Understanding the Role of Statistics in Machine Learning and Data Science
Statistics plays a central role in modern machine learning (ML) and data science, as it provides the theoretical foundation for building, testing, and improving models. The key idea discussed in academic literature is that machine learning methods are strongly rooted in statistical principles such as probability, inference, estimation, and validation [1].
One of the most important contributions of statistics to machine learning is in model development. Many ML algorithms, including linear regression, logistic regression, and Bayesian models, are directly based on statistical methods [2]. These models use probability distributions to learn patterns from data and to make predictions under uncertainty. Without statistical assumptions, models would not be able to generalise beyond the training data.
Statistics is also essential for model evaluation and validation. Techniques such as train-test splitting, cross-validation, and error measurement come from classical statistical thinking [3]. These methods help data scientists check whether a model is accurate, reliable, and not overfitting the data. For example, cross-validation allows models to be tested on unseen data, improving their robustness and real-world performance [4].
Another key role of statistics is in feature selection and inference. Statistical tests and correlation analysis help identify which variables are important and which can be removed [5]. This reduces noise in the data and improves model efficiency. In addition, statistical inference allows practitioners to interpret model outputs and understand relationships between variables, which is especially important in sensitive fields such as healthcare and finance.
Classical statistical methods continue to influence modern data science workflows. According to Breiman, machine learning represents an extension rather than a replacement of traditional statistics [1]. Many current AI systems combine statistical reasoning with computational power to analyse large and complex datasets. Therefore, statistical thinking remains essential for responsible and effective machine learning.
In conclusion, academic literature consistently shows that statistics underpins machine learning and data science. It supports model building, evaluation, feature selection, and interpretation, making it a fundamental component of modern AI systems.
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