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Introduction
A foundational question in contemporary data science concerns the relationship between classical statistics and modern machine learning (ML): are they distinct disciplines, or does ML represent an evolution of statistical methodology? Scholarly literature published since 2024 consistently demonstrates that statistical methods remain the theoretical and practical backbone of ML workflows. This report draws on recent peer-reviewed sources to examine how statistical reasoning underpins model evaluation, feature selection, and validation in data science and artificial intelligence (AI).
Review of the Literature
Rainio, Teuho, and Klén [1] provide a systematic examination of evaluation metrics and statistical tests for machine learning, published in Scientific Reports in 2024. Their work argues that rigorous statistical testing — including paired significance tests and confidence interval estimation — is essential for meaningful comparison of ML models. The authors demonstrate that common evaluation metrics such as AUC-ROC and F1-score are rooted in probabilistic and statistical theory, and that without appropriate statistical validation, performance claims risk being misleading or non-reproducible. This contribution highlights that the boundary between statistical inference and ML evaluation is, in practice, inseparable.
Barbieri, Grisci, and Dorn [2] investigate feature selection methods in a 2024 study published in Expert Systems with Applications, providing a comprehensive comparative framework for assessing the performance and stability of filter, wrapper, and embedded selection techniques. They establish that statistical measures — including variance-based ranking, mutual information, and hypothesis-driven metrics — remain among the most interpretable and reliable approaches for identifying informative predictors in high-dimensional datasets. Their analysis shows that instability in feature selection directly translates to unpredictable model behaviour, underscoring the role of statistical reasoning in ensuring reproducibility.
Complementing these findings, Lumumba et al. [3], writing in the American Journal of Theoretical and Applied Statistics (2024), conduct an empirical comparison of cross-validation strategies — including LOOCV, k-fold, and repeated k-fold cross-validation — across multiple ML classifiers and dataset types. Their results demonstrate that the choice of validation strategy has a statistically significant effect on model performance estimates, with repeated k-fold cross-validation offering the most stable trade-off between bias and variance. This work reinforces that cross-validation, a procedure originating in classical statistical resampling theory, remains indispensable to any responsible ML pipeline, from hyperparameter tuning to out-of-sample performance estimation.
Taken together, these studies affirm that statistical thinking permeates every stage of modern ML development — from selecting relevant features and choosing model architectures to validating predictions on unseen data. The literature makes clear that practitioners lacking statistical literacy are prone to errors in model comparison, feature engineering, and generalisation assessment.
Conclusion
Recent peer-reviewed literature confirms that statistics is not merely a precursor to machine learning, but its enduring intellectual foundation. Whether through significance testing in model evaluation, statistical feature selection, or principled cross-validation, statistical methods provide the rigour necessary for reliable and interpretable ML systems. As data science matures, statistical literacy remains an essential and non-negotiable competency for practitioners and researchers alike.
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