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The Role of Statistical Methods in Modern Machine Learning and Data Science
Statistical methods underpin modern machine learning (ML) by providing principles for learning from data, selecting informative variables, evaluating models and quantifying uncertainty. While ML emphasises predictive algorithms and computational efficiency, statistical thinking is essential for determining whether patterns discovered by a model are reliable and generalisable.
One important contribution of statistics is model development and feature selection. Modern datasets often contain large numbers of variables, including irrelevant or redundant features. Villa-Blanco et al. [1] show that feature-selection methods can reduce dimensionality, improve computational efficiency and support predictive performance. However, feature selection must be incorporated carefully into the modelling pipeline. Moscovich and Rosset [2] demonstrate that even unsupervised preprocessing performed before cross-validation can introduce bias into estimates of predictive performance. This highlights the statistical principle that training and validation information must remain appropriately separated.
Statistics is equally important for model validation. Cross-validation is widely used in ML to estimate how well a model will generalise to unseen observations. However, Bates, Hastie and Tibshirani [3] show that cross-validation does not simply estimate the prediction error of the specific fitted model; instead, its statistical interpretation is more complex. Their findings demonstrate why evaluation metrics should be interpreted using statistical reasoning rather than treated as automatically reliable.
Another important contribution is uncertainty quantification. Psaros et al. [4] demonstrate how statistical approaches including Bayesian inference, probabilistic modelling and calibration can quantify uncertainty in scientific ML. More recently, Chakraborti et al. [5] argue that average predictive accuracy can conceal substantial uncertainty for individuals or groups, emphasising the need for rigorous uncertainty assessment in AI systems.
Overall, classical statistical concepts remain fundamental to contemporary data science. Feature selection, cross-validation, inference and uncertainty estimation demonstrate that effective ML depends not only on computational algorithms but also on statistical principles that support reliable and defensible conclusions.
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