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1. Introduction
Statistics plays an important role in Machine Learning (ML), Data Science and Artificial Intelligence (AI), as all three areas rely heavily on data. Before data can be used to train a model or make predictions, it needs to be understood and analysed appropriately. Statistical methods help to organise, summarise and interpret data, identify patterns and relationships, and understand variation and uncertainty. Many common machine-learning techniques, including regression and classification, are built on statistical principles [1]. This report therefore explores how statistics supports model development, feature selection, inference and model evaluation, and how traditional statistical methods continue to influence modern Data Science and AI.

2. Role of Statistics in Machine Learning
Machine Learning allows computers to learn patterns from existing data and use these patterns to make predictions about new data. Statistics supports several stages of this process. Descriptive measures such as the mean, median, variance and standard deviation can first be used to understand the characteristics and variability of a dataset. Statistical methods can also help examine relationships between variables, which is useful when identifying and selecting relevant features for a model. James et al. [1] show how statistical learning provides the foundation for many prediction and classification methods.
Statistics is also important when evaluating model performance. A model may perform well on its training data but poorly when presented with new data. De Mello and Ponti [2] highlight the importance of statistical learning theory in understanding whether models can generalise beyond their training data. Cross-validation can further support model selection and evaluation by estimating performance on unseen data [5]. Together, the literature shows that statistics is important not only for developing Machine Learning models, but also for selecting useful information and evaluating whether model predictions are reliable.

3. Role of Statistics in Data Science
In Data Science, statistics helps transform large amounts of raw data into meaningful information. Descriptive statistics, including the mean, median, standard deviation and interquartile range (IQR), provide an initial understanding of the centre and spread of a dataset and can help identify unusual values. However, statistics goes beyond simply describing data. Statistical inference allows data scientists to use evidence from a sample to conclude a larger population, while methods such as correlation and regression can be used to investigate relationships between variables.
Classical statistical principles continue to influence modern Data Science workflows. Lederer [3] demonstrates how statistical learning combines established statistical concepts with computational techniques for analysing increasingly large and complex datasets. Similarly, Allen et al. [6] emphasise the continuing importance of statistical inference and uncertainty when interpreting results produced by modern Machine Learning methods. Together, the literature suggests that modern Data Science has not replaced traditional statistics; instead, it builds upon statistical principles to support data exploration, modelling, interpretation and reliable decision-making.

4. Role of Statistics in Artificial Intelligence
Statistics also plays an important role in Artificial Intelligence (AI), particularly because many modern AI systems learn from data and operate under uncertainty. In real-world situations, an AI system may not always produce a completely certain answer. Probability and statistical methods allow these systems to estimate the likelihood of different outcomes and support decisions when uncertainty is present.
For example, an image-classification system may assign probabilities to different categories rather than simply producing a definite answer. Friedrich et al. [4] emphasise that statistics remains important within AI through areas such as data quality, study design, analysis and the interpretation of results. This demonstrates that statistical thinking contributes not only to the development of AI systems but also to evaluating and understanding the results they produce. When considered alongside statistical learning research [1], [3], the literature suggests that modern AI continues to build upon established statistical and probabilistic principles.
5. Conclusion
Overall, the literature demonstrates that statistics remains a fundamental part of Machine Learning, Data Science and Artificial Intelligence. Statistical methods support the entire data-driven process, from understanding data and selecting relevant features to developing models, validating their performance and interpreting their results. Although modern Machine Learning and AI increasingly use advanced computational techniques, they continue to build upon established statistical principles [1], [3], [4]. The literature also highlights that reliable model evaluation requires careful statistical thinking, particularly when using techniques such as cross-validation [5]. Therefore, statistics is important not only for producing predictions, but also for understanding their uncertainty, reliability and meaning.
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