Understanding the Role of Statistics in Machine Learning and Data Science

Statistics is a central foundation of machine learning and artificial intelligence. Many concepts that are used in modern algorithms are rooted in statistical methods. For example, probability theory is applied to describe uncertainty, whilst regression techniques are employed to make predictions and to explain relationships between variables [1], [2]. Statistical thinking also plays an important role in assessing how well models perform, through approaches such as cross-validation and hypothesis testing [3]. Without these methods, it would be difficult to construct reliable or trustworthy machine learning systems. This report discusses how statistical approaches are applied in model development, in the evaluation of performance, and how classical statistical techniques continue to shape contemporary practices in data science [4].
Statistics plays an important role in checking and improving machine learning models. One key idea is the bias–variance trade-off, which explains how models can perform well on training data but fail to generalise to new data [1]. To reduce this risk, resampling methods such as cross-validation and bootstrapping are used to test models on different parts of the data [2], [3]. These methods come from statistics and help detect problems like overfitting. Statistical ideas are also important in model comparison. For example, hypothesis testing and confidence intervals are applied to judge whether the difference between two models is meaningful [4]. In addition, many older statistical methods continue to guide modern practice. Feature selection often uses correlation or variance tests, while principal component analysis (PCA) is a statistical tool for reducing the number of features in large datasets [5]. Bayesian inference is also widely used to measure uncertainty and to build probabilistic models [6]. These examples show that classical statistics is still at the heart of both evaluating and designing machine learning systems.
In conclusion, statistics provides the foundation for many of the methods used in machine learning and data science. Core ideas such as probability, regression, and inference guide how models are built and tested [1], [2]. Techniques like cross-validation, bootstrapping, and hypothesis testing allow models to be evaluated in a reliable way [3], [4]. At the same time, classical approaches such as principal component analysis and Bayesian inference continue to shape how data is analysed and how uncertainty is measured [5], [6]. These examples show that statistics is not separate from machine learning, but is instead a central part of its theory and practice.
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