The Role of Statistical Methods in Modern Machine Learning
Statistics plays an important role in modern machine learning because it provides methods for understanding data, building models, and evaluating their performance. Although machine learning is often seen mainly as a field of algorithms and computing, it is also closely connected to statistics. Jordan and Mitchell describe machine learning as a field at the intersection of computer science and statistics and as an important part of artificial intelligence and data science [5]. This shows that statistical thinking is relevant throughout the machine learning process.
One important role of statistics is controlling model complexity. A model can perform very well on training data but give worse results when it is applied to new observations. Statistical learning provides methods for model assessment and selection that help to reduce this problem [1]. Regularization is one example. LASSO, for instance, applies a constraint to regression coefficients, which can make some of them exactly zero [2]. This can result in simpler models and can also help with feature selection.
Statistics are also important for selecting useful features. In machine learning, using too many variables can make a model more complex and can sometimes reduce its performance. Feature selection methods can therefore help identify variables that are more useful for prediction while reducing unnecessary information. This is important not only for model performance but also for making models easier to understand [1], [2].
Another major connection between statistics and machine learning is model evaluation. Cross-validation is commonly used to estimate prediction errors and compare different models [3]. However, the method needs to be applied carefully. Varma and Simon showed that using the same cross-validation procedure for both model selection and performance estimation can lead to biased results [3]. More recent work also discusses the statistical properties and limitations of cross-validation when estimating prediction error [4].
Overall, the literature shows that statistics remains an important foundation of modern machine learning. Statistical methods support model development, feature selection, regularization, and evaluation. They also provide a way to understand how reliably a model may perform on new data. Therefore, machine learning is not only about developing algorithms, but also about using statistical methods to make the results more reliable and interpretable.
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