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Summary. — The diffusion of Covid-19 has attracted the attention of the student
population to the possibility of describing the spread of the epidemic by means of
suitable mathematical models. Thanks to the data made available by the Civil Pro-
tection, an interdisciplinary learning activity was created and concretely proposed
to students in two Italian secondary schools in Rome and Pavia between April and
May 2020. We present the work about the possibility of introducing the use of
Jupyter Notebook with Python more generally in physics teaching.

1. – Introduction

The COVID-19 global health crisis has unfortunately brought to light the need for
creating educational contexts that foster scientific literacy competences [1]. The knowl-
edge and skills needed to understand the nature of complex phenomena such as the
development of a pandemic and its social and economic effects must therefore become
part of the educational learning sequences that are carried out in schools [2].

The general aim of the project we are presenting is to support the scientific com-
petences of secondary school students for the analysis of complex phenomena. The
strategies are related to the acquisition of knowledge and skills in the field of modelling
and the use of IT tools in an interdisciplinary context. The actions implemented concern
the use of specific tools, such as the use of Python through Jupyter Notebook. This
resulted in a self-consistent distance learning teaching sequence of 10 hours for secondary
school students designed for the above purposes. This sequence, created to deal with the
COVID-19 global crisis, provided students with analytical tools that could potentially
be useful in addressing issues of interest to them with a scientific approach.

2. – Jupyter Notebook with Python

Jupyter [3] is a web-based interactive development environment for notebooks, code,
and data. The name, Jupyter, comes from the core supported programming languages
that it supports: Julia, Python, and R. It was born in scientific fields to allow users to
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Table I. – Structure of the sequence.

Lesson Contents Learning goal

1. - 2. Introduction
to Python with Jupyter
Notebook (3 hours)

Values and operators;
Variables; Functions;
Strings and lists; “If” and
“For”; Modules; Libraries

Learn the first useful ele-
ments of programming in
Python by writing short
codes

2. Introduction to Mat-
plotlib (1 hour)

Graphics; Style, lines,
colours; Title, axes, legend

Learn first element of Mat-
plotlib

3. Matplotlib and CSV
files (2 hours)

“Protezione Civile” data
representation

Import CSV files on several
topics and build meaningful
graphs

4. Data Fit analysis (2
hours)

Linear data analysis and
chi-square method in the
context of Hooke’s law

Learning about linear data
analysis with Python and a
Jupyter Notebook

5. Epidemiological mod-
els (2 hours)

Exponential, SI, SIS and
SIR model

Understanding the SIR
model by successive approx-
imations

configure and share workflows (in particular in data science, scientific computing and
machine learning) [4]. However, these characteristics are suitable for use also in the
educational context. In fact, by using Jupyter Notebook it is possible to insert in the
same place texts (including formulas written in LaTeX), live code and data.

With Jupyter Notebook, teachers and students can use a single environment instead
of multiple software (word processing software for text edit, spreadsheet for storing and
analyzing data, integrated development environment for code editing). A notebook can
easily be shared with students and allows modifying the obtained results (e.g., plots) by
means of live code. For its simplicity, Python is currently considered an excellent entry
level coding language [5]. It is also a natural choice considering that Jupyter Notebook is
a spin-off project from the IPython project. Python offers high-level libraries for scientific
computing (Numpy, Scipy), for graphing (Matplotlib) and data management (Pandas,
which manages data by setting them up as dataframes). Both Jupyter and Python are
free, open source and cross platforms and can be easily installed (in particular using
Anaconda, a distribution of the Python and R programming languages for scientific
computing aimed to simplify package management and deployment). Furthermore, if
a teacher prefers to avoid installation, it is possible to use cloud solutions. Probably
the most used is Google Colaboratory (also known as Colab), a free Jupyter Notebook,
environment that runs in the cloud and stores its notebooks on Google Drive with many
pre-installed data science libraries. Another well-known option is the Kaggle notebook, a
product with similar functionalities to Colab. Like Colab, Kaggle provides free browser-
based Jupyter Notebook.

In a notebook a user can essentially create two types of cells: cells with code and cells
with text. Text cells are formatted using a simple markup language called Markdown
that allows many possibilities including LaTeX. In a code cell, users can enter their own
code and click “run cell” to execute it. The output, if there is one, will be shown directly
below the cell. A tool like Google Colab has the advantage that it does not require to be
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Fig. 1. – Logistic model.

installed and can be used on all devices (including smartphones). It also allows creating
a single environment shared (Drive folder) between students and teachers, so they can
both edit the same notebook. For this characteristics we think that a joint use of Python
and Jupyter offers great teaching potential, as shown in the next paragraph.

3. – Teaching experiment

3
.
1. Structure of the teaching sequence. – The teaching sequence is divided into five

parts (see table I): in the first two lessons, students learn the first elements of the Python
language by using Jupyter Notebook. In the third lesson they develop some skills on
the Mathplotlib library to import data to CSV files and represent them by means of
graphs. In the fourth lesson the notions learned in the first three meetings are used
to discuss data fits (in particular linear fits) through notebooks. In this way, students
understand how this environment is able to contain the key steps of their traditional lab
reports: importing images and videos, writing formulas, analysing data, writing text. In
the last meeting they discuss together mathematical models for epidemiology and the
codes to represent them (for example, see fig. 1). The lesson introduces the models in
succession so that students can understand the limitations of each model and identify
improvements.

3
.
2. Methods . – The use of distance learning made it necessary to adopt an active

approach. For this reason, the notebooks used (1) were organised so that the teacher
(one of the authors) could explain theory using lines of text, could shows the codes,
implement them and then give the students the opportunity to solve simple exercises
and comment on them together. Jupyter Notebook had the merit of being a suitable
environment for constructing these shared and interactive lessons.

(1) It is possibile find some of the notebooks used at https://tinyurl.com/pdards25.
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Fig. 2. – GDP of some countries since 1960.

3
.
3. General aims . – Starting from a rigorous discussion of technical and scientific

aspects of current problems, such as the pandemic, the general objective was to provide
students with tools suitable for making data analyses. Using data relevant to them,
we wanted to emphasise the importance of the concept of a mathematical model and
the process of building one. The exercises collected during the lessons show that some
students produced relevant codes and graphs (fig. 2).

3
.
4. Context . – The experimentation involved around 20 students of the fourth and

fifth year of “Liceo Scientifico” and “Liceo Classico” Taramelli-Foscolo in Pavia (the
complete sequence of 5 meetings) and a third Mathematics class at Liceo B. Russell in
Rome (in which the introductory part on the Python language and the creation of graphs
had already been done in the previous two years). The duration was about 10 hours for
the complete sequence between April and May 2020.

4. – Conclusions

The work presented aims to create learning environments to support students in de-
veloping modelling skills through appropriate IT tools. The specific course related to
the Covid-19 pandemic was an opportunity for a more general reflection on the scien-
tific skills needed to analyse complex phenomena in an interdisciplinary context. The
active participation of the students despite the difficulties due to distance learning and
the comments made at the end of the course seem to promote the development of this
approach.
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