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The Role of Statistics in Machine Learning and Data Science
Introduction. Statistics provides a fundamental basis for modern machine learning (ML) and data science because it enables practitioners to understand data, identify relationships between variables, estimate model parameters and evaluate uncertainty. The key question is how statistical thinking supports the development and evaluation of ML models. The literature shows that statistical principles remain important even when the primary objective changes from explanation and inference to prediction and generalisation [1], [2].
Statistics in Data Preparation and Feature Selection. Statistical methods support early stages of the data science workflow through descriptive analysis and examination of relationships among variables. Measures such as the mean, variance and standard deviation help describe distributions, while correlation analysis can indicate relationships that may be useful for modelling. Feature selection is particularly important because irrelevant or redundant variables can increase model complexity and reduce predictive performance. Guyon and Elisseeff [3] emphasise that variable selection can improve model construction by identifying features that contribute useful information.
Statistics in Model Development. Classical statistical models, particularly regression, have strongly influenced contemporary ML. Statistical estimation provides a framework for learning relationships between inputs and outputs, while probability provides a way to represent uncertainty. Hastie, Tibshirani and Friedman [1] demonstrate how statistical learning connects regression, classification and other predictive methods. However, Breiman [4] distinguishes between traditional statistical modelling and algorithmic approaches, highlighting that predictive accuracy can be pursued through different modelling philosophies.
Model Validation and Evaluation. Statistical thinking is also essential when determining whether a model generalises to unseen data. Training, validation and test sets provide separate evidence for model development and performance assessment. Cross-validation can provide a more reliable estimate of predictive performance and assist with model selection [5]. For classification tasks, measures such as accuracy, precision, recall and F1-score provide complementary evidence rather than relying on a single performance measure.
Critical Discussion and Conclusion. The literature indicates that statistics and ML are closely connected but can emphasise different objectives. Statistical analysis traditionally places greater emphasis on inference, uncertainty and interpretation, whereas ML often focuses on predictive performance and generalisation [1], [4]. Modern data science combines these perspectives: statistical reasoning supports data preparation, feature selection, model evaluation and interpretation, while ML provides flexible predictive techniques. Therefore, statistical knowledge remains essential for developing models that are not only predictive but also appropriately evaluated and understood.
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