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Understanding the Role of Statistics in Machine
Learning and Data Science.

Introduction
Integration of statistics with data science (DS) and machine learning (ML) has
revolutionized the landscape of modern analytical practice. While the algorithms in ML are
often in the spotlight for their predictive power, statistical methods provide the theoretical
underpinnings for model building, evaluation of models, inference, and interpretation of
results. In this document, the key role of statistics within ML and DS is discussed based on
guotes drawn from peer-reviewed journals.

Body of the report

Statistical learning serves as the theoretical underpinnings of machine learning.
According to Kroese et al., the building blocks of supervised algorithms such as decision trees,
regression, and Bayesian classifiers, are inference and estimation procedures or probability
distributions [1, Ch. 6], [1, Ch. 9]. Similarly, James et al. indicate that linear regression is
primarily a predictive model, but it also serves as a statistical procedure of understanding
variables [2, Ch. 3].

Furthermore, statistical methods such as Principal Component Analysis (PCA),
hypothesis testing, and correlation matrices are applied in data pre-processing and feature
selection to reduce dimensions without losing key information [1, Ch. 11], [2, Ch. 10]. This is
helpful as it also increases model efficiency and interpretability.

Statistical concepts are also at play when validating models and evaluating predictions.
Techniques such as bias-variance trade-off, cross-validation, and confidence intervals are
examined for generalization, and to avoid overfitting [1, Ch. 10], [2, Ch. 5]. These techniques
determine how correct models, if used, will be.

Finally, probabilistic reasoning and statistical inference are key when managing
uncertainty and making reasoned predictions about future scenarios, especially in classification
type problems [1, Ch. 18].
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Conclusion
This essay has established that statistical principles underpin modern machine learning
and data science. Statistical thinking ensures reliability, transparency, and efficiency from
model estimation to feature selection and model interpretation. From reading research by
Rashidi et al. and many others, it is clear that statistics is not only a secondary tool but a core
part of ML/DS methodology.
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