Understanding the Role of Statistics in Machine Learning and Data Science
[bookmark: _Hlk198732120]Statistics are foundational to machine learning (ML) and data science (DS) with respect to them. Statistics provide precise and relevant tools used in the development and evaluation of a model, inference, and ultimate decision. This report is based on a review of peer-reviewed literature explaining the role of statistics as a foundation for the fundamental processes used in contemporary data-driven applications.

1. Assistance with Modeling and Evaluation:
Machine Learning models are built upon statistical learning theory. The notions of bias-variance tradeoff, regularization, and loss functions are all derived from statistical learning [1], [4]. Upon evaluating the models statistically, accuracy, precision, recall, F1-score, and ROC-AUC statistically measure how well algorithms perform and allow algorithms to be benchmarked relative to each other. These metrics are all based on confusion matrix probabilities (a common statistical approach) [1], [2]. Other probabilistic models, such as Naive Bayes and Hidden Markov Models, are based on statistical distributions - both classical models and modern ML approaches are consistent with statistics [3].

2. Role in Feature Selection, Inference, and Model Validation:
Statistical thinking allows for successful feature selection through correlation analysis, mutual information, and significance testing of features. Statistical inference uses sample data to allow us to generalize the results from models to information about broader populations. In terms of model validation, statistical thinking, and inference, statistical thinking can be used in k-fold cross-validation and bootstrapping to provide estimates of model stability, control potential overfitting, and enable generalization to the population level [1],[4].

3. The impact of Classical Methods in Data Science Workflows:
Traditionally, many types of Data Science tools are modern extensions of Classical statistics. Dimensional reduction methods such as Principal Component Analysis (PCA) involve eigenvalue decomposition of covariance matrices to uncover patterns in the data [2]. A less traditional area, but a classical method, is Bayesian statistics - ML can be seen as rediscovering Bayesian statistics through the use of probabilistic programming and uncertainty modeling techniques applied to complex neural networks [3], [4]. 
In summary, while machine learning and AI have advanced computational capabilities, their principles remain deeply rooted in statistics. This foundation ensures transparency, reliability, and efficiency in data-driven decisions.
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