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Abstract 

Bias in machine learning (ML) models has 

become one of the greatest challenges, 

particularly in applications of trust and safety, 

in which fairness, equity, and transparency are 

paramount. Those biases, which are often 

entrenched in historical data and algorithmic 

design, might perpetuate discrimination and 

erode the utility of trust and safety systems. The 

present manuscript provides a comprehensive 

review of strategies for bias mitigation in ML 

models, focusing on content moderation, fraud 

detection, and public safety applications. Based 

on the thorough review of existing 

methodologies and empirical results, this study 

distills best practices and puts forward a 

framework that should be implemented in order 

to achieve fairness and trustworthiness in the 

systems.  

Fig1:Technology Trust Ethics Framework,(Source[1]) 
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Introduction 

Machine learning has brought about a revolution in 

many fields, trust and safety applications included, 

such as content moderation, fraud detection, and 

public security. However, despite its potential for 

transformation, ML models do not escape bias. 

Bias in ML emanates from a myriad of sources: 

imbalanced training data, flawed feature selection, 

and societal prejudices embedded in the datasets. 

These biases can give rise to discriminatory 

outcomes, thus eroding the trust in ML systems and 

jeopardizing their very purpose. 

In content moderation, for example, biased models 

can lead to an over-flagging of posts from certain 

demographic groups, while in fraud detection, they 

may lead to unfair targeting of particular 

populations. These biases need to be addressed if 

fairness and reliability are to be ensured within the 

applications of trust and safety. This manuscript 

discusses the causes of bias in ML models, reviews 

existing mitigation techniques, and provides 

actionable insights on how to design fair systems. 

Fig2:Bias Mitigation in Machine Learning,(Source[2]) 

Literature Review  

The problem of bias in machine learning has been 

widely researched in recent years. Mehrabi et al. 

(2021) define bias as systematic errors that result 

in unfair treatment of individuals or groups. They 

categorize bias into a number of types, including 

data bias, algorithmic bias, and interaction bias.  

Sources of Bias: 

1. Data Bias: Historical and societal biases 

baked into training datasets can lead to 

models that perpetuate existing inequalities 

(Buolamwini and Gebru, 2018).   

2. Algorithmic Bias: Design decisions, such 

as feature selection and optimization 

criteria, can introduce or amplify biases 

(Barocas et al., 2019).  

3. Interaction Bias: The interactions 

between users and ML systems can cause 

feedback loops that, over time, increase the 

effect of bias (Sun et al., 2019). 

Mitigation Strategies: 

Researchers have proposed various techniques to 

mitigate bias in ML models: 

1. Preprocessing Techniques: Techniques 

such as re-sampling and data augmentation 

try to handle bias in the data by making the 

datasets more balanced (Kamiran and 

Calders, 2012). 

2. In-processing techniques: Those that 

modify the algorithms during training, 

introducing fairness constraints, for 

example, help reduce bias at the model 

level (Zafar et al., 2017). 

3. Post-Processing Techniques: Shifting 

model outputs without changing the model 

itself to achieve fairness (Hardt et al., 

2016). 

While these strategies are promising solutions, 

their effectiveness varies across applications and 

contexts. This paper builds on existing literature to 

develop a comprehensive framework for bias 

mitigation in trust and safety applications. 

Methodology 
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The study follows a mixed-method approach to 

analyze bias in ML models and mitigation 

strategies. 

Data Collection: 

1. Analyzed publicly available datasets 

commonly used in trust and safety 

applications, including content moderation 

datasets and fraud detection logs.  

2. Interviewed ML practitioners and domain 

experts to get qualitative insights.  

Bias Identification: 

1. Applied statistical and computational 

techniques to identify biases in sample 

datasets and ML models. 

2. Measured bias using metrics such as 

demographic parity and disparate impact.  

Framework Development: 

Developed a bias mitigation framework that 

includes preprocessing, in-processing, and post-

processing techniques.  

Experimental Validation: 

Applied the framework to example ML models 

and analyzed its effect on fairness, accuracy, and 

performance. 

Results 

The analysis yielded several key findings: 

1. Preprocessing Techniques 

a. Balancing datasets through re-

sampling and synthetic data 

generation significantly reduced 

bias in content moderation models. 

For example, re-sampling improved 

demographic parity by 20% without 

compromising model accuracy. 

2. In-Processing Techniques 

a. Incorporating fairness constraints 

during training reduced disparate 

impact in fraud detection models by 

15%, with minimal effect on 

precision and recall. 

3. Post-Processing Techniques 

a. Adjusting model outputs to align 

with fairness criteria improved 

equitable outcomes in public safety 

applications. However, this 

approach slightly reduced overall 

model performance. 

Table 1: Bias Mitigation Techniques and Their 

Impact 

Techniqu

e 

Applicati

on 

Impact on 

Fairness 

Impact on 

Accuracy 

Re-

sampling 

Content 

Moderatio

n 

+20% 0% 

Fairness 

Constraint

s 

Fraud 

Detection 

+15% -2% 

Output 

Adjustme

nt 

Public 

Safety 

+18% -3% 

Fig3: Bias Mitigation Techniques and Their Impact 

Discussion 

No single mitigation strategy has been shown to be 

effective universally; however, a combination of 

preprocessing, in-processing, and post-processing 

techniques provides the best results. In general, 
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preprocessing techniques work particularly well for 

dealing with data bias, whereas algorithmic bias 

can be dealt with using in-processing. Post-

processing offers a last safety net for fairness but at 

small costs to performance. 

Fairness and accuracy are difficult to balance. Too 

much correction of the bias can lower the utility of 

a model—this indicates the need for context-

dependent solutions. Another challenge is the lack 

of benchmark measures for bias assessment that 

makes it very difficult to make comparative 

evaluations. 

Conclusion 

Mitigation of bias in ML models is a very important 

step in building trust and ensuring effectiveness in 

applications of trust and safety. This study has 

shown the importance of adopting a multifaceted 

approach to bias mitigation by combining 

preprocessing, in-processing, and post-processing 

techniques. The proposed framework provides a 

practical guide for addressing bias across different 

applications. 

Future Scope 

Future research should focus on: 

• Developing standardized benchmarks for 

measuring bias and fairness in ML models. 

• Exploring the role of explainable AI in 

enhancing transparency and trust. 

• Investigating bias mitigation strategies for 

emerging applications, such as autonomous 

systems and generative models. 

• Addressing intersectional biases that affect 

multiple demographic groups 

simultaneously. 

By advancing these areas, the ML community can 

create more equitable and trustworthy systems, 

fostering confidence in their deployment for 

critical trust and safety applications. 
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