or sources)
is represented across all recommendations, indicating the system’s ability to expose users to a similar set of
information. Techniques such as diversity-aware retrieval mechanisms are key to mitigate selection or popu-
larity bias (Sun et al., 2024; Wang et al., 2024). For instance, diversity-aware retrieval ensures that recommen-
dations include a range of viewpoints, topics, or sources, even if some are less popular or less likely to match
the user’s immediate preferences (Sun et al., 2024). This prevents the system from narrowing the content
spectrum over time. Bias mitigation prevents from over-recommending widely consumed content at the ex-
pense of niche or less mainstream information (Wang et al., 2024).

In communication studies, the concept of news media diversity, as rooted in McQuail’s (1983) framework,
encompasses content diversity, considering topics, viewpoints, and actors, alongside source and ownership
diversity, audience diversity, and temporal diversity. Bridging computer science and communication studies,
Vrijenhoek et al. (2021) propose five performance metrics for diversity-aware NRS—calibration, fragmen-
tation, activation, representation, and alternative voices—that describe four democratic NRS models proposed
by Helberger (2019). Calibration ensures that recommendations align with user preferences; the degree to
which users can explore major perspectives while maintaining relevance to their interests. Fragmentation as-
sesses the overlap in news exposure across users, and therefore the opportunity of shared experiences and
mutual understanding for consensus-building. Representation measures the balance of opinions and perspec-
tives presented in recommendations. Activation focuses on recommending emotionally engaging and action-
oriented content that inspires civic activity. The metric of alternative voices assesses the visibility and repre-
sentation of marginalized or minority groups in news recommendations. Together, these metrics enable
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systems to balance personalization with democratic principles, fostering a healthier and more inclusive infor-
mation ecosystem (Vrijenhoek et al., 2021), as these metrics are linked to normative models of democracy.
With regard to these metrics, it should be noted that the optimum is often not the maximum. On the contrary,
research into backfire effects suggests that over-exposure to, for example, alternative views, can result in dis-
engagement or resistance from users (Lin et al., 2025). That is, exposure to alternative views follows a quad-
ratic relationship with engagement, where moderate exposure increases openness, but excessive exposure risks
alienation (Lin et al., 2025). As content diversity (the variety of topics and viewpoints presented) differs from
perceived diversity (how users perceive the range of content they are exposed to) (Joris et al., 2020), individual
latitudes of diversity have to be considered when designing NRS, which includes an understanding of what
counts as diverse information to a given user at a given time (Reuver et al., 2021). One effective way to address
this is through user-aware NRS that adaptively gauge user engagement. User-aware NRS are algorithmic
systems designed to tailor outputs based on an individual’s preferences, behavior, and characteristics. These
models can monitor when engagement drops in response to counterattitudinal content and adjust recommen-
dations accordingly. The optimal amount of counterattitudinal news for each user depends on factors such as
their political ideological strength and tolerance for divergent perspectives (Lin et al., 2025). This problem is
discussed as the exploration-exploitation dilemma in recommender research (Hofmann et al., 2011). It refers
to the trade-off between presenting content that aligns closely with a user’s current preferences (exploitation)
and exposing them to novel or diverse content that may broaden their perspectives (exploration). As a way to
increase tolerance for opposing views of users, Sergas (2024) suggests an perspective-diversification NRS
(PD-NRS). The PD-NS recommends news articles tailored to users’ political orientations but incrementally
introduces viewpoints outside their comfort zone. This is guided by a dynamically expanding Overton window,
which ensures recommendations remain within an acceptable ideological range to sustain user engagement
while broadening perspectives (Sergas, 2024). The Overton window is a concept in political science that refers
to the range of ideas, policies, or perspectives that are considered acceptable or mainstream in public discourse
at a given time (Mackinac Center for Public Policy, 2019). The PD-NRS demonstrates potential for nudging
users to explore diverse viewpoints without alienating them and without presenting unacceptable viewpoints.
However, nudging requires a critical ethical consideration, as it involves influencing user behavior in subtle
ways that may challenge their autonomy or informed consent (Hausman & Welch, 2010). To avoid paternal-
istic NRS and maintain user autonomy, Vermeulen (2022) suggests opt-in options or adjustable “diversity
sliders” for PD-NRS with dynamic Overton windows. Crucially, these systems must strike a balance between
the goal of promoting diversity and respecting individual freedom of choice.
The challenges posed by user-aware NRS regarding the exploitation-exploration dilemma are exemplified by
studies on news demand dynamics. In a real-world experimental design, Einarsson et al. (2024) explore how
NRS influence political news supply during the Danish 2022 General Election. The study uses an online ex-
periment conducted on the tabloid news site Ekstra Bladet. The NRS used in the study was not explicitly
diversity-aware but included user behavior metrics. It prioritized engagement metrics like clicks and viewed
time, which resulted in favoring content with higher immediate appeal to users (Einarsson et al., 2024). Par-
ticipants exposed to personalized NRS received less political news overall but encountered more mixed-con-
tent articles combining entertainment and political topics. Personalization also slightly increased exposure to
right-leaning political parties and topics like immigration and foreign policy, while left-wing parties and issues
like climate and economy were underrepresented. The results underscore the necessity of refining user-aware
design criteria and their optimization in a user- and diversity-aware NRS. Researchers have recognized that
prioritizing user engagement alone can lead to unintended consequences, such as “a polarization of the opinion
landscape [...] and to an overexposure of users to negative content” (Chavalarias et al., 2024, p. 1). Thus,
previous research leaves room to explore NRS design criteria and their optimization:
A3. NRS that integrate public-sphere objectives and user engagement metrics outperform previous recommen-
dation models in maintaining user engagement while fostering gradual exposure to diverse perspectives.

Objective 3. The third objective is to develop and implement design criteria for NRS that integrate public-
sphere objectives with user awareness through measurable metrics. This includes creating a framework to
dynamically balance user engagement, exposure to diverse perspectives, and respect for user autonomy.

4. Emerging NRS Frameworks

The discussion around NRS in computer science often regards accuracy and diversity as two opposing objec-
tives (Heitz, Vrijenhoek, & Inel, 2024; Hofmann et al., 2011). Accuracy focuses on exploitation—delivering
content that aligns closely with a user’s historical preferences and behaviors to maximize immediate satisfac-
tion and engagement. In contrast, diversity requires exploration—introducing novel or alternative viewpoints
to broaden users’ horizons and foster exposure to a wider range of perspectives. However, this dichotomy
overlooks the potential of multi-objective optimization strategies, such as Pareto optimality. Multi-objective
optimization frameworks are essential for balancing often-conflicting goals of NRS.
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In this regard, Slokom and Hollink (2024) propose an algorithm that takes user preferences into account but
considers diversity and minority viewpoints, which aligns with Vrijenhoek et al.’s (2024) emphasis on balanc-
ing user needs with broader diversity goals. Moreover, Treuillier et al. (2022) suggest an algorithm that avoids
overcompensation of diversity where users are pushed towards extreme or unfamiliar content. Li and Tu-
zhilin’s (2024) Deep Pareto Reinforcement Learning (DPRL) offers a dynamic solution to optimize for multi-
ple objectives, such as diversity and user engagement. The DPLR framework integrates diversity, which en-
sures exposure to a range of perspectives and promotes inclusivity, with personalization, which maintains
relevance by tailoring recommendations to individual preferences. It incorporates learning mechanisms to re-
fine recommendations based on user behavior over time and employs reinforcement strategies to optimize the
balance between immediate user satisfaction and long-term diversity objectives. In this context, Pareto opti-
mality becomes a critical concept in managing the trade-off between competing objectives like accuracy and
diversity. A solution is considered Pareto optimal when it achieves an efficient trade-off, where no improve-
ment in one objective can be made without compromising the other. In NRS, Pareto-efficient recommendations
represent the optimal balance between aligning with user preferences and broadening their exposure to diverse
viewpoints. The set of all Pareto-optimal solutions forms the Pareto frontier, outlining the range of trade-offs
where any adjustment improves one objective only at the expense of another. By achieving Pareto-optimal
trade-offs, DPRL ensures that improvements in one metric, such as diversity, do not disproportionately com-
promise others, such as user engagement. This framework adapts recommendations to user-specific and con-
textual variations while aligning with broader societal goals. Thus, multi-objective optimization enables NRS
to navigate the exploration-exploitation problem effectively.
In the context of NRS, Public Service Media (PSM) have a unique mandate to serve the public good by pro-
moting values such as diversity, inclusivity, and democratic engagement. PSM operationalize their values—
such as diversity, inclusivity, and democratic engagement—for NRS (Griin & Neufeld, 2021; Hildén, 2022).
Griun and Neufeld (2022) describe how a German PSM utilizes multi-objective optimization to design NRS.
The NRS integrates PSM values into the algorithmic framework through “Model Cards,” which translate edi-
torial rules and metrics into algorithmic features. Model Cards are standardized documentation tools designed
to provide concise and accessible descriptions of machine learning (ML) models. Metrics such as coverage,
diversity, novelty, and serendipity are embedded into the MAB reward function. For example, coverage
measures the extent to which available content is distributed across the audience. To test the implementation,
the authors use a Contextual Multi-Armed Bandit (CMAB) algorithm to recommend documentaries. The al-
gorithm incorporated user preferences and content attributes to refine its recommendations. Key challenges
included ensuring newly published content was immediately recommendable and handling the complexity of
recommending multiple items from a content pool (Griin & Neufeld, 2022).
This demonstrates the potential for NRS to leverage advanced optimization techniques to meet competing
objectives effectively. The following is expected:
A4. Multi-objective optimization, such as DPRL, effectively balances competing goals like user engagement
and diversity in NRS, leading to improved alignment with public-sphere objectives.
Objective 4. The fourth objective is to implement a multi-objective optimization NRS framework, such as
DPRL, to balance potentially competing goals like user engagement and diversity, thereby representing
prototypical models of the public sphere.

5. The Role of NRS Design for Political Engagement

Despite these advancements, open questions remain about the long-term effects of NRS on societal outcomes,
such as deliberation and polarization. Stray et al. (2024) identify critical challenges regarding building human
values into NRS, integrating values-driven measurements, and optimizing for long-term democratic outcomes.
NRS effects on users occur on two levels, which are (i) news consumption resulting from NRS news exposure
and (i) cognitive, attitudinal, and behavioral effects following news consumption (Lischka et al., 2024). First,
regarding news consumption, Joris et al. (2024) explore how the design of NRS affects users’ exposure to
diverse news content and their perceptions of this diversity. Using an experimental approach, the study shows
that diversity-oriented NRS designs increase diversity in users’ news consumption compared to the similarity-
based system. However, despite consuming more diverse content, participants did not perceive that they had
read more diversely. This diversity paradox is confirmed in the PI’s studies (Heitz et al., 2023; Heitz et al.,
2022). While users receive and use more diverse news, they are not necessarily aware of it (Heitz et al., 2023;
Heitz et al., 2022). This is also consistent with experimental studies showing that users detect high but not low
viewpoint diversity (Hendrickx et al., 2024).

Second, regarding cognitive, attitudinal, and behavioral effects, NRS have shown to significantly influence
political engagement, though their effects can vary widely based on their design. Previous research demon-
strates that NRS can amplify extremist content and distort public discourse by disproportionately prioritizing
polarizing material (Whittaker et al., 2021), which however can be mitigated by metrics in design (Horta
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Ribeiro et al., 2023). Diversity-aware NRS offer a promising avenue for fostering democratic engagement by
exposing users to a broader range of political views, thereby countering the tendencies of selective exposure
(Heitz et al., 2023; Heitz et al., 2022). Knudsen (2023) examines the role of attitude alignment in news con-
sumption through NRS experiments that expose users to positive or negative stories about immigration. Results
indicate that individuals are more likely to engage with articles aligned with their existing attitudes. For in-
stance, users who view immigration positively tend to click on positive immigration stories. Interestingly,
users also engage with counter-attitudinal content; for example, those favoring immigration sometimes click
on negative immigration stories when recommended. This suggests that strategically designed NRS can en-
courage exposure to counter-attitudinal content and reduce selective exposure. Moreover, Ludwig et al. (2023)
explore the role of sentiment in news recommendations. They find that prolonged use of a content-based NRS
emphasizing negative sentiment increases affective polarization, while an NRS with sentimentally balanced
content reduces ideological polarization over time. Using a diversity-enhanced NRS regarding political party
diversity, Heitz et al. (2023) provide critical insights through a longitudinal study examining the impact of
NRS designs on user exposure to diverse political actors during an election period. The study involves a con-
trolled experimental setup where users were exposed to either the diversity condition, prioritizing the visibility
of minority political parties, or the “natural” condition, perceiving political news as published that provided a
visibility bonus to the incumbent party. While higher exposure to minority political parties did not substantially
alter core political positions or voting intentions, it enhanced participants’ usage of political news and their
political knowledge. Therefore, the study indicates that longitudinal exposure to diverse content during an
election campaign fosters a more informed electorate. However, NRS had no potential to alter political views
or voting intentions (Heitz et al., 2023). This stream of research provides compelling evidence that NRS can
be designed to actively contribute to the democratic function of the public sphere. | expect the following:

A5. Longitudinal exposure to multi-objective optimized NRS designed in line with public-sphere objectives
during election periods will foster an informed and engaged citizenship, without significantly altering core
political attitudes or voting intentions.

These findings illustrate the critical role of NRS design in shaping desirable or undesirable outcomes in dem-

ocratic engagement and the integrity of public discourse and underscore the importance of careful NRS design.

Objective 5. The fifth objective is to test multi-objective optimized NRS with users in real-world settings
and empirically identify the conditions that create ideal PSS fostering good citizenship.

6. Toward Sustainable Public Sphere Systems

Existing research emphasizes the dual potential of NRS. On the one hand, NRS can foster engagement and
personalization by tailoring content to user preferences. On the other, NRS risk exacerbating polarization by
prioritizing content based on popularity or alignment with existing user views, limiting exposure to diverse
perspectives. These tensions highlight the need for an intentional design that aligns NRS objectives with nor-
mative democratic goals, such as promoting viewpoint diversity and fostering informed political engagement.
Scholars such as Nechushtai and Lewis (2019) and Helberger et al. (2017) argue for algorithmic interventions
that go beyond market-driven incentives to actively enhance democratic values. This includes designing sys-
tems that expose users to diverse content, mitigate bias, and ensure transparency and accountability (Vrijen-
hoek et al., 2021). Significant gaps remain in the theoretical and empirical understanding of how to translate
public sphere ideals into actionable algorithmic design. Current NRS models fall short of addressing the dy-
namics of political engagement, the structural biases in news supply, and the diverse needs of individual users
in democratic societies. To bridge these gaps, this project aims to establish the interdisciplinary field of Algo-
rithmic Public Sphere Design, grounded in normative principles through technological innovation.

By synthesizing existing research and contributing new empirical insights, the project will provide actionable
design criteria for creating optimal public spheres that enhance democratic societies.

Objective 6.  The sixth objective is to establish the interdisciplinary field of PSS research and empower
practitioners, policymakers, and the public to design and evaluate systems that enhance democratic en-
gagement and diversity in digital news environments.

Section b. Methodology

This project adopts an interdisciplinary approach, integrating political theory, computational modeling, and

empirical testing across three work packages consisting of two tasks each.

o WAP1 INPUT lays the conceptual foundation by mapping prototypical public sphere models based on nor-
mative democratic theories (Task 1a) and creates a multilingual real-world news corpus (T1b).

o WP2 THROUGHPUT establishes design criteria for PSS (Task 2a) and develops multi-objective PSS
through an NRS pipeline with a news app as user interface (Task 2b).
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o WP3 OUTPUT empirically evaluates the developed PSS through longitudinal field experiments in four
countries (Norway, Poland, the U.S., and Germany) to evaluate PSS impacts on political knowledge, atti-
tudes, polarization, and citizenship values (Task 3a) and enhances the academic, societal, educational, and
policy impact of the entire project and its results (Task 3b).

By combining technical innovation with empirical validation, the methodology ensures robust, scalable, and

context-sensitive outcomes. Figure 1 maps the three work packages across the project’s 60-month duration.

Month 1 2 3 4567891011 12‘13 14 15 16 17 18 19 20 21 22 23 24|25 26 27 28 29 30 31 32 33 34 35 36|37 38 39 40 41 42 43 44 45 46 47 48(49 50 51 52 53 54 55 56 57 58 59 60‘
WP1, Task 1a 1.1 Prototypical public spheres
WP1, Task 1b 1.2 1.3 First multilingual news dataset 1.4 Final news dataset
WP2, Task 2a 2.1 2.2 PSiNA framework
WP2, Task 2b 23 24 25 2.6 2.7 NRS pipeline
WP3, Task 3a i 532 83 3.4 DE 3.5US,NO 3.6PL 3.7 3.8 PSS
WP3, Task 3b 3.9 3.10 il 3.12

Figure 1: Project Timeline and Milestones

WP1: INPUT

WP1 requires personnel with advanced knowledge of public-sphere theories and NRS research (Task 1a) as
well as API usage for news collection and data management (Task 1b).

Task la: Conceptual Framework Development. To reach the first objective, a systematic literature review
(SLR) is conducted. The SLR involves several well-defined stages that guide the identification, selection,
analysis, and synthesis of theoretical and empirical studies related to public sphere models, their characteris-
tics, and their objectives regarding good citizenship. A review protocol will be pre-registered, e.g. in
PROSPERO or OSF. To ensure the review’s rigor, quality assessment frameworks like PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) (Moher et al., 2009) are employed.
The review begins by outlining the research scope, addressing the two central questions: (1) Which theoretical
models of the public sphere and their associated characteristics are described in academic literature? and (2)
Which public-sphere characteristics have been operationalized in what way in NRS design? The focus includes
both classical public-sphere concepts and contemporary extensions. Objectives include mapping prototypical
frameworks to NRS applications and evaluating the implications for fostering good citizenship. Key academic
databases, such as Scopus, Web of Science, ACM Digital Library, and IEEE Xplore, as well as arXiv and
TechRxiv for accessing early-stage NRS research, are used. Keywords and phrases such as “public sphere
theory,” “good citizenship,” “democratic models,” and “news recommender systems” are combined using
Boolean operators (e.g., AND, OR). Excluded are works published in non-English languages unless accessible
and works older than 20 years for question (1) (except for seminal works) and works older than 7 years for
guestion (2) to reflect advancements in a rapidly evolving field. Studies are first screened for relevance based
on their titles and abstracts, excluding those that do not align with the research focus. Remaining studies are
examined in-depth to confirm their relevance, ensuring that theoretical rigor and empirical contributions are
included. Key information is systematically extracted from each study, including theoretical frameworks and
models of the public sphere (e.g., liberal, deliberative, participatory, critical) and characteristics, such as di-
versity and inclusion. The extracted data are organized into themes to compare theoretical frameworks and
their alignment with democratic ideals. The findings compare models of the public sphere and their operation-
alization in NRS, revealing unexplored and underexplored characteristics in NRS operationalization.
The systematic literature review for question (1) results in a state-of-the-art framework of prototypical public
sphere models, which will be published in a high-ranked peer reviewed journal such as Political Communica-
tion or the Intl. Journal of Press/Politics. The set of prototypical public spheres represents the selection sample
for algorithmic public-sphere news supply systems to be designed and tested in WP3. The review for ques-
tion (2) results in the state-of-the-art NRS operationalization metrics and identifies potential directions for
future advancements. It will be published in proceedings of the Conference on Recommender Systems (ACM
RecSys) or ACM FAT (Fairness, Accountability, and Transparency), premier conferences organized by the
Association for Computing Machinery (ACM). The operationalization of public-sphere objectives in previous
NRS research will guide the NRS design and performance metrics in WP2.
€ Milestone (MS) 1.1 (Month 4): Finalization of the theoretical framework for prototypical public sphere
models, identifying normative objectives to be operationalized for PSS in WP2.

Task 1b: News Data Collection. The Pl and her team will conduct a large-scale collection of a multimedia
news corpus of major legacy news outlets across the four selected countries (U.S., Germany, Poland, and
Norway), using services such as LexisNexis Newsdesk API, News API, Factiva API, MediaStack API, and
GDELT API, capturing real-time news throughout the project duration. In the PI’s previous NRS project (Heitz
et al., 2023), we used the WISO API as content provider, which however does not include multimedia content.
In the U.S., major national outlets like The New York Times, Washington Post, CNN, and Fox News typically
publish between 20 and 50 political news articles daily. Aggregating the output from approximately 10 to 15
major outlets results in an estimated 300 to 750 political news articles per day. In Poland, major national outlets
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such as Gazeta Wyborcza, Rzeczpospolita, and TVN24 produce around 10 to 20 political articles daily. With 8
to 12 major outlets, this results in a daily total of approximately 80 to 240 political news articles. In Norway,
the smaller media system is dominated by a few major outlets like Aftenposten, Dagbladet, and NRK. Each
outlet typically publishes 5 to 15 political news articles daily. With 5 to 8 such outlets, the total daily output is
estimated to range between 25 and 120 articles. In Germany, the media system is characterized by a combina-
tion of large national outlets and regional newspapers, national outlets such as Die Zeit, Stiddeutsche Zeitung,
Frankfurter Allgemeine Zeitung (FAZ), and Der Spiegel typically publish between 10 and 30 political articles
daily across their print and online platforms. With approximately 10 to 15 major national outlets, this results
in a daily total of about 150 to 300 political news articles. These number are expected to increase during
national elections. The news corpus will contain about 2 million news items annually.

€ MS 1.2 (Month 3): Establishment of data collection pipelines for multilingual news articles.

€4 MS 1.3 (Month 7): Internal release of the first multilingual dataset for annotation.

€ MS 1.4 (Month 54): Final multilingual news dataset with annotation.

WP2: THROUGHPUT

WP2 requires personnel with advanced computer-linguistic experience in NLP and text annotation (T2a) as
well as advanced experience in machine learning (ML) and algorithmic optimization (T2b).

Task 2a: Public-Sphere Design Criteria. The Pl and her team develop a content-analysis architecture result-
ing in a framework for Public Sphere-informed News Assessment (PSiNA). The goal is to develop scalable
content analysis procedures for multiple languages based on the latest developments in computational linguis-
tics, political science, and communication studies that run automatically and deliver reliable results. A pre-
processing layer ensures suitability for analysis and preparation for feeding it into the news app, an analytic
layer measures content diversity features, and a post-processing layer synthesizes content diversity features
into public sphere alignment indices. While natural language processing is currently evolving at fast pace and
the choice of techniques will be revisited in the course of the project, we describe the workflow from today’s
perspective, showing its feasibility. The PSiNA workflow consists of the following key steps:

1. A pre-processing layer cleans and normalizes text and visual input, e.g. removal/unification of formatting,
removal of navigational links and other non-content that hampers presentation in the news app.

2. We identify visibility of political parties and their representatives using entity linking (EL) (Sevagili et al.,
2022) and multimodal face recognition (MFR) (Qi et al., 2023). EL identifies and disambiguates mentions
of entities in text by linking them to their entries in a structured knowledge base, such as Wikipedia or a
manually crafted collection of relevant entities for the task at hand. MFR identifies individuals based on
their facial features extracted from images or videos. The relative weighting of visual and textual visibility
will be identified based on research into their respective effects on audience perception (Lindholm et al.,
2021). We then use the frequency distributions of party visibility to calculate a party visibility diversity
score per article based on Shannon entropy, ranging from 0 (concentration on one party and its represent-
atives) to 1 (even distribution across parties) as used in Steiner et al. (2022) for diversity of political actors.

3. Entity-specific party sentiment is analyzed using Large Language Models (LLMs) for targeted sentiment
analysis for sentences referencing political actors (Kuila & Sarkar, 2024), with human supervision. In
combination with party frequencies, we calculate party sentiment diversity with Shannon’s H.

4. The detection of new news issues and their alignment to specific party agendas is a two-step process.
To identify evolving agenda issues in our dynamically extending political news corpus, we will use dy-
namic topic models, e.g. ANTM-BERT (Rahimi et al., 2024). For alignment with campaign programs, we
will dynamically extend few-shot classifiers (e.g. Fischer et al., 2024) based on transformer-based text
embeddings (Reimers & Gurevych, 2019). This will require daily attention yet a low time effort during
the live experiments to ensure emerging issues are identified and correctly aligned. In combination with
party visibility, we develop an article-internal metric for party agenda alignment. External agenda
alignment of news articles across different outlets is then measured by capturing the overlap with the party
agenda with Jaccard Similarity from 0% (no overlap) to 100% (perfect overlap) (Puschmann, 2019).

5. For viewpoint diversity, a semi-supervised issue-related sentence-level few-shot classifier (as in Fischer
et al., 2024) will be trained and fine-tuned for stance detection (Burnham, 2024). Inspired by Corral et al.
(2024), who apply few-shot learning to classify hypocrisy subtypes, we adapt similar techniques to differ-
entiate issue-specific stance subtypes in political news. In combination with the article-internal party
agenda metric, we identify viewpoint diversity for a party agenda issue. Then, using transformer-based
embedding techniques (Grootendorst, 2022) or other whole-document representations (Jha et al., 2023;
Ostendorff et al., 2021), we will identify semantically similar news articles, resulting in clusters of pro and
contra stances of articles towards an issue within the overall news landscape.
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6. Emotionalization is measured by training or fine-tuning classifiers to detect emotional stances (e.g., out-
rage vs. support) (Barriere et al., 2023) and in facial expressions with tools like OpenFace or Emotion API
(Caiani & Di Cocco, 2023).

The PSINA framework will leverage cutting-edge multilingual and multimodal language models capable
of integrating text and image data across multiple languages (Jin et al., 2024; Qin et al., 2024), which ensures
that the PSiNA framework is both adaptable and technologically advanced. To validate the results of the au-
tomated NLP procedures and to adapt the algorithmic assessment towards the intended conceptualizations,
manual quantitative content analyses of random subsamples and selective annotation to train few-shot classi-
fication will be conducted for all measurements throughout the project duration. We expect to run several
rounds of automated classifier identification and human validation. The PI will schedule a project-specific
workshop with invited NLP experts to discuss state-of-the-art NLP approaches and procedures to increase
validity and discriminatory power of measurements across languages.

€4 MS 2.1 (Month 5): NLP workshop for PSiNA framework development.

This comprehensive approach enables the integration of advanced computational techniques with theoretical

insights from public sphere research, ensuring that the PSiNA framework evaluates journalistic performance

aligning with public-sphere ideals. PSiNA will be described and made openly accessible through a platform
such as Communication Methods and Measures or Computational Communication Research. The content-
analysis findings will serve as the foundation for a groundbreaking scholarly paper on media-system-depend-
ent news performance, offering a significant contribution to academic discourse on the interplay between me-
dia systems and their capacity to shape an informed and engaged public. As an essential building block for
WP3, we will be able to automatically identify content diversity indices in (almost) real-time.
€ MS 2.2 (Month 12): Finalization and open-access publication of the PSiNA framework.

Task 2b: Algorithm Design and Optimization. This task addresses the design of NRS models resulting in a
recommendation list (Feed of User News, FUN) to be pushed into a news app as user interface. Therefore,
each news article will receive an overall score R resulting from weighted (w) public-service objectives oper-

ationalized in the previous task in the form of:
R — (é)PRL) V +w (DPRL) 5 +w (DPRL) A +w (DPRL) D +w (DZ’RL) E

Where V is the Party Visibility Dlver5|ty, Sisthe Sentlment Dlver5|ty, A is the Agenda Alignment Score, D is
the Viewpoint Diversity, and E is the Emotionalization Intensity. The formula is scalable and adaptable to new
metrics as they are identified in the previous task. Weights are adjusted based on cohort-level underrepresen-
tation (C) (e.g. in the daily patch of news) and user engagement (U) (e.g., excessive selective exposure to one
party), depending on the NRS model. DPRL optimizes weights by finding Pareto-optimal trade-offs, where
improving one objective (e.g., party visibility diversity) cannot occur without compromising another (e.g.,
viewpoint diversity) (Grin & Neufeld, 2022; Li & Tuzhilin, 2024).

To detect and adjust the weights, we employ a combination of data-driven and theoretical approaches. First,
to detect news bias, variance analysis will be applied to identify imbalances in the representation of diversity
metrics across article cohorts, such as a daily batch of news. Metrics that show significant variance, indicating
underrepresentation or overrepresentation, will be prioritized for weight adjustments to promote balance de-
pending on each prototypical public sphere model. Additionally, predefined public-sphere priorities will es-
tablish minimum acceptable thresholds for diversity metrics, such as ensuring adequate party visibility accord-
ing to each prototypical public-sphere model. The DPRL framework incorporates these thresholds into its
optimization process, penalizing configurations that fail to meet diversity standards while rewarding those that
enhance alignment with public-sphere principles. This self-optimizing approach ensures the system evolves to
meet public-sphere expectations for news representation.

€ MS 2.3 (Month 17): Development of the first NRS prototype integrating multi-objective optimization.
Second, the news app interface will be configured based on Informfully, a customizable NRS pipeline for
running experimental designs of NRS user studies (Heitz, Croci, et al., 2024) (see Figure 2). The app has a
landing page (left) with the news items ordered according to their overall score for each user in the FUN. Users
can read an article (middle) and provide feedback (right). Short in-app surveys can be prompted. User engage-
ment such as clicks, dwell time, and scrolling depth are tracked. The app has been tested for usability and was
used in the PI’s previous NRS projects (Heitz et al., 2023; Heitz et al., 2022). Users can download the app
from their iOS and Android app stores, log in with a password provided by the researchers, and access news.

€ MS 2.4 (Month 21): Completion of the development and configuration of the NRS pipeline and mobile
news app, integrating PSiNA metrics, personalized feeds, and tracking of user interactions.

The NRS models’ performance is evaluated through statistical testing and refinement. The objective is to de-

termine whether the models produce distinct outcomes in terms of balancing diversity metrics and delivering

effective recommendations. Therefore, the multilingual xXMIND dataset, which includes diverse news articles
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across multiple languages and contexts, g Tl 2
serves as the benchmark for evaluating & '
the NRS models. The dataset ensures
robustness across linguistic and cultural
boundaries. User interaction simulation
in XMIND is grounded in its compre-
hensive behavioral data, which includes
metrics such as click-through rates
(CTR), dwell time, and scrolling depth
(Tana, Glavas$, & Paulheim, 2024). The
evaluation of our NRS models will fo-
cus on three core dimensions: rele-
vance, metrics as identified in WP2,

and user engagement (lana, Schmidt, et L e e ey
al., 2024). Relevance will be measured %

using standard metrics such as preci-
sion@k (Measures the proportion of ¥y
relevant items in the top k recommen-  Figure 2: Informfully news app interface.

dations) and mean reciprocal rank (the  Source: Heitz, Croci, et al. (2024, p. 663)

ranking position of the first relevant

item for a given input). Further diversity metrics, such as intra-list diversity (ILD) (pairwise dissimilarity be-
tween items in the list), coverage (the proportion of items in the entire dataset that are recommended at least
once across all users), and novelty (based on how many recommended articles deviate from a simulated user
profile), will assess the breadth and uniqueness of recommendations following Treuillier et al. (2022). Engage-
ment will be simulated through click-through rates and dwell time, modeling user interactions based on
xMIND’s behavioral logs (lana, Schmidt, et al., 2024). Simulated user behavior will refine the scoring mech-
anism, allowing dynamic adjustments to weights for metrics like viewpoint diversity.

Statistical tests, including ANOVA or Kruskal-Wallis, will identify significant differences between the NRS
models, with post-hoc analyses clarifying where distinctions arise. The insights gained from this process will
guide refinements to the project’s NRS, ensuring alignment with both user engagement and public-sphere
objectives. If no differences are detected, we refine the NRS by examining metric sensitivity, testing for sub-
group-specific variations, or introducing additional metrics to better define the models. If the critical NRS does
not sufficiently differ from other NRS due to a lack of minority perspectives in the news, we will consider
incorporating alternative news outlets (e.g. taz in Germany, Democracy Now! in the US, and Klassekampen
in Norway) to enrich the dataset with more diverse viewpoints. Furthermore, we will introduce a viewpoint
novelty metric to identify and prioritize unique perspectives, ensuring the NRS reflects a broader spectrum of
narratives. This comprehensive approach ensures the robustness and adaptability of our models.

€ MS 2.5 (Month 23): Finalization of refinement of NRS models based on simulation testing.

Next, FUNs will undergo rigorous testing with both experts such as journalists and end-users to evaluate their
alignment with diversity metrics and public sphere objectives. Experts will assess the validity of FUN diver-
sity, while users will provide feedback on the usability and perceived diversity. This dual approach ensures
that the models are both professionally adjust and user-friendly. The goal is to ensure each NRS aligns with
its theoretical objectives while remaining practical for users. The validated NRS models provide the basis for
the experimental applications in WP3, offering a rigorously tested framework.

€4 MS 2.6 (Month 28): Completion of FUN testing with experts and end-users.

€4 MS 2.7 (Month 30): Finalization of optimized NRS models for deployment in WP3.

WP3: OUTPUT

Shrine honors cats at Japanese island

More on the Subject

The high levels of toxic forever
chemicals’ in our fish could be harming

World could be 7 years from gravest
climate damage after 11% CO2 rise in 2
&

WP3 requires personnel with experience designing and conducting experimental designs in media effects re-
search, multivariate analysis (Task 3a), and transferring scientific results to various stakeholders (Task 3b).

Task 3a: Longitudinal Field Experiments will employ a pre-post between-subjects factorial design to
measure the impact of NRS on user outcomes, such as political knowledge and affective polarization, with
effect sizes calculated for cross-national comparisons. The procedure includes a treatment test, ex-ante survey,
in-app survey, and a final ex-post survey. First, the study obtains approval from UHH’s ethics board. Next, the
study will be pre-registered on the Open Science Framework (OSF) to ensure transparency and replicability.
The pre-registration includes the study design, hypotheses, sample size, recruitment procedures, treatment
conditions, operationalization, and planned statistical analyses. This step ensures the research adheres to rig-
orous scientific standards, minimizing the risk of selective reporting and enhancing the credibility of findings.
€ MS 3.1 (Month 31): Ethics board approval obtained and pre-registration submitted.
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Then, FUNs will be pretested in a treatment test with n = 60 users per NRS and country regarding their
informational utility, perceived party visibility, party agenda, party sentiment, viewpoint diversity, party be-
nevolence or hostility, political ideological strength, and tolerance for divergent perspectives in an online sur-
vey based on validated scales (Lin et al., 2025; Zerback & Kobilke, 2022). This treatment test may not reveal

differences in news diversity perception, as found in previous studies (Heitz et al., 2022; Ludwig et al., 2023).

Refinement of FUNs will be discussed and, if implemented, another round of pretests will be conducted.

€ MS 3.2 (Month 33): Completion of cross-national treatment test with pilot participants.

Informed consent will be obtained from participants. Then, the ex-ante survey is conducted prior to exposure

to the NRS to establish baseline measures for both experimental and control groups, poviding a rigorous frame-

work for isolating the impact of the experimental NRS conditions compared to the control group. This approach
strengthens the study’s internal validity and enhances the reliability of cross-group comparisons. The ex-ante
survey contains questions about party preferences (propensity to vote, party choice, voting intention), news
media use, political interest, political knowledge, political attitudes (Geers & Bos, 2017), political ideological

strength and tolerance for divergent perspectives (Lin et al., 2025), and diversity seeking (Kim & Pasek, 2020).

Responses to the ex-ante survey will be used as input information for user-related metrics in the NRS design.

Participants are pseudomized, invited to install the app, and randomly distributed to one NRS condition. We

record app usage (usage duration, article selection, and scrolling depth). To control for extraneous news use,

participants’ mobile news consumption is monitored through screen tracking (Ohme et al., 2024). Short follow-
up surveys are pushed in the app, tracking political learning and attitudes on party agenda issues.

The day after election day, the final online survey will gather comprehensive insights into the participants’

experience and the effects of exposure to different NRS models. To answer the final online survey will take

about 25 minutes and includes the questions of the treatment test and the ex-ante survey. Additional dependent
variables include political knowledgeability (Anson, 2018), party preferences (propensity to vote, party choice,

voting) (Geers & Bos, 2017), and affective, ideological, and perceived polarization (Garrett & Stroud, 2014;

Ludwig et al., 2023), and news media trust (Kohring & Matthes, 2007). Good citizenship is measured with

civic knowledge and attitude (Cohen & Chaffee, 2013), civic participation (Kahne & Sporte, 2008), the digital

citizenship scale (Choi et al., 2017), and news avoidance (Skovsgaard & Andersen, 2020). Control variables
are self-indicated external news usage, issue involvement (Zerback & Kobilke, 2022), need for orientation

(Martin & Sharma, 2023), and demographics.

€ MS 3.3 (Month 35): All online questionnaires are developed and implemented in an online format.

The country selection follows a most-different-systems design to capture diverse media system characteris-

tics, ensuring the results are generalizable across a range of political, cultural, and journalistic contexts. Sys-

temic factors, such as public broadcasting and ownership concentration, in maintaining or reducing diversity

in media systems, particularly in balancing commercial pressures with normative goals (Vries et al., 2022).

1. Norway represents a democratic-corporatist media system with low degrees of political parallelism
(Humprecht et al., 2022), a multiparty system, high-trust in journalism, and a high level of press freedom.
Political knowledge has been on a high level in Norwegians (Haugsgjerd et al., 2021).

2. Poland represents a polarized-pluralist media system with higher levels of political parallelism (Hum-
precht et al., 2022), a multiparty system, moderate trust in journalism, and a moderate press freedom level.
Polish media outlets often align with specific political agendas, contributing to a fragmented public dis-
course and to selective framing of key issues, which reinforces societal divides (Téth et al., 2023).

3. United States represents a hybrid media system situated between democratic-corporatist and polarized-
pluralist systems (Humprecht et al., 2022) with a two-party system and low trust in non-partisan news.
Political knowledge strongly varies and knowledge gaps are wide in the U.S. (Haugsgjerd et al., 2021).

4. Germany serves as a country combining several of the distinct criteria of the other countries with a large
media market, being a democratic-corporatist media system with a multiparty system (Humprecht et al.,
2022). Levels of political knowledge are high and knowledge gaps decreased (Haugsgjerd et al., 2021).

In these countries, national elections are expected to be held in spring 2029 (Germany), fall 2029 (U.S., Nor-

way), and spring 2030 (Poland). The selection allows for the examination of NRS impacts in contrasting con-

texts, from high-trust and low-polarization environments to those marked by political parallelism and distrust.

Results will reveal how systemic factors—Ilike public broadcasting, ownership concentration, and political

parallelism—influence the effectiveness of NRS in fostering news diversity, democratic engagement, and in-

formed citizenship. This most-different systems design ensures insights are applicable to a wide range of media
systems and can inform tailored strategies for implementing PSS in different national contexts.

€ MS 3.4 (Month 38): Deployment of field experiment in Germany.

€ MS 3.5 (Month 44): Deployment of field experiments in the U.S. and Norway.

€ MS 3.6 (Month 50): Deployment of field experiment in Poland.
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Additionally, users will be given the option to continue using the app beyond the formal end of the experiment.
Based on the PI’s previous study, an estimated 15% of participants will opt for continued use.

€ MS 3.7 (Month 54): Analysis of long-term user engagement, knowledge gain, and diversity impacts.

To identify the ideal PSS, the analysis employs hierarchical Multivariate Regression to model the effects of
country, NRS conditions, individual news supply characteristics, and news consumption patterns on multiple
outcomes simultaneously. This approach captures both group-level and individual-level effects, modeling cor-
relations among outcomes and allowing for random effects to address variations within groups. A longitudinal
structural equation model (SEM) integrates time as a latent construct to examine dynamic relationships and
mediating effects. ML techniques, such as gradient boosting machines (GBMs), further validate findings by
uncovering nonlinear interactions and subgroup-specific effects. GBMs iteratively add decision trees, which
are simple predictive models, each correcting errors from the previous step, to minimize overall prediction
error and capture complex patterns. GBMs can model the effect of a predictor that changes at different levels
and can manage datasets with many predictors and complex interactions, even when traditional methods strug-
gle with overfitting and multicollinearity. Feature importance scores quantify the relative contribution of each
predictor to the model. GBMs support cross-validation to ensure the robustness of results and simulate poten-
tial outcomes under varying PSS configurations. This advanced, multi-method approach ensures a robust and
detailed understanding of the interplay between predictors and outcomes, revealing whether the ideal PSS
varies across user profiles and contexts.

€ MS 3.8 (Month 58): Completion of PSS identification and submission of results for publication.

Task 3b: Impact. This task runs throughout the entire duration of the project. First, the Pl and her team will
host a workshop followed by an open-access Special Issue (SI) titled Designing Public Sphere Systems: Bal-
ancing Diversity, Engagement, and Democratic Principles in Algorithmic News Recommendation in a premier
outlet such as New Media & Society or Digital Journalism. This initiative will bring together scholars and
practitioners from communication studies, computational sciences, and related fields to advance research on
algorithmic systems for democratic news environments and form a community around PSS early in the project.
The S1 will focus on theoretical frameworks, practitioners’ project reports, empirical studies, and methodolog-
ical innovations that address diversity, engagement, and public-sphere alignment in NRS.

4 MS 3.9 (Month 9): Completion of the interdisciplinary workshop and preparing Sl publication.
Throughout the project, the project’s findings are translated into practical, accessible, and impactful resources
for diverse audiences, ensuring widespread adoption and societal impact. A dedicated project website will host
outputs such as datasets, simulation frameworks, and teaching materials, alongside user-friendly tools and
infographics to engage non-academic audiences. For student education, we will develop open-access teaching
materials for seminars and lectures targeted at both informatics and communication students. These materials
will bridge the gap between technical algorithmic design and its societal implications, ensuring students from
both fields gain a comprehensive understanding of PSS principles. For public education, an interactive web
tool “Design Your Public Sphere” allows users to configure their own PSS by adjusting the weights of key
metrics like party visibility diversity, viewpoint diversity, emotionalization intensity, and preferences. The tool
simulates the resulting news feed and displaying metrics that reflect the system’s alignment with democratic
principles and user engagement. Infographics and visual explainers will simplify complex concepts, highlight-
ing key insights on diversity metrics and their role in democratic engagement.

€ Milestone 3.10 (Month 18): Publication of interactive web tool and teaching materials.

Tools and prototypes developed during the project, such as simulation frameworks and NRS configurations,
will be hosted on open-source platforms like GitHub, enabling practitioners and researchers to further develop
and implement these innovations. By hosting open-source tools and publishing modular PSS guidelines, the
project ensures that its outputs can evolve with advancements in Al and shifts in public sphere challenges.

€ MS 3.11 (Month 36): Release of an open-source repository containing PSS prototypes.

To bridge research, design practice, and policy, PSS design guidelines and policy briefs are published. Design
guidelines explain our measurement and NRS design for industry practitioners. Policy briefs will target spe-
cific provisions in the Digital Services Act (DSA) and the Al Act. The DSA includes transparency require-
ments for recommender algorithms of very large platforms, which can be specified according to PSiNA met-
rics. By providing empirical effect sizes and diversity metrics, this project will help policymakers determine
if NRS should be classified as high-risk Al systems under Annex 111 of the Al Act.

€ Milestone 3.12 (Month 60): Publication of PSS design guidelines and policy brief.

Risk Assessment and Contingency Plans

The project’s ambitious objectives and interdisciplinary scope entail several potential technological, method-
ological, and operational risks, which are paired with detailed mitigation strategies to ensure its success. Tech-
nological challenges include delays in developing and optimizing the Pareto-optimal NRS algorithms due to
the computational complexity of multi-objective trade-offs. Additionally, integrating multilingual datasets for

13



Lischka Part B2 PSS4ADEMOCRACY

algorithm testing may present difficulties. To address these, the project will leverage existing frameworks like
XMIND and pre-tested algorithms, such as DPRL, to accelerate development. The development pipeline will
be broken into modular components to allow iterative progress even if certain elements encounter delays.
Subsets of the multilingual corpus will be used for initial testing while full integration is underway.

One significant risk is the possibility of early election timing in one or more of the four target countries
(Norway, Poland, the U.S., or Germany), which may reduce the available time for preparing and deploying
experimental phases. To mitigate this, election schedules will be continuously monitored. If elections are an-
nounced earlier than expected, the project will prioritize preparatory tasks, such as accelerating app deploy-
ment and participant recruitment. Alternatively, the project will pivot to the next election cycle or shift focus
to secondary countries with aligned media-system conditions to maintain cross-national comparisons.
Participant recruitment poses another challenge, particularly in ensuring representative and diverse samples
across the four countries. Potential barriers include logistical constraints, maintaining demographic balance,
and mitigating self-selection bias. To address this, the project will partner with 1SO-20252 certified panel
providers to recruit participants using quotas based on party preference, gender, and political interest.

There is also a risk that treatment tests may not reveal significant differences in diversity perception across
NRS models. To mitigate this, diversity metrics will be refined using sensitivity analysis, and subgroup-spe-
cific tests will be incorporated to detect nuanced effects. Datasets will be enriched with alternative sources,
such as minority-focused news archives, to increase representation, with additional iterations of pretests.
Operational delays due to cross-national coordination issues or unforeseen disruptions, such as logistical,
political, or environmental challenges, may impact field experiments and dissemination activities. Contingency
plans will be developed to enable remote or digital-only implementation of experiments, ensuring adaptability.
Regulatory shifts, such as amendments to the Digital Services Act or Al Act, could misalign the project’s
outputs with evolving policy needs. Regular communication with policymakers and industry stakeholders will
be maintained to stay informed about regulatory changes. Flexible policy briefs will be developed and adapted
to address new priorities, with cross-national comparisons increasing their relevance.

Concerns about user privacy and potential biases in the news app and experimental design could lead to
participant distrust or withdrawal. To mitigate this, all data collection will comply with GDPR regulations, and
ethical reviews will guide the development of NRS models to prevent unintended amplification of biases. User-
centric transparency measures, such as explainable Al features, will ensure accountability and build trust.

In the event of significant setbacks, such as prolonged recruitment delays or technological bottlenecks, the
project will reallocate resources to focus on less-affected parts of the pipeline to maintain overall progress.
Alternative methods, such as simulation-based testing, will be extended to substitute field experiments if par-
ticipant recruitment becomes unfeasible. The timeline for specific work packages will be extended within the
overall project duration to accommodate delays while prioritizing critical milestones. These strategies ensure
that the project remains robust and adaptable, achieving its objectives despite challenges.

Outcomes and Impact

The project will redefine how news environments are conceptualized, establishing evidence-based frameworks
for fostering democratic media systems in the digital age. Key outcomes include open-source PSS architec-
tures that seamlessly integrate diversity, personalization, and democratic principles, setting a new standard for
algorithmic governance. It will develop innovative evaluation criteria for assessing journalistic performance
in digital systems, enabling stakeholders to measure the effectiveness of news platforms against democratic
objectives. The project will also deliver actionable policy recommendations that align technological innovation
with societal values, addressing key provisions in the EU’s DSA and Al Act, and providing a robust foundation
for future regulatory frameworks. Media practitioners will benefit from toolkits and guidelines that promote
inclusivity and accountability, empowering them to navigate complex challenges in digital news environments.
Integrating insights from communication studies, computer science, and political theory, the project offers a
comprehensive approach to designing and evaluating NRS for the better. By merging normative frameworks
with advanced computational tools, the research bridges theoretical and practical gaps, fostering interdiscipli-
nary innovation and ensuring relevance to both academic and applied contexts. Through rigorous testing and
implementation, the project demonstrates how NRS can be engineered into PSS to advance democratic objec-
tives, such as reducing polarization, enhancing knowledge gain, and amplifying diverse viewpoints.

The project prioritizes transparency, fairness, and inclusivity in algorithmic design, addressing critical ethical
challenges such as algorithmic bias and the amplification of harmful content. All processes adhere to GDPR
regulations and incorporate state-of-the-art safeguards to prevent unintended negative consequences, such as
reinforcing fragmentation or marginalizing minority perspectives. By proactively fostering diverse and delib-
erative public spheres, the project not only mitigates polarization but also empowers underrepresented voices,
aligning with societal goals of equity, inclusion, and robust democratic engagement. This approach positions
the project as a highly transformative force in media systems, providing scalable solutions with global impact.
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Appendix: All current grants and on-going / submitted grant applications of the Pl
(Funding ID)
Mandatory information (does not count towards page limits)

Current research grants (Please indicate ""No funding when applicable):

Project Title Funding Amount Period Role of the Relation to current
source (Euros) PI ERC proposal*

Alin German 504,251 01.01.2025 —| Co-PI No direct overlap.

Journalism: Research EUR 31.12.2027 Still, as NRS are part of

Exploring Al Foundation journalistic AI, NRS might

Circles in (DFG) be a subject in our research

Journalism object, which are
interorganizational Al

circles in Germany and in
Kenya. If so, the PI would
use these contacts to
recruit expert users for
WP3 from these circles in
Germany and to share and
discuss results with in
WPS.

On-going / submitted grant applications (Please indicate ""None" when applicable):

Project Title Funding Amount Period Role of the Relation to current
source (Euros) PI ERC proposal’

Isomorphism German 375,353 09/2025- PI No direct overlap.

through AI? Research EUR 08/2028 Still, as NRS of news
Exploring Foundation outlets from the countries
Journalistic Al | (DFG) of the ERC proposal could
via Industry be subject of Al industry
Awards award submissions, the PI

would use these contacts
for recruiting expert users
for WP3 and to share and
discuss results with in
WP5.
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