Understanding the Role of Statistics in Machine Learning and Data Science
Statistics forms the foundation of modern machine learning (ML) and data science because it provides the mathematical principles required for analysing data, building predictive models, and evaluating performance. The key question addressed in the literature is how statistical thinking supports the development, interpretation, and reliability of ML systems. Researchers argue that although machine learning emphasises automation and prediction, statistical methods remain essential for understanding uncertainty, validating results, and improving decision-making processes [1], [2].
One major contribution of statistics to machine learning is model development and evaluation. Statistical concepts such as probability distributions, regression analysis, hypothesis testing, and Bayesian inference are widely used in ML algorithms. According to James et al. [1], supervised learning methods such as linear regression and logistic regression are directly derived from classical statistical modelling. Hastie, Tibshirani, and Friedman [2] further explain that statistical learning combines predictive accuracy with interpretability, allowing researchers to identify patterns within large datasets.
Statistics also plays an important role in feature selection and model validation. Feature selection techniques help identify the most relevant variables while reducing noise and overfitting. Kuhn and Johnson [3] state that statistical resampling methods, including cross-validation and bootstrapping, are essential for evaluating model performance and ensuring that models generalise effectively to unseen data. Similarly, Shmueli [4] highlights the distinction between explanatory statistical models and predictive machine learning models, showing that both approaches complement each other in data science workflows.
Furthermore, classical statistical methods continue to influence modern artificial intelligence and data science practices. Deep learning models, although computationally advanced, still rely on statistical optimisation methods such as gradient descent and probabilistic estimation [5]. Bzdok, Altman, and Krzywinski [6] argue that data science integrates statistical reasoning with computational techniques to produce reliable and interpretable insights. This demonstrates that statistics is not separate from machine learning; instead, it provides the theoretical framework that ensures ML models are accurate, valid, and trustworthy.
In conclusion, the literature shows that statistics underpins every stage of machine learning and data science, from data preparation and feature selection to prediction and evaluation. Statistical thinking remains essential for developing robust AI systems and ensuring reliable interpretation of results.
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