Syllabus – PhD Course Proposal
Course Title:
Cluster analysis with R
Instructor:
Salvatore Daniele Tomarchio – University of Catania – daniele.tomarchio@unict.it
Course Description:
This course provides a comprehensive introduction to clustering methods and models, focusing on their theoretical foundations and practical implementation. It covers fundamental approaches such as hierarchical clustering and model-based clustering based on finite mixture models. Participants will also learn how to assess clustering tendency, choose appropriate methods, and validate clustering results. All topics will be illustrated through practical sessions in R, ensuring that students acquire hands-on experience with real datasets.
The course is relevant for PhD students, as clustering techniques are essential tools for uncovering structure in complex data, supporting model-based reasoning, and informing quantitative approaches to decision processes. By integrating statistical theory with empirical practice, the course contributes to the development of rigorous analytical skills that are broadly applicable across data-driven research contexts.
Upon completion, students will gain a solid understanding of unsupervised learning, model selection, and validation techniques, as well as the ability to critically assess and apply clustering methods in their own research.
Learning Outcomes:
At the end of the course, students will be able to:
1. Understand and explain the main concepts underlying clustering methods and model-based approaches.
2. Select and apply appropriate clustering techniques to real-world datasets using R.
3. Evaluate clustering tendency and validate the quality of clustering results through statistical criteria and visualization tools.
4. Interpret and communicate clustering outcomes within a quantitative research framework.
Prerequisites:
Basic knowledge of probability and statistics; Familiarity multivariate data; Basic programming skills in R.
Course Structure and Schedule (15 hours):
	Session
	Topic
	Key Readings

	1
	Introduction to base clustering concepts

	1- Giordani P., Ferraro M.B., Martella F. (2020): An Introduction to Clustering with R. Springer 
2- Kassambara A. (2017): Practical Guide To Cluster Analysis in R. STHDA

	2
	Hierarchical Clustering methods

	1- Giordani P., Ferraro M.B., Martella F. (2020): An Introduction to Clustering with R. Springer 
2- Kassambara A. (2017): Practical Guide To Cluster Analysis in R. STHDA

	3
	Partitioning and model-based clustering methods

	1- Giordani P., Ferraro M.B., Martella F. (2020): An Introduction to Clustering with R. Springer 
2- Kassambara A. (2017): Practical Guide To Cluster Analysis in R. STHDA

	4
	Cluster Validation

	1- Giordani P., Ferraro M.B., Martella F. (2020): An Introduction to Clustering with R. Springer 
2- Kassambara A. (2017): Practical Guide To Cluster Analysis in R. STHDA

	5
	Fuzzy clustering 

	1- Giordani P., Ferraro M.B., Martella F. (2020): An Introduction to Clustering with R. Springer 
2- Kassambara A. (2017): Practical Guide To Cluster Analysis in R. STHDA


Teaching Methods:
Lectures.
Assessment:
Short project on a real dataset, where the techniques learned in the course are applied and commented on.
Bibliography:
1- Giordani P., Ferraro M.B., Martella F. (2020): An Introduction to Clustering with R. Springer 
2- Kassambara A. (2017): Practical Guide To Cluster Analysis in R. STHDA 
Preferred Bimester:
Select one: January–February
