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Research on Bias Detection Methods for Artificial Intelligence Model Training Data
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Abstract: Sample imbalance, historical bias, label noise, and proxy-variable associations in training data can be learned and
amplified by artificial intelligence models, and reliance on accuracy or a single fairness metric alone makes it difficult to
detect bias in a timely manner. To address this problem, this paper proposes a multidimensional training data bias detection
method for pre-training model audits. The method constructs indicators from five dimensions: group representativeness,
feature distribution, label consistency, group fairness, and counterfactual sensitivity. Through direction unification,
standardization, and weight learning, a comprehensive bias score is formed, while biased groups, associated features, and
suspected abnormal labels are also output. Validation is conducted using a controllable simulation containing 1,200 dataset
windows, each with 600 samples, with representativeness bias, feature shift, label bias, proxy bias, and mixed bias injected.
The results show that the proposed method achieves a precision, recall, F1 score, and AUC of 0.953, 0.971, 0.962, and 0.993,
respectively, and outperforms single-indicator methods such as sample proportion, statistical parity, and sensitivity coefficient
in identifying multiple types of bias.
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