Syllabus – PhD Course Proposal
Course Title:
Knowledge Extraction and Dimensionality Reduction
Instructor:
Cinzia Di Nuzzo –Department of Economics and Business, University of Catania– cinzia.dinuzzo@unict.it
Course Description:
This PhD course provides an exploration of linear and geometric techniques for extracting and representing information from (high-dimensional) economic data. It focuses on the mathematical and statistical methodologies of dimensionality reduction to uncover latent structure, reduce complexity, and produce interpretable representations. 
The course begins with Singular Value Decomposition (SVD), presenting its algebraic properties, its connection to covariance structure and matrix norms, and its centrality to many multivariate techniques. 
Next, Principal Component Analysis (PCA) is introduced as a variance-maximization method, including the derivation of components, interpretation of loadings and scores, choice of number of components, and applications in economic datasets. 
Factor Analysis (FA) follows, where students learn latent variable modeling: estimation of common vs. specific variance, factor extraction, factor rotations, model identification, and uses in econometrics and finance. 
Finally, Multidimensional Scaling (MDS) is studied to extend the paradigm to pairwise dissimilarity or distance data: classical vs. non-metric, embedding techniques, and visualization of economic dissimilarities (among countries, firms, sectors). 
Through both theoretical discussion and practical implementation in R, students will learn how to identify latent structures, synthesize multivariate information, and visualize complex datasets.
Learning Outcomes:
At the end of the course, students will be able to:
1. Understand and apply the mathematical principles underlying linear matrix decomposition (SVD) and its role in dimensionality reduction.
2. Implement and interpret Principal Component Analysis (PCA), Factor Analysis (FA), and Multidimensional Scaling (MDS) for the exploration and synthesis of datasets.
3. Construct low-dimensional embeddings that preserve key structures (variance, covariance, or distances) and interpret and visualize latent relationships among variables.
Prerequisites:
Basic knowledge of linear algebra and statistics
Course Structure and Schedule (15 hours):
	Session
	Topic
	Key Readings

	1 Introduction, Matrix Foundations and Singular Value Decomposition (SVD)
	Overview of high-dimensional data in economics. Vector spaces, covariance structure, and the role of linear algebra in multivariate statistics. Singular Value Decomposition (SVD): algebraic properties, geometric interpretation, low-rank approximations, and relation to covariance and correlation matrices. Practical implementation in R (svd()).
	Adachi, K. (2020), Ch. 1-3

	2 Principal Component Analysis (PCA) – Theory
	PCA as variance-maximizing transformation. Eigen-decomposition of covariance and correlation matrices. Relationship between PCA and SVD. Selection of number of components and interpretation of loadings and scores.
	Hastie et al. (2009), Ch. 14.
Adachi, K. (2020), Ch. 5-6

	3 Principal Component Analysis (PCA) – Applications
	PCA in practice: analysis, interpretation, and data visualization (biplots).  Hands-on lab in R (prcomp(), FactoMineR).
	Hastie et al. (2009), Ch. 14.
Adachi, K. (2020), Ch. 5-6

	4 Factor Analysis (FA)
	Factor model and relation to PCA. Estimation methods. Rotation, identification, and interpretation of latent factors. Applications on R.
	Hastie et al. (2009), Ch. 14.
Adachi, K. (2020), Ch. 10, 12

	5 Multidimensional Scaling (MDS)
	Distance-based dimensionality reduction. Classical and non-metric MDS, and geometric embedding. Comparison with PCA and FA. Application on R: visualization of economic dissimilarities (countries, sectors, firms).
	Hastie et al. (2009), Ch. 14
Adachi, K. (2020), Ch. 16.


Teaching Methods:
Lectures with analytical derivations, conceptual discussions and applications on R
Assessment:
Final project/Presentation: Individual or group report with presentation (interpretation and visualization) applying one or more dimensionality reduction techniques to a dataset
In-class exercises: Short assignments or code notebooks replicating proposed methods
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