Understanding the Role of Statistics in Machine Learning and Data Science

Statistical methods are the foundation of machine learning because they provide ways to learn from data using probability and approximation. Machine learning models can be seen as statistical tools that find patterns in data and use them to make predictions on new inputs. Many common methods, such as regression and classification, use statistical ideas to improve accuracy and reduce prediction errors [1], [2]. These methods help models learn from examples instead of being explicitly programmed, which makes them useful for a wide range of real-world problems.
In data science work, statistical thinking is important when building models, especially for understanding and preparing data before using machine learning methods. Statistical analysis helps people explore data and understand its structure using probability distributions, graphs, and summary statistics. This helps in getting a clearer and more complete picture of the data before modelling, which can improve the final results [1], [2]. It also helps identify patterns, missing values, and possible errors in the dataset.
Model evaluation is based on statistical ideas. Techniques like train-test splits and cross-validation are used to check how well a model performs on new, unseen data. These methods reduce the risk of overfitting and give a better estimate of real-world performance. Statistical learning theory and related approaches study how learning methods behave and help explain limits on how well models can generalise to new data [4]. This is important for understanding how reliable a model is outside of training conditions.
Statistical methods are also important for improving how reliable models are. Many modern machine learning methods use probability-based models or calibration techniques to describe uncertainty in predictions. This is especially useful in real-world situations where data can be noisy, missing, or changing over time. Overall, machine learning can be seen as an extension of statistics, adapted to work with large and complex datasets and modern computing systems [3], [4].
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