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Machine learning is increasingly used for decision mak-
ing that determines who is recommended, hired, or funded.
These algorithms, trained on historical data, often amplify
social biases and have a meaningful impact on the user’s
lives. In particular, social media platforms provide mil-
lions of professional content creators with sustainable in-
comes. Their income is largely influenced by their num-
ber of views and followers, which depends on the plat-
form’s recommender system (RS). So, as with regular jobs,
it is important to ensure that RSs distribute revenue fairly.
These recommender systems can perpetuate biases related
to gender, race, and more generally to underrepresented
groups (Li et al. 2023). They also often lead to convergence
in users’ tastes and favor popular items, a phenomenon re-
ferred to as the Matthew effect (”rich-get-richer”). My re-
search addresses these challenges by focusing on theoretical
design interventions for recommender systems that can en-
hance fairness while maintaining user satisfaction. By mod-
eling and understanding user behavior, I develop mecha-
nisms that can more accurately mitigate bias amplification.
An important component of my approach involves the use
of simulations to validate the theoretical models (Gilbert
and Troitzsch 2005). Indeed, real-world datasets are lim-
ited to the outcomes of the specific recommendations users
were shown, making it difficult to infer how users might
behave with different content. Simulations are very useful
not only for predicting user behavior, but also for study-
ing emergent social phenomena and revealing important re-
search questions. The combination of theoretical modeling
and agent-based modeling allows me to explore the long-
term impacts of recommendation strategies on the multiple
stakeholders (Abdollahpouri et al. 2020).

Research Project
In my current research, I develop a pairwise comparison ap-
proach to recommender systems to improve the fairness to-
wards content creators. An important issue for RSs, widely
tackled by researchers, is the fairness of recommendations
which can impact multiple stakeholders. In the context of
social media, both viewers and creators represent the stake-
holders in this multi-sided platform, where the popular-
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ity bias is problematic for both parties. The notion of in-
dividual fairness (IF) in RSs extends beyond social me-
dia applications to diverse domains including but not lim-
ited to e-commerce, streaming services and job matching
platforms (Wang and Wang 2022). IF ensures that creators
with similar content quality receive similar audience en-
gagement (Dwork et al. 2012). Doing so helps remunerate
creators according to the quality of their work, encourages
them to continue posting good content, and reinforces their
trust in the system.

However, both empirical (Salganik, Dodds, and Watts
2006) and theoretical (Ionescu, Hannák, and Pagan 2023)
work show that individual fairness is difficult to achieve be-
cause early random differences in popularity increase over
time through social influence and recommendation mecha-
nisms. This effect makes popular creators account for most
of the platform’s engagement, thus reducing the overall di-
versity of content. This remains true even when increasing
exploration in the RS or even when considering the simple
case of one community of users which follow only by max-
imizing the quality of content they consume, and thus agree
on their evaluation of creators. This decision-making pro-
cess is known in Psychology as the behavior of maximizers
(Schwartz et al. 2002). Maximizers aim to make the opti-
mal choice and will search through many alternatives until
they find what they believe is the best option. To address
the issue of popularity bias, we keep this simplistic scenario
in which previous work shows that the rich-get-richer effect
occurs (Ionescu, Hannák, and Pagan 2023).

We started by showing that IF is achievable for all con-
tent creators; however, it becomes impractical in real-world
scenarios. Building on this solution, we developed a feasi-
ble intervention: ordered pairwise comparison. More pre-
cisely, we consider all the possible ordered pairs of content
creators: given n content creators, there are n(n − 1) or-
dered pairs. We divide the users into n(n − 1) groups of
equal sizes, and recommend each user the corresponding
pair of creators within the first two round. Through com-
parisons, we efficiently approximate the quality of content
creator. Hence our approach strives to provide a more direct
solution by assessing a ranking of creators by quality only
requiring two exploration steps, to gain more information
from users’ feedback. We show theoretically that the system
reaches a fair state after only two time steps. Moreover, there
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is a high change that fairness is maintained in the next state.
We also included simulations to evaluate the effectiveness of
our intervention in the context of a new community cold start
problem. Our RS design leads more often to fair outcomes
for all content creators (i.e., in over 80% of the simulation
runs). To make sure our intervention does not degrade the
overall user experience we also consider user satisfaction,
which shows that our approach does not harm user satis-
faction (unlike exploration-enhancing interventions, such as
transiting to random recommendations).

As with any modeling approach, results are currently
limited to the model we study. Most importantly, future
work should empirically check the extent to which users’
decision-making depends on the order of recommendations.
Further efforts are necessary to adapt this intervention to
more complex datasets; this will require conducting experi-
ments to check cross-session differences in viewer decision-
making styles, evaluating this intervention on real-world
datasets, and adapting it for other recommendation algo-
rithms. Using an agent-based model that combines learnings
from Psychology, Complex Networks, and Recommender
Systems allowed us to understand the causal link between
cross-session behavior and resulting unfairness, ultimately
leading to the proposed intervention.

Next Steps
Following up on this work, there are multiple directions
which I plan to explore for my thesis work.

First, one of the main challenges I encountered during
this project was understanding user behavior, which lies at
the core of addressing fairness in recommender systems.
User interactions are deeply entangled with algorithmic
outcomes, and amplified trough time because of feedback
loops. This makes it difficult to distinguish whether certain
patterns arise from the system itself or from the behavior of
users interacting with it. This highlighted the importance of
designing experiments that isolate and clarify these mecha-
nisms. By doing so, we can better understand how user be-
havior contributes to unfairness and develop more effective
interventions to mitigate it.

Another important aspect is understanding how content
creators engage with platforms and perceive fairness. Prior
work on music streaming services has shown how artists
interpret fairness in algorithmic recommendations, empha-
sizing the need for more transparent and equitable recom-
mender systems that reduce popularity bias (Dinnissen and
Bauer 2023). Similar studies have examined drivers strate-
gies in ride-hailing and other domains. We aim to conduct a
similar study understand how content creators interact with
the platform and adapt their strategies in response to algo-
rithmic recommendations. By identifying and modeling the
theoretical effects of these strategies on the platform and the
user behavior, we would gain many information that can in-
form the design of fairer and more transparent recommender
systems.

Finally, we aim to study the network evolution of Bluesky,
as it is decentralized social media platform that allows users
to choose or even customize their own recommender sys-
tems. This unique feature allows multiple RSs to coexist

and interact, and thus enabling the formation of communities
with shared values and the creation of safer communities. It
is also very useful for researcher that can study how differ-
ent recommendation algorithms influence network structure,
content visibility, and user experience over time. By under-
standing these dynamics, we also hope to build and test our
designs on the platform.
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