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Where can bias occur 
in the ML process?

• Data: imbalances of class labels, features, input structure
• Model: lack of unified uncertainty, interpretability, and performance metrics
• Training: feedback loops that perpetuate bias
• Evaluation: lack of analysis with respect to subgroups
• Interpretation: human biases distort the interpretation of results



Some sources of bias

• Measurement Bias – biases in measurement techniques
• Omitted Variable Bias – important variables left out of the model
• (Population) Representation Bias / Sampling Bias – issues with 

sampling the study population 
• Self-selection Bias – participants are self-selected
• Population Bias – recruited population not representative of true 

population
• …



Aggregation bias – Simpson’s paradox



Temporal bias



Definitions/Metrics of bias/Fairness

• In my opinion, it is easier to grasp/understand these 
concepts from the probabilistic definitions than the English 
description



Equalized odds



Equal opportunity



Demographic parity



Test fairness



Fairness through awareness

Similar people get similar predictions



Fairness through unawareness

Protected attributes are not used in 
the decision-making process



…And many other definitions based 
on many other ML evaluation 
metrics

Wikipedia





General approaches to 
achieving fairness

• Data modification (pre-processing)
• Upsampling of underrepresented attributes
• Data augmentation using GANs

• Algorithmic approaches (“in-processing”)
• Encoding fairness in the loss function

• Post-processing
• Re-assign labels to ensure fairness



Undersampling



Oversampling



Fair regression

Fairness “regularization” terms (“penalties”) added to the 
traditional MSE loss function:

Individual fairness

Group fairness



Full loss function in fair regression

MSE +        + 



Changing the data
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Fairness GANS
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Combining fairness regularization 
with generative learning
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