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Abstract. Algorithmic fairness has become a cornerstone concern in the deployment of machine
learning systems across various domains. With the increasing reliance on these technologies, the
implications of bias and discrimination have garnered significant attention. This paper critically
examines the prevalent bias mitigation techniques, highlighting the limitations of existing
frameworks. By employing a comparative analysis of leading methodologies, we elucidate the
operational biases inherent in these approaches and propose a revised framework aimed at fostering
enhanced accountability and transparency. Our findings reveal that a more nuanced understanding
of fairness, rooted in ethical considerations and social contexts, is imperative for future
developments in algorithmic design. This study serves as a foundational inquiry into the intersection
of ethics and machine learning, paving the way for future research.
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Introduction

The rapid advancement of machine learning technologies has substantially altered the
landscape of numerous industries, from finance to healthcare, leading to increased
efficiencies and transformative outcomes. However, as these systems are increasingly



integrated into critical decision-making processes, concerns about algorithmic bias and
fairness have come to the forefront. Despite significant progress in developing algorithms
that claim to mitigate bias, statistical analyses have often revealed that many popular
techniques fall short in real-world applications. This issue is not merely technical; it
implicates societal values and ethical considerations, as biased algorithms can perpetuate
systemic inequalities and disadvantage marginalized groups. Moreover, as we move
towards an era where accountability and transparency are paramount, the re-evaluation of
established concepts related to algorithmic fairness becomes crucial. The urgency to
address these concerns is highlighted by recent legislative efforts and public outcries that
demand more equitable technology solutions as we approach 2024-2026. In this context,
the present paper aims to critically examine the current state of bias mitigation techniques,
unpacking the implications these have for ethical machine learning practice. We first
provide a comprehensive overview of existing methodologies, followed by a detailed
analysis of their shortcomings. Next, we argue for a recontextualization of fairness that
transcends conventional boundaries, advocating for a framework that encompasses ethical
dimensions and social contexts. Our discussion is structured as follows: we begin with a
theoretical background on algorithmic fairness, followed by an evaluation of specific case
studies illustrating the impact of biased algorithms. We conclude by proposing pathways
for future research that align machine learning developments with the broader social good.
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