Understanding the Role of Statistics in Machine Learning and Data Science
When people talk about machine learning and data science, the focus often falls on coding skills and powerful computers. But behind the scenes, statistics is doing a lot of the heavy lifting. A key theme in the literature is how statistical thinking shapes the way machine learning models are built, evaluated, and trusted. Many researchers argue that machine learning isn’t separate from statistics at all, but is deeply rooted in it [1], [2].
Statistics influences model development right from the start. Several well‑known machine learning algorithms, including linear regression, logistic regression, and naïve Bayes, come directly from traditional statistical modelling [3]. Even advanced models like neural networks rely on statistical principles. For instance, training a model usually involves minimising a loss function, which is closely linked to probability theory and maximum likelihood estimation [4]. So, even though modern models may look very different from classical statistical ones, the foundations are still statistical.
Statistics is just as important when it comes to evaluating whether a model actually works. Ideas such as overfitting, generalisation, and the bias–variance trade‑off all come from statistics and are central to machine learning [1]. Techniques like cross‑validation help us understand how well a model is likely to perform on new, unseen data rather than just the data it was trained on [2]. Without these tools, it would be easy to create models that seem accurate but fail in real‑world situations.
Statistics also plays a key role in feature selection and model interpretation. Measures like correlation or significance testing help identify which variables are genuinely useful [3]. As machine learning is increasingly used in sensitive areas such as healthcare and finance, there is growing interest in making models more interpretable. Statistical tools help quantify uncertainty and explain how confident we can be in a model’s predictions [5].
Overall, the literature makes it clear that machine learning does not replace statistics. Instead, it builds on statistical ideas and methods. Even though modern data science involves larger datasets and more computational power, statistics remains essential for ensuring that results are trustworthy and meaningful [6].
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