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Learning objectives

The course is structured into two modules belonging to the fields of statistical sciences, computer science, and
social sciences. Its aim is to provide students with theoretical knowledge and practical skills for advanced statistical
analysis, with particular attention to the reproducibility and replicability of analyses, as well as to the effective
communication of results.

The first module introduces the main advanced methods for statistical inference, including bootstrap methods,
mixture models, and forecasting methods. Teaching activities involve the use of the R software and the
RMarkdown environment for the analysis of real and simulated data, enabling students to develop autonomy in
statistical reasoning, problem-solving skills, and competencies in the production of reproducible reports.

The second module explores the Bayesian approach to statistical inference, integrating it with the classical
methods presented in the first module. Students acquire the theoretical foundations of Bayesian models, Markov
chain Monte Carlo computational methods, and the use of software tools such as R and SAS for model estimation,
evaluation, and comparison. This module also places particular emphasis on the reproducibility of analyses and on
the production of integrated documents containing code, results, and their interpretation.

For a detailed description of the contents, please refer to the syllabus published on the webpages of the two
respective course modules.

Overall, the course enables students to acquire solid theoretical foundations and applied skills for addressing
advanced statistical analysis problems in various fields, including biostatistics, epidemiology, genetics, public
health, and the social sciences. By the end of the course, thanks to its practice-oriented approach and its focus on
reproducibility and scientific communication, students will be able to further explore the topics covered
independently and apply the knowledge acquired in research and professional contexts.

Expected learning outcomes — Dublin Descriptors

DdD 1 — Knowledge and understanding



By the end of the course, students will be able to:

« describe the theoretical foundations of the main advanced statistical models, including mixture models and
Bayesian models;

« understand and explain the assumptions underlying the models, the estimation procedures, including maximum
likelihood with the expectation-maximization algorithm and Bayesian inference, and the main criteria for model
evaluation;

 recognize the role of reproducibility and replicability in scientific research through the integrated use of R,
RStudio, RMarkdown, and SAS.

DdD 2 — Applying knowledge and understanding

By the end of the course, students will be able to:

« develop simulations from univariate and multivariate distributions;

- analyze real data from different applied fields using R, RMarkdown, and SAS;

» apply advanced statistical techniques, including bootstrap methods, mixture models, Bayesian inference,
diagnostics, model selection and validation, as well as forecasting methods;

* produce reproducible reports integrating code, results, interpretations, and critical discussion of the analyses.

DdD 3 — Making judgements

By the end of the course, students will be able to:

« critically assess the validity of model assumptions and the appropriateness of statistical methods with respect to
research questions;

« compare alternative models using appropriate diagnostic criteria and measures of predictive accuracy;

« critically interpret the results obtained, discussing their strengths, limitations, and implications in different applied
contexts.

DdD 4 — Communication skills

By the end of the course, students will be able to:

« effectively communicate the results of statistical analyses through structured, documented, and reproducible
reports;

* present analyses, interpretations, and conclusions in written form using clear and rigorous scientific language,
providing justification for the methodological choices adopted.

DdD 5 - Learning skills

By the end of the course, students will be able to:

« independently continue the study of advanced statistical methods using the bibliography, teaching materials, and
code examples provided;

 update and broaden their methodological and computational skills by applying data science tools and statistical
inference methods in interdisciplinary and research contexts.

Contents

For a detailed description of the contents, please refer to the syllabus published on the webpages of the two
respective course modules.

Detailed program



For a detailed description of the contents, please refer to the syllabus published on the webpages of the two
respective course modules.

Prerequisites

For a detailed description of the contents, please refer to the syllabus published on the webpages of the two
respective course modules.

Teaching methods

For a detailed description of the contents, please refer to the syllabus published on the webpages of the two
respective course modules.

Assessment methods

For a detailed description of the contents, please refer to the syllabus published on the webpages of the two
respective course modules.
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For a detailed description of the contents, please refer to the syllabus published on the webpages of the two
respective course modules.

Teaching language

For a detailed description of the contents, please refer to the syllabus published on the webpages of the two
respective course modules.
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