Understanding the Role of Statistics in Machine Learning and Data Science

Modern machine learning (ML), data science, and artificial intelligence (AI) are all theoretically based on statistics. Machine learning approaches are closely related to traditional statistical concepts like probability theory, inference, optimization, and hypothesis testing rather than being separate fields [1], [2]. Previous studies demonstrate how statistical reasoning facilitates trustworthy model building, assessment, and interpretation in data-driven systems.
Statistical modeling is fundamental to the advancement of machine learning, as it establishes the framework for representing and learning data relationships. Numerous supervised learning algorithms are built upon established methodologies like linear and logistic regression, which remain influential in the construction of sophisticated predictive models. Furthermore, probability-based methodologies, encompassing likelihood estimation and distribution modeling, are integral to algorithms such as Naïve Bayes classifiers and Gaussian mixture models, thereby enabling systems to effectively address uncertainty [1], [2].
Statistical reasoning is fundamental to feature selection and dimensionality reduction. Correlation analysis, variance analysis, and principal component analysis (PCA) are commonly employed to pinpoint pertinent variables and eliminate superfluous data. These methodologies serve to augment computational efficiency, mitigate overfitting, and improve interpretability, all of which are critical goals within contemporary data science practices [3].
Statistical approaches also serve as a guide for model validation and performance evaluation. Researchers can assess generalization ability and guarantee robustness using techniques like statistical hypothesis testing, bias–variance trade-off analysis, and cross-validation. Machine learning models may yield untrustworthy or deceptive results in the absence of these statistical evaluation methods [4].
Modern AI systems are still heavily influenced by Bayesian statistics. In order to support well-informed decision-making in the face of uncertainty, Bayesian inference offers an organized framework for integrating observed data with past knowledge. This method is frequently used in deep learning models' regularization techniques, reinforcement learning, and probabilistic machine learning [5], [6].
In conclusion, the literature consistently emphasizes that statistics is not a supporting tool but rather an essential component of machine learning and data science. A solid statistical foundation enables practitioners to create reliable models, appropriately interpret results, and advance ethical and repeatable AI development [7].
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