Understanding the Role of Statistics in Machine Learning and Data Science

Modern machine learning (ML) and data science (DS) leverage the foundation laid by statistical theory to support data-driven decision-making, inference, and predictive modeling. The central question this report answers is: How do statistical methods constitute the foundation of model construction, evaluation, and validation in machine learning and data science?
Statistical methods are necessary in virtually all stages of the ML workflow. Statistical concepts are the backbone of major tasks such as feature selection, hypothesis testing, and performance measures from data exploration to model training and validation. ML and statistics have the identical goal of pattern discovery in data, states Bzdok et al. [1], but ML is for prediction, while statistics is for inference. Both, nevertheless, rely upon basic statistical assumptions, viz., independence, normality, and homogeneity of variance.
Feature selection techniques like Principal Component Analysis (PCA) and Linear Discriminant Analysis (LDA) are statistical techniques that are commonly used to achieve dimensionality reduction while retaining variance and class separability, respectively. This is consistent with traditional statistical objectives of simplification while maintaining informative content. James et al. [2] note that regression models, a staple of statistics, are prediction machines and interpretable models in ML and hence a bridge between accuracy and resolution.
Furthermore, statistical quantities in the form of precision, recall, F1-score, and confidence intervals are used for model evaluation in the strictest sense. [3] Cross-validation, founded on resampling statistics, ensures model generalizability and reduces overfitting. All these conventions depict how statistical reasoning renders models increasingly interpretable and reliable. [4]
In summary, for all the new paradigms introduced by machine learning in computer science and automation, its strength and efficacy are still in statistical principles. [5] A good understanding of statistics not only underlies successful model development but also makes conclusions from the data set valid and meaningful.
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