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Lecture Outline

• Course overview
• A history of Artificial Intelligence in healthcare and life sciences
• Perks of biomedical/health data
• Course execution and examination
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Course Overview
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Course objectives

Train ICT specialists who
• Understand the challenges of working with 

health data, including physiological time-
series, clinical text, and medical imaging

• Know the leading AI-based methodologies 
and understand how to apply them to 
relevant digital health problems

• Have practical insights into the main AI 
technological solutions and programming 
resources and how to use them in digital 
health 

• Understand how to robustly use AI 
methodologies and develop trusted AI-based 
digital health applications
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Prerequisites

Foundational knowledge of 
• Calculus and linear algebra (Appendix B, Prince textbook)
• Elements of probability and statistics (Appendix C, Prince 

textbook)
• Basics of optimization (compendium)

Programming experience with Python is assumed for practical labs
• Previous experience with AI/ML Python libraries is a plus
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https://drive.google.com/file/d/1IoOSfJ0ku89aVyM9qygPl4MVnAhMEbAZ/view


Organization of Course Contents
• Preliminaries

• Course overview
• Probability and statistics refresher for AI

• Fundamentals of AI in healthcare
• Machine learning basics and baselines (regression, neural networks)
• Risk stratification and survival analysis
• Probabilistic/Bayesian models and causality

• Deep Learning
• Deep learning basics and baselines
• AI for medical imaging (classification, segmentation, recognition)
• AI for sequential data in healthcare
• AI for clinical text and language models for health

• Advanced topics
• Graphs in Health and Life Sciences
• AI applications in healthcare
• Research directions and challenges in AI for health 
• Guest lectures

Hands-on 
laboratories will 

complement 
methodological 

lectures
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Course Instructors
Davide Bacciu (Lecturer) - davide.bacciu@unipi.it

• Professor of Machine Learning - Head of Pervasive AI lab

• Lecturer of deep and generative learning at the M.Sc. in AI

• Startup: quantitative brain techs, AI for harsh environments, AI for 
regulatory compliance

• Office hours: on request, via mail

Marco Podda (Laboratory Lecturer)

• Researcher, Computer Science Department

• Learning from graph data and generative models 

• Applications in healthcare domain

• Office hours: on request, via mail
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Dates, times and format

• Course comprises ~24 lectures and ~12 labs 
• Course lectures and labs will be given in-person (no streaming)
• Video recording of the lectures will be made available on the 

shared Teams drive (best effort, no guarantees)
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Day Time

Tuesday – Room C 16.00-18.00

Wednesday – Room L1 11.00-13.00

Thursday – Room L1 16.00-18.00



Resources
Reference Webpage on Moodle:
https://elearning.di.unipi.it/course/view.php?id=1024

Here you will find
• Course information and up-to-date news
• Lecture slides
• Articles and course materials
• Project assignments and exams materials
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Make sure to subscribe to the course on Moodle

https://elearning.di.unipi.it/course/view.php?id=1024


Reference Books

• Reference for foundational AI/ML knowledge
• Simon J.D. Prince, Understanding Deep 

Learning, MIT Press (2023)
• Additional materials on the book website

• Reference for AI in healthcare
• G.J. Simon, C. Aliferis, AI and ML in health 

Care and Medical Sciences, Springer, 2024

• Both available open-source
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https://udlbook.github.io/udlbook/
https://udlbook.github.io/udlbook/
https://udlbook.github.io/udlbook/
https://library.oapen.org/handle/20.500.12657/88301
https://library.oapen.org/handle/20.500.12657/88301


AI in health and life sciences
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AI in healthcare: a long-standing quest
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The expert systems era (1970-1980)
• MYCIN: identify bacteria causing 

severe infections a proposing a 
therapy

• Rule-based (600) + simple inference 
engine  



1980s: The rise of Bayesian methods

DAVIDE BACCIU - AID COURSE 13

INTERNIST-1/Quick Medical Reference
• Introduced decision trees and belief 

networks
• The fundamentals of Bayesian networks 

and approximated inference

15 person-years 
of work



1990s: Neural networks 
enter medicine
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• Nearly 100 studies on neural networks on 
clinical data in 1990

• Networks with few selected and hand 
engineered inputs

• Issues: 
• Did not fit well into clinical workflow
• Hard to source enough training data
• Poor generalization

14
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Then things started taking a favourable path
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Source: 
https://www.healthit.gov/data/quickstats/nati
onal-trends-hospital-and-physician-
adoption-electronic-health-records

Adoption of 
Electronic 
Health 
Records 
(EHRs)  began 
a steady 
growth



Availability of biobanks and resources
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Standardization

DAVIDE BACCIU - AID COURSE 18

Unified Medical Language
System: millions of
medical concepts

National 
drug codes

ICD: Classification 
of Diseases



Key AI advances
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Learning from 
complex data

Self-supervised 
learning

Source: Scientific 
discovery in the age 
of artificial 
intelligence, Nature 
2023

Deep 
learning



AI in Digital Health in the LLM 
era
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Assessment of an LLM-based agent (NYUTron) 
for multiple clinical and operational healthcare 
tasks

Health system-scale 
language models are all-
purpose prediction 
engines, Nature 2023



Assessing AI 
on clinical 
knowledge 

Large language models 
encode clinical 
knowledge, Nature 2023



General Vs 
Personalized 
Medicine
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Enabling Precision Cardiology Through Multiscale Biology 
and Systems Medicine, JACC Basic Transl Sci,2017



AI as an active 
agent of 

biomedical 
discovery

Empowering biomedical 
discovery with AI agents



Towards a multi-level and multi-systemic 
understanding of health
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Topol, Nature Medicine 2019

Barbiero et al, Front. Genet.. 21

Personalized digital twins 
modeling the human body as a 
whole and providing a panoramic 
view over individuals' conditions



Perks of biomedical/health applications
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Biomedical data
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Heterogenous
Complex

Noisy
Long-tailed

Multimodal

Biased and confounded



What makes AI for health so different?

• Many questions are about unsupervised learning
• Discovering disease subtypes, or answering question such as 

“characterize the types of people that are highly likely to be 
readmitted to the hospital”?

• Many of the questions we want to answer are causal
• Naive use of supervised machine learning is insufficient
• Performative effects
• Assessing the impact of interventions
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What makes AI for health so different?

• Very little labeled data
• Recent breakthroughs in AI depended on lots of labeled data!
• Motivates semi-supervised and self-supervised learning

• Sometimes small numbers of samples (e.g., a rare 
disease)
• Learn as much as possible from other data (e.g., from healthy 

patients)
• Model the problem carefully 

• Lots of missing data, varying time intervals, censored
labels
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Trust, ethics and legal aspects

• Life or death decisions
• Accuracy alone is no longer enough
• Need robust, fair and accountable methodologies
• Trustworthy AI (focus of other courses)

• Difficulty of de-identifying data
• Need for data sharing agreements and sensitivity

• Difficulty of correcting for biases and inequities
• Consideration of ethical and legal issues
• Health data on which algorithms are trained are likely to be influenced by many 

facets of social inequality

• Rigorous testing and validation are needed
• Longer time-to-market of technologies
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Operational aspects

Difficulty of deployment of data-driven solutions
• Commercial electronic health record software is difficult to 

modify
• Data are often in siloes; everyone recognizes need for 

interoperability, but slow progress
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Course execution and examination
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Key ingredients of this course

• Weekly lectures (2/3) – D. Bacciu
• Weekly lab tutorials (1/3) – M. Podda
• Weekly lab exercises: home-work, voluntary, not-graded
• Monthly laboratory assignment: in-class, graded
• Monthly short methodological quizzes: in-class, graded
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Lectures

• Introduction of concepts, terminology, models and 
methodologies

• We will use mathematical formalisms to introduce concepts, 
models and their inner workings (yes this will be part of the oral 
exam)

• We will not indulge in mathematical demonstrations but favour 
understanding of the methodologies and their use
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Lab Tutorials

• Revisit and expand key concepts introduced in lectures with focus 
on their practical implementation and usage

• Mostly in Python with Jupyter notebooks (Colab preferably, but 
feel free to run your own notebooks locally)

• Prior knowledge of numpy and pandas is assumed from previous 
courses, but will be refreshed as we go by

• Will also leave some additional notebooks for home study
oOptional, but still useful to complement the lectures
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Weekly Lab Exercises

• Quick exercises (10 minutes approx.) in-class
• 1-2 per lab lesson
• Designed to get your hands dirty quickly
• You can work them out in groups if you wish
• Informal, not graded
• We'll discuss your (and my) solution at the end
• Additional notebooks will also contain exercises that you can work 

out at home
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Laboratory Assignments

• More involved exercises (30 min to 1 hour) in-class
• 1 every 4 lab lessons
• Designed to test your understanding
• Work on them on your own
• Formal and graded, 0-3 points (see in a minute)
• Will publish a solution and grades in the following days
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Methodology Quizzes

• Monthly quizzes based on the content of the lectures of the period
• Will be served in-class and they will be closed-book
• Will be short, requiring maximum 10 minutes to be completed and 

performed “on paper” (electronic devices not allowed)
• Will be graded on completion: each fully completed quiz scores 1 point 

(fractions of the point are possible)
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They will be delivered at random lectures and 
unannounced 



Course Assessment (Exams)

Preferential way for full time students
• Laboratory assignments - A total of 4 laboratory assignments related to 

lab hands-on
• Methodological quizzes - A total of 4 laboratory assignments related to 

lecture content
• Oral exam – An examination on the course program
Alternative way (part-time students, those who fail or don’t like the 
other way)
• Final Project – A coding project on a topic of interest for the course 
• Oral Exam - A 15 minutes presentation of the final project plus 

examination on the course program
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Final Project

• A coding project on a topic of interest for the course (defined by 
the instructors)

• What to deliver 
• The code (not the data)
• A 10 pages report describing the project methodology and its validation
• A 10/15 slides presentation (that will be given on the oral day)

• Timeline 
• Final project topic published: early May 
• Project materials delivered on Moodle by the exam date published on the 

esami platform (strict) 
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Oral Exam

• Give your presentation on the final project (15 minutes)
• Discuss it in front of instructors and anybody interested 
• Questions on the methodology, validation and implementation

• An oral exam with questions covering the course contents
• Questions on models, methodologies and their implementation
• Lectures whose content is not relevant for the final exam will be clearly 

marked as such
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Only for those 
who did not 
choose the 
preferential way



Grading – The Preferential Way

• Laboratory assignments grade 𝐺𝑙𝑎𝑏
• Each assignment is scored in [0,3]
• Total grade achievable 𝐺𝑙𝑎𝑏 = 12 (since there are 4)

• Methodological quizzes grade 𝐺𝑞𝑢𝑖𝑧
• Each quiz is scored in [0,1]
• Total grade achievable 𝐺𝑞𝑢𝑖𝑧 = 4 (since there are 4)

• Students are admitted to the oral if 𝐺𝑙𝑎𝑏+ 𝐺𝑞𝑢𝑖𝑧 > 8
• Oral exam grade 𝐺𝑜𝑟𝑎𝑙 is scored in [0,18]
• The final grade is min(𝐺𝑙𝑎𝑏 + 𝐺𝑞𝑢𝑖𝑧 + 𝐺𝑜𝑟𝑎𝑙 , 30 𝐿𝑜𝑑𝑒)
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Grading – The Alternative Way

• Final project grade 𝐺𝑝𝑟𝑗 is scored in [0,30]
• Oral exam grade 𝐺𝑜𝑟𝑎𝑙 is scored in [0,32]
• The exam is passed if both 𝐺𝑝𝑟𝑗 and 𝐺𝑜𝑟𝑎𝑙 are at least 18
• The final grade is 

𝐺𝑝𝑟𝑗 + 𝐺𝑜𝑟𝑎𝑙

2
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Policies

• You can collaborate with others, but we ask that you write your solutions 
individually

• We favor in-person attendance to all classes: preferential exam modality 
will support this

• We support use of genAI (LLMs, coding copilots, etc):
• Responsibility for content: Students who use genAI in their assignments take full 

responsibility for the content they submit
• Acknowledgment of AI use: Clearly acknowledge any use of genAI, specifying the 

nature and extent of assistance received from AI. 
• Ethical use and originality: Do not use AI to plagiarize, misrepresent original work, 

or fabricate data
• Instructor discretion: We may specify assignments genAI use is prohibited
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Next Lecture

Fundamentals of probability and statistics for AI
• Refresher on Probability and Statistics
• Hypothesis Testing and Statistical Inference
• Statistical dependence
• Statistics for healthcare data
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