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The Role of Statistics in Machine Learning and Data Science
Key idea
Statistics provides a foundational framework for understanding data, developing machine-learning (ML) models, evaluating predictions, and quantifying uncertainty. Recent literature highlights that statistical thinking remains essential, even as ML and AI systems grow more sophisticated.

Statistics and Model Development
Statistical methods underpin many stages of the ML workflow. Descriptive statistics such as mean, standard deviation, skewness, and kurtosis help researchers understand data distributions and variability, while probability theory and regression analysis provide foundations for prediction and inference. One study investigated 200 open-access tabular datasets and found that dataset characteristics, including these statistical features, are associated with the performance of different ML algorithms. These findings indicate that the intrinsic properties of the data must be considered when selecting and evaluating models [1].

Model Evaluation and Validation 
Statistical thinking is also central to model evaluation. Training and test splits, cross-validation, performance measures and statistical tests help researchers determine whether observed model differences are meaningful and whether results are likely to generalise. That reviewed evaluation metrics and statistical tests for ML, highlighting the importance of choosing appropriate evaluation procedures rather than relying on a single performance measure. This is particularly important when models are compared across datasets or experimental conditions [2].

Inference and Uncertainty 
Prediction alone does not guarantee statistically valid scientific conclusions. That describes prediction-powered inference, which combines abundant ML predictions with a smaller amount of gold-standard data to obtain statistically valid confidence intervals and p-values [3]. This illustrates how classical statistical ideas can complement ML rather than being replaced by it.

Implications for Data Science 
These findings suggest that modern data-science workflows benefit from combining computational ML methods with statistical reasoning. Statistics supports data exploration, feature analysis, validation, uncertainty quantification and interpretation. The literature therefore presents ML and statistics as complementary: ML can provide powerful predictive tools, while statistical methods help researchers assess reliability and draw defensible conclusions.

Conclusion 
Statistics remains a core component of ML and Data Science. Recent research demonstrates that dataset characteristics influence model behaviour, evaluation requires appropriate statistical procedures, and statistical inference can improve the reliability of ML-based scientific conclusions. Consequently, statistical literacy is important for building, evaluating and interpreting data-driven models.
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